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NOTES FOR CMOS DEVICES

VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between Vi (MAX) and ViH (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed,
and also in the transition period when the input level passes through the area between Vi (MAX) and
Vid (MIN).

HANDLING OF UNUSED INPUT PINS

Unconnected CMOS device inputs can be cause of malfunction. If an input pin is unconnected, it is
possible that an internal input level may be generated due to noise, etc., causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using pull-up or pull-down circuitry. Each unused pin should be connected to Vob or GND
via a resistor if there is a possibility that it will be an output pin. All handling related to unused pins must
be judged separately for each device and according to related specifications governing the device.

PRECAUTION AGAINST ESD

A strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity as
much as possible, and quickly dissipate it when it has occurred. Environmental control must be
adequate. When it is dry, a humidifier should be used. It is recommended to avoid using insulators that
easily build up static electricity. Semiconductor devices must be stored and transported in an anti-static
container, static shielding bag or conductive material. All test and measurement tools including work
benches and floors should be grounded. The operator should be grounded using a wrist strap.
Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken for
PW boards with mounted semiconductor devices.

STATUS BEFORE INITIALIZATION

Power-on does not necessarily define the initial status of a MOS device. Immediately after the power
source is turned ON, devices with reset functions have not yet been initialized. Hence, power-on does
not guarantee output pin levels, I/O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

POWER ON/OFF SEQUENCE

In the case of a device that uses different power supplies for the internal operation and external
interface, as a rule, switch on the external power supply after switching on the internal power supply.
When switching the power supply off, as a rule, switch off the external power supply and then the
internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal
elements due to the passage of an abnormal current.

The correct power on/off sequence must be judged separately for each device and according to related
specifications governing the device.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or I/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.
Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.
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EEPROM is a trademark of NEC Electronics Corporation.

Windows and Windows NT are registered trademarks or trademarks of Microsoft Corporation in the United
States and/or other countries.

PC/AT is a trademark of International Business Machines Corporation.

HP9000 series 700 and HP-UX are trademarks of Hewlett-Packard Company.

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

SuperFlash® is a registered trademark of Silicon Storage Technology, Inc. in several countries including the
United States and Japan.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.

e The information contained in this document is being issued in advance of the production cycle for the
product. The parameters for the product may change before final production or NEC Electronics
Corporation, at its own discretion, may withdraw the product prior to its production.

¢ Not all products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

o No part of this document may be copied or reproduced in any form or by any means without the prior written consent
of NEC Electronics. NEC Electronics assumes no responsibility for any errors that may appear in this document.

o NEC Electronics does not assume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from the use of NEC Electronics products listed in this document or any other
liability arising from the use of such products. No license, express, implied or otherwise, is granted under any
patents, copyrights or other intellectual property rights of NEC Electronics or others.

o Descriptions of circuits, software and other related information in this document are provided for illustrative purposes
in semiconductor product operation and application examples. The incorporation of these circuits, software and
information in the design of a customer's equipment shall be done under the full responsibility of the customer. NEC
Electronics assumes no responsibility for any losses incurred by customers or third parties arising from the use of
these circuits, software and information.

o While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To minimize
risks of damage to property or injury (including death) to persons arising from defects in NEC Electronics products,
customers must incorporate sufficient safety measures in their design, such as redundancy, fire-containment and
anti-failure features.

o NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and "Specific".
The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-designated
"quality assurance program" for a specific application. The recommended applications of an NEC Electronics
products depend on its quality grade, as indicated below. Customers must check the quality grade of each NEC
Electronics product before using it in a particular application.

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio and
visual equipment, home electronic appliances, machine tools, personal electronic equipment and
industrial robots.

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed for life
support).

"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life support
systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC
Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications
not intended by NEC Electronics, they must contact an NEC Electronics sales representative in advance to
determine NEC Electronics' willingness to support a given application.

(Note)

(1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also includes its
majority-owned subsidiaries.

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as
defined above).
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Readers

Purpose

Organization

How to Read This Manual

INTRODUCTION

This manual is intended for user engineers who wish to understand the functions of the

4PD78F0730 and design and develop application systems and programs for this device.

The target product is as follows.

uPD78F0730

This manual is intended to give users an understanding of the functions described in the
Organization below.

The 4PD78F0730 manual is separated into two parts: this manual and the instructions
edition (common to the 78K/0 Series).

H#PD78F0730 78K/0 Series
User’s Manual User’s Manual
(This Manual) Instructions

¢ Pin functions ¢ CPU functions

e Internal block functions o Instruction set

¢ Interrupts o Explanation of each instruction

It

Other on-chip peripheral functions
Electrical specifications (target)

is assumed that the readers of this manual have general knowledge of electrical

engineering, logic circuits, and microcontrollers.

To gain a general understanding of functions:

— Read this manual in the order of the CONTENTS. The mark "<R>" shows major
revised points. The revised points can be easily searched by copying an "<R>" in
the PDF file and specifying it in the "Find what:" field.

How to interpret the register format:

— For a bit number enclosed in angle brackets, the bit name is defined as a
reserved word in the RA78KO0, and is defined as an sfr variable using the
#pragma sfr directive in the CC78K0.

To check the details of a register when you know the register name:

— See APPENDIX B REGISTER INDEX.

To know details of the 78K/0 Series instructions:

— Refer to the separate document 78K/0 Series Instructions User’s Manual
(U12326E).
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Conventions Data significance:

Active low representations:
Note:

Caution:

Remark:

Numerical representations:

Related Documents

Higher digits on the left and lower digits on the right
XXX (overscore over pin and signal name)

Footnote for item marked with Note in the text
Information requiring particular attention
Supplementary information

Binary -2 XXXX OF XxXxxB
Decimal e XXXX
Hexadecimal ---xxxxH

The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name

Document No.

#PD78F0730 User's Manual

This manual

78K/0 Series Instructions User's Manual

U12326E

Documents Related to Development Tools (Software) (User’s Manuals)

Document Name

Document No.

RA78KO0 Ver. 3.80 Assembler Package Operation U17199E
Language U17198E
Structured Assembly Language U17197E
CC78K0 Ver. 3.70 C Compiler Operation U17201E
Language U17200E
SM+ System Simulator Operation U17246E
User Open Interface U17247E
ID78K0-QB Ver. 2.90 Integrated Debugger Operation U17437E
PM+ Ver. 5.20 U16934E

Documents Related to Development Tools (Hardware) (User’s Manuals)

Document Name

Document No.

QB-780731 In-Circuit Emulator

U17804E

QB-78KOMINI On-Chip Debug Emulator

U17029E

Documents Related to Flash Memory Programming

Document Name

Document No.

PG-FP4 Flash Memory Programmer User's Manual

U15260E

Caution The related documents listed above are subject to change without notice. Be sure to use the latest

version of each document when designing.
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Other Documents

Document Name

Document No.

SEMICONDUCTOR SELECTION GUIDE - Products and Packages — X13769X
Semiconductor Device Mount Manual Note

Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E

Note See the “Semiconductor Device Mount Manual” website (http://www.necel.com/pkg/en/mount/index.html).

Caution The related documents listed above are subject to change without notice. Be sure to use the latest

version of each document when designing.
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CHAPTER 1 OUTLINE

1.1 Features

O High speed instruction execution (0.125 us: @ 16 MHz operation with high-speed system clock)
O General-purpose register: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
O ROM, RAM capacities

Iltem | Program Memory (ROM) Data Memory
Part Number Flash memory"™* Internal High-Speed RAM™™* Internal Expansion RAM""*®
#PD78F0730 16 KB 1 KB 2 KB

Note The internal flash memory, internal high-speed RAM capacities, and internal expansion RAM capacities
can be changed using the internal memory size switching register (IMS) and the internal expansion RAM
size switching register (IXS). For IMS and IXS, see 19.1 Memory Size Switching Register and 20.2
Internal Expansion RAM Size Switching Register.

O On-chip USB function controller (USBF)
O On-chip single-power-supply flash memory
O Self-programming (with boot swap function)
O On-chip debug function"*®
O On-chip power-on-clear (POC) circuit and low-voltage detector (LVI)
O On-chip watchdog timer (operable with the internal low-speed oscillation clock)
O 1/O ports: 19 (N-ch open drain: 2)
O Timer: 5 channels
e 16-bit timer/event counter: 1 channel
o 8-bit timer/event counter: 2 channels
o 8-bit timer: 1 channel
e Watchdog timer: 1 channel
O Serial interface: 3 channels
e UART: 1 channel
e CSI: 1 channel
e USB: 1 channel
O Power supply voltage: Voo=4.0t0 5.5V
O Operating ambient temperature: Ta=-40 to +85°C

Note The 4#PD78F0730 has an on-chip debug function, which is provided for development and evaluation. Do not
use the on-chip debug function in products designated for mass production, because the guaranteed
number of rewritable times of the flash memory may be exceeded when this function is used, and product
reliability therefore cannot be guaranteed. NEC Electronics is not liable for problems occurring when the on-

chip debug function is used.

Caution The operating voltage range may change after completion of device evaluation.

1.2 Applications

O USB - serial conversion

14 Preliminary User’'s Manual U19014EJ1VOUD



CHAPTER 1 OUTLINE

1.3 Ordering Information
e Flash memory version

Part Number Package
HuPD78F0730MC-CAB-AX 30-pin plastic SSOP (7.62 mm)

1.4 Pin Configuration (Top View)

e 30-pin plastic SSOP (7.62 mm)

P30/INTP1 O=—»] 1 30 o P10/SCK10
P0O1/TI010/TO00 O=—»] 2 O 29 o P11/S110
P0OO/TI000 O=~—>| 3 28 o P12/SO10
P120/INTPQ O=—=| 4 27 0 P13/TxD6
RESET0—{5 26 O P14/RxD6
FLMDO 0—~|6 25 oP15
P122/X2/EXCLK/OCDOB 0—— 7 24 0 P16/TOH1
P121/X1/0CDOA 0———| 8 23 0 P17/TI50/TO50
REGCo—|9 22 0 P33/TI51/TO51
Vss 0— 10 21 O EVss
Voo O——— 11 20 O EVop
USBREGC o—| 12 19 0 P31/INTP2/OCD1A
USBP 0=~—>] 13 18 0 P32/INTP3/0CD1B
USBM O~—n| 14 17 0 P60
USBPUC 0=~—- 15 16 0 P61

Caution Connect the REGC and USBREGC pins to Vss via a capacitor (0.47 to 1 4F: recommended).
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Pin Identification

EVob:
EVss:
EXCLK:

FLMDO:

INTPO to INTPS3:
OCDOA, OCDOB:
OCD1A, OCD1B:

P00, PO1:
P10 to P17:
P30 to P33:
P60, P61:
P120 to P122:
REGC
RESET:
RxD6:

16

Power supply for port
Ground for port

External clock input

(main system clock)

Flash programming mode
External interrupt input

On chip debug input/output
On chip debug input/output
Port 0

Port 1

Port 3

Port 6

Port 12

Regulator capacitance
Reset

Receive data
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SCK10:
SHO:
SO10:

TI000, TIO10:

TI50, TI51:
TOO0O:

TO50, TO51:

TOH1:
TxD6:
USBM:
USBP:
USBPUC:
USBREGC:
Vbb:

Vss:

X1, X2:

Serial clock input/output
Serial data input

Serial data output

Timer input

Timer input

Timer output

Timer output

Timer output

Transmit data

USB port (-)

USB port (+)

USB pull-up resistor control
USB regulator capacitance
Power supply

Ground

Crystal oscillator (main system clock)



CHAPTER 1 OUTLINE

1.5 Block Diagram

TOO00/TI010/P01 ~—=

16-bit timer/event

§

TI000/P00 counter 00
RxD6/P14
TOH1/P16 =——  8-bit timer H1
Internal
low-speed
oscillator

l

Watchdog timer

TI50/TO50/P17

8-bit timer/event
counter 50

TI51/TO51/P33 -—

8-bit timer/event
counter 51

RxD6/P14 ——
TxD6/P13 =——f

Serial interface
UART6

SI10/P11
S0O10/P12
SCK10/P10 <—

Serial interface
CsI10

RxD6/P14
INTPO/P120 j—’
INTP1/P30 to
INTP3/P32

Interrupt control

g 4 ¢ ¢ ¢ ¢

78K/0
CPU
core

Flash
memory

oo U

g U

Internal
expansion
RAM

Internal
high-speed
RAM
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Voo, Vss, FLMDO

EVoo EVss

g 8 0888 ¢Y

Port 0 K2 >P00, PO1
Port 1 K8 >P10to P17
Port 3 "4 >P30to P33
Port 6 K2~ >P60, P61
Pot12 K3 >P120-P122
Clock output
control
Power-on clear/
Low voltage Pccc))gt/rI;\I/I
indicator
-~—usBP
USBM
usB -~ UsBPUC
USBREGC
PLL

Reset control

g g8

On-chip debug

System control

Internal
high-speed
oscillator

RESET
X1/P121
X2/EXCLK/P122

Voltage regulator

REGC

OCDO0A/X1, OCD1A/P31
OCDO0B/X2, OCD1B/P32
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CHAPTER 1 OUTLINE

1.6 Outline of Functions

(1/2)
Item uPD78F0730

Internal Flash memory 16 KB
memory (self-programming

supported)"*®

High-speed RAM"™ |1 KB

Expansion RAM"™* |2 KB
Memory space 64 KB
Main system | High-speed system | X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
clock clock 12 0r16 MHz: Voo =4.0t0 5.5V
(oscillation | |nternal high-speed | Internal oscillation
frequency) | oscillation clock 16 MHz (TYP.): Voo = 4.0 t0 5.5 V

Internal low-speed oscillation clock
(for TMH1, WDT)

Internal oscillation
240 kHz (TYP.): Vob =4.0t0 5.5V

USB clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
12/2 or 16/4 MHz: Voo = 4.0 to 5.5 V (multiplied by 8 or 12 by PLL function)

General-purpose registers

8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction execution time

0.125 us (high-speed system clock: @ fx+ = 16 MHz operation)

0.125 us (internal high-speed oscillation clock: @ fri = 16 MHz (TYP.) operation)

Instruction set

* 8-bit operation, 16-bit operation

* Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits)

¢ Bit manipulate (set, reset, test, and Boolean operation)
* BCD adjust, etc.

1/0 ports Total: 19

CMOS 1/0: 17

N-ch open-drain I/O (6 V withstanding voltage): 2
Timers * 16-bit timer/event counter: 1 channel

e 8-bit timer/event counter: 2 channels

* 8-bit timer: 1 channel

¢ Watchdog timer: 1 channel

Timer outputs

4 (PWM output: 3, PPG output: 1)

Serial interface * UART: 1 channel
¢ 3-wire serial 1/O: 1 channel
* USB: 1 channel

Vectored Internal 15

interrupt sources | External 4

Reset

* Reset using RESET pin

¢ Internal reset by watchdog timer

* Internal reset by power-on-clear

* Internal reset by low-voltage detector

Note The internal flash memory capacity, internal high-speed RAM capacity, and internal expansion RAM capacity

can be changed using the internal memory size switching register (IMS) and the internal expansion RAM size

switching register (IXS).

18
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(2/2)

ltem

uPD78F0730

On-chip debug function

Provided

Power supply voltage

Voo=4.0t0 5.5V

Operating ambient temperature

Ta =-40 to +85°C

Package

30-pin plastic SSOP (7.62 mm)

Caution The operating voltage range may change after completion of device evaluation.

An outline of the timer is shown below.

16-Bit Timer/ 8-Bit Timer/ 8-Bit Timer H1 Watchdog Timer
Event Counter 00 Event Counters
50 and 51
TMOO0 TM50 TM51 TMHA1
Function | Interval timer 1 channel 1 channel | 1 channel 1 channel -
External event 1 channel 1 channel | 1 channel - -
counter
PPG output 1 output - - - -
PWM output - 1 output 1 output 1 output -
Pulse width 2 inputs - - - -
measurement
Square-wave 1 output 1 output 1 output 1 output -
output
Carrier generator - - - 1 output™*? -
Watchdog timer - - - - 1 channel
Interrupt source 2 1 1 1 -

Note TM51 and TMH1 can be used in combination as a carrier generator mode.
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CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

There are two types of pin I/O buffer power supplies: EVop and Vop. The relationship between these power
supplies and the pins is shown below.

Table 2-1. Pin I/0O Buffer Power Supplies

Power Supply Corresponding Pins
EVop Port pins other than P121 and P122
Vop e P121 and P122

* Pins other than port

(1) Port functions

Function Name 110 Function After Reset | Alternate Function

POO I/0 Port 0. Input port TI000

PO1 2-bit /O port. TI010/TO00
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.

P10 /0 Port 1. Input port SCK10

P11 8-bit I/O port. S0
Input/output can be specified in 1-bit units.

P12 . . . SO10
Use of an on-chip pull-up resistor can be specified by a software

P13 setting. TxD6

P14 RxD6

P15 -

P16 TOHA1

P17 TI50/TO50

P30 I/0 Port 3. Input port INTP1

P31 4-bit O port. INTP2/OCD1A
Input/output can be specified in 1-bit units.

P32 Use of an on-chip pull-up resistor can be specified by a software INTP3/0OCD1B

P33 setting. TI51/TO51

P60 I/0 Port 6. Input port -

P61 2-bit I/0 port. _
Output of P60 and P61 is N-ch open-drain output (6 V
tolerance).
Input/output can be specified in 1-bit units.

P120 I/0 Port 12. Input port INTPO

P121 3-bit /0 port. X1/OCDOA
Input/output can be specified in 1-bit units.

P122 Only for P120, use of an on-chip pull-up resistor can be X2/EXCLK/OCDOB
specified by a software setting.
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions

Function Name I/0 Function After Reset Alternate Function
FLMDO - Flash memory programming mode setting - -
INTPO Input External interrupt request input for which the valid edge (rising | Input port P120
INTP1 edge, falling edge, or both rising and falling edges) can be P30
INTP2 specified P31/OCD1A
INTP3 P32/0CD1B
REGC - Connecting regulator output (2.5 V) stabilization capacitance - -
for internal operation.
Connect to Vss via a capacitor (0.47 to 1 xF: recommended).
RESET Input | System reset input - -
RxD6 Input Serial data input to UART6 Input port P14
SCK10 1/0 Clock input/output for CSI10 Input port P10
S0 Input Serial data input to CSI10 Input port P11
SO10 Output | Serial data output from CSI10 Input port P12
TI000 Input External count clock input to 16-bit timer/event counter 00 Input port POO
Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00
TIO10 Input Capture trigger input to capture register (CR000) of 16-bit Input port P01/TO00
timer/event counter 00
TI50 Input External count clock input to 8-bit timer/event counter 50 Input port P17/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P33/TO51
TOO00 Output | 16-bit timer/event counter 00 output Input port PO1/TI010
TO50 Qutput | 8-bit timer/event counter 50 output Input port P17/T150
TO51 8-bit timer/event counter 51 output P33/TI51
TOH1 8-bit timer H1 output P16
TxD6 Qutput | Serial data output from UART6 Input port P13
USBM I/0 USB data input/output (-) Input port -
USBP 1/0 USB data input/output (+) Input port -
USBPUC Qutput | USB pull-up resistor control pin Input port -
USBREGC - Regulator output (3.3 V) stabilization capacitance for USB. - -
Connect to Vss via a capacitor (0.47 to 1 xF: recommended).
X1 - Connecting resonator for main system clock Input port P121/OCDOA
X2 - Input port P122/EXCLK/OCDOB
EXCLK Input External clock input for main system clock Input port P122/X2/0CD0B
Vob - Positive power supply (P121 and P122 and except for ports) - -
EVoo - Positive power supply for ports (other than P121 and P122) - -
Vss - Ground potential (P121 and P122 and except for ports) - -
EVss - Ground potential for ports (other than P121 and P122) - -
OCDOA Input Connection for on-chip debug mode setting pins Input port P121/X1
OCD1A P31/INTP2
OoCDoB - P122/X2/EXCLK
OocD1B P32/INTP3
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CHAPTER 2 PIN FUNCTIONS

2.2 Description of Pin Functions

2.2.1 P00 and P01 (port 0)
P00 and P01 function as a 2-bit I/O port. These pins also function as timer 1/0.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P00 and P01 function as a 2-bit I/O port. P00 and P01 can be set to input or output port in 1-bit units using port
mode register 0 (PM0). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0
(PUO).

(2) Control mode
P00 and P01 function as timer 1/O.

(a) TI000
This is the pin for inputting an external count clock to 16-bit timer/event counter 00 and are also for inputting
a capture trigger signal to the capture registers (CR000, CR010) of 16-bit timer/event counter 00.

(b) TIO10

This is the pin for inputting a capture trigger signal to the capture register (CR000) of 16-bit timer/event
counter 00.

(c) TOO00
This is the timer output pin of 16-bit timer/event counter 00.
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CHAPTER 2 PIN FUNCTIONS

2.2.2 P10 to P17 (port 1)

P10 to P17 function as an 8-bit I/O port. These pins also function as pins for serial interface data I/O, clock /O,
and timer 1/O.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P10 to P17 function as an 8-bit I1/0 port. P10 to P17 can be set to input or output port in 1-bit units using port
mode register 1 (PM1). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 1
(PU1).

(2) Control mode
P10 to P17 function as serial interface data 1/O, clock 1/O, and timer I/O.

(a) SI10
This is a serial data input pin of serial interface CSI10.

(b) SO10
This is a serial data output pin of serial interface CSI10.

(c) SCK10
This is a serial clock 1/O pin of serial interface CSI10.

(d) RxD6
This is a serial data input pin of serial interface UART®.

(e) TxD6
This is a serial data output pin of serial interface UART®6.

(f) TI50
This is the pin for inputting an external count clock to 8-bit timer/event counter 50.

(g) TO50
This is a timer output pin of 8-it timer/event counter 50.

(h) TOH1
This is the timer output pin of 8-bit timer H1.
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2.2.3 P30 to P33 (port 3)

tim

Q)

()

P30 to P33 function as a 4-bit I/O port. These pins also function as pins for external interrupt request input and
er /0.
The following operation modes can be specified in 1-bit units.

Port mode

P30 to P33 function as a 4-bit I/O port. P30 to P33 can be set to input or output port in 1-bit units using port
mode register 3 (PM3). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 3
(PU3).

Control mode
P30 to P33 function as external interrupt request input and timer 1/0.

(a) INTP1 to INTP3
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

(b) TI51
This is an external count clock input pin to 8-bit timer/event counter 51.

(c) TO51
This is a timer output pin from 8-bit timer/event counter 51.

Cautions 1. In the 4PD78F0730, be sure to pull the P31 pin down before a reset release to prevent
malfunction.
2. When writing the flash memory with a flash memory programmer, connect P31/INTP2/OCD1A as
follows.
* P31/INTP2/0CD1A: Connect to EVss via a resistor (10 kQ: recommended).
The above connection is not hecessary when writing the flash memory by means of self
programming.

Remark Only for the xPD78F0730, P31 and P32 can be used as on-chip debug mode setting pins (OCD1A,
OCD1B) when the on-chip debug function is used. For how to connect an in-circuit emulator supporting
on-chip debugging (QB-78KOMINI), see CHAPTER 22 ON-CHIP DEBUG FUNCTION.

2.2.4 P60 and P61 (port 6)

P60 and P61 function as a 2-bit I/O port.
The following operation modes can be specified in 1-bit units.

(1) Port mode

P60 and P61 function as a 2-bit I/O port. P60 and P61 can be set to input port or output port in 1-bit units using
port mode register 6 (PM6).
Output of P60 and P61 is N-ch open-drain output (6 V tolerance).
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2.2.5 P120 to P122 (port 12)

P120 to P122 function as a 3-bit I/O port. These pins also function as pins for external interrupt request input,
connecting resonator for main system clock, and external clock input for main system clock. The following operation
modes can be specified in 1-bit units.

(1) Port mode
P120 to P122 function as a 3-bit I/O port. P120 to P122 can be set to input or output port using port mode
register 12 (PM12). Only for P120, use of an on-chip pull-up resistor can be specified by pull-up resistor option
register 12 (PU12).

(2) Control mode
P120 to P122 function as pins for external interrupt request input, connecting resonator for main system clock,
and external clock input for main system clock.

(a) INTPO
This functions as an external interrupt request input (INTPO) for which the valid edge (rising edge, falling
edge, or both rising and falling edges) can be specified.

(b) X1, X2
These are the pins for connecting a resonator for main system clock.

(c) EXCLK
This is an external clock input pin for main system clock.

Caution When writing the flash memory with a flash memory programmer, connect P121/X1/OCDOA as
follows.
* P121/X1/0CDOA: When using this pin as a port, connect it to Vss via a resistor (10 kQ:
recommended) (in the input mode) or leave it open (in the output mode).
The above connection is not hecessary when writing the flash memory by means of self
programming.

Remark Only for the #PD78F0730, X1 and X2 can be used as on-chip debug mode setting pins (OCDOA,
OCDO0B) when the on-chip debug function is used. For how to connect an in-circuit emulator supporting

on-chip debugging (QB-78KOMINI), see CHAPTER 22 ON-CHIP DEBUG FUNCTION.

2.2.6 RESET
This is the active-low system reset input pin.
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2.2.7 REGC

This is the pin for connecting regulator output (2.5 V) stabilization capacitance for internal operation. Connect this

pin to Vss via a capacitor (0.47 to 1.0 uF: recommended).
| f REGC

1
1
1
1
1
1
1
H;""' Vss

Caution Keep the wiring length as short as possible for the broken-line part in the above figure.

2.2.8 USBM
This is the pin for inputting/outputting data (-) to USB ports.

2.2.9 USBP
This is the pin for inputting/outputting data (+) to USB ports.

2.2.10 USBPUC
This is the pin for controlling pull-up resistors connected to USB ports.

2.2.11 USBREGC

This is the pin for connecting regulator output (3.3 V) stabilization capacitance for USB ports.

Vss via a capacitor (0.47 to 1.0 uF: recommended).

2.2.12 Voo and EVbb
Vo is the positive power supply pin for P121, P122 and other than ports.
EVop is the positive power supply pin for ports other than P121 and P122.

2.2.13 Vss and EVss
Vss is the ground potential pin for P121, P122 and other than ports.
EVss is the ground potential pin for ports other than P121 and P122.

2.2.14 FLMDO
This is a pin for setting flash memory programming mode.
Connect FLMDO to EVss or Vss in the normal operation mode.
In flash memory programming mode, connect this pin to the flash programmer.
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2.3 Pin I/O Circuits and Recommended Connection of Unused Pins

Table 2-2 shows the types of pin I/O circuits and the recommended connections of unused pins.

See Figure 2-1 for the configuration of the 1/O circuit of each type.

Table 2-2. Pin I/O Circuit Types

Pin Name I/0 Circuit Type 110 Recommended Connection of Unused Pins
PO0/TI000 5-AH I/0 Input:  Independently connect to EVop or EVss via a resistor.
PO1/TI010/TO00 Output: Leave open.

P10/SCK10

P11/SI10

P12/SO10 5-AG

P13/TxD6

P14/RxD6 5-AH

P15 5-AG

P16/TOH1

P17/TI50/TO50 5-AH

P30/INTP1

P31/INTP2/OCD1A "**’

P32/INTP3/0CD1B

P33/TI51/TO51

P60 13-AD Input:  Connect to EVss.

P61 Output: Leave this pin open at low-level output after clearing

the output latch of the port to 0.

P121/X1/OCDOA"*?? 37 Input:  Independently connect to Voo or Vss via a resistor.
P122/X2/EXCLK/OCDOB "** Output: Leave open.

USBM 24-A Connect to EVss.

USBP 24-A

USBPUC 3-C Output | Leave open.

FLMDO 38 - Connect to EVss or Vss. "***

RESET 2 Input Connect directly to Voo or via a resistor.
Notes 1. When writing the flash memory with a flash memory programmer, connect P31/INTP2/OCD1A as follows.

* P31/INTP2/OCD1A: Connect to EVss via a resistor (10 kQQ: recommended).

The above connection is not necessary when writing the flash memory by means of self programming.
When writing the flash memory with a flash memory programmer, connect P121/X1/OCDOA as follows.

* P121/X1/OCDOA: When using this pin as a port, connect it to Vss via a resistor (10 kQ: recommended) (in
the input mode) or leave it open (in the output mode).

The above connection is not necessary when writing the flash memory by means of self programming.

Use recommended connection above in I/O port mode (see Figure 5-2 Format of Clock Operation Mode
Select Register (OSCCTL)) when these pins are not used.

FLMDO is a pin that is used to write data to the flash memory. To rewrite the data of the flash memory on-
board, connect this pin to Vss via a resistor (10 kQ: recommended).
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Figure 2-1. Pin I/O Circuit List (1/2)

Type 2

Type 3-C

VDD
4| —® P-ch
IN
Data% ouT
Schmitt-triggered input with hysteresis characteristics | <— N-ch
VQN
Type 5-AG Type 5-AH
EVDD EVDD
Pull-up Pull-up
enable {>O | P-ch enable {>© I P-ch
EVDD EVDD
Data 4»:D>_| P-ch Data 41:D_| P-ch
IN/OUT O IN/OUT
Output N-ch Output N-ch
disable disable
EVss EVss
r——
Input Input
enable enable
Type 13-AD Type 24-A
VREG
Data »——O IN/OUT
Output ——\—D@—{ %N-ch TXDXP I P-ch
disable
RXDX
o———OIN/OUT
EVss
' (1 i—‘ TXDXN I < Nech
Input
enable
77
Vss
28
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Figure 2-1. Pin I/O Circuit List (2/2)

Type 37

Type 38

RESET Evoo 1
Data D—{ é P-ch
O X2
Output ~
disable % % o[
EVss ﬁ - OIN
Input { ~— %
enable
z o
RESET Evop ¢ 8 ‘—C@—‘
Input
Data D_{ P-ch enable
O X1
Output
disable % %:)3 [~ Neeh
EVss
Input
enable
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space
The 4PD78F0730 can access a 64 KB memory space. Figure 3-1 shows the memory map.

Cautions 1. Regardless of the internal memory capacity, the initial values of the internal memory size
switching register (IMS) and internal expansion RAM size switching register (IXS) are fixed
(IMS = CFH, IXS = 0CH). Therefore, set the value as indicated below.
2. To set the memory size, set IMS and then IXS. Set the memory size so that the internal ROM
and internal expansion RAM areas do not overlap.

Table 3-1. Set Values of Internal Memory Size Switching Register (IMS)
and Internal Expansion RAM Size Switching Register (IXS)

Flash Memory Version IMS IXS ROM Internal High-Speed Internal Expansion
(«PD78F0730) Capacity RAM Capacity RAM Capacity
uPD78F0730 C4H 08H 16 KB 1KB 2 KB

30 Preliminary User’'s Manual U19014EJ1VOUD



CHAPTER 3 CPU ARCHITECTURE

Figure 3-1. Memory Map

1(

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEQH 32 x 8 bits
FEDFH
| Internal high-speed RAM |
T 1024 x 8 bits a
FBOOH
FAFFH
USB area
303 x 8 bits
F9D1H
F9DOH
Data memory Reserved
space F800H
F7FFH

!

Program RAM area
(RAM space in )

Internal expansion RAM

Program

memory space

0000H

which instruction| ] 2048 x 8 bits
can be fetched
FOOOH
EFFFH
pt Reserved =
4000H
3FFFH

Flash memory
16384 x 8 bits

3FFFH:L J-

Program area -
1FFFH

108FH
108EH On-chip debug security
ID setting areaNete 1
1085H 10 x 8 bits
1084H Option byte areaNete 1 Boot cluster 1
1080H 5 x 8 bits
107FH
Program area
1000H
0FFFH
L CALLF entry area L
T 2048 x 8 bits T
0800H
07FFH
L Program area L
1 it:
008FH 9058 bits Boot cluster QNote 2
008EH On-chip debug security
ID setting areaNote !
0085H 10 x 8 bits
0084H Option byte areaNote 1
0080H 5 x 8 bits
007FH
CALLT table area
64 x 8 bits
0040H
003FH Vector table area
64 x 8 bits
0000H Y

Notes 1.

When boot swap is used:

When boot swap is not used: Set the option bytes to 0080H to 0084H, and the on-chip debug security
IDs to 0085H to O08EH.
Set the option bytes to 0080H to 0084H and 1080H to 1084H, and the

on-chip debug security IDs to 0085H to 008EH and 1085H to 108EH.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 19.8 Security
Setting).

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,
see Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

SFFFH Block OFH
3C00H
3BFFH
07FFH
Block 01H
0400H
03FFH
Block 00H 1KB
000
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Correspondence between the address values and block numbers in the flash memory are shown below.

Table 3-2. Correspondence Between Address Values and Block Numbers in Flash Memory

Address Value Block
Number

0000H to 03FFH 00H
0400H to 07FFH 01H
0800H to OBFFH 02H
0COOH to OFFFH | 03H
1000H to 13FFH 04H
1400H to 17FFH 05H
1800H to 1BFFH 06H
1CO00H to 1FFFH | O7H
2000H to 23FFH 08H
2400H to 27FFH 09H
2800H to 2BFFH 0AH
2CO00H to 2FFFH | 0BH
3000H to 33FFH O0CH
3400H to 37FFH ODH
3800H to 3BFFH OEH
3CO00H to 3FFFH | OFH
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3.1.1 Internal program memory space
The internal program memory space stores the program and table data. Normally, it is addressed with the program

counter (PC).

The pPD78F0730 incorporates internal ROM (flash memory), as shown below.

Table 3-3. Internal ROM Capacity

Part Number

Internal ROM

Structure

Capacity

#PD78F0730 Flash memory

16,384 x 8 bits (0000H to 3FFFH)

The internal program memory space is divided into the following areas.

(1) Vector table area

The 64-byte area 0000H to 003FH is reserved as a vector table area. The program start addresses for branch
upon reset or generation of each interrupt request are stored in the vector table area.
Of the 16-bit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd

addresses.

Table 3-4. Vector Table

Preliminary User's Manual U19014EJ1VOUD

Vector Table Address Interrupt Source Vector Table Address Interrupt Source
0000H RESET input, POC, LVI, WDT 0018H INTCSI10
0004H INTLVI 001AH INTTMH1
0006H INTPO 001CH INTUSB2
0008H INTP1 001EH INTTM50
000AH INTP2 0020H INTTMO0O
000CH INTP3 0022H INTTMO10
000EH INTUSBO 0024H INTRSUM
0010H INTUSBH1 002AH INTTM51
0012H INTSRE6 003EH BRK
0014H INTSR6
0016H INTST6
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)

@)

(4)

(5)

34

CALLT instruction table area
The 64-byte area 0040H to 007FH can store the subroutine entry address of a 1-byte call instruction (CALLT).

Option byte area

A 5-byte area of 0080H to 0084H and 1080H to 1084H can be used as an option byte area. Set the option byte
at 0080H to 0084H when the boot swap is not used, and at 0080H to 0084H and 1080H to 1084H when the boot
swap is used. For details, see CHAPTER 18 OPTION BYTE.

CALLF instruction entry area
The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).

On-chip debug security ID setting area

A 10-byte area of 0085H to 008EH and 1085H to 108EH can be used as an on-chip debug security ID setting
area. Set the on-chip debug security ID of 10 bytes at 0085H to 008EH when the boot swap is not used and at
0085H to 008EH and 1085H to 108EH when the boot swap is used. For details, see CHAPTER 20 ON-CHIP
DEBUG FUNCTION.
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3.1.2 Internal data memory space
The 4PD78F0730 incorporates the following RAMs.

(1) Internal high-speed RAM

Table 3-5. Internal High-Speed RAM Capacity

Part Number Internal High-Speed RAM

4PD78F0730 1,024 x 8 bits (FBOOH to FEFFH)

The 32-byte area FEEOH to FEFFH is assigned to four general-purpose register banks consisting of eight 8-bit
registers per bank.

This area cannot be used as a program area in which instructions are written and executed.

The internal high-speed RAM can also be used as a stack memory.

(2) Internal expansion RAM

Table 3-6. Internal Expansion RAM Capacity

Part Number Internal Expansion RAM

uPD78F0730 2,048 x 8 bits (FOOOH to F7FFH)

The internal expansion RAM can also be used as a normal data area similar to the internal high-speed RAM, as
well as a program area in which instructions can be written and executed.
The internal expansion RAM cannot be used as a stack memory.

3.1.3 Special function register (SFR) area

On-chip peripheral hardware special function registers (SFRs) are allocated in the area from FFOOH to FFFFH (see
Table 3-7 Special Function Register List in 3.2.3 Special function registers (SFRs)).

Caution Do not access addresses to which SFRs are not assigned.
3.1.4 USB area

Some registers for USB (UFODDO to UFODD17 and UFOCIEO to UFOCIE255) are allocated in the area from FOD1H
to FAFFH (see 12.4.3 Request data registers).
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3.1.5 Data memory addressing

Addressing refers to the method of specifying the address of the instruction to be executed next or the address of
the register or memory relevant to the execution of instructions.

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for the
1PD78F0730, based on operability and other considerations. For areas containing data memory in particular, special
addressing methods designed for the functions of special function registers (SFR) and general-purpose registers are
available for use. Figure 3-2 shows correspondence between data memory and addressing. For details of each
addressing mode, see 3.4 Operand Address Addressing.

Figure 3-2. Correspondence Between Data Memory and Addressing

FFFFH T ]
Special function registers (SFR) SFR addressing
256 x 8 bits
FF20H} o
FF1FH
FFOOH
FEFFH _ [
General-purposg registers Register addressing
FEEOH 32 x 8 bits | Short direct
FEDFH addressing
-~ Internal high-speed RAM -
1024 x 8 bits
FE20H} ]
FE1FH
FBOOH
FAFFH
USB area
303 x 8 bits
FOD1H Direct addressing
FIDOH
F800H Reserved Register indirect addressing
F7FFH
Based addressing
Based indexed addressing
=~ Internal expansion RAM pd
2048 x 8 bits
FOOOH
EFFFH
~ Reserved -~
4000H
3FFFH
o Flash memory L
16384 x 8 bits
0000H
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3.2 Processor Registers
The 4PD78F0730 incorporates the following processor registers.

3.2.1 Control registers
The control registers control the program sequence, statuses and stack memory. The control registers consist of a
program counter (PC), a program status word (PSW) and a stack pointer (SP).

(1) Program counter (PC)
The program counter is a 16-bit register that holds the address information of the next program to be executed.
In normal operation, PC is automatically incremented according to the number of bytes of the instruction to be
fetched. When a branch instruction is executed, immediate data and register contents are set.
Reset signal generation sets the reset vector table values at addresses 0000H and 0001H to the program counter.

Figure 3-3. Format of Program Counter

15 0

PC |PC15|PC14|PC13|PC12|PC11|PC10|PC9|PC8 |PC7 |PC6 |[PC5|PC4 |PC3|PC2|PC1|PCO

(2) Program status word (PSW)
The program status word is an 8-bit register consisting of various flags set/reset by instruction execution.
Program status word contents are stored in the stack area upon interrupt request generation or PUSH PSW
instruction execution and are restored upon execution of the RETB, RETI and POP PSW instructions.
Reset signal generation sets PSW to 02H.

Figure 3-4. Format of Program Status Word

PSW IE 4 RBS1| AC | RBSO 0 ISP cY

(a) Interrupt enable flag (IE)
This flag controls the interrupt request acknowledge operations of the CPU.
When 0, the IE flag is set to the interrupt disabled (DI) state, and all maskable interrupt requests are disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and interrupt request acknowledgement is
controlled with an in-service priority flag (ISP), an interrupt mask flag for various interrupt sources, and a
priority specification flag.
The IE flag is reset (0) upon DI instruction execution or interrupt acknowledgement and is set (1) upon El
instruction execution.
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©))
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(b)

(c)

(d)

(e)

®

Zero flag (2Z)
When the operation result is zero, this flag is set (1). It is reset (0) in all other cases.

Register bank select flags (RBS0 and RBS1)

These are 2-bit flags to select one of the four register banks.

In these flags, the 2-bit information that indicates the register bank selected by SEL RBn instruction
execution is stored.

Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). It is reset (0) in all other
cases.

In-service priority flag (ISP)

This flag manages the priority of acknowledgeable maskable vectored interrupts. When this flag is 0, low-
level vectored interrupt requests specified by a priority specification flag register (PROL, PROH, PR1L, PR1H)
(see 14.3 (3) Priority specification flag registers (PROL, PROH, PR1L, PR1H)) can not be acknowledged.
Actual request acknowledgement is controlled by the interrupt enable flag (IE).

Carry flag (CY)
This flag stores overflow and underflow upon add/subtract instruction execution. It stores the shift-out value
upon rotate instruction execution and functions as a bit accumulator during bit operation instruction execution.

Stack pointer (SP)
This is a 16-bit register to hold the start address of the memory stack area. Only the internal high-speed RAM

area can be set as the stack area.

Figure 3-5. Format of Stack Pointer

15 0
SP [SP15/SP14|SP13|SP12|SP11|SP10|SP9 |SP8 |SP7 |SP6 | SP5 [SP4 | SP3|SP2|SP1|SP0O

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (restored) from
the stack memory.
Each stack operation saves/restores data as shown in Figures 3-6 and 3-7.

Caution Since reset signal generation makes the SP contents undefined, be sure to initialize the SP

before using the stack.
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SP

SP

(b) CALL, CALLF, CALLT instructions (when SP = FEEOH)

SP

SP

SP

SP

Figure 3-6. Data to Be Saved to Stack Memory

(a) PUSH rp instruction (when SP = FEEOH)

= FEEOH

FEDFH

l<—— FEDEH

— FEEOH

FEDFH

l«—— FEDEH

FEEOH — FEEOH
i FEDFH
3 FEDEH
Y

FEDDH l«—— FEDDH

Register pair higher

Register pair lower

PC15 to PC8

PC7 to PCO

PSW

PC15 to PC8

PC7 to PCO
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SP

SP

SP

SP

SP

SP

Figure 3-7. Data to Be Restored from Stack Memory

(a) POP rp instruction (when SP = FEDEH)

Register pair higher

FEEOH «<—— FEEOH
A
! FEDFH
FEDEH I » FEDEH

Register pair lower

(b) RET instruction (when SP = FEDEH)

FEEOH l~—— FEEOH
i
! FEDFH
FEDEH I » FEDEH

PC15 to PC8

PC7 to PCO

(c) RETI, RETB instructions (when SP = FEDDH)

FEEOH «—— FEEOH
A
! FEDFH
3 FEDEH
FEDDH — FEDDH

PSW

PC15 to PC8

PC7 to PCO
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3.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FEEOH to FEFFH) of the data memory. The
general-purpose registers consists of 4 banks, each bank consisting of eight 8-bit registers (X, A, C, B, E, D, L, and H).

Each register can be used as an 8-bit register, and two 8-bit registers can also be used in a pair as a 16-bit register
(AX, BC, DE, and HL).

These registers can be described in terms of function names (X, A, C, B, E, D, L, H, AX, BC, DE, and HL) and
absolute names (RO to R7 and RPO to RP3).

Register banks to be used for instruction execution are set by the CPU control instruction (SEL RBn). Because of
the 4-register bank configuration, an efficient program can be created by switching between a register for normal
processing and a register for interrupts for each bank.

Figure 3-8. Configuration of General-Purpose Registers

(a) Function name

16-bit processing 8-bit processing
FEFFH
H
Register bank 0 HL
L
FEF8H
D
Register bank 1 DE
E
FEFOH
B
Register bank 2 BC
C
FEE8SH
A
Register bank 3 AX
X
FEEOH
15 0 7 0
(b) Absolute name
16-bit processing 8-bit processing
FEFFH
R7
Register bank 0 RP3
R6
FEF8H
R5
Register bank 1 RP2
R4
FEFOH
R3
Register bank 2 RP1
R2
FEE8H
R1
Register bank 3 RPO
RO
FEEOH
15 0 7 0
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3.2.3 Special function registers (SFRs)
Unlike a general-purpose register, each special function register has a special function.
SFRs are allocated to the FFOOH to FFFFH area.
Special function registers can be manipulated like general-purpose registers, using operation, transfer, and bit
manipulation instructions. The manipulatable bit units, 1, 8, and 16, depend on the special function register type.
Each manipulation bit unit can be specified as follows.

e 1-bit manipulation
Describe the symbol reserved by the assembler for the 1-bit manipulation instruction operand (sfr.bit).
This manipulation can also be specified with an address.

e 8-bit manipulation
Describe the symbol reserved by the assembler for the 8-bit manipulation instruction operand (sfr).
This manipulation can also be specified with an address.

e 16-bit manipulation
Describe the symbol reserved by the assembler for the 16-bit manipulation instruction operand (sfrp).
When specifying an address, describe an even address.

Table 3-7 gives a list of the special function registers. The meanings of items in the table are as follows.

e Symbol
Symbol indicating the address of a special function register. It is a reserved word in the RA78K0, and is defined
as an sfr variable using the #pragma sfr directive in the CC78K0. When using the RA78K0, ID78K0-QB, and
SM+ for 78K0/KX2, symbols can be written as an instruction operand.
e R/W
Indicates whether the corresponding special function register can be read or written.
R/W: Read/write enable
R:  Readonly
W:  Write only
e Manipulatable bit units
Indicates the manipulatable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
o After reset
Indicates each register status upon reset signal generation.
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Table 3-7. Special Function Register List (1/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After

1 Bit 8Bits | 16Bits | Heset
FFOOH | Port register 0 PO R/W y y - O0H
FFO1H | Port register 1 P1 R/W y y - 0OH
FFO2H UFO0 EPO read register UFOEOR R v - Undefined
FFO3H | Port register 3 P3 R/W 3 3 - 00H
FFO6H Port register 6 P6 RW v v - 00H
FFO9H
FFOAH Receive buffer register 6 RXB6 R - y - FFH
FFOBH Transmit buffer register 6 TXB6 R/W - v - FFH
FFOCH | Port register 12 P12 R/W y y - O0H
FFODH UFO bulk out 1 register UF0BO1 R - v - Undefined
FFOEH UFO bulk in 1 register UFO0BI1 w - v - Undefined
FFOFH Serial I/0 shift register 10 SIOo10 R - y - 00H
FF10H 16-bit timer counter 00 TMO00 R - - \ 0000H
FF11H
FF12H 16-bit timer capture/compare register 000 CRO000 R/W - - v 0000H
FF13H
FF14H 16-bit timer capture/compare register 010 CRO010 R/W - - v 0000H
FF15H
FF16H 8-bit timer counter 50 TM50 R - v - 00H
FF17H 8-bit timer compare register 50 CR50 R/W - y - 00H
FF18H UF0 EPO setup register UFOEOST R - y - 00H
FF19H UFO0 EPO write register UFOEOW - v - Undefined
FF1AH 8-bit timer H compare register 01 CMPO1 R/wW - y - 00H
FF1BH 8-bit timer H compare register 11 CMP11 R/W - v - 00H
FF1FH 8-bit timer counter 51 TM51 R - v - 00H
FF20H Port mode register 0 PMO R/W v v - FFH
FF21H | Port mode register 1 PM1 R/W y \ - FFH
FF23H Port mode register 3 PM3 R/W y y - FFH
FF26H | Port mode register 6 PM6 R/W y y - FFH
FF27H | UFO INT status O register UFO0ISO R - y - OOH
FF28H UFO INT status 1 register UFO0ISA R - v - 00H
FF29H | UFO INT status 2 register UFo0IS2 R - y - 0OH
FF2AH UFO INT status 3 register UFO0IS3 R - v - 00H
FF2BH | UFO INT status 4 register UF0IS4 R - y - 0OH
FF2CH | Port mode register 12 PM12 R/W \ y - FFH
FF2DH | UFO GPR register UFOGPR R/W - y - 0OH
FF2EH | UFO mode control register UFOMODC | R/W v v - 00H
FF2FH | UFO mode status register UFOMODS R y V - 00H
FF30H Pull-up resistor option register 0 PUO RW v v - 00H
FF31H Pull-up resistor option register 1 PU1 R/W v v - 00H

Preliminary User's Manual U19014EJ1VOUD 43



CHAPTER 3 CPU ARCHITECTURE

Table 3-7. Special Function Register List (2/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bis | Feset
FF33H | Pull-up resistor option register 3 PU3 R/W J J - 00H
FF37H | UFO INT mask O register UF0IMO R/W - J - 00H
FF38H | UFO INT mask 1 register UFoIM1 R/W - \ - 00H
FF39H UFO INT mask 2 register UF0IM2 R/W - J - 00H
FF3AH | UFO INT mask 3 register UF0IM3 R/W - \ - 00H
FF3BH | UFO INT mask 4 register UF0IM4 R/W - J - 00H
FF3CH | Pull-up resistor option register 12 PU12 R/W \ \ - 00H
FF41H 8-bit timer compare register 51 CR51 R/W - J - 00H
FF43H | 8-bit timer mode control register 51 TMC51 R/W J J - 00H
FF48H External interrupt rising edge enable register EGP R/W N S - 00H
FF49H | External interrupt falling edge enable register EGN R/W \ \ - O0H
FF4AH UFO INT clear O register UFOICO w - J - FFH
FF4BH UFO INT clear 1 register UFO0IC1 w - v - FFH
FF4CH | UFO INT clear 2 register UFoIC2 W - \ - FFH
FF4DH | UFO INT clear 3 register UFO0IC3 w - S - FFH
FF4EH UFO INT clear 4 register UFoIC4 w - \ - FFH
FF50H Asynchronous serial interface operation mode | ASIM6 R/W S S - 01H
register 6
FF53H Asynchronous serial interface reception error ASIS6 R - \ - 00H
status register 6
FF55H | Asynchronous serial interface transmission ASIF6 R - S - 00H
status register 6
FF56H Clock selection register 6 CKSR6 R/W - \ - 00H
FF57H Baud rate generator control register 6 BRGC6 R/W - S - FFH
FF60H | UFO EPONAK register UFOEON R/W - \ - 00H
FF61H | UFO EPONAKALL register UFOEONA R/W - J - 00H
FF62H | UFO EPNAK register UFOEN R/W - \ - 00H
FF63H | UFO EPNAK mask register UFOENM R/W - J - 00H
FF64H | UFO SNDSIE register UFOSDS R/W - J - OOH
FF65H UFO CLR request register UFOCLR R - J - 00H
FF66H | UFO SET request register UFOSET R - S - 00H
FF67H UFO EP status 0 register UFOEPSO R - J - 00H
FF68H | UFO EP status 1 register UFOEPS1 R J J - 00H
FF69H | UFO EP status 2 register UFOEPS2 R/W \ \ - O0H
FF6AH | Timer clock selection register 50 TCL50 RW S \ - 00H
FF6BH | 8-bit timer mode control register 50 TMC50 R/W \ \ - OO0H
FF6CH | 8-bit timer H mode register 1 TMHMD1 R/W J J - 00H
FF6DH | 8-bit timer H carrier control register 1 TMCYCH R/W \ \ - OO0H
FF70H UFO active interface number register UFOAIFN R/W - J - 01H
FF71H UFO active alternative setting register UFOAAS R/W - \ - 1FH
FF72H UFO alternative setting status register UFOASS R - S - FFH
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Table 3-7. Special Function Register List (3/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1 Bit 8Bits | 16Bits | eset
FF73H UFO0 endpoint 1 interface mapping register UFOE1IM R/W - v - 00H
FF74H UFO0 endpoint 2 interface mapping register UFOE2IM R/W - v - 00H
FF75H UFO0 data end register UFODEND R/W - v - 00H
FF76H | UFO EPO length register UFOEOL R - y - 00H
FF77H UFO bulk out 1 length register UFOBO1L R - y - O00H
FF78H UFO descriptor length register UFODSCL R/W - y - 00H
FF79H | UFO FIFO clear O register UFOFICO w - y - 0OH
FF7AH UFO FIFO clear 1 register UFOFIC1 W - y - 00H
FF80H | Serial operation mode register 10 CSIM10 R/W y y - 0OH
FF81H | Serial clock selection register 10 csic10 R/W v v - 00H
FF84H Transmit buffer register 10 SOTB10 R/W y v - 00H
FF8BH USB function 0 buffer control register UFOBC R/W - v - 00H
FF8CH | Timer clock selection register 51 TCL51 RW v v - 00H
FF90H UFO0 address register UFOADRS R - v - 00H
FF91H UFO configuration register UFOCNF R - v - 00H
FF92H UFO interface 0O register UFOIFO R - v - 00H
FF93H UFO0 interface 1 register UFOIF1 R - v - 00H
FF94H UFO interface 2 register UFOIF2 R - v - 00H
FF95H UFO interface 3 register UFOIF3 R - y - 00H
FF96H UFO0 interface 4 register UFOIF4 R - v - 00H
FF99H Watchdog timer enable register WDTE R/W - v - 1AH/SXEI-1|
FF9AH UFO device status register UFODSTL R/W - y - 00H
FFOCH | UFO EPO status register UFOEOSL | RIW - v - 00H
FFODH UFO0 EP1 status register UFOE1SL R/W - v - 00H
FFOEH | UFO EP2 status register UFOE2SL | RW - v - 00H
FFOFH | Clock operation mode select register OSCCTL RW v v - 00H
FFAOH | Internal oscillation mode register RCM R/W y y - 80OH""?
FFA1H | Main clock mode register MCM R/W v v - 00H
FFA2H [ Main OSC control register MOC R/W y y - 80H
FFA3H Oscillation stabilization time counter status register| OSTC R v v - O00H
FFA4H Oscillation stabilization time select register OSTS R/W - v - 05H
FFAG6H PLL control register PLLC R/W v v - 00H
FFA7H | USB clock control register UCKC RW v v - 00H
FFACH Reset control flag register RESF R - v - 0QH""?
FFBAH | 16-bit timer mode control register 00 TMCO00 RW v v - 00H
FFBBH | Prescaler mode register 00 PRMO00 R/W v v - 00H
FFBCH | Capture/compare control register 00 CRCO00 R/W v v - 00H

Notes 1. The reset value of WDTE is determined by setting of option byte.
2. The value of this register is 00H immediately after a reset release but automatically changes to 80H after
oscillation accuracy stabilization of high-speed internal oscillator has been waited.
3. The reset value of RESF vary depending on the reset source.
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Table 3-7. Special Function Register List (4/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1 Bit 8Bits | 16Bits | Heset
FFBDH | 16-bit timer output control register 00 TOCO00 R/W v v - 00H
FFBEH | Low-voltage detection register LVIM RW N N - 00H"™"
FFBFH Low-voltage detection level selection register LVIS R/W v v - 00H" "'
FFEOH | Interrupt request flag register OL IFO |[IFOL | RW v v v O0H
FFE1H [ Interrupt request flag register OH IFOH | RW y y O0H
FFE2H | Interrupt request flag register 1L IF1 | IFiL | R/W v v v 00H
FFE3H | Interrupt request flag register 1H IF1H | R/W v v O0H
FFE4H | Interrupt mask flag register OL MKO | MKOL| R/W y y y FFH
FFESH | Interrupt mask flag register OH MKOH| R/W v v FFH
FFE6H | Interrupt mask flag register 1L MK1 | MK1L| R'W v v v FFH
FFE7H | Interrupt mask flag register 1H MK1H| R/W y y FFH
FFESH | Priority specification flag register OL PRO | PROL | R/W v v v FFH
FFE9H | Priority specification flag register OH PROH| R/W v v FFH
FFEAH | Priority specification flag register 1L PR1 | PRIL| R/W y y y FFH
FFEBH Priority specification flag register 1H PR1H| R/W v v FFH
FFFOH Internal memory size switching register"™®* IMS R/W - v - CFH
FFF4H Internal expansion RAM size switching register*** | IXS R/W - y - OCH
FFFBH | Processor clock control register PCC R/W v v - 01H

Notes 1. The reset values of LVIM and LVIS vary depending on the reset source.
2. Regardless of the internal memory capacity, the initial values of the internal memory size switching
register (IMS) and internal expansion RAM size switching register (IXS) are fixed (IMS = CFH, IXS = OCH).
Therefore, be sure to set IMS to C4H and IXS to 08H.
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3.3 Instruction Address Addressing

An instruction address is determined by contents of the program counter (PC), and is normally incremented (+1 for
each byte) automatically according to the number of bytes of an instruction to be fetched each time another instruction
is executed. When a branch instruction is executed, the branch destination information is set to PC and branched by
the following addressing (for details of instructions, refer to the 78K/0 Series Instructions User’s Manual (U12326E)).

3.3.1 Relative addressing

[Function]
The value obtained by adding 8-bit immediate data (displacement value: jdisp8) of an instruction code to the
start address of the following instruction is transferred to the program counter (PC) and branched. The
displacement value is treated as signed two’s complement data (-128 to +127) and bit 7 becomes a sign bit.
In other words, relative addressing consists of relative branching from the start address of the following
instruction to the —128 to +127 range.
This function is carried out when the BR $addr16 instruction or a conditional branch instruction is executed.

[Mustration]

15 0
PC indicates the start address

PC " of the instruction after the BR instruction.

+
15 8 7 6 0

o S
jdisp8
15 0
PC

When S = 0, all bits of « are 0.
When S = 1, all bits of ¢ are 1.
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3.3.2 Immediate addressing

[Function]
Immediate data in the instruction word is transferred to the program counter (PC) and branched.
This function is carried out when the CALL !laddr16 or BR !addr16 or CALLF !addr11 instruction is executed.
CALL !addr16 and BR !addr16 instructions can be branched to the entire memory space.
The CALLF laddr11 instruction is branched to the 0800H to OFFFH area.

[Mustration]
In the case of CALL !addr16 and BR !addr16 instructions

7 0
CALL or BR
Low Addr.
High Addr. T
15 l 87 0

PC

In the case of CALLF !addr11 instruction

7 6 4 3 0
4{ fato-s CALLF
far-o
15 11 10 87 0

PC|oO 0 O 0 1
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3.3.3 Table indirect addressing

[Function]
Table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the
immediate data of an operation code are transferred to the program counter (PC) and branched.
This function is carried out when the CALLT [addr5] instruction is executed.
This instruction references the address stored in the memory table from 40H to 7FH, and allows branching to
the entire memory space.

[lustration]

add'5 |0 0 0 0 O O O taso 0

o
o
-

Operation code 1 1 tas-o 1
15 8 7 6 5 i 10
. ... The value of the effective address is
Effective address 0O 0 0 00O OO 0|0 1 0 the same as that of addr5.
7 Memory (Table) 0
Low Addr.
Effective address+1 High Addr. T
15 J 8 7 0

PC

Preliminary User's Manual U19014EJ1VOUD 49



CHAPTER 3 CPU ARCHITECTURE

3.3.4 Register addressing

[Function]
Register pair (AX) contents to be specified with an instruction word are transferred to the program counter (PC)
and branched.
This function is carried out when the BR AX instruction is executed.

[Mustration]

15 8 7 0

PC
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3.4 Operand Address Addressing

The following methods are available to specify the register and memory (addressing) to undergo manipulation
during instruction execution.

3.4.1 Implied addressing

[Function]
The register that functions as an accumulator (A and AX) among the general-purpose registers is automatically
(implicitly) addressed.
Of the 4PD78F0730 instruction words, the following instructions employ implied addressing.

Instruction Register to Be Specified by Implied Addressing
MULU A register for multiplicand and AX register for product storage
DIVUW AX register for dividend and quotient storage

ADJBA/ADJBS A register for storage of numeric values that become decimal correction targets

ROR4/ROL4 A register for storage of digit data that undergoes digit rotation

[Operand format]
Because implied addressing can be automatically determined with an instruction, no particular operand format is
necessary.

[Description example]
In the case of MULU X
With an 8-bit x 8-bit multiply instruction, the product of A register and X register is stored in AX. In this example,
the A and AX registers are specified by implied addressing.
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3.4.2 Register addressing

[Function]
The general-purpose register to be specified is accessed as an operand with the register bank select flags
(RBSO0 to RBS1) and the register specify codes of an operation code.
Register addressing is carried out when an instruction with the following operand format is executed. When an
8-bit register is specified, one of the eight registers is specified with 3 bits in the operation code.

[Operand format]

Identifier Description
r X,A,C,B,ED,LH
p AX, BC, DE, HL

‘r and ‘rp’ can be described by absolute names (RO to R7 and RPO to RP3) as well as function names (X, A, C,
B, E, D, L, H, AX, BC, DE, and HL).

[Description example]
MOV A, C; when selecting C register as r

Operation code 011 00 0 1 O|

L] |

——Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 10 00 01O 0|

LIL Register specify code
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3.4.3 Direct addressing

[Function]

The memory to be manipulated is directly addressed with immediate data in an instruction word becoming an

operand address.

This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier

Description

addr16 Label or 16-bit immediate data

[Description example]
MOV A, I0FEOOH; when setting !addr16 to FEOOH

[Mustration]

Operation code |1 00

|000

|111

OP code

addr16 (lower)

addr16 (upper)

Memory

OP code

00H

FEH
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3.4.4 Short direct addressing

[Function]
The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
This addressing is applied to the 256-byte space FE20H to FF1FH. Internal high-speed RAM and special
function registers (SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.
The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the overall SFR area.
Ports that are frequently accessed in a program and compare and capture registers of the timer/event counter
are mapped in this area, allowing SFRs to be manipulated with a small number of bytes and clocks.
When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 00H to 1FH,
bit 8 is set to 1. See the [lllustration] shown below.

[Operand format]

Identifier Description
saddr Immediate data that indicate label or FE20H to FF1FH
saddrp Immediate data that indicate label or FE20H to FF1FH (even address only)

[Description example]
LB1 EQU OFE30H ; Defines FE30H by LB1.

MOV LB1, A ; When LB1 indicates FE30H of the saddr area and the value of register A is transferred to
that address

Operation code |1 11 1 0 0 1 O| OP code
|O 011 000 O| 30H (saddr-offset)
[Mustration]

7 0

OP code

saddr-offset ﬁ

Short direct memory

15 8 7 0

Effectiveaddress |1 1 1 1 1 1 1 |« .

When 8-bit immediate data is 20H to FFH, =0
When 8-bit immediate data is 00H to 1FH, o= 1
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3.4.5 Special function register (SFR) addressing

[Function]

A memory-mapped special function register (SFR) is addressed with 8-bit immediate data in an instruction word.
This addressing is applied to the 240-byte spaces FFOOH to FFCFH and FFEOH to FFFFH. However, the SFRs

mapped at FFOOH to FF1FH can be accessed with short direct addressing.

[Operand format]

Identifier Description
sfr Special function register name
sfrp 16-bit manipulatable special function register name (even address only)

[Description example]

MOV PMO, A; when selecting PMO (FF20H) as sfr

Operation code

[lustration]

Effective address

|11110110|

|00100000|

OP code

sfr-offset

15

20H (sfr-offset)

SFR
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3.4.6 Register indirect addressing

[Function]
Register pair contents specified by a register pair specify code in an instruction word and by a register bank
select flag (RBSO and RBS1) serve as an operand address for addressing the memory.
This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier Description

- [DE], [HL]

[Description example]

MOV A, [DE]; when selecting [DE] as register pair

Operation code 100 0 0 1 0 1
[lllustration]
16 8 7 0
DE D E
The memory address
specified with the
’ Memory 0 register pair DE
The contents of the memory
addressed are transferred.
7 0
A
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3.4.7 Based addressing

[Function]
8-bit immediate data is added as offset data to the contents of the base register, that is, the HL register pair in
the register bank specified by the register bank select flag (RBS0 and RBS1), and the sum is used to address
the memory. Addition is performed by expanding the offset data as a positive number to 16 bits. A carry from
the 16th bit is ignored.
This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier Description

- [HL + byte]

[Description example]

MOV A, [HL + 10H]; when setting byte to 10H

Operation code |1 o1 o0 1 1 1 O|

[lustration]

HL H L

+10
7 Memory 0

The contents of the memory
addressed are transferred.
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3.4.8 Based indexed addressing

[Function]
The B or C register contents specified in an instruction word are added to the contents of the base register, that
is, the HL register pair in the register bank specified by the register bank select flag (RBS0 and RBS1), and the
sum is used to address the memory. Addition is performed by expanding the B or C register contents as a
positive number to 16 bits. A carry from the 16th bit is ignored.
This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier Description

- [HL + B], [HL + C]

[Description example]

MOV A, [HL +B]; when selecting B register

Operation code 101010 11
[Mustration]
16 8 7 0
HL H L
+
7 0
B
7 Memory 0
The contents of the memory
addressed are transferred.
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3.4.9 Stack addressing

[Function]

The stack area is indirectly addressed with the stack pointer (SP) contents.
This addressing method is automatically employed when the PUSH, POP, subroutine call and return

instructions are executed or the register is saved/reset upon generation of an interrupt request.
With stack addressing, only the internal high-speed RAM area can be accessed.

[Description example]

PUSH DE; when saving DE register

[lustration]

SP

SP

Operation code 101 10 0 1
7 Memory 0
FEEOH — FEEOH
: FEDFH D
Y
FEDEH l«—— FEDEH E
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4.1 Port Functions

There are two types of pin I/O buffer power supplies: EVop and Vop. The relationship between these power
supplies and the pins is shown below.

Table 4-1. Pin I/0O Buffer Power Supplies

Power Supply Corresponding Pins

EVop Port pins other than P121 and P122

Vop ¢ P121 and P122
o Non-port pins

The uPD78F0730 is provided with the ports shown in Figure 4-1, which enable variety of control operations. The
functions of each port are shown in Table 4-2.

In addition to the function as digital /O ports, these ports have several alternate functions. For details of the
alternate functions, see CHAPTER 2 PIN FUNCTIONS.

Figure 4-1. Port Types

pa— P00 [+ by
Port 3 -
-1 P33 P10 f=—
- P60 <—><—>
Port 6 { D - .
Port 1
-~ P120 I
Port 124 —~—— D
-~ P122 P17 |[~—
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Table 4-2. Port Functions

Function Name I/0 Function After Reset | Alternate Function

P00 110 Port 0. Input port TI000

PO 2-bit VO port. TI010/TO00
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.

P10 110 Port 1. Input port SCK10

P11 8-bit I/O port. SO
Input/output can be specified in 1-bit units.

P12 . . - SO10
Use of an on-chip pull-up resistor can be specified by a software

P13 setting. TxD6

P14 RxD6

P15 -

P16 TOH1

P17 TI50/TO50

P30 110 Port 3. Analog input | INTP1

P31 4-bit I/O port. INTP2/OCD1A
Input/output can be specified in 1-bit units.

P32 . . - INTP3/0CD1B
Use of an on-chip pull-up resistor can be specified by a software

P33 setting. TI51/TO51

P60 110 Port 6. Input port -

P61 2-bit I/O port. _
Output of P60 and P61 is N-ch open-drain output (6 V
tolerance).
Input/output can be specified in 1-bit units.

P120 1/0 Port 12. Input port INTPO

P121 3-bit I/ port. X1/OCDOA

122 Input/output can be specified in 1-bit units. YOEXCLKIOCDOB
Only for P120, use of an on-chip pull-up resistor can be
specified by a software setting.

4.2 Port Configuration

Ports include the following hardware.

Table 4-3. Port Configuration

Iltem

Configuration

Control registers

Port mode register (PM0, PM1, PM3, PM6, PM12)
Port register (PO, P1, P3, P6, P12)
Pull-up resistor option register (PUO, PU1, PU3, PU12)

Port

Total: 20 (CMOS 1/0O: 18, N-ch open drain I/O: 2)

Pull-up resistor

Total: 15
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4.2.1 Port0
Port 0 is a 2-bit I/O port with an output latch. Port 0 can be set to the input mode or output mode in 1-bit units

using port mode register 0 (PM0). When the P00 and P01 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 0 (PUO).

This port can also be used for timer I/O.

Reset signal generation sets port 0 to input mode.

Figures 4-2 and 4-3 show block diagrams of port 0.

Figure 4-2. Block Diagram of P00

EVop
™1 WReu
l PUO
S PUOO
P-ch
Alternate function
RD
l | g O<] OQ] |
3
(%) N <@
2 ! 3
E WRPpoRT
2 PO
£
Vany Output latch
< (POO) © P00/TI000
WRem
PMO
S PMO00
—~_/
PO: Port register 0

PUOQ: Pull-up resistor option register 0
PMO:  Port mode register 0

RD: Read signal

WRxx:  Write signal
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Figure 4-3. Block Diagram of P01

EVoo

>

<o

P-ch

M-  WReu
l PUO
> PUO1
Alternate
function
RD
1 S
& 3
3 | 3
] WRProRT
g PO
£
A Qutput latch
~ (PO1)
WRpm
PMO
S PMO1
Alternate
function
N
PO: Port register 0
PUOQ: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal
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4.2.2 Port1
Port 1 is an 8-bit I/0 port with an output latch. Port 1 can be set to the input mode or output mode in 1-bit units

using port mode register 1 (PM1). When the P10 to P17 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 1 (PU1).

This port can also be used for serial interface data I/O, clock I/0, and timer I/O.

Reset signal generation sets port 1 to input mode.

Figures 4-4 to 4-9 show block diagrams of port 1.

Caution To use P10/SCK10 and P12/SO10 as general-purpose ports, set serial operation mode register 10
(CSIM10) and serial clock selection register 10 (CSIC10) to the default status (00H).

Figure 4-4. Block Diagram of P10

EVop
M-  WReru
PU1
S PU10 ) | boch
-C
Alternate
function
RD
. o<t}
S | ks
@ | &
o]
E WRPpoRT
3 P1
C
= L Output latch
< (P10) ] —©) P10/SCK10
WRem
l PMA1
© PM10
Alternate
function
AN
P1: Port register 1

PU1: Pull-up resistor option register 1
PM1:  Port mode register 1

RD: Read signal

WRxx: Write signal
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Figure 4-5. Block Diagram of P11 and P14

Internal bus

EVop
WReu
l PU1
© PU11, PU14
P-ch
Alternate
function
RD
| j [t
[&]
O <@
| o
(0]
WRPoRT
P1
Qutput latch
~ (P11, P14) © P11/S110,
P14/RxD6
WRem
PM1
&S PM11, PM14
P1: Port register 1
PU1: Pull-up resistor option register 1

PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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Figure 4-6. Block Diagram of P12 and P16

EVoo
M-  WReu
PU1
S, PU12, PU16
P-ch
RD
S
any | © L
O | o2
[
(4]
g WRProRT
g P1
c
o A Qutput latch
£ - (P12, P16) —O P12/S010
WRem P16/TOHA1
PMA1
S, PM12, PM16
Alternate
function
%
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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Figure 4-7. Block Diagram of P13

PU1: Pull-up resistor option register 1
PM1:  Port mode register 1

RD: Read signal

WRxx: Write signal
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EVop
M-  WReru
PU1
S PU13
P-ch
RD
S
FanY | 3} ;
© o2
| ©
%) w
]
2 WRPpoRT
g P1
2
£ Pary Output latch
= (P13) ——O P13/TxD6
WRem
PM1
S PM13
Alternate
function
AN
P1: Port register 1
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Figure 4-8. Block Diagram of P15

Preliminary User's Manual U19014EJ1VOUD

EVop
N
WRru
PU1
S PU15
P-ch
RD
2 N (
= ']
g —o | 8 ~—
[0
E | %)
WRPporT
P1
A Output latch
~ (P15) O P15
WRepm
PM1
S PM15
™~
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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Figure 4-9. Block Diagram of P17

EVob

o

<o

P-ch

WReru
l PU1
N PU17
Alternate
function
RD
| S
& 8
» | ©
2 (0]
E WRPpoRT
.‘I’ P1
C
- A Qutput latch
~ (P17)
WRem
PM1
S PM17
Alternate
function
N
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal

Preliminary User's Manual U19014EJ1VOUD

—©O P17/TI50/TO50

69



CHAPTER 4 PORT FUNCTIONS

4.2.3 Port3

Port 3 is a 4-bit /0O port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units
using port mode register 3 (PM3). When the P30 to P33 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 3 (PU3).

This port can also be used for external interrupt request input and timer 1/0.

Reset signal generation sets port 3 to input mode.
Figures 4-10 and 4-11 show block diagrams of port 3.

Cautions 1. Be sure to pull the P31 pin down before a reset release to prevent malfunction.
2. When writing the flash memory with a flash memory programmer, connect P31/INTP2/0OCD1A

as follows.

* P31/INTP2/0CD1A: Connect to EVss via a resistor (10 kQ: recommended).
The above connection is not necessary when writing the flash memory by means of self

programming.

Remark The P31 and P32 pins of the 4PD78F0730 can be used as on-chip debug mode setting pins (OCD1A,
OCD1B) when the on-chip debug function is used. For details, see CHAPTER 20 ON-CHIP DEBUG

FUNCTION.

Figure 4-10. Block Diagram of P30 to P32

EVop

o

<o

P-ch

© P30/INTP1,

WRPpu
l PU3
N> PU30 to PU32
Alternate
function
RD
(2]
2 —
2 S
© Pary | °
£ ™ | 2
E n
WRPporT
P3
Vany Output latch
~ (P30 to P32)
WRpM
PM3
S PM30 to PM32
g %
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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Figure 4-11. Block Diagram of P33

EVoo

D

<Jeg—

P-ch

M-  WReu
l PU3
N> PU33
Alternate
function
RD
1 S
& 3
3 | 3
g WRProRrT
o P3
£
A Qutput latch
~ (P33)
WRpm
PM3
S PM33
Alternate
function
%
P3: Port register 3
PUS: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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4.2.4 Port6
Port 6 is a 2-bit I/O port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units

using port mode register 6 (PM6).
The output of the P60 and P61 pins is N-ch open-drain output (6 V withstanding voltage).

Reset signal generation sets port 6 to input mode.
Figure 4-12 shows a block diagram of port 6.

Figure 4-12. Block Diagram of P60 and P61

N\
RD
5 (7
S | ko
| ©
»n
» WRProRT
3 P6
E Output latch
3 &S © Pé0,
£ (P60, P61) o1
WRem
PM6
O PM60, PM61
%
Pé6: Port register 6

PM6:  Port mode register 6
RD: Read signal
WRxx: Write signal
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4.2.5 Port 12

Port 12 is a 3-bit I/0 port with an output latch. Port 12 can be set to the input mode or output mode in 1-bit units
using port mode register 12 (PM12). When used as an input port only for P120, use of an on-chip pull-up resistor can
be specified by pull-up resistor option register 12 (PU12).

This port can also be used as pins for external interrupt request input, connecting resonator for main system clock,
and external clock input for main system clock.

Reset signal generation sets port 12 to input mode.

Figures 4-13 and 4-14 show block diagrams of port 12.

Cautions 1. When using the P121 and P122 pins to connect a resonator for the main system clock (X1,
X2) or to input an external clock for the main system clock (EXCLK), the X1 oscillation mode
or external clock input mode must be set by using the clock operation mode select register
(OSCCTL) (for details, see 5.3 (1) Clock operation mode select register (OSCCTL). The reset
value of OSCCTL is 00H (all of the P121 and P122 pins are I/O port pins). At this time, setting
of the PM121, PM122, P121, and P122 pins is not necessary.

2. When writing the flash memory with a flash memory programmer, connect P121/X1/O0CD0A
as follows.
* P121/X1/0CDOA: When using this pin as a port, connect it to Vss via a resistor (10 kQ:
recommended) (in the input mode) or leave it open (in the output mode).
The above connection is not necessary when writing the flash memory by means of self
programming.

Remark The X1 and X2 pins of the #PD78F0730 can be used as on-chip debug mode setting pins (OCDOA,
OCDO0B) when the on-chip debug function is used. For details, see CHAPTER 20 ON-CHIP DEBUG
FUNCTION.
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Figure 4-13. Block Diagram of P120

EVoo

o

<o

© P120/INTPO

™ WRru
L PU12
© PU120
Alternate
function
RD
3 o
2 | 2
g S 3
5 ! 3
£
WRPporT
P12
N Qutput latch
~ (P120)
WRpm
PM12
S PM120
~_/
P12: Port register 12
PU12:  Pull-up resistor option register 12
PM12: Port mode register 12
RD: Read signal
WRxx:  Write signal
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Figure 4-14. Block Diagram of P121 and P122

© P122/X2/EXCLK/OCDOB

© P121/X1/0OCDOA

i
OSCCTL
OSCSEL/
RD OSCSELS
Fary I 8 L
A | <@
)
WRepoRT
P12
A Output latch
~ (P122)
WRem
PM12
© PM122 :! \\
OSCCTL
OSCSEL OSCCTL
[2]
a EXCLK, OSCSEL % {&
= (e}
c
8
£
RD
I g AN
N [0}
[ g
(%}
WRPporT
P12
Output latch
~ (P121)
WRem
PM12
S PM121 ]: N\
OSCCTL
OSCSEL
P12: Port register 12

PM12: Port mode register 12

OSCCTL: Clock operation mode select register
RD: Read signal

WRxx:  Write signal
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4.3 Registers Controlling Port Function
Port functions are controlled by the following three types of registers.

e Port mode registers (PMO0, PM1, PM3, PM6, PM12)
o Port registers (PO, P1, P3, P6, P12)
o Pull-up resistor option registers (PUO, PU1, PU3, PU12)

(1) Port mode registers (PM0, PM1, PM3, PM6, and PM12)
These registers specify input or output mode for the port in 1-bit units.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.
When port pins are used as alternate-function pins, set the port mode register by referencing 4.5 Settings of
Port Mode Register and Output Latch When Using Alternate Function.

Figure 4-15. Format of Port Mode Register

Symbol 7 6 5 4 3 2 1 0  Address Afterreset  R/W

o [T T T T+ T+ o [om] oo e o

PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PMi2 | PM11 | PM10 | FF21H  FFH R/W

s [T T T+ [ v Towes [oue Lo [ ] reosn s

e [T 7 7 7 7 [ Tomom] e e v

wie [T+ T+ [+ T+ [owae [ower [owm] reocw ee o
PMmn Pmn pin /O mode selection

(m=0,1,3,6,12;n=01t07)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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(2) Port registers (PO, P1, P3, P6, P12)

These registers write the data that is output from the chip when data is output from a port.

If the data is read in the input mode, the pin level is read. If it is read in the output mode, the value of the output

latch is read.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets these registers to 00H.

Symbol
PO

P1

P3

P6

P12

Figure 4-16. Format of Port Register

7 6 5 4 3 2 1 0 Address After reset R/W
| o | o | o | o | o | por | Poo | FFoOH  0OH (outputlaich) RMW
| P17 \ P16 \ P15 \ P14 \ P13 \ P12 \ P11 P10 | FFOTH  OOH (output latch) R/W
[ o o | o | o | P | pe2 | Pai P30 | FFOSH  OOH (output latch) R/W
[ o o | o | o | o | o | pet | Peo | FFOBH  0OH (outputlatch) RMW
[ o o | o | o | o | P22 | P2t | P120 | FFOCH  00H (outputlatch) RMW

Pmn m=0,1,3,6,12,n=01t07
Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level
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(3) Pull-up resistor option registers (PUO, PU1, PU3, and PU12)
These registers specify whether the on-chip pull-up resistors of PO0 and P01, P10 to P17, P30 to P33, or P120
are to be used or not. On-chip pull-up resistors can be used in 1-bit units only for the bits set to input mode of the
pins to which the use of an on-chip pull-up resistor has been specified in PUO, PU1, PUS3, and PU12. On-chip
pull-up resistors cannot be connected to bits set to output mode and bits used as alternate-function output pins,
regardless of the settings of PUO, PU1, PU3, and PU12.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to 00H.

Figure 4-17. Format of Pull-up Resistor Option Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W

o [0 [ o [ o [ o T o [ o ruor [pum]emaon con

ur [Porr [ pus [ vure [ pure [ rua [ pue | purr [ poe ] eeom con

o [0 [0 [ o [ o Trm[vom [ powr [pom ] rron  con

e [0 T o [ o [ o T o [ o 1 o [rom]maon cn aw
PUmN Pmn pin on-chip pull-up resistor selection

(m=0,1,3,12;n=01t07)

0 On-chip pull-up resistor not connected

1 On-chip pull-up resistor connected
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.

Caution In the case of 1-bit memory manipulation instruction, although a single bit is manipulated, the
port is accessed as an 8-bit unit. Therefore, on a port with a mixture of input and output pins, the
output latch contents for pins specified as input are undefined, even for bits other than the
manipulated bit.

4.4.1 Writing to I/O port

(1) Output mode
A value is written to the output latch by a transfer instruction, and the output latch contents are output from the pin.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

(2) Input mode
A value is written to the output latch by a transfer instruction, but since the output buffer is off, the pin status does
not change.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

4.4.2 Reading from I/O port

(1) Output mode
The output latch contents are read by a transfer instruction. The output latch contents do not change.

(2) Input mode
The pin status is read by a transfer instruction. The output latch contents do not change.

4.4.3 Operations on 1/O port

(1) Output mode
An operation is performed on the output latch contents, and the result is written to the output latch. The output
latch contents are output from the pins.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

(2) Input mode
The pin level is read and an operation is performed on its contents. The result of the operation is written to the
output latch, but since the output buffer is off, the pin status does not change.
The data of the output latch is cleared when a reset signal is generated.
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4.5 Settings of Port Mode Register and Output Latch When Using Alternate Function

To use the alternate function of a port pin, set the port mode register and output latch as shown in Table 4-5.

Table 4-5. Settings of Port Mode Register and Output Latch When Using Alternate Function

Pin Name Alternate Function PMxx Pxx
Function Name I/0

P00 TI000 Input 1 X
PO1 TI010 Input 1 X
TOO00 Output 0 0

P10 SCK10 Input 1 X
Output 0 1

P11 S0 Input 1 X
P12 S0O10 Output 0 0
P13 TxD6 Output 0 1
P14 RxD6 Input 1 X
P16 TOHA1 Output 0 0
P17 TI50 Input 1 X
TO50 Output 0 0

P30 to P32 INTP1 to INTP3 Input 1 X
P33 TI51 Input 1 X
TO51 Output 0 0

P120 INTPO Input 1 X
P121 X1t - X X
P122 X - X X
EXCLK™™* Input X X

80

Note When using the P121 and P122 pins to connect a resonator for the main system clock (X1, X2) or to input
an external clock for the main system clock (EXCLK), the X1 oscillation mode or external clock input mode

must be set by using the clock operation mode select register (OSCCTL) (for details, see 5.3 (1) Clock
operation mode select register (OSCCTL). The reset value of OSCCTL is 00H (all of the P121 and P122
are /O port pins). At this time, setting of PM121, PM122, P121, and P122 is not necessary.

Remarks 1. x:

Don’t care

PMxx: Port mode register

Pxx:

Port output latch

2. The X1, X2, P31, and P32 pins of the xPD78F0730 can be used as on-chip debug mode setting pins
(OCDOA, OCDO0B, OCD1A, OCD1B) when the on-chip debug function is used. For details, see
CHAPTER 22 ON-CHIP DEBUG FUNCTION.
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CHAPTER 5 CLOCK GENERATOR

5.1 Functions of Clock Generator

The clock generator generates the clock to be supplied to the CPU and peripheral hardware.

The following kinds of system clocks and clock oscillators are selectable.

(1)

&)

Main system clock

<1> X1 oscillator
This circuit oscillates a clock of fx = 12 or 16 MHz by connecting a resonator to X1 and X2. Oscillation
can be stopped by executing the STOP instruction or using the main OSC control register (MOC).

<2> Internal high-speed oscillator
This circuit oscillates a clock of frRH = 16 MHz (TYP.). After a reset release, the CPU always starts
operating with this internal high-speed oscillation clock. Oscillation can be stopped by executing the
STOP instruction or using the internal oscillation mode register (RCM).

An external main system clock (fexcLk = 12 or 16 MHz) can also be supplied from the EXCLK/X2/P122 pin. An
external main system clock input can be disabled by executing the STOP instruction or using MOC.

As the main system clock, a high-speed system clock (X1 clock or external main system clock) or internal high-
speed oscillation clock can be selected by using the main clock mode register (MCM).

Internal low-speed oscillation clock (clock for watchdog timer)

¢ Internal low-speed oscillator
This circuit oscillates a clock of frL = 240 kHz (TYP.). After a reset release, the internal low-speed oscillation
clock always starts operating.
Oscillation can be stopped by using the internal oscillation mode register (RCM) when “internal low-speed
oscillator can be stopped by software” is set by option byte.
The internal low-speed oscillation clock cannot be used as the CPU clock. The following hardware operates
with the internal low-speed oscillation clock.

e Watchdog timer
e 8-bit timer H1 (when fre, fr/27, or fr/2°is selected)

Remarks 1. fx: X1 clock oscillation frequency

2. fRH: Internal high-speed oscillation clock frequency
3. fexck:  External main system clock frequency
4. fRL: Internal low-speed oscillation clock frequency
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(3) USB clock
e PLL
This circuit multiplies the clock generated by the X1 oscillator (fx) or external main system clock (fexcik) by 8
or12.
Multiplication ratio x8 or x12 can be selected using the PLLM bit of the PLL control register (PLLC), and
operation of PLL is started or stopped by setting the PLLSTOP bit.

Remarks 1. fx: X1 clock oscillation frequency
2. fexcik:  external main system clock frequency

5.2 Configuration of Clock Generator
The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

Item Configuration

Control registers Clock operation mode select register (OSCCTL)

Processor clock control register (PCC)

Internal oscillation mode register (RCM)

Main OSC control register (MOC)

Main clock mode register (MCM)

Oscillation stabilization time counter status register (OSTC)
Oscillation stabilization time select register (OSTS)

PLL control register (PLLC)

USB clock control register (UCKC)

Oscillators X1 oscillator
Internal high-speed oscillator
Internal low-speed oscillator
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Figure 5-1. Block Diagram of Clock Generator
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CHAPTER 5 CLOCK GENERATOR

Remarks 1. fx:
fRH:
fexcLk:
fxH:
fxp:
frRs:
fepu:

fRL:

© NGO R LD

fuss:

X1 clock oscillation frequency

Internal high-speed oscillation clock frequency
External main system clock frequency
High-speed system clock oscillation frequency
Main system clock oscillation frequency
Peripheral hardware clock oscillation frequency
CPU clock oscillation frequency

Internal low-speed oscillation clock frequency
USB clock oscillation frequency

5.3 Registers Controlling Clock Generator

84

The following ten registers are used to control the clock generator.

¢ Clock operation mode select register (OSCCTL)

¢ Processor clock control register (PCC)

e Internal oscillation mode register (RCM)

¢ Main OSC control register (MOC)

e Main clock mode register (MCM)

e Oscillation stabilization time counter status register (OSTC)

¢ Oscillation stabilization time select register (OSTS)
e PLL control register (PLLC)
e USB clock control register (UCKC)
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(1) Clock operation mode select register (OSCCTL)
This register selects the operation modes of the high-speed system clock and the gain of the on-chip oscillator.

OSCCTL can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to 00H.

Figure 5-2. Format of Clock Operation Mode Select Register (OSCCTL)

Address: FFOFH  After reset: OOH R/W

Symbol <7> <6> 5 4 3 2 1 <0>
OSCCTL | EXCLK | OSCSEL 0 0 o | o | o | awpH
EXCLK OSCSEL | High-speed system clock P121/X1 pin P122/X2/EXCLK pin
pin operation mode
0 0 1/0 port mode 1/0 port
0 1 X1 oscillation mode Crystal/ceramic resonator connection
1 0 1/0 port mode 1/0 port
1 1 External clock input 1/0 port External clock input
mode
AMPH Operating frequency control
0 fxn <10 MHz
1 10 MHz < fxu
Cautions 1. Be sure to set AMPH to 1 if the high-speed system clock oscillation frequency

exceeds 10 MHz.

. Set AMPH before setting the peripheral functions after a reset release. The value

of AMPH can be changed only once after a reset release. The clock supply to the
CPU is stopped for 5 s (MIN.) after AMPH has been set to 1.

. If the STOP instruction is executed with AMPH set to 1 when the internal high-

speed oscillation clock or external main system clock is used as the CPU clock,
then the clock supply to the CPU is stopped for 5 us (MIN.) after the STOP mode
has been released. If the X1 clock is used as the CPU clock, oscillation
stabilization time is counted after the STOP mode has been released.

. To change the value of EXCLK and OSCSEL, be sure to confirm that bit 7

(MSTOP) of the main OSC control register (MOC) is 1 (the X1 oscillator stops or
the external clock from the EXCLK pin is disabled).

Remark fxH: High-speed system clock oscillation frequency
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(2) Processor clock control register (PCC)
This register is used to select the CPU clock and the division ratio.
PCC is set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PCC to 01H.

Figure 5-3. Format of Processor Clock Control Register (PCC)

Address: FFFBH  After reset: 01H R/W

Symbol 7 6 5 4 3 2 1 0
PCC 0 0 0 0 0 PCC2 PCC1 PCCO
PCC2 PCC1 PCCO CPU clock (fcru) selection

0 0 0 fxp

0 0 1 fxp/2 (default)

0 1 0 fxp/2?

0 1 1 fxp/2°

1 0 0 fxp/2*

Other than above Setting prohibited

Caution Be sure to clear bits 3 and 7 to 0.
Remark fxr: Main system clock oscillation frequency

The fastest instruction can be executed in 2 clocks of the CPU clock in the yPD78F0730. Therefore, the
relationship between the CPU clock (fcru) and the minimum instruction execution time is as shown in Table 5-2.

Table 5-2. Relationship Between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fcpu) Minimum Instruction Execution Time: 2/fcru
High-Speed System Clock"™ Internal High-Speed Oscillation Clock™™*®
At 12 MHz Operation | At 16 MHz Operation At 16 MHz (TYP.) Operation
fxp 0.167 us 0.125 us 0.125 us (TYP.)
fxp/2 0.333 us 0.25 us 0.25 us (TYP.)
fxp/2? 0.667 us 0.5 us 0.5 us (TYP.)
fxp/2° 1.33 us 1.0 us 1.0 us (TYP.)
fxp/2" 2.67 s 2.0 us 2.0 us (TYP.)

Note The main clock mode register (MCM) is used to set the main system clock supplied to CPU clock (high-
speed system clock/internal high-speed oscillation clock) (see Figure 5-6).
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(3) Internal oscillation mode register (RCM)
This register sets the operation mode of internal oscillators.
RCM can be set by a 1-bit or 8-bit memory manipulation instruction.

Note 1

Reset signal generation sets this register to 80H

Figure 5-4. Format of Internal Oscillation Mode Register (RCM)

Address: FFAOH  After reset: 80H"™ ' R/W""?

Symbol <7> 6 5 4 3 2 <1> <0>
RCM RSTS 0 0 0 0 0 LSRSTOP RSTOP
RSTS Status of internal high-speed oscillator
0 Waiting for accuracy stabilization of internal high-speed oscillator
1 Stability operating of internal high-speed oscillator
LSRSTOP Internal low-speed oscillator oscillating/stopped
0 Internal low-speed oscillator oscillating
1 Internal low-speed oscillator stopped
RSTOP Internal high-speed oscillator oscillating/stopped
0 Internal high-speed oscillator oscillating
1 Internal high-speed oscillator stopped

Notes 1. The value of this register is O0H immediately after a reset release but automatically

changes to 80H after internal high-speed oscillator has been stabilized.
2. Bit 7 is read-only.

Caution When setting RSTOP to 1, be sure to confirm that the CPU operates with a clock
other than the internal high-speed oscillation clock. Specifically, set RSTOP to 1

under the following condition.
e When MCS = 1 (when CPU operates with the high-speed system clock)
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(4) Main OSC control register (MOC)

88

This register selects the operation mode of the high-speed system clock.

This register is used to stop the X1 oscillator or to disable an external clock input from the EXCLK pin when the
CPU operates with a clock other than the high-speed system clock.

MOC can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to 80H.

Figure 5-5. Format of Main OSC Control Register (MOC)

Address: FFA2H  After reset: 80H R/W

Symbol <7> 6 5 4 3 2 1 0
MOC MSTOP 0 0 0 0 0 0 0
MSTOP Control of high-speed system clock operation
X1 oscillation mode External clock input mode
0 X1 oscillator operating External clock from EXCLK pin is enabled
1 X1 oscillator stopped External clock from EXCLK pin is disabled

Cautions 1. When setting MSTOP to 1, be sure to confirm that the CPU operates with a clock
other than the high-speed system clock. Specifically, set MSTOP to 1 under the
following condition.

e When MCS = 0 (when CPU operates with the internal high-speed oscillation
clock)

2. Do not clear MSTOP to 0 while bit 6 (OSCSEL) of the clock operation mode select
register (OSCCTL) is 0 (I/0O port mode).

3. The peripheral hardware cannot operate when the peripheral hardware clock is
stopped. To resume the operation of the peripheral hardware after the
peripheral hardware clock has been stopped, initialize the peripheral hardware.
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(5) Main clock mode register (MCM)
This register selects the main system clock supplied to CPU clock and clock supplied to peripheral hardware
clock.
MCM can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 5-6. Format of Main Clock Mode Register (MCM)

Address: FFA1H  After reset: 00H R/W"*

Symbol 7 6 5 4 3 <2> <1> <0>
MCM 0 0 0 0 0 ‘ XSEL ‘ MCS MCMO
XSEL MCMO Selection of clock supplied to main system clock and peripheral hardware
Main system clock (fxr) Peripheral hardware clock (fers)
0 0 Internal high-speed oscillation clock Internal high-speed oscillation clock
0 1 (frH) (frH)
1 0 Setting prohibited
1 1 High-speed system clock (fx+) High-speed system clock (fx+)
MCS Main system clock status
0 Operates with internal high-speed oscillation clock
1 Operates with high-speed system clock

Note Bit 1 is read-only.

Cautions 1. XSEL can be changed only once after a reset release.
2. Be sure to set XSEL=1, MCMO0=1 if using the USB function.
3. A clock other than frrs is supplied to the following peripheral functions
regardless of the setting of XSEL and MCMO.
o Watchdog timer (operates with internal low-speed oscillation clock)
e When “faL”, “fr/27”, or “fr/2°” is selected as the count clock for 8-bit timer H1
(operates with internal low-speed oscillation clock)
o Peripheral hardware selects the external clock as the clock source
(Except when the external count clock of TMOO is selected (TI000 pin valid
edge))
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(6) Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter. When X1
clock oscillation starts with the internal high-speed oscillation clock used as the CPU clock, the X1 clock
oscillation stabilization time can be checked.
OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset is released (reset by RESET input, POC, LVI, and WDT), the STOP instruction and MSTOP (bit 7 of
MOC register) = 1 clear OSTC to 00H.

Figure 5-7. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3H Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0
OSTC 0 0 0 MOST11 MOST13 MOST14 MOST15 MOST16
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status
fx=12MHz | fx=16 MHz
1 0 0 0 0 2"/fix min. | 170.7 us min.| 128 us min.
1 1 0 0 0 2°fx min. | 682.7 us min.| 512 us min.
1 1 1 0 0 2%fx min. | 1.37 ms min. | 1.024 ms min,
1 1 1 1 0 2%/fx min. | 2.73 ms min. | 2.048 ms min.
1 1 1 1 1 2"%fx min. | 5.46 ms min. | 4.096 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and
remain 1.

2. The oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. If the STOP mode is entered and then released
while the internal high-speed oscillation clock is being used as the CPU clock,
set the oscillation stabilization time as follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time
set by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

3. The X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage l
waveform

Remark fx: X1 clock oscillation frequency
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(7) Oscillation stabilization time select register (OSTS)
This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.
When the X1 clock is selected as the CPU clock, the operation waits for the time set using OSTS after the STOP
mode is released.
When the internal high-speed oscillation clock is selected as the CPU clock, confirm with OSTC that the desired
oscillation stabilization time has elapsed after the STOP mode is released. The oscillation stabilization time can
be checked up to the time set using OSTS.
OSTS can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets OSTS to O5H.

Figure 5-8. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  After reset: 05H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTSH1 OSTS0
0OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection
fx =12 MHz fx =16 MHz
0 0 1 2"/fx 170.7 us 128 us
0 1 0 2"%/fx 682.7 us 512 us
0 1 1 2"/fx 1.37 ms 1.024 ms
1 0 0 2"/fx 2.73 ms 2.048 ms
1 0 1 2'%/fx 5.46 ms 4.096 ms
Other than above Setting prohibited

Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set OSTS
before executing the STOP instruction.

2. Do not change the value of the OSTS register during the X1 clock oscillation
stabilization time.

3. The oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. If the STOP mode is entered and then released
while the internal high-speed oscillation clock is being used as the CPU clock,
set the oscillation stabilization time as follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time
set by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

4. The X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage l
waveform

Remark fx: X1 clock oscillation frequency
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(8) PLL control register (PLLC)
This register sets the operation mode of PLL.
PLLC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 01H.

Figure 5-9. Format of PLL Control Register (PLLC)

Address: FFA6H After reset: 01H R/W

Symbol 7 6 5 4 3 2 <1> <0>
PLLC 0 0 0 0 0 0 PLLM PLLSTOP
XSEL PLLM Selection of multiplication ratio for clock supplied to PLL/PLL
Supply clock Multiplication ratio selection
0 0 Setting prohibited Setting prohibited
1 Setting prohibited Setting prohibited
1 0 fxn/2 xg"’
1 fxw/4 x12Ve?
PLLSTOP PLL operation control
0 PLL oscillating
1 PLL stopped

Notes 1. fuse = 48 MHz when fxu = 12 MHz.
2. fuse = 48 MHz when fx+ = 16 MHz.

Cautions. When using the USB function, set the clock supplied to PLL as initial setting after
reset.
<Setting procedure>
<1> Stop PLL. (PLLSTOP=1)
<2> Select PLLM (0: fxi=12 MHz 1: fxn=16 MHz ).
<3 > Set XSEL to 1.
<4> enable PLL driven. (PLLSTOP=0)
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(9) USB clock control register (UCKC)
This register controls the clock supplied to the USB macro.

UCKC can be set by a

1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to 00H.

Figure 5-10. Format of USB Clock Control Register (UCKC)

Address: FFA7H  After reset: 00H R/W

Symbol <7>

6 5 4 3 2 1 0

UCKC UCKCNT

0 0 0 0 0 0 0

UCKCNT

USB macro clock supply control

0

Clock supply to USB macro stopped

1

Clock supplied to USB macro

Caution

Before shifting to the STOP mode, stop the clock supply to the USB macro.
After the STOP mode is released, count the PLL oscillation stabilization time (800
us) using software, and supply the clock to the USB macro after the oscillation

stabilization wait time has elapsed.

93
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5.4 System Clock Oscillator

5.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (1 to 20 MHz) connected to the X1 and X2
pins.

Figure 5-11 shows an example of the external circuit of the X1 oscillator.

Figure 5-11. Example of External Circuit of X1 Oscillator (Crystal or Ceramic Oscillation)

| Vss

— X1
iy =

' 11 T X2

Crystal resonator
or
ceramic resonator

Cautions 1. When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the
Figure 5-11 to avoid an adverse effect from wiring capacitance.

¢ Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines. Do not route the wiring near a signal
line through which a high fluctuating current flows.

¢ Always make the ground point of the oscillator capacitor the same potential as Vss. Do
not ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

Figure 5-12 shows examples of incorrect resonator connection.

Figure 5-12. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line
PORT
Vss X1 X2 Vss X1 X2

= =
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Figure 5-12. Examples of Incorrect Resonator Connection (2/2)

(c) Wiring near high alternating current (d) Current flowing through ground line of oscillator

(potential at points A, B, and C fluctuates)
Vbb
Pmn

Vs X2

P Sl VS XPDP |
T 9 ]
T

A - _
A B TC

- \ 7-7-l High current

X2

High current

(e) Signals are fetched

Vs X2

Vo
T

Q[
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5.4.2 Internal high-speed oscillator

An internal high-speed oscillator is incorporated in the #PD78F0730. Oscillation can be controlled by the internal
oscillation mode register (RCM).

After a reset release, the internal high-speed oscillator automatically starts oscillation (16 MHz (TYP.)).

5.4.3 Internal low-speed oscillator

An internal low-speed oscillator is incorporated in the ¢/PD78F0730.

The internal low-speed oscillation clock is only used as the watchdog timer and the clock of 8-bit timer H1. The
internal low-speed oscillation clock cannot be used as the CPU clock.

“Can be stopped by software” or “Cannot be stopped” can be selected by the option byte. When “Can be stopped
by software” is set, oscillation can be controlled by the internal oscillation mode register (RCM).

After a reset release, the internal low-speed oscillator automatically starts oscillation, and the watchdog timer is
driven (240 kHz (TYP.)) if the watchdog timer operation is enabled using the option byte.

5.4.4 Prescaler

The prescaler generates various clocks by dividing the main system clock when the main system clock is selected
as the clock to be supplied to the CPU.
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5.5 Clock Generator Operation

The clock generator generates the following clocks and controls the operation modes of the CPU, such as standby

mode (see Figure 5-1).

uP

1

)

e Main system clock fxp

e High-speed system clock fxH

X1 clock fx
[External main system clock fexcik

¢ Internal high-speed oscillation clock frH
* Internal low-speed oscillation clock frL
e CPU clock fcpu
e USBclock fuss
e Peripheral hardware clock frrs

The CPU starts operation when the internal high-speed oscillator starts outputting after a reset release in the
D78F0730, thus enabling the following.

Enhancement of security function

When the X1 clock is set as the CPU clock by the default setting, the device cannot operate if the X1 clock is
damaged or badly connected and therefore does not operate after reset is released. However, the start clock of
the CPU is the internal high-speed oscillation clock, so the device can be started by the internal high-speed
oscillation clock after a reset release. Consequently, the system can be safely shut down by performing a
minimum operation, such as acknowledging a reset source by software or performing safety processing when
there is a malfunction.

Improvement of performance

Because the CPU can be started without waiting for the X1 clock oscillation stabilization time, the total
performance can be improved.

When the power supply voltage is turned on, the clock generator operation is shown in Figure 5-13.

Preliminary User’'s Manual U19014EJ1VOUD 97



CHAPTER 5 CLOCK GENERATOR

Figure 5-13. Clock Generator Operation When Power Supply Voltage Is Turned On

When 2.7 V/1.59 V POC Mode Is Set (Option Byte: POCMODE = 1)

Internal reset signal

Power supply
voltage (VbD)

2.7V (TYP)

ov

<1> |
1<2> ;
' Reset pro_l(_:sgsmg Switched by
(20 us (TYP.)) software
' <4>
CPU clock < Ingesﬂﬁ;{?g%héfggf d High-speed system clock

Internal high-speed
oscillation clock (frH)

High-speed ) ‘

system clock (fx) Waiting for oscillation <3
(when X1 oscillation accuracy stabilization
selected) ' k
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<1>

<2>

<3>

<4>

<5>

' X1 clock '
Pscillation stabilization time:
2"/fx to 21¢/fxNete

Starting X1 oscillation
is specified by software.

When the power is turned on, an internal reset signal is generated by the power-on-clear (POC) circuit.
When the power supply voltage exceeds 2.7 V (TYP.), the reset is released and the internal high-speed
oscillator automatically starts oscillation.

After the reset is released and reset processing is performed, the CPU starts operation on the internal high-
speed oscillation clock.

Set the start of oscillation of the X1 clock via software (see (1) in 5.6.1 Example of controlling high-speed
system clock).

When switching the CPU clock to the X1 clock, wait for the clock oscillation to stabilize, and then set
switching via software (see (3) in 5.6.1 Example of controlling high-speed system clock).

Note When releasing a reset (above figure) or releasing STOP mode while the CPU is operating on the internal

high-speed oscillation clock, confirm the oscillation stabilization time for the X1 clock using the oscillation
stabilization time counter status register (OSTC). If the CPU operates on the high-speed system clock (X1
oscillation), set the oscillation stabilization time when releasing STOP mode using the oscillation
stabilization time select register (OSTS).

Cautions 1. It is not necessary to wait for the oscillation stabilization time when an external clock input

from the EXCLK pin is used.
2. For the 4PD78F0730, be sure to set the 2.7 V/1.59 V POC mode by using the option byte
(POCMODE = 1).

Remark While the microcontroller is operating, a clock that is not used as the CPU clock can be stopped via

software settings. The internal high-speed oscillation clock and high-speed system clock can be
stopped by executing the STOP instruction (see (4) in 5.6.1 Example of controlling high-speed
system clock and (3) in 5.6.2 Example of controlling internal high-speed oscillation clock).
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5.6 Controlling Clock

5.6.1 Controlling high-speed system clock
The following two types of high-speed system clocks are available.
o X1 clock: Crystal/ceramic resonator is connected across the X1 pin.
o External main system clock: External clock is input to the EXCLK pin.

When the high-speed system clock is not used, the X1/P121 and X2/EXCLK/P122 pins can be used as I/O port
pins.

Caution The X1/P121 and X2/EXCLK/P122 pins are in the I/O port mode after a reset release.

The following describes examples of setting procedures for the following cases.

(1) When oscillating X1 clock

(2) When using external main system clock

(3) When using high-speed system clock as CPU clock and peripheral hardware clock
(4) When stopping high-speed system clock

(1) Example of setting procedure when oscillating the X1 clock
<1> Setting frequency (OSCCTL register)
Using AMPH, set the gain of the on-chip oscillator according to the frequency to be used.

AMPH"" Operating Frequency Control
0 fxv < 10 MHz
1 10 MHz < fxn

Note Set AMPH before setting the peripheral functions after a reset release. The value of AMPH can
be changed only once after a reset release. When AMPH is set to 1, the clock supply to the CPU
is stopped for 5 us (MIN.).

Remark fxH: High-speed system clock oscillation frequency

<2> Setting P121/X1 and P122/X2/EXCLK pins and selecting X1 clock or external clock (OSCCTL register)
When EXCLK is cleared to 0 and OSCSEL is set to 1, the mode is switched from port mode to X1
oscillation mode.

EXCLK OSCSEL Operation Mode of High- P121/X1 Pin P122/X2/EXCLK Pin
Speed System Clock Pin

0 1 X1 oscillation mode Crystal/ceramic resonator connection

<3> Controlling oscillation of X1 clock (MOC register)
If MSTORP is cleared to 0, the X1 oscillator starts oscillating.
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<4> Waiting for the stabilization of the oscillation of X1 clock
Check the OSTC register and wait for the necessary time.
During the wait time, other software processing can be executed with the internal high-speed oscillation
clock.

Cautions 1. Do not change the value of EXCLK and OSCSEL while the X1 clock is operating.
2. Set the X1 clock after the supply voltage has reached the operable voltage of the clock to
be used (see CHAPTER 22 ELECTRICAL SPECIFICATIONS (TARGET)).

(2) Example of setting procedure when using the external main system clock
<1> Setting frequency (OSCCTL register)
Using AMPH, set the frequency to be used.

AMPH" " Operating Frequency Control
0 fxn <10 MHz
1 10 MHz < fxn

Note Set AMPH before setting the peripheral functions after a reset release. The value of AMPH can
be changed only once after a reset release. When AMPH is set to 1, the clock supply to the CPU
is stopped for 5 us (MIN.).

Remark fxH: High-speed system clock oscillation frequency

<2> Setting P121/X1 and P122/X2/EXCLK pins and selecting operation mode (OSCCTL register)
When EXCLK and OSCSEL are set to 1, the mode is switched from port mode to external clock input

mode.
EXCLK OSCSEL | Operation Mode of High- P121/X1 Pin P122/X2/EXCLK Pin
Speed System Clock Pin
1 1 External clock input mode | I/0O port External clock input

<3> Controlling external main system clock input (MOC register)
When MSTORP is cleared to 0, the input of the external main system clock is enabled.

Cautions 1. Do not change the value of EXCLK and OSCSEL while the external main system clock is
operating.

2. Set the external main system clock after the supply voltage has reached the operable

voltage of the clock to be used (see CHAPTER 22 ELECTRICAL SPECIFICATIONS
(TARGET)).

(3) Example of setting procedure when using high-speed system clock as CPU clock and peripheral
hardware clock
<1> Setting high-speed system clock oscillation
(See 5.6.1 (1) Example of setting procedure when oscillating the X1 clock and (2) Example of
setting procedure when using the external main system clock.)

Note

Note The setting of <1> is not necessary when high-speed system clock is already operating.
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<2> Setting the high-speed system clock as the main system clock (MCM register)
When XSEL and MCMO are set to 1, the high-speed system clock is supplied as the main system clock

and peripheral hardware clock.

XSEL

MCMO

Selection of Main System Clock and Clock Supplied to Peripheral Hardware

Main System Clock (fxp)

Peripheral Hardware Clock (fers)

1

1

High-speed system clock (fxH)

High-speed system clock (fxH)

Caution

<3> Setting the main system clock as the CPU clock and selecting the division ratio (PCC register)

If the high-speed system clock is selected as the main system clock, a clock other than

the high-speed system clock cannot be set as the peripheral hardware clock.

When CSS is cleared to 0, the main system clock is supplied to the CPU. To select the CPU clock
division ratio, use PCCO0, PCC1, and PCC2.

CSss PCC2 PCC1 PCCO CPU Clock (fcru) Selection
0 0 0 0 fxp
0 0 1 fxe/2 (default)
0 1 0 fxp/2?
0 1 1 fxp/2°
1 0 0 fxp/2*
Other than above Setting prohibited

(4) Example of setting procedure when stopping the high-speed system clock
The high-speed system clock can be stopped in the following two ways.
e Executing the STOP instruction to set the STOP mode

 Setting MSTOP to 1 and stopping the X1 oscillation (disabling clock input if the external clock is used)

(a) To execute a STOP instruction
<1> Setting to stop peripheral hardware
Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that

cannot be used in STOP mode, see CHAPTER 14 STANDBY FUNCTION).

<2> Setting the X1 clock oscillation stabilization time after standby release
When the CPU is operating on the X1 clock, set the value of the OSTS register before the STOP
instruction is executed.

<3> Executing the STOP instruction
When the STOP instruction is executed, the system is placed in the STOP mode and X1 oscillation
is stopped (the input of the external clock is disabled).
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(b) To stop X1 oscillation (disabling external clock input) by setting MSTOP to 1
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the high-speed system clock.
When CLS = 0 and MCS = 1, the high-speed system clock is supplied to the CPU, so change the
CPU clock to the internal high-speed oscillation clock.

CLS MCS CPU Clock Status
0 0 Internal high-speed oscillation clock
0 1 High-speed system clock

<2> Stopping the high-speed system clock (MOC register)
When MSTORP is set to 1, X1 oscillation is stopped (the input of the external clock is disabled).

Caution Be sure to confirm that MCS = 0 or CLS = 1 when setting MSTOP to 1. In addition, stop
peripheral hardware that is operating on the high-speed system clock.

5.6.2 Example of controlling internal high-speed oscillation clock

The following describes examples of clock setting procedures for the following cases.

(1) When restarting oscillation of the internal high-speed oscillation clock

(2) When using internal high-speed oscillation clock as CPU clock, and internal high-speed oscillation clock or
high-speed system clock as peripheral hardware clock

(3) When stopping the internal high-speed oscillation clock

(1) Example of setting procedure when restarting oscillation of the internal high-speed oscillation clock"""
<1> Setting restart of oscillation of the internal high-speed oscillation clock (RCM register)
When RSTOP is cleared to 0, the internal high-speed oscillation clock starts operating.

<2> Waiting for the oscillation accuracy stabilization time of internal high-speed oscillation clock (RCM
register)
Wait until RSTS is set to 1'%,

Notes 1. After a reset release, the internal high-speed oscillator automatically starts oscillating and the
internal high-speed oscillation clock is selected as the CPU clock.
2. This wait time is not necessary if high accuracy is not necessary for the CPU clock and peripheral
hardware clock.
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(2) Example of setting procedure when using internal high-speed oscillation clock as CPU clock and
peripheral hardware clock

<1> o

Restarting oscillation of the internal high-speed oscillation clock

Note

(See 5.6.2 (1) Example of setting procedure when restarting internal high-speed oscillation

clock).
o Oscillating the high-speed system clock

Note

(This setting is required when using the high-speed system clock as the peripheral hardware clock.
See 5.6.1 (1) Example of setting procedure when oscillating the X1 clock and (2) Example of
setting procedure when using the external main system clock.)

Note The setting of <1> is not necessary when the internal high-speed oscillation clock or high-

<2> Selecting the clock supplied as the main system clock and peripheral hardware clock (MCM register)

speed system clock is already operating.

Set the main system clock and peripheral hardware clock using XSEL and MCMO.

XSEL MCMO Selection of Main System Clock and Clock Supplied to Peripheral Hardware
Main System Clock (fxp) Peripheral Hardware Clock (frrs)
0 0 Internal high-speed oscillation clock | Internal high-speed oscillation clock
0 1 (frH) (frH)

Caution If the internal high-speed oscillation clock is selected as the main system clock, a clock
other than the internal high-speed ocsillation clock cannot be set as the peripheral

hardware clock.

<3> Selecting the CPU clock division ratio (PCC register)
When CSS is cleared to 0, the main system clock is supplied to the CPU. To select the CPU clock
division ratio, use PCCO0, PCC1, and PCC2.

CSss PCC2 PCC1 PCCO CPU Clock (fcru) Selection
0 0 0 0 fxp
0 1 fxp/2 (default)
0 1 0 fxp/2?
0 1 1 fxp/2°
1 0 0 fxp/2*
Other than above Setting prohibited

(3) Example of setting procedure when stopping the internal high-speed oscillation clock
The internal high-speed oscillation clock can be stopped in the following two ways.
¢ Executing the STOP instruction to set the STOP mode
e Setting RSTOP to 1 and stopping the internal high-speed oscillation clock

(a) To execute a STOP instruction
<1> Setting of peripheral hardware
Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that
cannot be used in STOP mode, see CHAPTER 14 STANDBY FUNCTION).

<2> Setting the X1 clock oscillation stabilization time after standby release
When the CPU is operating on the X1 clock, set the value of the OSTS register before the STOP
instruction is executed.
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<3> Executing the STOP instruction
When the STOP instruction is executed, the system is placed in the STOP mode and internal high-
speed oscillation clock is stopped.

(b) To stop internal high-speed oscillation clock by setting RSTOP to 1
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the internal high-speed
oscillation clock.
When CLS = 0 and MCS = 0, the internal high-speed oscillation clock is supplied to the CPU, so
change the CPU clock to the high-speed system clock.

CLS MCS CPU Clock Status
0 0 Internal high-speed oscillation clock
0 1 High-speed system clock

<2> Stopping the internal high-speed oscillation clock (RCM register)
When RSTOP is set to 1, internal high-speed oscillation clock is stopped.

Caution Be sure to confirm that MCS = 1 or CLS = 1 when setting RSTOP to 1. In addition, stop
peripheral hardware that is operating on the internal high-speed oscillation clock.

5.6.3 Example of controlling internal low-speed oscillation clock
The internal low-speed oscillation clock cannot be used as the CPU clock.
Only the following peripheral hardware can operate with this clock.
o Watchdog timer
o 8-bit timer H1 (if frL, fr/2, or fr/2° is selected as the count clock)

In addition, the following operation modes can be selected by the option byte.
« Internal low-speed oscillator cannot be stopped
e Internal low-speed oscillator can be stopped by software

The internal low-speed oscillator automatically starts oscillation after a reset release, and the watchdog timer is
driven (240 kHz (TYP.)) if the watchdog timer operation has been enabled by the option byte.

(1) Example of setting procedure when stopping the internal low-speed oscillation clock
<1> Setting LSRSTOP to 1 (RCM register)
When LSRSTORP is set to 1, the internal low-speed oscillation clock is stopped.

(2) Example of setting procedure when restarting oscillation of the internal low-speed oscillation clock
<1> Clearing LSRSTOP to 0 (RCM register)

When LSRSTOP is cleared to 0, the internal low-speed oscillation clock is restarted.

Caution If “Internal low-speed oscillator cannot be stopped” is selected by the option byte, oscillation of
the internal low-speed oscillation clock cannot be controlled.
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5.6.4 Example of controlling USB clock
The clock of the USB macro (fuss = 48 Mhz) uses multiplication of division clock of high-speed system clock ( fxH)
by PLL.

e Example of setting procedure when supplying the USB clock from the high-speed system clock (fx1 = 12/16

MHz)

<1>

<2>

<3>

<4>

<5>

<6>

Setting PLLSTOP to 1 (PLLC register)
When PLLSTORP is set to 1, the PLL stops operation.

Setting PLLM to 0/1 (PLLC register)
In the case of fx1 = 12 MHz, PLLM is set to 0 in order to select “8 times”.

In the case of fxn = 16 MHz, PLLM is set to 1 in order to select “12 times”.

Setting XSEL to 1 (MCM register)
When XSEL is set to 1, the high-speed system clock is supplied to the PLL.

Clearing PLLSTOP to 0 (PLLC register)
When PLLSTORP is cleared to 0, the PLL starts operating.

Waiting for oscillation stabilization of the PLL

Wait for 800 us by software. Other software processing can be executed while waiting.

Setting UCKCNT to 1 (UCKC register)
When UCKCNT is set to 1, the USB clock is supplied to the USB macro.

[Control flow]

PLL operation stop (PLLSTOP = 1)

When fx1 = 12 MHz, setting PLLM to 0.
When fx1 = 16 MHz, setting PLLM to 1.

Setting XSEL to 1

PLL operation start (PLLSTOP = 0)

Oscillation stabilization wait (800 us)

USB clock supplying (UCKCNT = 1)
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5.6.5 Clocks supplied to CPU and peripheral hardware

The following table shows the relation among the clocks supplied to the CPU and peripheral hardware, and setting
of registers.

Table 5-3. Clocks Supplied to CPU and Peripheral Hardware, and Register Setting

Supplied Clock XSEL CSs MCMO EXCLK
Clock Supplied to CPU Clock Supplied to Peripheral Hardware
Internal high-speed oscillation clock 0 0 X X
X1 clock 1 0 1 0
External main system clock 1 0 1 1

Remarks 1. XSEL: Bit 2 of the main clock mode register (MCM)
2. CSS: Bit 4 of the processor clock control register (PCC)
3. MCMO: Bit 0 of MCM

4. EXCLK: Bit 7 of the clock operation mode select register (OSCCTL)
5. x: don’t care
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5.6.6 CPU clock status transition diagram

Figure 5-14 shows the CPU clock status transition diagram of this product.

Figure 5-14. CPU Clock Status Transition Diagram

When 2.7 V/1.59 V POC Mode Is Set (Option Byte: POCMODE = 1)

CPU: Operating
with internal high-
speed oscillation

Regulator: Operating in normal mode
Internal low-speed oscillator: Operable

Internal high-speed oscillator: Operating
X1 oscillation/EXCLK input:
Selectable by CPU
(©)

Regulator: Operating in normal mode

Internal low-speed oscillator: Operable

Internal high-speed oscillator:

Selectable by CPU

X1 oscillation/EXCLK input: Operating CPU: Operating

with X1 oscillation or
EXCLK input

(D)

CPU: X1
oscillation/EXCLK
input —» HALT

Regulator: Operating in normal mode
Internal low-speed oscillator: Operable
Internal high-speed oscillator: Operable
X1 oscillation/EXCLK input: Operating

Remark

Regulator: Woken up

Internal low-speed oscillator: Woken up

Internal high-speed oscillator: Woken up

X1 oscillation/EXCLK input: Stops (I/O port mode)

Voo < 2.7 V (MIN.)

Voo > 2.7 V (MIN.)

Regulator: Operating in normal mode

Internal low-speed oscillator: Operating

Internal high-speed oscillator: Operating

X1 oscillation/EXCLK input: Stops (I/O port mode)

Voo > 1.8 V (MIN.)

CPU: X1
oscillation/EXCLK
input > STOP.

Regulator: Operating in low

operating current mode
Internal low-speed oscillator: Operable
Internal high-speed oscillator: Stops
X1 oscillation/EXCLK input: Stops

In the 2.7 V/1.59 V POC mode (option byte: POCMODE = 1), the CPU clock status changes to (A) in the

above figure when the supply voltage exceeds 2.7 V (TYP.), and to (B) after reset processing (20 us

(TYP.)).
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Table 5-4 shows transition of the CPU clock and examples of setting the SFR registers.

Table 5-4. CPU Clock Transition and SFR Register Setting Examples (1/3)

(1) CPU operating with internal high-speed oscillation clock (B) after reset release (A)

Status Transition SFR Register Setting

(A) — (B) SFR registers do not have to be set (default status after reset release).

(2) CPU operating with high-speed system clock (C) after reset release (A)
(The CPU operates with the internal high-speed oscillation clock immediately after a reset release (B).)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register | AMPH EXCLK | OSCSEL | MSTOP OSTC XSEL MCMO

Status Transition Register

(A) = (B) — (C) (X1 clock: fxn < 10 MHz) 0 0 1 0 Must be 1 1
checked

(A) = (B) = (C) 0 1 1 0 Must not be 1 1

(external main clock: fx4 < 10 MHz) checked

(A) = (B) = (C) (X1 clock: 10 MHz < fx+ ) 1 0 1 0 Must be 1 1
checked

(A) > (B) - (C) 1 1 1 0 Must not be 1 1

(external main clock: 10 MHz < fx+ ) checked

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 22 ELECTRICAL SPECIFICATIONS (TARGET)).

Remarks 1. (A) to (E) in Table 5-4 correspond to (A) to (E) in Figure 5-14.
2. EXCLK, OSCSEL, AMPH:
Bits 7, 6 and 0 of the clock operation mode select register (OSCCTL)
MSTOP: Bit 7 of the main OSC control register (MOC)
XSEL, MCMO: Bits 2 and 0 of the main clock mode register (MCM)
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Table 5-4. CPU Clock Transition and SFR Register Setting Examples (2/3)

(8) CPU clock changing from internal high-speed oscillation clock (B) to high-speed system clock (C)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register | AMPH"" | EXCLK | OSCSEL | MSTOP | OSTC | XSEL“™ | MCMO

Status Transition Register

(B) — (C) (X1 clock: fx+ < 10 MHz) 0 0 1 0 Must be 1 1
checked

(B) — (C) (external main clock: fx1 < 10 MHz) 0 1 1 0 Must not be 1 1
checked

(B) — (C) (X1 clock: 10 MHz < fx+ ) 1 0 1 0 Must be 1 1
checked

(B) — (C) (external main clock: 10 MHz < fx1 ) 1 1 1 0 Must not be 1 1
checked

~
Unnecessary if these registers Unnecessary if the
are already set CPU is operating

with the high-speed
system clock

Note The value of this flag can be changed only once after a reset release. This setting is not necessary if it has
already been set.

Cautions 1. Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 22 ELECTRICAL SPECIFICATIONS (TARGET)).
2. CPU clock cannot changes from high-speed system clock (C) to internal high-speed oscillation
clock (B)

Remarks 1. (A) to (E) in Table 5-4 correspond to (A) to (E) in Figure 5-14.
2. EXCLK, OSCSEL, AMPH:
Bits 7, 6 and 0 of the clock operation mode select register (OSCCTL)
MSTOP: Bit 7 of the main OSC control register (MOC)
XSEL, MCMO:  Bits 2 and 0 of the main clock mode register (MCM)
RSTS, RSTOP: Bits 7 and 0 of the internal oscillation mode register (RCM)
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Table 5-4. CPU Clock Transition and SFR Register Setting Examples (3/3)

(5) HALT mode (D) set while CPU is operating with high-speed system clock (C)

Status Transition

Setting

(€)—> (D)

Executing HALT instruction

(6) STOP mode (E) set while CPU is operating with high-speed system clock (C)

(Setting sequence)

v

Status Transition

Setting

(C) - (E) Stopping peripheral functions that Executing STOP instruction
cannot operate in STOP mode
Remark (A) to (E) in Table 5-4 correspond to (A) to (E) in Figure 5-14.

5.6.7 Condition before changing CPU clock and processing after changing CPU clock
Condition before changing the CPU clock and processing after changing the CPU clock are shown below.

Table 5-5. Changing CPU Clock

speed oscillation

e MSTOP =0, OSCSEL =1, EXCLK =0

CPU Clock Condition Before Change Processing After Change
Before Change After Change
Internal high- X1 clock Stabilization of X1 oscillation e Internal high-speed oscillator can be

stopped (RSTOP = 1).

External main
system clock

speed oscillation
clock

clock o After elapse of oscillation stabilization time | e Clock supply to CPU is stopped for 5 us
External main Enabling input of external clock from EXCLK | (MIN.) after AMPH has been set to 1.
system clock pin
¢ MSTOP =0, OSCSEL =1, EXCLK =1
X1 clock Internal high- Oscillation of internal high-speed oscillator X1 oscillation can be stopped (MSTOP = 1).

¢ RSTOP =0

External main system clock input can be
disabled (MSTOP = 1).
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5.6.8 Time required for switchover of CPU clock and main system clock

By setting bits 0 to 2 (PCCO to PCC2) of the processor clock control register (PCC), the division ratio of the main
system clock can be changed.

The actual switchover operation is not performed immediately after rewriting to PCC; operation continues on the
pre-switchover clock for several clocks (see Table 5-6).

Table 5-6. Time Required for Switchover of CPU Clock and Main System Clock Cycle Division Factor

Set Value Before Set Value After Switchover
Switchover
PCC2|PCC1|PCCO| PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO
0 0 0 0 0 1 0 1 0 0 1 1 1 0 0
0 0 0 16 clocks 16 clocks 16 clocks 16 clocks
0 0 1 8 clocks 8 clocks 8 clocks 8 clocks
0 1 0 4 clocks 4 clocks 4 clocks 4 clocks
0 1 1 2 clocks 2 clocks 2 clocks 2 clocks
1 0 0 1 clock 1 clock 1 clock 1 clock

Remark The number of clocks listed in Table 5-6 is the number of CPU clocks before switchover.

By setting bit 0 (MCMO) of the main clock mode register (MCM), the main system clock can be switched (the
internal high-speed oscillation clock to the high-speed system clock).

The actual switchover operation is not performed immediately after rewriting to MCMO; operation continues on the
pre-switchover clock for several clocks (see Table 5-7).

Whether the CPU is operating on the internal high-speed oscillation clock or the high-speed system clock can be
ascertained using bit 1 (MCS) of MCM.

Table 5-7. Maximum Time Required for Main System Clock Switchover

Set Value After Switchover
MCMO
1

Set Value Before Switchover
MCMO

1 + 2fru/fxn clock

Caution When switching the internal high-speed oscillation clock to the high-speed system clock, bit 2
(XSEL) of MCM must be set to 1 in advance. The value of XSEL can be changed only once after a
reset release.

Remarks 1. The number of clocks listed in Table 5-7 is the number of main system clocks before switchover.
2. Calculate the number of clocks in Table 5-7 by removing the decimal portion.

Example When switching the main system clock from the internal high-speed oscillation clock to the
high-speed system clock (@ oscillation with frH = 16 MHz, fx1 = 12 MHz)
1+ 2fr/fxn=1+2%x16/12=1+2x1.33=1+2.66 =3.66 — 3 clocks

5.6.9 Conditions before clock oscillation is stopped
The following lists the register flag settings for stopping the clock oscillation (disabling external clock input) and
conditions before the clock oscillation is stopped.
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Table 5-8. Conditions Before the Clock Oscillation Is Stopped and Flag Settings

Clock Conditions Before Clock Oscillation Is Stopped Flag Settings of SFR
(External Clock Input Disabled) Register
Internal high-speed MCS =1 RSTOP =1
oscillation clock (The CPU is operating on a clock other than the internal high-speed
oscillation clock)
X1 clock MCS =1 MSTOP =1
External main system clock (The CPU is operating on a clock other than the high-speed system clock)

5.6.10 Peripheral hardware and source clocks
The following lists peripheral hardware and source clocks incorporated in the #PD78F0730.

Table 5-9. Peripheral Hardware and Source Clocks

Source Clock Peripheral Hardware Internal Low-Speed TM50 Output External Clock from
Clock (fers) Oscillation Clock (frL) Peripheral Hardware
Peripheral Hardware Pins
16-bit timer/event counter 00 Y N N Y (TI000 pin)
8-bit timer/ 50 Y N N Y (TI50 pin)
event counter 51 Y N N Y (TI51 pin)
8-Bit timer H1 Y Y N N
Watchdog timer N Y N N
Serial interface UART6 Y N Y N
Csl10 Y N N Y (SCK10 pin)

Remark Y: Can be selected, N: Cannot be selected
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6.1 Functions of 16-Bit Timer/Event Counter 00

16-bit timer/event counter 00 has the following functions.

(1) Interval timer
16-bit timer/event counter 00 generates an interrupt request at the preset time interval.

(2) Square-wave output
16-bit timer/event counter 00 can output a square wave with any selected frequency.

(3) External event counter
16-bit timer/event counter 00 can measure the number of pulses of an externally input signal.

(4) One-shot pulse output
16-bit timer event counter 00 can output a one-shot pulse whose output pulse width can be set freely.

(5) PPG output
16-bit timer/event counter 00 can output a rectangular wave whose frequency and output pulse width can be set

freely.

(6) Pulse width measurement
16-bit timer/event counter 00 can measure the pulse width of an externally input signal.
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6.2 Configuration of 16-Bit Timer/Event Counter 00

16-bit timer/event counter 00 includes the following hardware.

Table 6-1. Configuration of 16-Bit Timer/Event Counter 00

ltem

Configuration

Time/counter

16-bit timer counter 00 (TM0O0)

Register

16-bit timer capture/compare registers 000, 010 (CR000, CR010)

Timer input

TIO00, TI010 pins

Timer output

TOOO pin, output controller

Control registers

16-bit timer mode control register 00 (TMCO00)

16-bit timer capture/compare control register 00 (CRC00)
16-bit timer output control register 00 (TOCO00)

Prescaler mode register 00 (PRMO00)

Port mode register 0 (PMO)

Port register 0 (P0)

Figure 6-1 shows the block diagram.

Figure 6-1. Block Diagram of 16-Bit Timer/Event Counter 00

q Internal bus 5
Capture/compare
control resister 00 (CRCO00)
To CRO10 =
9
| | 8 INTTMO00
) = — &$
Noise 2 16-bit timer capture/compare
TI010/TO00/PO1© elimi- 2 register 000 (CR0O00)
nator )
U Match
fers _ ﬁ
frrs/22 2 ppsn 0
2 -bit timer counter
[ Clear
3| (TM00) R Output TO00/TI
L controller ) > > ©1000/TI010/
. o PO1
Noise| Match
frrs — elimi-| 12
nator Out(;;g:e)ﬂch PMO1
Noise .
I o 16-bit timer capture/compare
T1000/P00O elimi- =1 register 010 (CR010)
nator - T
2 INTTMO10
CRCO002 |
PRMO01PRMO000 [rmcooaimmcoozTMcootovFoo| 0SPT00l0SPECNTOC00 LVS00|LVR00[TOC001 TOEOO|
Prescaler mode donirol reqister 00 donirol reqisier 00
register 00 (PRM00) U (TMCO00) (TOCO00)
Internal bus

§

Remark frrs: Peripheral hardware clock frequency
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Q)

)

16-bit timer counter 00 (TMO0O)

TMOO is a 16-bit read-only register that counts count pulses.

The counter is incremented in synchronization with the rising edge of the count clock.

If the count value is read during operation, then input of the count clock is temporarily stopped, and the count
value at that point is read.

Figure 6-2. Format of 16-Bit Timer Counter 00 (TMO0O0)

Address: FF10H, FF11H (TM00)  After reset: 0000H R
FF11H (TMO0O) FF10H (TM0O)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

mo | | [ PP PP

The count value of TMOO can be read by reading TM0O when the value of bits 3 and 2 (TMC003 and TMCO002) of
16-bit timer mode control register 00 (TMCO00) is other than 00. The value of TMOO is 0000H if it is read when
TMCO003 and TMCO002 = 00.

The count value is reset to 0000H in the following cases.

At reset signal generation

If TMCO003 and TMCO002 are cleared to 00

If the valid edge of the TI0O0O0 pin is input in the mode in which the clear & start occurs when inputting the valid
edge to the TI000 pin

If TMOO and CRO00 match in the mode in which the clear & start occurs when TM00O and CR000 match
OSPTOO is set to 1 or the valid edge is input to the TI000 pin in one-shot pulse output mode

Cautions 1. Even if TMOO is read, the value is not captured by CR010.
2. When TMOO is read, input of the count clock is temporarily stopped and it is resumed after
the timer has been read. Therefore, no clock miss occurs.

16-bit timer capture/compare register 000 (CR000), 16-bit timer capture/compare register 010 (CR010)
CRO000 and CR010 are 16-bit registers that are used with a capture function or comparison function selected by
using CRCO00.

Change the value of CR000 while the timer is stopped (TMC003 and TMCO002 = 00).

The value of CR010 can be changed during operation if the value has been set in a specific way. For details, see
6.5.1 Rewriting CR010 during TM0O operation.

These registers can be read or written in 16-bit units.

Reset signal generation sets these registers to 0000H.

Figure 6-3. Format of 16-Bit Timer Capture/Compare Register 000 (CR000)

Address: FF12H, FF13H (CRO00)  After reset: 0000H  R/W
FF13H (CR000) FF12H (CR000)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oroo | | [ [ [ I [ [T P T P[] ]
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(i) When CRO000 is used as a compare register
The value set in CRO0O is constantly compared with the TM0OO count value, and an interrupt request signal
(INTTMOO00) is generated if they match. The value is held until CROO0O is rewritten.

(ii) When CRO00O is used as a capture register
The count value of TMOO is captured to CRO00 when a capture trigger is input.
As the capture trigger, an edge of a phase reverse to that of the TI000 pin or the valid edge of the TI010 pin
can be selected by using CRC00 or PRMOO.

Figure 6-4. Format of 16-Bit Timer Capture/Compare Register 010 (CR010)

Address: FF14H, FF15H (CRO10)  After reset: 0000H  R/W
FF15H (CR010) FF14H (CR010)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oroo | [ I [ [T PP P P P [}

(i) When CRO010 is used as a compare register
The value set in CR010 is constantly compared with the TMOO count value, and an interrupt request signal
(INTTMO10) is generated if they match.

(ii) When CR010 is used as a capture register
The count value of TMOO is captured to CR010 when a capture trigger is input.
It is possible to select the valid edge of the TI000 pin as the capture trigger. The TI000 pin valid edge is set
by PRMOO.

Cautions 1. To use this register as a compare register, set a value other than 0000H to CR000 and

CRO010.

2. The valid edge of TI010 and timer output (TO00) cannot be used for the P01 pin at the same
time. Select either of the functions.

3. If clearing of its 3 and 2 (TMC003 and TMCO002) of 16-bit timer mode control register 00
(TMCO00) to 00 and input of the capture trigger conflict, then the captured data is undefined.

4. To change the mode from the capture mode to the comparison mode, first clear the TMCO003
and TMCO002 bits to 00, and then change the setting.
A value that has been once captured remains stored in CR000 unless the device is reset. If
the mode has been changed to the comparison mode, be sure to set a comparison value.

5. CR000/CR010 does not perform the capture operation when it is set in the comparison
mode, even if a capture trigger is input to it.
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Table 6-2. Capture Operation of CR000 and CR010

External Input
Signal
Capture
Operation

TI000 Pin Input Il | |

TI010 Pin Input | | | |

Capture operation of
CR000

CRCO001 =1
TI000 pin input
(reverse phase)

UL

Set values of ES001 and
ES000

Position of edge to be
captured

01: Rising

00: Falling

ULk
iR

11: Both edges
(cannot be captured)

CRCO001 bit=0
TI010 pin input

JuL

Set values of ES101 and
ES100

Position of edge to be
captured

01: Rising

E

00: Falling

:

11: Both edges

E

Interrupt signal

INTTMOOO signal is not
generated even if value
is captured.

Interrupt signal

INTTMOOO signal is
generated each time
value is captured.

Capture operation of
CR010

TI000 pin input"™

L

Set values of ES001 and
ES000

Position of edge to be
captured

01: Rising

-

00: Falling

-
7|

11: Both edges

1

=

Interrupt signal

INTTMO10 signal is
generated.

Note The capture operation of CR010 is not affected by the setting of the CRC001 bit.

Caution To capture the count value of the TMOO register to the CR000 register by using the phase
reverse to that input to the TI000 pin, the interrupt request signal (INTTMO00O) is not generated
after the value has been captured. If the valid edge is detected on the TI010 pin during this
operation, the capture operation is not performed but the INTTMO000 signal is generated as an
external interrupt signal. To not use the external interrupt, mask the INTTMOOO signal.

Remark CRCO001: See 6.3 (2) Capture/compare control register 00 (CRCO00).
ES101, ES100, ES001, ES000: See 6.3 (4) Prescaler mode register 00 (PRMO00).
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6.3

Registers Controlling 16-Bit Timer/Event Counter 00

Registers used to control 16-bit timer/event counter 00 are shown below.

M

118

16-bit timer mode control register 00 (TMCO00)
Capture/compare control register 00 (CRCO00)
16-bit timer output control register 00 (TOCO00)
Prescaler mode register 00 (PRMOO0)

Port mode register 0 (PMO)

Port register 0 (P0)

16-bit timer mode control register 00 (TMCO00)

TMCOO is an 8-bit register that sets the 16-bit timer/event counter 00 operation mode, TMOO clear mode, and
output timing, and detects an overflow.

Rewriting TMCOO is prohibited during operation (when TMCO003 and TMCO002 = other than 00). However, it can
be changed when TMCO003 and TMCO002 are cleared to 00 (stopping operation) and when OVFOQO is cleared to 0.
TMCOO can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets TMCOO to 00H.

Caution 16-bit timer/event counter 00 starts operation at the moment TMC002 and TMCO003 are set to

values other than 00 (operation stop mode), respectively. Set TMC002 and TMCO003 to 00 to
stop the operation.
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Figure 6-5. Format of 16-Bit Timer Mode Control Register 00 (TMCO00)

Address: FFBAH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
TMCO00 0 0 0 0 TMCO003 ‘ TMCO002 ‘ TMCO001 | OVF00
TMCO003 TMC002 Operation enable of 16-bit timer/event counter 00
0 0 Disables TMOO operation. Stops supplying operating clock. Asynchronously resets

the internal circuit.

0 1 Free-running timer mode

1 0 Clear & start mode entered by TI000 pin valid edge input"™®

1 1 Clear & start mode entered upon a match between TM00 and CR000
TMCO001 Condition to reverse timer output (TO00)

0 e Match between TM0O and CR0O00O or match between TM0O and CR010

1 e Match between TM0O and CR0O00 or match between TM0O and CR010

o Trigger input of TI000 pin valid edge

OVF00 TMOO overflow flag

Clear (0) Clears OVF00 to 0 or TMC003 and TMC002 = 00

Set (1) Overflow occurs.

OVFOO is set to 1 when the value of TM0O changes from FFFFH to 0000H in all the operation modes (free-running
timer mode, clear & start mode entered by TI000 pin valid edge input, and clear & start mode entered upon a match
between TM00 and CR000).

It can also be set to 1 by writing 1 to OVF00.

Note The TIOO0O0 pin valid edge is set by bits 5 and 4 (ES001, ES000) of prescaler mode register 00 (PRM00).
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(2) Capture/compare control register 00 (CRC00)
CRCOO0 is the register that controls the operation of CR000 and CR010.
Changing the value of CRCOO is prohibited during operation (when TMC003 and TMC002 = other than 00).
CRCOO0 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears CRC00 to 00H.

Figure 6-6. Format of Capture/Compare Control Register 00 (CRC00)

Address: FFBCH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO00 0 0 0 0 0 ‘ CRCO002 ‘ CRCO001 ‘ CRCO000
CRCO002 CRO010 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO001 CRO000 capture trigger selection
0 Captures on valid edge of TI010 pin
1 Captures on valid edge of TI0O00 pin by reverse phase"™®

The valid edge of the TI010 and TI000 pin is set by PRM0O.
If ES001 and ES000 are set to 11 (both edges) when CRCO001 is 1, the valid edge of the TIO00 pin cannot
be detected.

CRCO000 CRO000 operating mode selection
0 Operates as compare register
1 Operates as capture register

If TMCO003 and TMCO0O02 are set to 11 (clear & start mode entered upon a match between TM00 and
CRO000), be sure to set CRC000 to 0.

Note When the valid edge is detected from the TIO10 pin, the capture operation is not performed but the
INTTMOOO signal is generated as an external interrupt signal.

Caution To ensure that the capture operation is performed properly, the capture trigger requires a pulse
two cycles longer than the count clock selected by prescaler mode register 00 (PRMO00).

120 Preliminary User’'s Manual U19014EJ1VOUD



CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

Figure 6-7. Example of CR010 Capture Operation (When Rising Edge Is Specified)

Valid edge

\Y
Count clock _I | | | | | {\

!
™o f N-3 f N-2 f N-1 [/ @

TI000 | |
Rising edge detection

CRO10 AN

INTTMO10 \l |

X
/

I
N+1
L

(3) 16-bit timer output control register 00 (TOC00)
TOCOO is an 8-bit register that controls the TO0O0 pin output.
TOCO00 can be rewritten while only OSPTOO is operating (when TMCO003 and TMCO002 = other than 00).
Rewriting the other bits is prohibited during operation.
However, TOC004 can be rewritten during timer operation as a means to rewrite CR010 (see 6.5.1 Rewriting
CRO010 during TMOO operation).
TOCOO0 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TOCO0O0 to 00H.

Caution Be sure to set TOCO00 using the following procedure.
<1> Set TOC004 and TOCO001 to 1.
<2> Set only TOEOO to 1.
<3> Set either of LVS00 or LVROO to 1.
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Figure 6-8. Format of 16-Bit Timer Output Control Register 00 (TOC00)

Address: FFBDH  After reset: 00H R/W

Symbol 7 <6> <5> 4 <3> <2> 1 <0>
TOCO00 0 OSPTO0 OSPE00 TOCO004 LVS00 ‘ LVR0O ‘ TOCO001 ‘ TOEO00
OSPTO0 One-shot pulse output trigger via software
0 _
1 One-shot pulse output

The value of this bit is always “0” when it is read. Do not set this bit to 1 in a mode other than the one-
shot pulse output mode.
If it is set to 1, TMOO is cleared and started.

OSPEOO One-shot pulse output operation control
0 Successive pulse output
1 One-shot pulse output

One-shot pulse output operates correctly in the free-running timer mode or clear & start mode entered by
TIOOO0 pin valid edge input.
The one-shot pulse cannot be output in the clear & start mode entered upon a match between TM0O and CR000.

TOCO004 TOO0O0 pin output control on match between CR010 and TMOO
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMO010) is generated even when TOC004 = 0.

LVS00 LVROO Setting of TO0O pin output status
0 0 No change
0 1 Initial value of TOO0O0 pin output is low level (TOOO pin output is cleared to 0).
1 0 Initial value of TOOO pin output is high level (TO0O pin output is set to 1).
1 1 Setting prohibited

e LVS00 and LVROO can be used to set the initial value of the output level of the TOQO pin. If the initial
value does not have to be set, leave LVS00 and LVRO0O0 as 00.

e Be sure to set LVS00 and LVR0O when TOEOO = 1.
LVS00, LVRO00, and TOEOQO being simultaneously set to 1 is prohibited.

e LVSO00 and LVROO are trigger bits. By setting these bits to 1, the initial value of the output level of the
TOO0O0 pin can be set. Even if these bits are cleared to 0, output of the TOOQO pin is not affected.

e The values of LVS00 and LVRO0O are always 0 when they are read.

e For how to set LVS00 and LVROO, see 6.5.2 Setting LVS00 and LVR0O.

TOCO001 TOO00 pin output control on match between CR000 and TM0O0
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMOOO) is generated even when TOC001 = 0.

TOEO00 TOO00 pin output control
0 Disables output (TO00 pin output fixed to low level)
1 Enables output
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(4) Prescaler mode register 00 (PRMO00)
PRMOO is the register that sets the TM0O count clock and TI000 and TI010 pin input valid edges.
Rewriting PRMOO is prohibited during operation (when TMCO003 and TMCO002 = other than 00).
PRMOO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PRMO0O to O0H.

Cautions 1. Do not apply the following setting when setting the PRM001 and PRMO000 bits to 11 (to
specify the valid edge of the TI000 pin as a count clock).
¢ Clear & start mode entered by the TI000 pin valid edge
o Setting the TI000 pin as a capture trigger

2. If the operation of the 16-bit timer/event counter 00 is enabled when the TI000 or TI010 pin is
at high level and when the valid edge of the TI0O00 or TI010 pin is specified to be the rising
edge or both edges, the high level of the TIO00 or TI0O10 pin is detected as a rising edge.
Note this when the TI000 or TI010 pin is pulled up. However, the rising edge is not detected
when the timer operation has been once stopped and then is enabled again.

3. The valid edge of TI010 and timer output (TO00) cannot be used for the P01 pin at the same
time. Select either of the functions.

Figure 6-9. Format of Prescaler Mode Register 00 (PRMO00)

Address: FFBBH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO00O ES101 ES100 ES001 ES000 0 0 PRMO001 PRMO000
ES101 ES100 TI010 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES001 ES000 TI000 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO001 PRMO000 Count clock selection
frrs = 12 MHz frrs = 16 MHz
0 0 frRs 12 MHz 16 MHz
0 1 frrs/2° 3 MHz 4 MHz
1 0 Setting prohibited
1 1 TI00O0 valid edge™™

Note The external clock requires a pulse two cycles longer than internal clock (fers).

Remark

frrs: Peripheral hardware clock frequency
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(5) Port mode register 0 (PMO0)
This register sets port 0 input/output in 1-bit units.
When using the P0O1/TO00/T1010 pin for timer output, set PMO1 and the output latches of P01 6 to 0.
When using the PO0/TI000 and P01/TO00/TI010 pins for timer input, set PM0O and PMO1 to 1. At this time, the
output latches of POO and PO1 may be O or 1.
PMO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PMO to FFH.

Figure 6-10. Format of Port Mode Register 0 (PMO)

Address: FF20H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0

PMO| 1 1 1 1 1 1 |PMO1|PMO0O

PMONn POn pin I/O mode selection (n =0, 1)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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6.4 Operation of 16-Bit Timer/Event Counter 00

6.4.1 Interval timer operation

If bits 3 and 2 (TMC003 and TMCO002) of the 16-bit timer mode control register (TMCOQO0) are set to 11 (clear & start
mode entered upon a match between TMOO and CRO000), the count operation is started in synchronization with the

count clock.

When the value of TMOO later matches the value of CR000, TMOO is cleared to 0000H and a match interrupt signal
(INTTMOO00) is generated. This INTTMOOO signal enables TMOO to operate as an interval timer.

Remarks 1. For the setting of I/O pins, see 6.3 (6) Port mode register 0 (PMO0).

2. For how to enable the INTTMOOO interrupt, sese CHAPTER 13 INTERRUPT FUNCTIONS.

Figure 6-11. Block Diagram of Interval Timer Operation

Clear ¢—

Count clock

)

16-bit counter (TMOO)

=

Operable bits
TMCO003, TMC002

{} Match signal

{}

CRO00O0 register

INTTMOOQO signal

Figure 6-12. Basic Timing Example of Interval Timer Operation

TMOO register

0000H

Operable bits
(TMC003, TMC002)

Compare register
(CR000)

Compare match interrupt
(INTTMOO00)
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Figure 6-13. Example of Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO001 _OVFO0
Lo [ o[ o] ol «+ [+ ] o] o]

Clears and starts on match

between TMO00 and CR000.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRCO001 CRCO000
L o [ ol of o o of ol o
| CRO00O0 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO TOC004 LVS00 LVROO TOCO001 TOEOO

Lol ol ofofo] ol ofeo]

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100 ESO001 ES000 3 2 PRMO001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

\—l—l— Selects count clock

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CR0OO0O, the interval time is as follows.

e Interval time = (M + 1) x Count clock cycle
Setting CR000 to 0000H is prohibited.
(g) 16-bit capture/compare register 010 (CR010)
Usually, CR010 is not used for the interval timer function. However, a compare match interrupt (INTTMO010)

is generated when the set value of CR010 matches the value of TM0O.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).
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Figure 6-14. Example of Software Processing for Interval Timer Function

N
TMOO register

0000H

N N — N —

Operable bits

(TMCo003, TMCo02) . °

11

CROO0O register X

INTTMOOO signal

<1>

<1> Count operation start flow

oD

Register initial setting
PRMOO register,
CRCOO register,
CROOO register,

port setting

TMCO003, TMCO002 bits = 11

<2> Count operation stop flow

TMCO003, TMCO002 bits = 00

=

<2>

Initial setting of these registers is performed before
setting the TMCO003 and TMCO002 bits to 11.

Starts count operation

The counter is initialized and counting is stopped
by clearing the TMC003 and TMCO002 bits to 00.
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6.4.2 Square wave output operation

When 16-bit timer/event counter 00 operates as an interval timer (see 6.4.1), a square wave can be output from the
TOO0O0 pin by setting the 16-bit timer output control register 00 (TOCO00) to 03H.

When TMC003 and TMCO002 are set to 11 (count clear & start mode entered upon a match between TM0OO and
CRO000), the counting operation is started in synchronization with the count clock.

When the value of TMOO later matches the value of CR000, TMOO is cleared to 0000H, an interrupt signal
(INTTMOO0O) is generated, and output of the TOO0O pin is inverted. This TO00 pin output that is inverted at fixed
intervals enables TOOO to output a square wave.

Remarks 1. For the setting of I/O pins, see 6.3 (6) Port mode register 0 (PMO).
2. For how to enable the INTTMOOO signal interrupt, sse CHAPTER 13 INTERRUPT FUNCTIONS.

Figure 6-15. Block Diagram of Square Wave Output Operation

Clear ¢—

Output )

>—~ 16-bit counter (TMOO) 1 controlier [ ~© TO00 pin
r {} Match signal

INTTM i |
Operable bits {} 000 signa
TMCO003, TMCO002

Count clock

CRO000 register

Figure 6-16. Basic Timing Example of Square Wave Output Operation

N — N — N — N N
TMOO register

0000H

Operable bits
(TMC003, TMC002) 90 "

Compare register N
(CR000)

TOOO0 pin output

Compare match interrupt _| _| _|
(INTTMOO00)

—

Interval Interval Interval Interval
(N+1) (N+1) (N+1) (N+1)
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Figure 6-17. Example of Register Settings for Square Wave Output Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO001 _OVFO0O
Lo [ o [ o of «+ [+ ] o] o]

LH

(b) Capture/compare control register 00 (CRC00)

Clears and starts on match
between TMOO0 and CR000.

CRC002 CRC001 CRC000
Lo [ o[ o] ol of o o] o]

\— CRO000 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT0O0 OSPEO0 TOC004 LVS00 LVROO TOC001 TOEOO

Lol ofofo]ololf +] ]

\— Enables TOOQO pin output.

Inverts TOO0O pin output on match
between TM00 and CR000.

(d) Prescaler mode register 00 (PRMO0O0)

ES101 ES100 ES001 ES000 3 2 PRM001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

T

Selects count clock

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CR0OO0O, the interval time is as follows.

e Square wave frequency = 1/[2 x (M + 1) x Count clock cycle]
Setting CR000 to 0000H is prohibited.
(g) 16-bit capture/compare register 010 (CR010)
Usually, CR010 is not used for the square wave output function. However, a compare match interrupt

(INTTMO10) is generated when the set value of CR010 matches the value of TM0O.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).
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Figure 6-18. Example of Software Processing for Square Wave Output Function

N — N — N _
TMOO register

0000H

Operable bits
(TMCO003, TMC002)

CROO0O register x N

TOOO0 pin output

INTTMOOO signal —| —| —|

TOO00 output control bit
(TOEOO)

00 11

<1> <2>

<1> Count operation start flow

=

Register initial setting Initial setting of these registers is performed before
PRMOO register, setting the TMC003 and TMCO002 bits to 11.
CRCOO register,

TOCOO registerh°te,
CROOO register,
port setting

TMCO003, TMCO002 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

TMC003, TMCO02 bits = 00 by clearing the TMC003 and TMC002 bits to 00.

=

Note Care must be exercised when setting TOC00. For details, see 6.3 (3) 16-bit timer output control
register 00 (TOCO00).
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6.4.3 External event counter operation

When bits 1 and 0 (PRM001 and PRMO00O) of the prescaler mode register 00 (PRMO0O0) are set to 11 (for counting
up with the valid edge of the TI0O00 pin) and bits 3 and 2 (TMCO003 and TMC002) of 16-bit timer mode control register
00 (TMCO00) are set to 11, the valid edge of an external event input is counted, and a match interrupt signal indicating
matching between TM0O0 and CRO000 (INTTMO0OO) is generated.

To input the external event, the TIO00 pin is used. Therefore, the timer/event counter cannot be used as an
external event counter in the clear & start mode entered by the TIO00 pin valid edge input (when TMCO003 and
TMCO002 = 10).

The INTTMOOO signal is generated with the following timing.

¢ Timing of generation of INTTMOOO signal (second time or later)
= Number of times of detection of valid edge of external event x (Set value of CR000 + 1)

However, the first match interrupt immediately after the timer/event counter has started operating is generated with
the following timing.

¢ Timing of generation of INTTMOOO signal (first time only)
= Number of times of detection of valid edge of external event input x (Set value of CR000 + 2)

To detect the valid edge, the signal input to the TI0O00 pin is sampled during the clock cycle of frrs. The valid edge
is not detected until it is detected two times in a row. Therefore, a noise with a short pulse width can be eliminated.

Remarks 1. For the setting of I/O pins, see 6.3 (6) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.

Figure 6-19. Block Diagram of External Event Counter Operation

fers

Clear l—

Output .
. Edge - - = ——©) TOO00 pin
T1000 pin ©—1 getection )~ 16-bit counter (TM0O) controller

r {} Match signal
i

Operable bits INTTMOOO signal

TMCO003, TMC002

CRO0O0O register
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Figure 6-20. Example of Register Settings in External Event Counter Mode

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 _OVFO0
Lo [ o[ o ol «+ [+ ] o] o]

LH

(b) Capture/compare control register 00 (CRC00)

Clears and starts on match
between TM00 and CR000.

CRC002 CRC001 CRC000
Lo [ o[ o] ol of o o o]

\— CRO000 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO TOCO004 LVS00 LVROO TOC001 TOEOO

Lol ofofofo]ofofeo]

(d) Prescaler mode register 00 (PRMO0O)

ES101 ES100  ES001 ES000 3

N

PRMO001 PRMO000

| 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0 ‘ 0 ‘ 1 ‘ 1 |

— i
Selects count clock

(specifies valid edge of TI000).

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMO0O0)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CRO0O, the interrupt signal (INTTMOOO) is generated when the number of external events
reaches (M + 1).
Setting CR000 to 0000H is prohibited.

(g) 16-bit capture/compare register 010 (CR010)
Usually, CR010 is not used in the external event counter mode. However, a compare match interrupt
(INTTMO10) is generated when the set value of CR010 matches the value of TMO0O.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).
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Figure 6-21. Example of Software Processing in External Event Counter Mode

N
TMOO register

0000H

_ N _ N _

Operable bits

(TMC003, TMC002) %9

11

Compare register
(CR000)

Compare match signal
(INTTMO00)

<1>

<1> Count operation start flow

Gt

Register initial setting
PRMOO register,
CRCOO register,
CROOO register,

port setting

TMCO003, TMCO002 bits = 11

<2> Count operation stop flow

TMCO003, TMCO002 bits = 00

=

<2>

Initial setting of these registers is performed before
setting the TMCO003 and TMCO02 bits to 11.

Starts count operation

The counter is initialized and counting is stopped
by clearing the TMCO003 and TMCO002 bits to 00.
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6.4.4 Operation in clear & start mode entered by TI000 pin valid edge input

When bits 3 and 2 (TMC003 and TMCO002) of 16-bit timer mode control register 00 (TMCO0) are set to 10 (clear &
start mode entered by the TIOO00 pin valid edge input) and the count clock (set by PRMOO) is supplied to the
timer/event counter, TMOO starts counting up. When the valid edge of the TI000 pin is detected during the counting
operation, TMOO is cleared to 0000H and starts counting up again. If the valid edge of the TIO00 pin is not detected,
TMOO overflows and continues counting.

The valid edge of the TIO00 pin is a cause to clear TM00. Starting the counter is not controlled immediately after
the start of the operation.

CRO000 and CR010 are used as compare registers and capture registers.

(a) When CR000 and CR010 are used as compare registers
Signals INTTMO00 and INTTMO10 are generated when the value of TMOO matches the value of CR000 and
CRo10.

(b) When CR000 and CR010 are used as capture registers
The count value of TMOO is captured to CR000 and the INTTMOOO signal is generated when the valid edge is
input to the TI0O10 pin (or when the phase reverse to that of the valid edge is input to the TI000 pin).
When the valid edge is input to the TIO00 pin, the count value of TMOO is captured to CR010 and the
INTTMO10 signal is generated. As soon as the count value has been captured, the counter is cleared to
0000H.

Caution Do not set the count clock as the valid edge of the TI000 pin (PRM001 and PRMO000 = 11). When
PRMO001 and PRMO000O = 11, TMOO is cleared.

Remarks 1. For the setting of the I/O pins, see 6.3 (6) Port mode register 0 (PMO).
2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.

(1) Operation in clear & start mode entered by TI000 pin valid edge input
(CR000: compare register, CR010: compare register)

Figure 6-22. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Compare Register)

. Edge
T1000 pin © detection
Clear
Count clock Timer counter
r (TMO0)
. {} Match signal . Interrupt signal
Operable bits ﬁ I (INTTMO00)
TMCO003, TMC002
Compare register Output .
(CR000) controller [ —~© TO00 pin
Match signal I Interrupt signal

ﬁ * (INTTMO10)

Compare register
(CR010)
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Figure 6-23. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Compare Register)

(a) TOCO00 = 13H, PRM00 = 10H, CRCO00, = 00H, TMCO00 = 08H

v M_~T M, 1 M_1

; M
TMOO register N A N~ N~ N

N

0000H

Operable bits <
(TMCO003, TMCO002) 00 10

Count clear input | _l
(TI000 pin input)

Compare register M
(CR000) > (

Compare match interrupt .|

(INTTMO00)

Compare register

(CRO10) :X N

Compare match interrupt
(INTTMO10) -| -| -| -|

TOO0O0 pin output

(b) TOCO0 = 13H, PRMO00 = 10H, CRC00, = 00H, TMCO00 = 0AH

v M_~T M1 M_1

; M
TMOO register N A N~ N~ N

N

0000H

Operable bits 00 <
(TMCO003, TMC002)

Count clear input | _l
(TI000 pin input)

Compare register >< M
(CR000)
Compare match interrupt .|

(INTTMO00)

Compare register

(CRO10) :X N

Compare match interrupt
(INTTMO10) -| -| -|

—

TOO0O0 pin output

(a) and (b) differ as follows depending on the setting of bit 1 (TMCO001) of the 16-bit timer mode control register 00
(TMCOO0).
(a) The output level of the TO0O pin is inverted when TM0OO matches a compare register.
(b) The output level of the TO0O pin is inverted when TMOO matches a compare register or when the valid
edge of the TI000 pin is detected.
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(2) Operation in clear & start mode entered by TI000 pin valid edge input
(CR000: compare register, CR010: capture register)

Figure 6-24. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Capture Register)

. Edge
T1000 pin © detector
Clear
Count clock \ Timer counter
r j (TMO00)
. {} Match signal _ Interrupt signal
Operable bits ﬁ I (INTTMO00)
TMCO003, TMC002
Compare register Output ;
(CR000) controller ©T000 pin
Capture signal ||  Capture register Interrupt signal
(CR010) (INTTMO010)

Figure 6-25. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Capture Register) (1/2)

(a) TOCO0 = 13H, PRMO00 = 10H, CRC00, = 04H, TMCO00 = 08H, CR000 = 0001H

M N P Q

TMOO register

0000H

Operable bits
(TMCO003, TMC002)

00 10

Capture & count clear input
(TI1000 pin input)

Compare register
(CR000) X 0001H
Compare match interrupt '|
(INTTMO000)

Capture register
(CR010) 0000H X M > N S P

Capture interrupt '|
(INTTMO010)

P
ol

TOO00 pin output

This is an application example where the output level of the TO0O0 pin is inverted when the count value has been
captured & cleared.

The count value is captured to CR010 and TMOO is cleared (to 0000H) when the valid edge of the TIO00 pin is
detected. When the count value of TMOO is 0001H, a compare match interrupt signal (INTTMOOO) is generated,
and the output level of the TOQO pin is inverted.
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Figure 6-25. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Capture Register) (2/2)

(b) TOCO0 = 13H, PRMO00 = 10H, CRC00, = 04H, TMCO00 = 0AH, CR000 = 0003H

M N P Q

TMOO register

0003H
0000H

Operable bits 00 >
(TMCO003, TMC002)

Capture & count clear input —l _l
(TI000 pin input)

Compare register
(CR000) X 0003H

Compare match interrupt '| ] '| '| '|
(INTTMO000)

Capture register
(CR010) 0000H M > N

Capture interrupt '| '| '| '|
(INTTMO10)

TOOO0 pin output

10

This is an application example where the width set to CR0O00 (4 clocks in this example) is to be output from the
TOO00 pin when the count value has been captured & cleared.
The count value is captured to CR010, a capture interrupt signal (INTTMO010) is generated, TMOO is cleared (to
0000H), and the output level of the TOOO pin is inverted when the valid edge of the TIO00 pin is detected. When
the count value of TMOO is 0003H (four clocks have been counted), a compare match interrupt signal (INTTMO0O0O)
is generated and the output level of the TO0O pin is inverted.
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(3) Operation in clear & start mode by entered TI000 pin valid edge input
(CRO000: capture register, CR010: compare register)

Figure 6-26. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Compare Register)

. Edge
T1000 pin © detection
Clear
Count clock \ Timer counter
r / (TMO00)
- & Match signal Interrupt signal
Operable bits ﬁ I (INTTMO10)
TMCO003, TMC002
Compare register Output .
(CR0O10) controller ©T000 pin
Capture signal || Capture register Interrupt signal
(CR000) (INTTMO000)
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Figure 6-27. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Compare Register) (1/2)

(a) TOCO00 = 13H, PRM00 = 10H, CRCO00, = 03H, TMCO00 = 08H, CR010 = 0001H

TMOO register
M S =

0000H N

Operable bits 00 >
(TMCO003, TMCO002)

10

Capture & count clear input
(TI1000 pin input)

Capture( E;ep?(l)s(;g; 0000H M N S P

Capture interrupt
(INTTMo00) L

Compare register
(CR010) >< 0001H
Compare match interrupt '| ‘| '| '| '|
(INTTMO010) -I_

TOO0O pin output

This is an application example where the output level of the TO0O0 pin is to be inverted when the count value has
been captured & cleared.

TMOO is cleared at the rising edge detection of the TIO0OO pin and it is captured to CRO0O at the falling edge
detection of the TI000 pin.

When bit 1 (CRCO001) of capture/compare control register 00 (CRCO00) is set to 1, the count value of TMOO is
captured to CROO0O in the phase reverse to that of the signal input to the TI000 pin, but the capture interrupt signal
(INTTMOO0O) is not generated. However, the INTTMOOO signal is generated when the valid edge of the TI010 pin
is detected. Mask the INTTMOOQO signal when it is not used.

Preliminary User's Manual U19014EJ1VOUD 139



CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

140

Figure 6-27. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Compare Register) (2/2)

(b) TOCO0 = 13H, PRMO00 = 10H, CRC00, = 03H, TMCO00 = 0AH, CR010 = 0003H

TMOO register
M S P

0003H
0000H N

Operable bits
(TMCO003, TMCO002)

00 10

Capture & count clear input
(TI000 pin input)

Compare register
(CR000) 0000H M N S P

Compare match interrupt
(INTTMoo0) _L

Capture register
(CR010) X 0003H
Capture interrupt '| '| '| '|
(INTTMO010)

TOOO0 pin output

This is an application example where the width set to CR010 (4 clocks in this example) is to be output from the
TOO0O0 pin when the count value has been captured & cleared.

TMOO is cleared (to 0000H) at the rising edge detection of the TI000 pin and captured to CR0O0O at the falling
edge detection of the TIO00 pin. The output level of the TOO0O pin is inverted when TMOO is cleared (to 0000H)
because the rising edge of the TIO00 pin has been detected or when the value of TMOO matches that of a
compare register (CR010).

When bit 1 (CRC001) of capture/compare control register 00 (CRCO00) is 1, the count value of TMOO is captured
to CRO0O0 in the phase reverse to that of the input signal of the TIO00 pin, but the capture interrupt signal
(INTTMOO0O) is not generated. However, the INTTMOOO interrupt is generated when the valid edge of the TI010
pin is detected. Mask the INTTMOOO signal when it is not used.
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(4) Operation in clear & start mode entered by TI000 pin valid edge input
(CRO000: capture register, CR010: capture register)

Figure 6-28. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register)

Operable bits
TMCO003, TMC002

Clear

L (. Timer counter
Count clock (TMO0)

Capture register Interrupt signal

Capture signal (CR010) 77 (NTTMO10)

Output © TOO0 pintete

controller
. Edge
TI000 pin © : S
detection % Capture register Interrupt signal
3 R000) (INTTM00O)
. Not Edge © Capture (C
TI010 pin™* © detection @ signal

Note The timer output (TO00) cannot be used when detecting the valid edge of the TI0O10 pin is used.

Figure 6-29. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register) (1/3)

(a) TOCO00 = 13H, PRM00 = 30H, CRC00 = 05H, TMCO00 = 0AH

L.
TMOO register N__ Q
M- O- P A R S__ T~
0000H
le bit
Operable bits 00 10

(TMC003, TMC002)

Capture & count clear input
(TI000 pin input)

Capture register
(CR000)

Capture interrupt
(INTTMo00) L

Capture register — | —— —_—
a2 o XD XX XXX
i 1 0 O

TOO00 pin output

0000H

This is an application example where the count value is captured to CR010, TMOO is cleared, and the TO00 pin
output is inverted when the rising or falling edge of the TI000 pin is detected.

When the edge of the TI010 pin is detected, an interrupt signal (INTTMOOO) is generated. Mask the INTTMO00O
signal when it is not used.
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Figure 6-29. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CRO000: Capture Register, CR010: Capture Register) (2/3)

(b) TOCO00 = 13H, PRMO00 = COH, CRC00 = 05H, TMCO00 = 0AH

FFFFH
L] o R T
TMOO register /N/ Q / /
0000H . e >

Operable bits
(TMCO003, TMCO002)

00 10

Capture trigger input
(TI010 pin input)

Capture register

AT €9 €0 0.0 6 &) €3 ¢

Capture interrupt
(INTTMO000) -| -| -I_-I_-l -| -| -| -|_
Capture & count clear input

(Tlooo) L

Capture register
(CR010) 0000H

Capture interrupt
(INTTMO10) L

This is a timing example where an edge is not input to the TI000 pin, in an application where the count value is
captured to CR0O00 when the rising or falling edge of the TI010 pin is detected.
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Figure 6-29. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register) (3/3)

(c) TOCO00 = 13H, PRM00 = 00H, CRC00 = 07H, TMCO00 = 0AH

M O S W

TMOO register L / N / Q- R / P /

0000H P

Operable bits
(TMCO003, TMCO002)

00 10

Capture & count clear input
(TI000 pin input) -

Capture register
(CR000)

Capture register C
(CR010) 0000H M 0] Q S w

Capture interrupt ‘| '| '| ‘|
(INTTMO010) -|_

Capture input
(TI010)

Compare match interrupt
(INTTMO000)

0000H L N P R T

This is an application example where the pulse width of the signal input to the TIO00 pin is measured.

By setting CRCO00, the count value can be captured to CR0OO0O in the phase reverse to the falling edge of the
TI000 pin (i.e., rising edge) and to CR010 at the falling edge of the TI000 pin.

The high- and low-level widths of the input pulse can be calculated by the following expressions.

 High-level width = [CR010 value] — [CR000 value] x [Count clock cycle]
¢ Low-level width = [CR00O0 value] x [Count clock cycle]

If the reverse phase of the TI000 pin is selected as a trigger to capture the count value to CR000, the INTTMO000
signal is not generated. Read the values of CR000 and CR010 to measure the pulse width immediately after the
INTTMO10 signal is generated.

However, if the valid edge specified by bits 6 and 5 (ES101 and ES100) of prescaler mode register 00 (PRMO00) is
input to the TI010 pin, the count value is not captured but the INTTMOOO signal is generated. To measure the
pulse width of the TIO00 pin, mask the INTTMOOO signal when it is not used.
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Figure 6-30. Example of Register Settings in Clear & Start Mode Entered by TI000 Pin Valid Edge Input (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 OVFOO
[ o [ o [ o | o | 1 ] o | on | o |

L]

0: Inverts TOOO output on match
between CR000 and CRO010.

1: Inverts TOO0O output on match
between CR000 and CR010
and valid edge of TI0O00 pin.

Clears and starts at valid
edge input of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRCO00
[ o | o [ o | o | o [ ot | on | on |

—— 0: CRO0O00 used as compare register
1: CROO0O used as capture register

0: TIO10 pin is used as capture
trigger of CR0OOQO.

1: Reverse phase of TI000 pin is
used as capture trigger of CR000.

0: CRO010 used as compare register
1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEO0 TOC004 LVS00 LVROO TOC001 TOEOO

| 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

L]

\— 0: Disables TOO0O outputN°te
1: Enables TOO0O output

Specifies initial value of
TOO00 output F/F

‘ 00: Does not invert TO00 output on match

between TM00 and CR0O00/CR010.

01: Inverts TOOO output on match between
TMOO0 and CRO000.

10: Inverts TO00 output on match between
TMOO0 and CRO010.

11: Inverts TOOO output on match between
TMOO0 and CRO00/CR010.

Note The timer output (TO00) cannot be used when detecting the valid edge of the TI010 pin is used.
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Figure 6-30. Example of Register Settings in Clear & Start Mode Entered by TI000 Pin Valid Edge Input (2/2)

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100 ES001 ES000 3 2 PRM001 PRMOO0O
| 0/ \ 0/ \ 0/1 \ 0/1 \ 0 \ 0 \ 0/ \ 0/ |
] ] ]

L Count clock selection
(setting TI000 valid edge is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting prohibited when CRC001 = 1)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMO00)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
When this register is used as a compare register and when its value matches the count value of TMOO, an
interrupt signal (INTTMO0OO) is generated. The count value of TMOO is not cleared.
To use this register as a capture register, select either the TI000 or TI010 pin™* input as a capture trigger.
When the valid edge of the capture trigger is detected, the count value of TMOO is stored in CR000.

Note The timer output (TO00) cannot be used when detection of the valid edge of the TI010 pin is used.

(g) 16-bit capture/compare register 010 (CR010)
When this register is used as a compare register and when its value matches the count value of TMOO, an
interrupt signal (INTTMO10) is generated. The count value of TMOO is not cleared.
When this register is used as a capture register, the TI000 pin input is used as a capture trigger. When the
valid edge of the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 6-31. Example of Software Processing in Clear & Start Mode Entered by TI0O00 Pin Valid Edge Input

TMOO register N /M,/ N }/ N /M,/ N }

0000H —/ / / l/ /

Operable bits
(TMC003, TMC002) 00 < 10 ( 00

Count clear input
(TI000 pin input)

Compare register :>< M
(CRO000)

Compare match interrupt

(INTTMOO00)

Compare register
(CR010) >< N
Compare match interrupt '| '| ‘|
(INTTMO10)

1

|
—

—

TOO0O0 pin output

<1> <2> <2> <2> <2> <3>
<1> Count operation start flow <3> Count operation stop flow
) The counter is initialized
START TMCO003, TMC002 bits =00 | and counting is stopped
by clearing the TMC003

and TMCO002 bits to 00.

Register initial setting Initial setting of these
PRMOO register, registers is performed
CRCOO register, before setting the C STOP >
TOCOO registerh°te, TMCO003 and TMC002
CRO000, CR0O10 registers, bits to 10.
TMCO00.TMCO01 bit,
port setting

TMCO003, TMCO002 bits = 10 Starts count operation

<2> TMOO register clear & start flow

|

Edge input to TIO00 pin

l

When the valid edge is input to the TI000 pin,
the value of the TMOO register is cleared.

Note Care must be exercised when setting TOCO00. For details, see 6.3 (3) 16-bit timer output control register
00 (TOCO00).
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6.4.5 Free-running timer operation

When bits 3 and 2 (TMC003 and TMCO002) of 16-bit timer mode control register 00 (TMCO0O0) are set to 01 (free-
running timer mode), 16-bit timer/event counter 00 continues counting up in synchronization with the count clock.
When it has counted up to FFFFH, the overflow flag (OVF0O) is set to 1 at the next clock, and TMOO is cleared (to
0000H) and continues counting. Clear OVFO0O to 0 by executing the CLR instruction via software.

The following three types of free-running timer operations are available.

¢ Both CR000 and CRO10 are used as compare registers.
¢ One of CR000 or CRO10 is used as a compare register and the other is used as a capture register.

¢ Both CR000 and CR010 are used as capture registers.

Remarks 1. For the setting of the I/O pins, see 6.3 (6) Port mode register 0 (PMO).
2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.

(1) Free-running timer mode operation
(CR000: compare register, CR010: compare register)

Figure 6-32. Block Diagram of Free-Running Timer Mode
(CR000: Compare Register, CR010: Compare Register)

Count clock Timer counter
r (TMO00)

- {} Match signal _ Interrupt signal
Operable bits ﬁ I (INTTMO000)
TMCO003, TMCO002
Compare register Output .
(CRO00) controller [—~© TO00 pin
Match signal i Interrupt signal

ﬁ * (INTTMO10)

Compare register
(CR010)
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Figure 6-33. Timing Example of Free-Running Timer Mode
(CR000: Compare Register, CR010: Compare Register)

¢ TOCO00 = 13H, PRM00 = 00H, CRC00 = 00H, TMCO00 = 04H

FFFFH

| A Wl W8 W
TMOO register

0000H

Operable bits ><
(TMCO003, TMCO002) 00 o 00

Compare register M
(CR000) x

Compare match interrupt
(INTTMO00) -| -| -| -|

Compare register
(CR010) >< N

Compare match interrupt
(INTTMO10) -| -| -| -|

TOO00 pin output

OVFOO bit —l —l _|_

? ? ? T

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where two compare registers are used in the free-running timer mode.
The output level of the TOOO pin is reversed each time the count value of TMOO matches the set value of CR000
or CR010. When the count value matches the register value, the INTTMO0O or INTTMO010 signal is generated.

(2) Free-running timer mode operation
(CR000: compare register, CR010: capture register)

Figure 6-34. Block Diagram of Free-Running Timer Mode
(CR000: Compare Register, CR010: Capture Register)

Count clock Timer counter
r (TMO0O0)

. {} Match signal _ Interrupt signal
Operable bits ﬁ I (INTTMO000)
TMCO003, TMC002
Compare register Output .
(CR000) controller ©T000 pin
. Edge Capture register Interrupt signal
T1000 pin ©—=| 4gtection Capture signal (CRO10) (INTTMO10)
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Figure 6-35. Timing Example of Free-Running Timer Mode
(CR000: Compare Register, CR010: Capture Register)

« TOCO0 = 13H, PRM00 = 10H, CRC00 = 04H, TMCO00 = 04H

FFFFH
M
TMOO register N S P ~

0000H

Operable bits
(TMCO003, TMCO002)

00 01

Capture trigger input
(T1000)

Compare register
(CRO00) X 0001H

Compare match interrupt
(INTTMO000) -| -| -| -| -|

Compare register

(CR010) 0000H M N S P < Q
Capture interrupt
(INTTMO10) -| -| -| -| |
TOO0O0 pin output
Overflow flag i .
(OVF00) —l ]

T ? T T

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where a compare register and a capture register are used at the same time in the
free-running timer mode.

In this example, the INTTMOOO signal is generated and the output level of the TOOO pin is reversed each time the
count value of TMOO matches the set value of CRO00 (compare register). In addition, the INTTMO10 signal is
generated and the count value of TMOO is captured to CR010 each time the valid edge of the TIO00 pin is
detected.
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(3) Free-running timer mode operation
(CRO000: capture register, CR010: capture register)

Figure 6-36. Block Diagram of Free-Running Timer Mode
(CR000: Capture Register, CR010: Capture Register)

Operable bits
TMCO003, TMC002

L Timer counter
Count clock (TMO00)

Capture register Interrupt signal
Capture signal (CR010) (INTTMO10)
. Edge .
T1000 pin © €
detection ‘§ Capture register Interrupt signal
T1010 pin © detection @ signal

Remark If both CR0O00 and CR010 are used as capture registers in the free-running timer mode, the output level

of the TOOO pin is not inverted.
However, it can be inverted each time the valid edge of the TIO00 pin is detected if bit 1 (TMCO001) of 16-

bit timer mode control register 00 (TMCOO) is set to 1.
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Figure 6-37. Timing Example of Free-Running Timer Mode
(CR000: Capture Register, CR010: Capture Register) (1/2)

(a) TOCO00 = 13H, PRMO00O = 50H, CRC00 = 05H, TMC00 = 04H

FFFFH

| e ] e pd
TMOO register A / . /N c } . /P . }/

00 01

0000H
Operable bits
(TMCO003, TMC002)

Capture trigger input
(T1000)

|
I_I

Capture register
(CR010)

Capture interrupt 5
(INTTMO10) -| -| -|

Capture trigger input —l

0000H M N S P

e

(TI010)

Capture register
(CRo00) 0000H A B C D E

Capture interrupt M
(INTTMO000) -| -| -| -|

Overflow flag
(OVFO00)

T T ? T

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where the count values that have been captured at the valid edges of separate
capture trigger signals are stored in separate capture registers in the free-running timer mode.

The count value is captured to CR010 when the valid edge of the TI000 pin input is detected and to CR0O00 when
the valid edge of the TI010 pin input is detected.
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Figure 6-37. Timing Example of Free-Running Timer Mode
(CR000: Capture Register, CR010: Capture Register) (2/2)

(b) TOCO00 = 13H, PRMO00 = COH, CRC00 = 05H, TMCO00 = 04H

e )74 T /
TMOO register N Q /
M / P / S

0000H

Operable bits
(TMCO003, TMC002)

FFFFH

\f?

00 01

Capture trigger input
(TI010)

. T 00000000
R

Capture interrupt
(INTTMO000)

—
—

Capture trigger input
(Tiooo) L

Capture register
(CR010) 0000H

Capture interrupt
(INTTMO010) L

This is an application example where both the edges of the TI0O10 pin are detected and the count value is
captured to CROO0O in the free-running timer mode.

When both CR000 and CRO010 are used as capture registers and when the valid edge of only the TI010 pin is to
be detected, the count value cannot be captured to CR010.
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Figure 6-38. Example of Register Settings in Free-Running Timer Mode (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 OVFOO
[ o | o [ o | o | o | 1 | on | o |

L]

0: Inverts TOOO pin output on match
between CR000 and CR010.

1: Inverts TOOO pin output on match
between CR000 and CR010 and
valid edge of TI000 pin.

Free-running timer mode

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRCO00
[ o [ o [ o | o | o [ ot | on | on |

—— 0: CRO0O00 used as compare register
1: CROO0O0 used as capture register

0: TIO10 pin is used as capture
trigger of CR000.

1: Reverse phase of TI000 pin is
used as capture trigger of CR000.

0: CR010 used as compare register
1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOCO00)

OSPTO0 OSPE0OO0 TOC004 LVS00 LVROO TOC001 TOEOO

| 0 ‘ 0‘ 0 ‘0/1‘0/1‘0/1‘0/1‘0/1'
\;J \— 0: Disables TOO0O0 output

1: Enables TOO0O output

Specifies initial value of
TOOO0 output F/F

00: Does not invert TO00 output on match
between TM00O and CR000/CR010.

01: Inverts TOO0O output on match between
TMO0O0 and CRO000.

10: Inverts TOOO output on match between
TMOO0 and CR010.

11: Inverts TOO0O output on match between
TMO0O0 and CR000/CRO010.

Preliminary User's Manual U19014EJ1VOUD 153



CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

Figure 6-38. Example of Register Settings in Free-Running Timer Mode (2/2)

(d) Prescaler mode register 00 (PRM0O0)

ES101 ES100 ES001  ES000 3 2 PRMO001 PRMO0O
|0/1\0/1\0/1\0/1\0\0\0/1\0/1|

L Count clock selection
(setting TI000 valid edge is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting prohibited when CRC001 = 1)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
When this register is used as a compare register and when its value matches the count value of TM0OO, an
interrupt signal (INTTMOOO) is generated. The count value of TMOO is not cleared.
To use this register as a capture register, select either the TI000 or TI010 pin input as a capture trigger.
When the valid edge of the capture trigger is detected, the count value of TMOO is stored in CR000.

(g) 16-bit capture/compare register 010 (CR010)
When this register is used as a compare register and when its value matches the count value of TM0OO, an
interrupt signal (INTTMO10) is generated. The count value of TMOO is not cleared.
When this register is used as a capture register, the TI000 pin input is used as a capture trigger. When the
valid edge of the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 6-39. Example of Software Processing in Free-Running Timer Mode

FFFFH
M M M

TMOO register N / N,_—] N _—] N__—]
0000H —/ .

Operable bits
(TMC003, TMC002) 0°> 01 >< 00
Compare register :>< M
(CR000)

Compare match interrupt _l _l _|
(INTTMO00)

Compare register :>< N
(CRO10)
Compare match interrupt _l _l _l _l
(INTTMO10)

Timer output control bits
(TOEO00, TOC004, TOCO001) J

N

TOO00 pin output

<1> <2>

<1> Count operation start flow

(o )

Register initial setting Initial setting of these registers is performed
PRMOO register, before setting the TMC003 and TMC002
CRCOO register, bits to 01.

TOCOO registerhte,
CRO000/CRO010 register,
TMCO00.TMCO001 bit,
port setting

TMCO003, TMCO002 bits = 0, 1 Starts count operation

<2> Count operation stop flow

) The counter is initialized and counting is stopped
TMCO003, TMC002 bits =0, 0 by clearing the TMC003 and TMCO002 bits to 00.

=

Note Care must be exercised when setting TOCO00. For details, see 6.3 (3) 16-bit timer output control
register 00 (TOCO00).
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6.4.6 PPG output operation

A square wave having a pulse width set in advance by CRO010 is output from the TOO00 pin as a PPG
(Programmable Pulse Generator) signal during a cycle set by CR000 when bits 3 and 2 (TMC003 and TMCO002) of 16-
bit timer mode control register 00 (TMCO0O0) are set to 11 (clear & start upon a match between TM0OO and CR000).

The pulse cycle and duty factor of the pulse generated as the PPG output are as follows.

¢ Pulse cycle = (Set value of CR000 + 1) x Count clock cycle
e Duty = (Set value of CR010 + 1) / (Set value of CR000 + 1)

Caution To change the duty factor (value of CR010) during operation, see 6.5.1 Rewriting CR010 during
TMOO operation.

Remarks 1. For the setting of I/O pins, see 6.3 (6) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOO signal interrupt, sse CHAPTER 13 INTERRUPT FUNCTIONS.

Figure 6-40. Block Diagram of PPG Output Operation

Clear
Count clock Timer counter
r (TMOO)
- & Match signal Interrupt signal
Operable bits ﬁ I (INTTMO000)
TMCO003, TMC002
Compare register Output .
(CRO0O) controller |~ © TO00 pin
Match signal i Interrupt signal

ﬁ (INTTMO10)

Compare register
(CR010)
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Figure 6-41. Example of Register Settings for PPG Output Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMCO003 TMC002 TMC001 _OVFO0
Lo [ o [ o o «+ [+ ] o] o]

Clears and starts on match

between TMO0O and CR00O0.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRC000
Lo [ o[ o] ol of o o] o]

—— CRO000 used as
compare register

CRO010 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO0 TOCO004 LVS00 LVROO TOC001 TOEOO

| 0 ‘ 0 ‘ 0 ‘ 1 ‘ 01 ‘ 01 ‘ 1 ‘ 1 |

\;J \—’—‘ \— Enables TO00 output
Specifies initial value of

TOOO0 output F/F

‘ 11: Inverts TOOO output on
match between TMOO
and CR000/CRO010.

00: Disables one-shot pulse
output

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100 ES001 ES000 3 2 PRM001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 |

\—|—‘— Selects count clock

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)

An interrupt signal (INTTMOOO) is generated when the value of this register matches the count value of TMOO.

The count value of TMOO is not cleared.

(g) 16-bit capture/compare register 010 (CR010)

An interrupt signal (INTTMO10) is generated when the value of this register matches the count value of TMOO.

The count value of TMOO is not cleared.

Caution Set values to CR000 and CR010 such that the condition 0000H < CR010 < CR000 < FFFFH is

satisfied.
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Figure 6-42. Example of Software Processing for PPG Output Operation

TMOO register

0000H

Operable bits
(TMCO003, TMC002)

Compare register
(CR000)

Compare match interrupt
(INTTMO000)

Compare register
(CR010)

Compare match interrupt
(INTTMO010)

Timer output control bits
(TOEO00, TOC004, TOCO001)

TOO00 pin output

<1>

<1> Count operation start flow

C )

START

Register initial setting
PRMOO register,
CRCOO register,

TOCO0 registerNote,
CRO000, CR0O10 registers,
port setting

Initial setting of these
registers is performed
before setting the
TMCO003 and TMC002
bits.

TMCO003, TMCO002 bits = 11

Starts count operation

Note Care must be exercised when setting TOC00. For details, see 6.3 (3) 16-bit timer output control

register 00 (TOCO00).

<2> Count operation stop flow

e N v
L L L
D 1 X
:X N
| | |
:X M
| | |
| L

<2>

TMCO003, TMCO002 bits = 00

The counter is initialized
and counting is stopped

STOP

C )

Remark PPG pulse cycle = (M + 1) x Count clock cycle

by clearing the TMCO003
and TMCO002 bits to 00.

PPG duty = (N + 1)/(M + 1)
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6.4.7 One-shot pulse output operation

A one-shot pulse can be output by setting bits 3 and 2 (TMC003 and TMCO002) of the 16-bit timer mode control
register 00 (TMCO00) to 01 (free-running timer mode) or to 10 (clear & start mode entered by the TI000 pin valid edge)

and setting bit 5 (OSPEOO) of 16-bit timer output control register 00 (TOCO0) to 1.

When bit 6 (OSPTO00) of TOCOO is set to 1 or when the valid edge is input to the TI000 pin during timer operation,
clearing & starting of TMOO is triggered, and a pulse of the difference between the values of CR000 and CRO010 is

output only once from the TOQO pin.

Cautions 1. Do not input the trigger again (setting OSPTO00 to 1 or detecting the valid edge of the TI000
pin) while the one-shot pulse is output. To output the one-shot pulse again, generate the
trigger after the current one-shot pulse output has completed.

2. To use only the setting of OSPTO0O0 to 1 as the trigger of one-shot pulse output, do not change

the level of the TIO00 pin or its alternate function port pin.

unexpectedly output.

Remarks 1. For the setting of the I/O pins, see 6.3 (6) Port mode register 0 (PMO0).

2. For how to enable the INTTMOO0O signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.

Figure 6-43. Block Diagram of One-Shot Pulse Output Operation

TI000 edge detection Clear

OSPEOO bit

Count clock

Timer counter
(TMO0)

-

Operable bits
TMCO003, TMC002

@ Match signal

Interrupt signal

ﬁ

!

(INTTMO00)

Compare register

(CR000)

Match signal

Output
controller

—(©) TOO00 pin

!

Interrupt signal

ﬁ

Compare register
(CR010)
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Figure 6-44. Example of Register Settings for One-Shot Pulse Output Operation (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 _OVF00
[ o | o | o | o | on | on | o | o |

LH

01: Free running timer mode
10: Clear and start mode by
valid edge of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRC000
Lo [ o[ o] ol of o] o o]

—— CRO000 used as
compare register

CRO010 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO TOCO004 LVS00 LVROO TOC001 TOEOO
| 0 ‘ 01 ‘ 1 ‘ 1 ‘ 01 ‘ 0/1 ‘ 1 ‘ 1 |

L]

\— Enables TOO0O pin output

Specifies initial value of
TOOO0 pin output

Inverts TOO0O output on
match between TM0O
and CRO00/CR010.

Enables one-shot pulse
output

Software trigger is generated
by writing 1 to this bit
(operation is not affected
even if O is written to it).

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100  ESO001 ES000 3 2 PRMO001 PRMO000
| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

\—|—1— Selects count clock
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Figure 6-44. Example of Register Settings for One-Shot Pulse Output Operation (2/2)

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
This register is used as a compare register when a one-shot pulse is output. When the value of TMOO
matches that of CR00O0, an interrupt signal (INTTMOOO) is generated and the output level of the TOO0O pin is
inverted.

(g) 16-bit capture/compare register 010 (CR010)
This register is used as a compare register when a one-shot pulse is output. When the value of TMOO
matches that of CR010, an interrupt signal (INTTMO010) is generated and the output level of the TO00 pin is

inverted.

Caution Do not set identical values or 0000H for CR000 and CR001.
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Figure 6-45. Example of Software Processing for One-Shot Pulse Output Operation (1/2)

FFFFH
N / N N /
TMOO register M / M/é M/

0000H

Operable bits
(TMCO003, TMCO002)

One-shot pulse enable bit
(OSPE00)

Ll

< O1jor 10 >@
L

One-shot pulse trigger bit ‘|
(OSPT00)

One-shot pulse trigger input
(TI000 pin)

Overflow plug —l
(OVF00)

Compare register
(CR000) N
Compare match interrupt '|
(INTTMO000)

Compare register M
(CR010) X

Compare match interrupt _l _| _l
(INTTMO10) L

TOO0O0 pin output

M+1 N-M M+1 N-M
TOO0O0 output control bits | |
(TOEOD, TOC004, TOCO01) TOOO output level is not
? ? inverted because no one- T T
<1> <2> shot trigger is input. <2> <3>

¢ Time from when the one-shot pulse trigger is input until the one-shot pulse is output
= (M + 1) x Count clock cycle

¢ One-shot pulse output active level width
= (N — M) x Count clock cycle
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Figure 6-45. Example of Software Processing for One-Shot Pulse Output Operation (2/2)

<1> Count operation start flow

(s )

Register initial setting
PRMOO register,
CRCOO register,

TOCOO registerite,
CR000, CR010 registers,
port setting

TMCO003, TMCO002 bits =
01or10

<2> One-shot trigger input flow

|

TOCO00.0SPTOO0 bit = 1
or edge input to TIO0O pin

|

<3> Count operation stop flow

TMCO003, TMCO002 bits = 00

=

Initial setting of these registers is performed
before setting the TMC003 and TMCO002 bits.

Starts count operation

Write the same value to the bits other than the
OSTPOO bit.

The counter is initialized and counting is stopped
by clearing the TMCO003 and TMCO002 bits to 00.

Note Care must be exercised when setting TOC00. For details, see 6.3 (3) 16-bit timer output control

register 00 (TOCO00).
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6.4.8 Pulse width measurement operation
TMOO can be used to measure the pulse width of the signal input to the TIO00 and TI010 pins.
Measurement can be accomplished by operating the 16-bit timer/event counter 00 in the free-running timer mode

or by restarting the timer in synchronization with the signal input to the TI000 pin.
When an interrupt is generated, read the value of the valid capture register and measure the pulse width. Check

bit 0 (OVFO00) of 16-bit timer mode control register 00 (TMCO00). If it is set (to 1), clear it to 0 by software.

Figure 6-46. Block Diagram of Pulse Width Measurement (Free-Running Timer Mode)

Operable bits
TMCO003, TMC002

L Timer counter
Count clock (TMO00)

Capture register Interrupt signal
Capture signal (CR010) (INTTMO10)
. Edge
T1000 pin © ; 5
detection *§ Capture register Interrupt signal
T1010 pin © detection @ signal

Figure 6-47. Block Diagram of Pulse Width Measurement
(Clear & Start Mode Entered by TI000 Pin Valid Edge Input)

Operable bits

TMCO003, TMC002
L Clear
\ Timer counter
Count clock / (TM00)
Capture register Interrupt signal
Capture signal (CRO10) (INTTMO010)
; Edge
TI000 pin © € -
" detection % Capture register Interrupt signal
[ Edge © Capture (CR000) (INTTMOOO)
1010 pin @ detection » signal

A pulse width can be measured in the following three ways.

¢ Measuring the pulse width by using two input signals of the TI000 and TI010 pins (free-running timer mode)

e Measuring the pulse width by using one input signal of the TI000 pin (free-running timer mode)
e Measuring the pulse width by using one input signal of the TIO00 pin (clear & start mode entered by the TI000 pin

valid edge input)

Remarks 1. For the setting of the I/O pins, see 6.3 (6) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.
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(1) Measuring the pulse width by using two input signals of the TI0O00 and TI010 pins (free-running timer

mode)

Set the free-running timer mode (TMC003 and TMCO002 = 01). When the valid edge of the TI000 pin is detected,
the count value of TMOO is captured to CR010. When the valid edge of the TI010 pin is detected, the count value
of TMOO is captured to CR000. Specify detection of both the edges of the TI000 and TI010 pins.
By this measurement method, the previous count value is subtracted from the count value captured by the edge

of each input signal. Therefore, save the previously captured value to a separate register in advance.

If an overflow occurs, the value becomes negative if the previously captured value is simply subtracted from the

current captured value and, therefore, a borrow occurs (bit 0 (CY) of the program status word (PSW) is set to 1).
If this happens, ignore CY and take the calculated value as the pulse width. In addition, clear bit 0 (OVFO00) of
16-bit timer mode control register 00 (TMCO00) to 0.

FFFFH
TMOO register

0000H

Operable bits
(TMCO003, TMC002)

Capture trigger input
(T1000)

Capture register
(CR010)

Capture interrupt
(INTTMO10)

Capture trigger input
(TI010)

Capture register
(CR000)

Capture interrupt
(INTTMO000)

Overflow flag
(OVF00)

Figure 6-48. Timing Example of Pulse Width Measurement (1)

e TMCO00 = 04H, PRM00 = FOH, CRC00 = 05H

wi |

N S P, vy
Q
/ B / C / D / E /
00 01
0000H < M N S P <Cz
0000H A B D E
0 write clear 0 write clear 0 write clear 0 write clear
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(2) Measuring the pulse width by using one input signal of the TI000 pin (free-running mode)
Set the free-running timer mode (TMCO003 and TMCO002 = 01). The count value of TMOO is captured to CR00O0 in
the phase reverse to the valid edge detected on the TI000 pin. When the valid edge of the TIO00 pin is detected,

the count value of TMOO is captured to CR010.

By this measurement method, values are stored in separate capture registers when a width from one edge to

another is measured. Therefore, the capture values do not have to be saved. By subtracting the value of one

capture register from that of another, a high-level width, low-level width, and cycle are calculated.

If an overflow occurs, the value becomes negative if one captured value is simply subtracted from another and,

therefore, a borrow occurs (bit 0 (CY) of the program status word (PSW) is set to 1). If this happens, ignore CY

and take the calculated value as the pulse width. In addition, clear bit 0 (OVF00) of 16-bit timer mode control
register 00 (TMCO0O) to O.

FFFFH
TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

Capture trigger input
(T1000)

Capture register
(CR000)

Capture register
(CR010)

Capture interrupt
(INTTMO010)

Overflow flag
(OVF00)

Capture trigger input
(TI010)

Compare match interrupt
(INTTMO00)

166

Figure 6-49. Timing Example of Pulse Width Measurement (2)

e TMCO00 = 04H, PRMO00 = 10H, CRC00 = 07H

// N / s / P / o
P B / | / Es” |
00 * 01
0000H A B C D E
>< 0000H M N P @
0 write clear 0 write clear 0 write clear 0 write clear
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(3) Measuring the pulse width by using one input signal of the TI000 pin (clear & start mode entered by the
TIOO00 pin valid edge input)
Set the clear & start mode entered by the TI000 pin valid edge (TMC003 and TMC002 = 10). The count value of
TMOO is captured to CRO0O in the phase reverse to the valid edge of the TIO00 pin, and the count value of TM0O
is captured to CR010 and TMOO is cleared (0000H) when the valid edge of the TI0O00 pin is detected. Therefore,
a cycle is stored in CR010 if TMOO does not overflow.
If an overflow occurs, take the value that results from adding 10000H to the value stored in CR010 as a cycle.
Clear bit 0 (OVF00) of 16-bit timer mode control register 00 (TMCOQO) to 0.

Figure 6-50. Timing Example of Pulse Width Measurement (3)

e TMCO00 = 08H, PRMO00 = 10H, CRCO00 = 07H

FFFFH 5o

N_— B — Q
TMOO register /M / ; C / D /
A —

0000H

Operable bits
(TMCO003, TMCO002) OO>< 10 >@

<1> <1> <1> <1>

Capture & count clear input
(TI1000)

<2>|  <3> <2> <3> <2> <3> <2> <3>

Capture register
(CRO00) 0000H A B C D

Capture register
(CRO10) 0000H M N S P Q

Capture interrupt _| _| -| -| -|
(INTTMO10)

Overflow flag

(OVFO00)

0 write clear
Capture trigger input
(Tio10) L

Capture interrupt
(INTTMO000)

L

<1> Pulse cycle = (10000H x Number of times OVFOO bit is set to 1 + Captured value of CR010) x
Count clock cycle

<2> High-level pulse width = (10000H x Number of times OVFOQO bit is set to 1 + Captured value of CR000) x
Count clock cycle

<3> Low-level pulse width = (Pulse cycle — High-level pulse width)
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Figure 6-51. Example of Register Settings for Pulse Width Measurement (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO001 _OVF00
[ o [ o | o | o | on | on | o | o |

LH

01: Free running timer mode
10: Clear and start mode entered
by valid edge of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRC000
[ o [ o [ o | o | o [ 1 [ on | 1 |

—— 1: CRO0O0O0 used as capture register

0: TIO10 pin is used as capture
trigger of CR000.

1: Reverse phase of TI000 pin is
used as capture trigger of CR000.

1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOCO00)

OSPTO0 OSPEOO TOC004 LVSO0 LVROO TOCO001 TOEOO

Lo [ o[ of ofo ] ofcol] o]

(d) Prescaler mode register 00 (PRM0O0)

ES101  ES100 ES001  ES000 3 2 PRMO0O1 PRMOO0O
|0/1\0/1\0/1\0/1\0\0\0/1\0/1|

L Selects count clock
(setting valid edge of TI000 is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting when CRCO001 = 1 is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection
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Figure 6-51. Example of Register Settings for Pulse Width Measurement (2/2)

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
This register is used as a capture register. Either the TI0O00 or TI010 pin is selected as a capture trigger.
When a specified edge of the capture trigger is detected, the count value of TMOO is stored in CR000.

(g) 16-bit capture/compare register 010 (CR010)

This register is used as a capture register. The signal input to the TI000 pin is used as a capture trigger.
When the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 6-52. Example of Software Processing for Pulse Width Measurement (1/2)

FFFFH
TMOO register

0000H
Operable bits
(TMCO003, TMCO002)

Capture trigger input
(T1000)

Capture register
(CR010)

Capture interrupt
(INTTMO010)

Capture trigger input
(TI010)

Capture register
(CR000)

Capture interrupt
(INTTMO000)

(a) Example of free-running timer mode

D1o /

D11 D12 D13
Doo / Dor / Doz / Dos / Dos
00 01 < 00
0000H Do D11 D12 D13
0000H Doo Do1 Doz Do3 Do
<1><2> <2> <2> <2> <2> <2> 2>  <2> <2><3>

(b) Example of clear & start mode entered by TI000 pin valid edge

FFFFH
TMOO register

0000H

Operable bits
(TMCO003, TMC002)

Capture & count clear input
(T1000)

Capture register
(CR000)

Capture interrupt
(INTTMO000)

Capture register
(CR010)

Capture interrupt
(INTTMO10)

170

D2 __ Ds Ds Ds A~
Do 2 L] Ds ) Dy /
D+ Da

00 > 10 @
0000H D+ Ds Ds D7

L
0000H Do D2 D4 De Ds

<1> <2><2> <2> <2> <2> <2> <2> <2> <2><3>
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Figure 6-52. Example of Software Processing for Pulse Width Measurement (2/2)

<1> Count operation start flow

(o )

Register initial setting Initial setting of these registers is performed
PRMOO register, before setting the TMC003 and TMCO002 bits.
CRCOO register,

port setting

TMCO003, TMCO002 bits =

01 0r 10 Starts count operation

<2> Capture trigger input flow

|

Edge detection of TI0O00, TI010 pins

Stores count value to
CR000, CR0O10 registers
Generates capture interrupthete

Calculated pulse width
from capture value

l

<3> Count operation stop flow

The counter is initialized and counting is stopped

TMC003, TMCO02 bits = 00 by clearing the TMC003 and TMCO02 bits to 00.

=

Note The capture interrupt signal (INTTMOOO) is not generated when the reverse-phase edge of the TI000 pin

input is selected to the valid edge of CR00O.
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6.5 Special Use of TM0O0

6.5.1 Rewriting CR010 during TMOO operation

In principle, rewriting CR000 and CRO010 of the xPD78F0730 when they are used as compare registers is
prohibited while TMOO is operating (TMC003 and TMCO002 = other than 00).

However, the value of CR0O10 can be changed, even while TMOO is operating, using the following procedure if
CRO010 is used for PPG output and the duty factor is changed (change the value of CR010 immediately after its value
matches the value of TMO0O. If the value of CRO10 is changed immediately before its value matches TMOQO, an
unexpected operation may be performed).

| Procedure for changing value of CR010 |

<1>
<2>
<3>
<4>
<5>
<6>

<7>

Disable interrupt INTTM010 (TMMKO010 = 1).

Disable reversal of the timer output when the value of TM0OO matches that of CR010 (TOC004 = 0).
Change the value of CR010.

Wait for one cycle of the count clock of TMO0O.

Enable reversal of the timer output when the value of TMOO matches that of CR010 (TOC004 = 1).
Clear the interrupt flag of INTTMO10 (TMIF010 = 0) to 0.

Enable interrupt INTTM010 (TMMKO010 = 0).

Remark For TMIFO10 and TMMKO10, see CHAPTER 13 INTERRUPT FUNCTIONS.

6.5.2 Setting LVS00 and LVR0O

(1) Usage of LVS00 and LVR0O
LVS00 and LVROO are used to set the default value of the TOO00 pin output and to invert the timer output without
enabling the timer operation (TMCO003 and TMC002 = 00). Clear LVS00 and LVROO to 00 (default value: low-
level output) when software control is unnecessary.

172

LVSO00 LVROO Timer Output Status
0 0 Not changed (low-level output)
0 1 Cleared (low-level output)
1 0 Set (high-level output)
1 1 Setting prohibited
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(2) Setting LVS00 and LVR00
Set LVS00 and LVROO using the following procedure.

Figure 6-53. Example of Flow for Setting LVS00 and LVRO0O Bits

\

Setting TOC00.OSPE00, TOC004, TOCO001 bits
| <1> Setting of timer output operation
Setting TOC00.TOEOO bit

|
Setting TOC00.LVS00, LVRO0O bits <2> Setting of timer output F/F
|
Setting TMC00.TMCO003, TMCO002 bits <3> Enabling timer operation

Caution Be sure to set LVS00 and LVRO0O0 following steps <1>, <2>, and <3> above.
Step <2> can be performed after <1> and before <3>.

Figure 6-54. Timing Example of LVR00 and LVS00

TOCO00.LVSO00 bit

TOCO00.LVROO bit

Operable bits 00 >

(TMC003, TMC002) (_01,10,or 11

TOO00 pin output

INTTMOOO signal

<1> <2> <1> <3><4> <4> <4>

<1> The TOO0O pin output goes high when LVS00 and LVRO0O0 = 10.

<2> The TOOO pin output goes low when LVS00 and LVR0O = 01 (the pin output remains unchanged from the
high level even if LVS00 and LVROO are cleared to 00).

<3> The timer starts operating when TMC003 and TMCO002 are set to 01, 10, or 11. Because LVS00 and
LVROO were set to 10 before the operation was started, the TO00 pin output starts from the high level.
After the timer starts operating, setting LVS00 and LVROO is prohibited until TMC003 and TMC002 = 00
(disabling the timer operation).

<4> The output level of the TOOO pin is inverted each time an interrupt signal (INTTMOOO) is generated.
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6.6 Cautions for 16-Bit Timer/Event Counter 00

(1) Restrictions for each channel of 16-bit timer/event counter 00
Table 6-3 shows the restrictions for each channel.

Table 6-3. Restrictions for Each Channel of 16-Bit Timer/Event Counter 00

Operation Restriction

As interval timer _

As square wave output

As external event counter TOCO00 = 00H

As clear & start mode entered by | Using timer output (TOO0O) is prohibited when detection of the valid edge of the TI010 pin is
TI000 pin valid edge input used.
TOCO00 = 00H

As free-running timer -

As PPG output Setting identical values or 0000H to CR000 and CP010 is prohibited.

As one-shot pulse output -

As pulse width measurement TOCO00 = 00H

(2) Timer start errors
An error of up to one clock may occur in the time required for a match signal to be generated after timer start.
This is because counting TMOO is started asynchronously to the count pulse.

Figure 6-55. Start Timing of TM0O Count

Countpuse __ | [ [ [ [ [ [ [[ |

TMOO count value  0000H X 0001H X 0002H X 0003H X 0004H

Timer start
(3) Setting of CR000 and CR010 (clear & start mode entered upon a match between TM00 and CR000)

Set a value other than 0000H to CR000 and CR0O10 (TMOO cannot count one pulse when it is used as an external
event counter).
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(4) Timing of holding data by capture register

(5)

(6)

(a) When the valid edge is input to the TIO00/TI010 pin and the reverse phase of the TI000 pin is detected while

CRO0O00/CR010 is read, CR010 performs a capture operation but the read value of CRO00/CR010 is not
guaranteed. At this time, an interrupt signal (INTTMOOO/INTTMO010) is generated when the valid edge of the
TIO00/TI010 pin is detected (the interrupt signal is not generated when the reverse-phase edge of the TI000
pin is detected).

When the count value is captured because the valid edge of the TI000/TI010 pin was detected, read the

value of CRO00/CRO010 after INTTMOOO/INTTMO10 is generated.

Figure 6-56. Timing of Holding Data by Capture Register

Count pulse _| L1 L1 1 I_:_l |_| |_| |_

TMOO count value X N XN+t XN+2 X © X M XM+1 X M+2
Edge input | . |
INTTMO10 []

Capture read signal | |

Value captured to CR0O10 X X . N+ 1 ¢
Capture operation Capture operation is performed

but read value is not guaranteed.

(b) The values of CR0O00 and CR010 are not guaranteed after 16-bit timer/event counter 00 stops.

Setting valid edge

Set the valid edge of the TI000 pin while the timer operation is stopped (TMC003 and TMC002 = 00). Set the

valid edge by using ES000 and ES001.

Re-triggering one-shot pulse

Make sure that the trigger is not generated while an active level is being output in the one-shot pulse output mode.

Be sure to input the next trigger after the current active level is output.
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(7) Operation of OVFO0O flag

(a) Setting OVFO0O0 flag (1)
The OVFOO flag is set to 1 in the following case, as well as when TMOO overflows.

Select the clear & start mode entered upon a match between TM00 and CRO00O.

d
Set CR000 to FFFFH.
d
When TM00 matches CR000 and TMOO is cleared from FFFFH to 0000H

Figure 6-57. Operation Timing of OVF00 Flag

Count pulse _| | | | | | | | |_

CR000 __ FFFFH

TMo0  FFFEH X FFFFH X 0000H X 0001H X

OVF00
INTTMOOO []

(b) Clearing OVFO0O flag
Even if the OVF0O flag is cleared to O after TMOO overflows and before the next count clock is counted

(before the value of TMOO becomes 0001H), it is set to 1 again and clearing is invalid.

(8) One-shot pulse output
One-shot pulse output operates correctly in the free-running timer mode or the clear & start mode entered by the
TIO00 pin valid edge. The one-shot pulse cannot be output in the clear & start mode entered upon a match
between TM0O and CR000.
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(9) Capture operation

(a) When valid edge of TI000 is specified as count clock
When the valid edge of TIO00 is specified as the count clock, the capture register for which TI000 is specified
as a trigger does not operate correctly.

(b) Pulse width to accurately capture value by signals input to TI010 and TI000 pins
To accurately capture the count value, the pulse input to the TIO00 and TI010 pins as a capture trigger must
be wider than two count clocks selected by PRMOO (see Figure 6-7).

(c) Generation of interrupt signal
The capture operation is performed at the falling edge of the count clock but the interrupt signals (INTTMOOO
and INTTMO10) are generated at the rising edge of the next count clock (see Figure 6-7).

(d) Note when CRCO001 (bit 1 of capture/compare control register 00 (CRC00)) is set to 1
When the count value of the TMOO register is captured to the CRO0O register in the phase reverse to the
signal input to the TIO00 pin, the interrupt signal (INTTMOOO) is not generated after the count value is
captured. If the valid edge is detected on the TI010 pin during this operation, the capture operation is not
performed but the INTTMOOO signal is generated as an external interrupt signal. Mask the INTTMOO0O signal
when the external interrupt is not used.

(10) Edge detection

(a) Specifying valid edge after reset
If the operation of the 16-bit timer/event counter 00 is enabled after reset and while the TIO00 or TI010 pin is
at high level and when the rising edge or both the edges are specified as the valid edge of the TI000 or TI010
pin, then the high level of the TIO00 or TI010 pin is detected as the rising edge. Note this when the TI000 or
TI010 pin is pulled up. However, the rising edge is not detected when the operation is once stopped and
then enabled again.

(b) Sampling clock for eliminating noise
The sampling clock for eliminating noise differs depending on whether the valid edge of TI000 is used as the
count clock or capture trigger. In the former case, the sampling clock is fixed to frrs. In the latter, the count
clock selected by PRMOO is used for sampling.
When the signal input to the TIO00 pin is sampled and the valid level is detected two times in a row, the valid
edge is detected. Therefore, noise having a short pulse width can be eliminated (see Figure 6-7).

(11) Timer operation
The signal input to the TIO00/TI010 pin is not acknowledged while the timer is stopped, regardless of the

operation mode of the CPU.

Remark frrs: Peripheral hardware clock frequency

Preliminary User's Manual U19014EJ1VOUD 177



CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

7.1 Functions of 8-Bit Timer/Event Counters 50 and 51
8-bit timer/event counters 50 and 51 have the following functions.
e Interval timer
o External event counter
e Square-wave output
o PWM output

7.2 Configuration of 8-Bit Timer/Event Counters 50 and 51

8-bit timer/event counters 50 and 51 include the following hardware.

Table 7-1. Configuration of 8-Bit Timer/Event Counters 50 and 51

ltem Configuration

Timer register 8-bit timer counter 5n (TM5n)

Register 8-bit timer compare register 5n (CR5n)

Timer input TI5n

Timer output TO5n

Control registers Timer clock selection register 5n (TCL5n)
8-bit timer mode control register 5n (TMC5n)
Port mode register 1 (PM1) or port mode register 3 (PM3)
Port register 1 (P1) or port register 3 (P3)

Figures 7-1 and 7-2 show the block diagrams of 8-bit timer/event counters 50 and 51.
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Figure 7-1. Block Diagram of 8-Bit Timer/Event Counter 50

Internal bus

g

8-bit timer compare —
register 0(CR50) | | 5 ﬂ INTTM50
5
Match
TI50/T050/I:P1HZ©—> _ atc 2 L ——— Notef
fPRS/22 — 8 = 3 a -
K:zgs — % | 8-bit timer OVF —JD—»INV g
fers/o8 —f @ counter 50 (TM50), R 3
frRs/213  —
™ clear Output latch
Note 2 utput latc
S P17 PM17
3 Invert
R level

I —
[TCL502/TCL501/TCL500]

Timer clock selection @

register 50 (TCL50)

|TCE50|TMC506|LVS50|LVR50|TMC501 TOES0)

8-bit timer mode control
register 50 (TMC50)

{

Internal bus

Figure 7-2. Block Diagram of 8-Bit Timer/Event Counter 51

Internal bus

g

8-bit timer compare —
register 51 (CRS1) | | 5 j_%l—- INTTM51
TI51/TO51/P33 6—] °
frrs —= _ Match _;f@ F— 3 Note 1 To 8-bit
fPRS/% — 8 S 5 timer H1
ig::ge o 2 [ [sbittimer OVF 5
fore/28 —=| @ [ counter51 (TM51) g © TO51/TI51/
frrs/212  —— « P33
Clear
Output lateh| [ pp133
(P33)
3
TCL512[TCL511]TCL510) [TcE51]TMC516]LVS51]LVR51[TMC511[TOE51]
Timer clock selection 8-bit timer mode control
register 51 (TCL51) register 51 (TMC51)
2 Internal bus 2
Notes 1. Timer output F/F
2. PWM output F/F
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(1) 8-bit timer counter 5n (TM5n)
TM5n is an 8-bit register that counts the count pulses and is read-only.
The counter is incremented in synchronization with the rising edge of the count clock.

Figure 7-3. Format of 8-Bit Timer Counter 5n (TM5n)

Address: FF16H (TM50), FF1FH (TM51) After reset: 00H R

Symbol 7 6 5 4 3 2 1 0

me [T T T T T T

In the following situations, the count value is cleared to O0H.

<1> Reset signal generation

<2> When TCEb5n is cleared

<3> When TM5n and CR5n maitch in the mode in which clear & start occurs upon a match of the TM5n and
CR5n.

(2) 8-bit timer compare register 5n (CR5n)
CR5n can be read and written by an 8-bit memory manipulation instruction.
Except in PWM mode, the value set in CR5n is constantly compared with the 8-bit timer counter 5n (TM5n) count
value, and an interrupt request (INTTM5n) is generated if they match.
In the PWM mode, the TO5n pin becomes inactive when the values of TM5n and CR5n match, but no interrupt is
generated.
The value of CR5n can be set within O0OH to FFH.
Reset signal generation sets CR5n to 00H.

Figure 7-4. Format of 8-Bit Timer Compare Register 5n (CR5n)

Address: FF17H (CR50), FF41H (CR51) After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

CR5n |
(n=0,1)

Cautions 1. In the mode in which clear & start occurs on a match of TM5n and CR5n (TMC5n6 = 0), do
not write other values to CR5n during operation.
2. In PWM mode, make the CR5n rewrite period 3 count clocks of the count clock (clock
selected by TCL5n) or more.

Remark n=0,1
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7.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51
The following four registers are used to control 8-bit timer/event counters 50 and 51.
e Timer clock selection register 5n (TCL5n)
e 8-bit timer mode control register 5n (TMC5n)
e Port mode register 1 (PM1) or port mode register 3 (PM3)
e Port register 1 (P1) or port register 3 (P3)
(1) Timer clock selection register 5n (TCL5n)
This register sets the count clock of 8-bit timer/event counter 5n and the valid edge of the TI5n pin input.
TCL5n can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets TCL5n to 00H.
Remark n=0, 1

Figure 7-5. Format of Timer Clock Selection Register 50 (TCL50)

Address: FF6AH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TCL50 0 0 0 0 0 TCL502 TCL501 TCL500
TCL502 TCL501 TCL500 Count clock selection
frRs = fers =
12 MHz 16 MHz

0 0 0 TI50 pin falling edge

0 0 1 TI50 pin rising edge

0 1 0 frrs 12 MHz 16 MHz

0 1 1 frRs/2 6 MHz 8 MHz

1 0 0 frrs/2° 3 MHz 4 MHz

1 0 1 frrs/2° 187.5 kHz 250 kHz

1 1 0 frrs/2° 46.88 kHz 62.5 kHz

1 1 1 frrs/2" 1.46 kHz 1.95 kHz

Cautions 1. When rewriting TCL50 to other data, stop the timer operation beforehand.

2. Be sure to clear bits 3to 7 to 0.

Remark frrs: Peripheral hardware clock frequency
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Figure 7-6. Format of Timer Clock Selection Register 51 (TCL51)

Address: FF8CH  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
TCL51 0 0 0 0 0 ‘ TCL512 ‘ TCL511 ‘ TCL510
TCL512 TCL511 TCL510 Count clock selection
frRs = fers =
12 MHz 16 MHz

0 0 0 TI51 pin falling edge

0 0 1 TI51 pin rising edge

0 1 0 frRs 12 MHz 16 MHz

0 1 1 frrs/2 6 MHz 8 MHz

1 0 0 frrs/2* 750 kHz 1 MHz

1 0 1 frrs/2° 187.5 kHz 250 kHz

1 1 0 frrs/2° 46.88 kHz 62.5 kHz

1 1 1 frrs/2' 2.93 kHz 3.91 kHz

Cautions 1. When rewriting TCL51 to other data, stop the timer operation beforehand.
2. Be sure to clear bits 3to 7 to 0.

Remark frrs: Peripheral hardware clock frequency
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(2) 8-bit timer mode control register 5n (TMC5n)
TMC5n is a register that performs the following five types of settings.

<1>
<2>
<3>
<4>

<5>

8-bit timer counter 5n (TM5n) count operation control
8-bit timer counter 5n (TM5n) operating mode selection
Timer output F/F (flip flop) status setting

Active level selection in timer F/F control or PWM (free-running) mode.

Timer output control

TMCb5n can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Remark n=0, 1

Address: FF6BH

Figure 7-7. Format of 8-Bit Timer Mode Control Register 50 (TMC50)

After reset: 00H  R/W"™*®

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC50 TCES50 TMC506 0 0 LVS50 LVR50 TMC501 TOES50

TCE50 TM50 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start

TMC506 TM50 operating mode selection
0 Mode in which clear & start occurs on a match between TM50 and CR50
1 PWM (free-running) mode

LVS50 LVR50 Timer output F/F status setting

0 0 No change
0 1 Timer output F/F clear (0) (default output value of TO50 pin: low level)
1 0 Timer output F/F set (1) (default output value of TO50 pin: high level)
1 1 Setting prohibited

TMC501 In other modes (TMC506 = 0) In PWM mode (TMC506 = 1)

Timer F/F control Active level selection

0 Inversion operation disabled Active-high
1 Inversion operation enabled Active-low

TOES50 Timer output control
0 Output disabled (TM50 output is low level)
1 Output enabled

Note Bits 2 and 3 are write-only.

(Cautions and Remarks are listed on the next page.)
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Figure 7-8. Format of 8-Bit Timer Mode Control Register 51 (TMC51)

Address: FF43H  Afterreset: OOH R/W"™

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC51 TCE51 TMC516 0 0 LVS51 ‘ LVR51 ‘ TMC511 ‘ TOES51

TCE51 TM51 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start

TMC516 TM51 operating mode selection
0 Mode in which clear & start occurs on a match between TM51 and CR51
1 PWM (free-running) mode

LVS51 LVR51 Timer output F/F status setting
0 0 No change
0 1 Timer output F/F clear (0) (default output value of TO51 pin: low)
1 0 Timer output F/F set (1) (default output value of TO51 pin: high)
1 1 Setting prohibited

TMC511 In other modes (TMC516 = 0) In PWM mode (TMC516 = 1)

Timer F/F control Active level selection

0 Inversion operation disabled Active-high
1 Inversion operation enabled Active-low

TOES51 Timer output control
0 Output disabled (TM51 output is low level)
1 Output enabled

Note Bits 2 and 3 are write-only.

Cautions 1. The settings of LVS5n and LVR5n are valid in other than PWM mode.

2. Perform <1> to <4> below in the following order, not at the same time.
<1> Set TMC5n1, TMC5n6: Operation mode setting
<2> Set TOE5n to enable output: Timer output enable
<3> Set LVS5n, LVR5n (see Caution 1): Timer F/F setting
<4> Set TCE5n

3. Stop operation before rewriting TMC5n6.

4. When 8-bit timer H1 is used in the carrier generator mode, set TMC516 to 0.

Remarks 1. In PWM mode, PWM output is made inactive by clearing TCE5n to 0.
2. If LVS5n and LVR5n are read, the value is 0.
3. The values of the TMC5n6, LVS5n, LVR5n, TMC5n1, and TOES5n bits are reflected at the TO5n pin
regardless of the value of TCE5n.
4. n=0,1
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(3) Port mode registers 1 and 3 (PM1, PM3)
These registers set port 1 and 3 input/output in 1-bit units.

When using the P17/TO50/T150 and P33/TO51/TI51 pins for timer output, clear PM17 and PM33 and the output

latches of P17 and P33 to 0.

When using the P17/TO50/TI50 and P33/TO51/T151 pins for timer input, set PM17 and PM33 to 1. The output

latches of P17 and P33 at this time may be 0 or 1.
PM1 and PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 7-9. Format of Port Mode Register 1 (PM1)

Address: FF21H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
Figure 7-10. Format of Port Mode Register 3 (PM3)
Address: FF23H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM3 | 1 | 1 | 1 | 1 | PM33 | PM32 | PM31 | PM30 |
PM3n P3n pin I/O mode selection (n = 0 to 3)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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7.4 Operations of 8-Bit Timer/Event Counters 50 and 51

7.4.1 Operation as interval timer

8-bit timer/event counter 5n operates as an interval timer that generates interrupt requests repeatedly at intervals
of the count value preset to 8-bit timer compare register 5n (CR5n).

When the count value of 8-bit timer counter 5n (TM5n) matches the value set to CR5n, counting continues with the
TM5n value cleared to 0 and an interrupt request signal (INTTM5n) is generated.

The count clock of TM5n can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n
(TCL5n).

<1> Set the registers.
e TCL5n: Select the count clock.
e CRb5n: Compare value
e TMC5n: Stop the count operation, select the mode in which clear & start occurs on a match of TM5n
and CR5n.
(TMC5n = 0000xxx0B x = Don’t care)
<2> After TCE5n = 1 is set, the count operation starts.
<3> If the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to 00H).
<4> INTTMb5n is generated repeatedly at the same interval.
Set TCE5n to 0 to stop the count operation.

Caution Do not write other values to CR5n during operation.

Remarks 1. For how to enable the INTTM5n signal interrupt, sse CHAPTER 13 INTERRUPT FUNCTIONS.
2. n=0,1

Figure 7-11. Interval Timer Operation Timing (1/2)

(a) Basic operation

[N |

TMsn countvalue __ 00H X01HX X N XooHYotHX X N XooHXotHX X N X
A A A '
Count start Clear Clear E
CR5n N o N o N TN

Interrupt acknowledged Interrupt acknowledged

Interval time Interval time

Remark Intervaltime = (N + 1) xt

N =01H to FFH
n=0,1
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Figure 7-11. Interval Timer Operation Timing (2/2)

(b) When CR5n = 00H

gl
1 1
1 1
Count clock M
1 I 1 1 | |
TM5n 00H ' 00OH ' OOH ! | . .
CRS5n 00H ' 00H

TCE5n|
INTTM5n ||||||||||||

1 1
-
1 1

Interval time

(¢) When CR5n = FFH

[
1 1
Count clock | | | | . I | I | I | | | I | . I | I | I | | | I |
1 1
TM5n [oH] [FEH]FFHJOOH] [ FEH [ FFH [ ooH |
1 1
CR5n FFH - FFH - FFH

TCESn |
INTTM5n [] [ ]

A A
Interrupt acknowledged Interrupt

1
1
! acknowledged
1

Interval time

Remark n=0, 1
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7.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses to be input to the TI5n pin by 8-bit timer
counter 5n (TM5n).

TM5n is incremented each time the valid edge specified by timer clock selection register 5n (TCL5n) is input.
Either the rising or falling edge can be selected.

When the TM5n count value matches the value of 8-bit timer compare register 5n (CR5n), TM5n is cleared to 0
and an interrupt request signal (INTTM5n) is generated.

Whenever the TM5n value matches the value of CR5n, INTTMb5n is generated.

<1> Set each register.
e Set the port mode register (PM17 or PM33)"* to 1.
e TCL5n: Select TI5n pin input edge.
TI5n pin falling edge — TCL5n = 00H
TI5n pin rising edge — TCL5n = 01H
e CR5n: Compare value
e TMC5n: Stop the count operation, select the mode in which clear & start occurs on match of TM5n and
CR5n, disable the timer F/F inversion operation, disable timer output.
(TMC5n = 0000xx00B x = Don't care)
<2> When TCE5n = 1 is set, the number of pulses input from the TI5n pin is counted.
<3> When the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to O0H).
<4> After these settings, INTTM5n is generated each time the values of TM5n and CR5n match.

Note 8-bit timer/event counter 50: PM17
8-bit timer/event counter 51: PM33

Remark For how to enable the INTTM5n signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.

Figure 7-12. External Event Counter Operation Timing (with Rising Edge Specified)

e [T UL LLTLTLL

A |
Count start |
F— |
TM5n countvalue X 00H X 01H X 02H  03H X 04H XosHX  XN-1X N _XooH X o1H X 02H X 03H X
I
CR5n N

INTTM5n []

Remark N =00H to FFH
n=0,1
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7.4.3 Square-wave output operation

A square wave with any selected frequency is output at intervals determined by the value preset to 8-bit timer
compare register 5n (CR5n).

The TO5n pin output status is inverted at intervals determined by the count value preset to CR5n by setting bit 0
(TOESN) of 8-bit timer mode control register 5n (TMC5n) to 1. This enables a square wave with any selected
frequency to be output (duty = 50%).

<1>

<2>

<3>

<4>

Set each register.

¢ Clear the port output latch (P17 or P33)"" and port mode register (PM17 or PM33)"* to 0.

e TCL5n: Select the count clock.

e CR5n: Compare value

e TMC5n: Stop the count operation, select the mode in which clear & start occurs on a match of TM5n and

CRb5n.
LVS5n | LVR5n Timer Output F/F Status Setting
1 0 Timer output F/F clear (0) (default output value of TO5n pin: low level)
0 1 Timer output F/F set (1) (default output value of TO5n pin: high level)

Timer output enabled
(TMC5n = 00001011B or 00000111B)

After TCE5n = 1 is set, the count operation starts.
The timer output F/F is inverted by a match of TM5n and CR5n. After INTTM5n is generated, TM5n is
cleared to O0H.
After these settings, the timer output F/F is inverted at the same interval and a square wave is output from
TOS5n.
The frequency is as follows.
e Frequency = 1/2t (N + 1)
(N: OOH to FFH)

Note 8-bit timer/event counter 50: P17, PM17

8-bit timer/event counter 51: P33, PM33

Caution Do not write other values to CR5n during operation.

Remarks 1. For how to enable the INTTM5n signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.

2.n=0,1
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Figure 7-13. Square-Wave Output Operation Timing

ot

L
countcos [T 11 LMLl TLTLrLr
| |
T™sn countvalue _ 00HJ o1HJo2HY N -1{ N Yoon YotHYo2HY ~~  YN-1 N YooH
Cour%start E E

1
1
|

TOSNNet L [ [

Note The initial value of TO5n output can be set by bits 2 and 3 (LVR5n, LVS5n) of 8-bit timer mode control
register 5n (TMC5n).

7.4.4 PWM output operation

8-bit timer/event counter 5n operates as a PWM output when bit 6 (TMC5n6) of 8-bit timer mode control register 5n
(TMC5n) is set to 1.

The duty pulse determined by the value set to 8-bit timer compare register 5n (CR5n) is output from TO5n.

Set the active level width of the PWM pulse to CR5n; the active level can be selected with bit 1 (TMC5n1) of
TMC5n.

The count clock can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n (TCL5n).

PWM output can be enabled/disabled with bit 0 (TOE5n) of TMC5n.

Caution In PWM mode, make the CR5n rewrite period 3 count clocks of the count clock (clock selected by
TCL5n) or more.

Remark n=0,1
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(1) PWM output basic operation

<1>

<2>

Set each register.
e Clear the port output latch (P17 or P33)"" and port mode register (PM17 or PM33)"" to 0.
e TCL5n: Select the count clock.
e CR5n: Compare value
e TMC5n: Stop the count operation, select PWM mode.
The timer output F/F is not changed.

TMC5n1 Active Level Selection

0 Active-high

1 Active-low

Timer output enabled
(TMC5n = 01000001B or 01000011B)

The count operation starts when TCE5n = 1.
Clear TCE5n to 0 to stop the count operation.

Note 8-bit timer/event counter 50: P17, PM17

8-bit timer/event counter 51: P33, PM33

| PWM output operation |

<1>

<2>

<3>
<4>

<5>

PWM output (output from TO5n) outputs an inactive level until an overflow occurs.
When an overflow occurs, the active level is output. The active level is output until CR5n matches the count
value of 8-bit timer counter 5n (TM5n).
After the CR5n matches the count value, the inactive level is output until an overflow occurs again.
Operations <2> and <3> are repeated until the count operation stops.
When the count operation is stopped with TCE5n = 0, PWM output becomes inactive.
For details of timing, see Figures 7-14 and 7-15.
The cycle, active-level width, and duty are as follows.
e Cycle = 2%
o Active-level width = Nt
e Duty = N/2°
(N = O0H to FFH)

Remark n=0, 1
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Figure 7-14. PWM Output Operation Timing

(a) Basic operation (active level = H)
[N
]
Countelock __ 1M . LML LML T L
| | | | | !
Tmsn _ooHTotH[ -~ JFFH[ooR[oiH[o2HT  ~_ TN IN+f[ -~ TFFH[ooH[ofH[o2H] -~ TM] ooH
1
1 1 1 1 1 |
CRsn N - - - -
| | | | | |
TCESI”I_I 0T I 1 o 1 o 1 1 0T |
1 1 1 1 1 1
1 1 1 1 1 1
INTTM5n . 1 ' .. Lo 1 : !
1 1 1 1
- ! [—
TO5n . L__. _|_

<1> Inactive level <2> Active level <3> Inactive level <5> Inactive level

<2> Active level

(b) CR5n = 00H

[
i

Gount ook 1M MMM T UL

TM5n __00H [01H] .. |FFH||00H|01H|02H| ::|FFH||00H|01H|02H| -~ TwmTooH
1
CR5n I — - .
1
INTTM5n I_I M

TOs5n L (Inactive level)

(c) CR5n =FFH

|t|

_|_L|_I__I_I_|_I_I_I_I_I_I_L_I_I_I_I_I_LI_I_I_L_I_L,.I_I_I_L

TM5n 00H|01H| |FFH|00H|01H|02H| |FFH|00H|01H|02H| |M|00H
1
- - - 1
CR5n FFH . . .
| | o |
TCE5n_| o 1 1 o : : 1 o |
1 1 1 1 1 1
INTTM5n N | g R o
| . |
TO5n |
4

<1> Inactive level

<2> Active level

<2> Active IeveIT )
<5> Inactive level
<3> Inactive level

Remarks 1. <1> to <3> and <5> in Figure 7-14 (a) correspond to <1> to <3> and <5> in | PWM output operation | in
7.4.4 (1) PWM output basic operation.

2.n=0,1

192

Preliminary User's Manual U19014EJ1VOUD



CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

(2) Operation with CR5n changed
Figure 7-15. Timing of Operation with CR5n Changed

(a) CRb5n value is changed from N to M before clock rising edge of FFH
— Value is transferred to CR5n at overflow immediately after change.

o

-]
1 1
Countclock||||||||||||||||||||||||||||||||||||||||||||||||||||

I 1 I 1 I I I I
T™M5n _T N IN: N2~ ~ “TFFHTooHToir 0T - T MW {]We2] -~ —TFFA]ooHTofH 0oHT - ~~ T M W+ i[W:2]
! 1 1 1 1 1

1

|
CRSn N _ A M . . . .
1 1 1 1 1 1 1 1
TCE5n ™ H | | | | | | | |
INTTM5n . ! 1 ! ! M I |
1 1 1 1 1 1 1
Tosn | | | f i f |'

f L<2>

<1> CR5n change (N —» M)

(b) CR5n value is changed from N to M after clock rising edge of FFH
— Value is transferred to CR5n at second overflow.

[

|
Count clock |||||||||||.|||||||||||||||||||||||||||||||||||||||||||
I : I I I I I
TM5n TN _IN+1IN+2] .. _TFEAJooRToiH[02A] 1. [N IN+1|N+2] .. _JFFAJOOHTOTH]0oA] ... T M [M+1[M+2]
! : | | : : :
CRn X XN . S .
1 1 1 1 1 1 1
TCE5n~ H . . | | ' | |
INTTM5n ! I . ' [ X '
1 1 1 1 1 1 1
TOsSn T 1 | f 1 I I 1
<1> CR5n change (N — M) <2>

Caution When reading from CR5n between <1> and <2> in Figure 7-15, the value read differs from the
actual value (read value: M, actual value of CR5n: N).
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7.5 Cautions for 8-Bit Timer/Event Counters 50 and 51

(1) Timer start error
An error of up to one clock may occur in the time required for a match signal to be generated after timer start.

This is because 8-bit timer counters 50 and 51 (TM50, TM51) are started asynchronously to the count clock.

Figure 7-16. 8-Bit Timer Counter 5n Start Timing

Count clock | | | | | | | |

X 0iH X 02H X 03H X 04H

TM5n count value O0H

Timer start

Remark n=0, 1
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8.1 Functions of 8-Bit Timer H1

8-bit timer H1 has the following functions.

e Interval timer

e Square-wave output
e PWM output

e Carrier generator

8.2 Configuration of 8-Bit Timer H1

8-bit timer H1 includes the following hardware.

Table 8-1. Configuration of 8-Bit Timer H1

ltem

Configuration

Timer register

8-bit timer counter H1

Registers

8-bit timer H compare register 01 (CMPO01)
8-bit timer H compare register 11 (CMP11)

Timer output

TOHA1, output controller

Control registers

8-bit timer H mode register 1 (TMHMD1)

8-bit timer H carrier control register 1 (TMCYCH1)
Port mode register 1 (PM1)

Port register 1 (P1)

Figure 8-1 shows the block diagram.
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Figure 8-1. Block Diagram of 8-Bit Timer H1
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CHAPTER 8 8-BIT TIMER H1

O

)

8-bit timer H compare register 01 (CMP01)

This register can be read or written by an 8-bit memory manipulation instruction. This register is used in all of the
timer operation modes.

This register constantly compares the value set to CMPO1 with the count value of 8-bit timer counter H1 and,
when the two values match, generates an interrupt request signal (INTTMH1) and inverts the output level of
TOH1.

Rewrite the value of CMPO01 while the timer is stopped (TMHE1 = 0).

A reset signal generation sets this register to 00H.

Figure 8-2. Format of 8-Bit Timer H Compare Register 01 (CMP01)

Address: FF1AH (CMPO1)  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CMPO1 |

Caution CMPO1 cannot be rewritten during timer count operation.

8-bit timer H compare register 11 (CMP11)

This register can be read or written by an 8-bit memory manipulation instruction. This register is used in the
PWM output mode and carrier generator mode.

In the PWM output mode, this register constantly compares the value set to CMP11 with the count value of 8-bit
timer counter H1 and, when the two values match, inverts the output level of TOH1. No interrupt request signal is
generated.

In the carrier generator mode, the CMP11 register always compares the value set to CMP11 with the count value
of 8-bit timer counter H1 and, when the two values match, generates an interrupt request signal (INTTMH1). At
the same time, the count value is cleared.

CMP11 can be rewritten during timer count operation.

If the value of CMP11 is rewritten while the timer is operating, the new value is latched and transferred to CMP11
when the count value of the timer matches the old value of CMP11, and then the value of CMP11 is changed to
the new value. If matching of the count value and the CMP11 value and writing a value to CMP11 conflict, the
value of CMP11 is not changed.

A reset signal generation sets this register to O0H.

Figure 8-3. Format of 8-Bit Timer H Compare Register 11 (CMP11)

Address: FF1BH (CMP11)  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
cpit | | | | | | | | |

Caution In the PWM output mode and carrier generator mode, be sure to set CMP11 when starting the
timer count operation (TMHE1 = 1) after the timer count operation was stopped (TMHE1 = 0) (be
sure to set again even if setting the same value to CMP11).
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8.3 Registers Controlling 8-Bit Timer H1

The following four registers are used to control 8-bit timer H1.

8-bit timer H mode register 1 (TMHMD1)

o 8-bit timer H carrier control register 1 (TMCYC1)
¢ Port mode register 1 (PM1)

e Port register 1 (P1)

(1) 8-bit timer H mode register 1 (TMHMD1)
This register controls the mode of timer H.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.
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Figure 8-4. Format of 8-Bit Timer H Mode Register 1 (TMHMD1)
Address: FF6CH  After reset: 00O0H R/W

<7> 6 5 4 3 2 <1> <0>
TMHMD1 | TMHE1 | CKS12 | CKS11 | CKS10 | TMMD11|TMMD10 | TOLEV1 | TOEN1 |

TMHE1 Timer operation enable
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation (count operation started by inputting clock)

CKS12 | CKS11 | CKS10 Count clock selection

frrs = 12 MHz frrRs = 16 MHz

0 0 0 frrs 12 MHz 16 MHz
0 0 1 fers/22 | 3 MHz 4 MHz
0 1 0 fers/2* | 750 kHz 1 MHz
0 1 1 fers/28 | 187.5 kHz 250 kHz
1 0 0 fers/2'2| 2.93 kHz 3.91 kHz
1 0 1 fr/27 | 1.88 kHz (TYP.)
1 1 0 fr/2° | 0.47 kHz (TYP.)
1 1 1 fRL 240 kHz (TYP.)

TMMD11| TMMD10 Timer operation mode
0 0 Interval timer mode
0 1 Carrier generator mode
1 0 PWM output mode
1 1 Setting prohibited

TOLEVA Timer output level control (in default mode)
0 Low level
1 High level

TOEN1 Timer output control
0 Disables output
1 Enables output

Cautions 1. When TMHE1 = 1, setting the other bits of TMHMD1 is prohibited.

2. In the PWM output mode and carrier generator mode, be sure to set 8-bit timer H compare
register 11 (CMP11) when starting the timer count operation (TMHE1 = 1) after the timer count
operation was stopped (TMHE1 = 0) (be sure to set again even if setting the same value to
CMP11).

3. When the carrier generator mode is used, set so that the count clock frequency of TMH1
becomes more than 6 times the count clock frequency of TM51.

Remarks 1. frrs: Peripheral hardware clock frequency
2. fr:  Internal low-speed oscillation clock frequency
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(2) 8-bit timer H carrier control register 1 (TMCYC1)
This register controls the remote control output and carrier pulse output status of 8-bit timer H1.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 8-5. Format of 8-Bit Timer H Carrier Control Register 1 (TMCYC1)

Address: FF6DH  After reset: 00H  R/WN°te

7 6 5 4 3 2 1 <0>
mcyer [ o | o | o | o | o | FRmct | NRzB1 | NRZY |

RMCA1 NRZB1 Remote control output

0 0 Low-level output

0 1 High-level output

1 0 Low-level output

1 1 Carrier pulse output
NRZ1 Carrier pulse output status flag

(0] Carrier output disabled status (low-level status)

1 Carrier output enabled status

(RMC1 = 1: Carrier pulse output, RMC1 = 0: High-level status)

Note Bit O is read-only.

(3) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.
When using the P16/TOH1 pin for timer output, clear PM16 and the output latches of P16 to 0.
PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 8-6. Format of Port Mode Register 1 (PM1)

Address: FF21H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 ‘ PM16 ‘ PM15 ‘ PM14 ‘ PM13 ‘ PM12 ‘ PM11 ‘ PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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8.4 Operation of 8-Bit Timer H1

8.4.1 Operation as interval timer/square-wave output

When 8-bit timer counter H1 and compare register 01 (CMP01) match, an interrupt request signal (INTTMH1) is
generated and 8-bit timer counter H1 is cleared to 00H.

Compare register 11 (CMP11) is not used in interval timer mode. Since a match of 8-bit timer counter H1 and the
CMP11 register is not detected even if the CMP11 register is set, timer output is not affected.

By setting bit 0 (TOENN) of timer H mode register 1 (TMHMD?1) to 1, a square wave of any frequency (duty = 50%)
is output from TOHA1.

<1> Set each register.
Figure 8-7. Register Setting During Interval Timer/Square-Wave Output Operation

(i) Setting timer H mode register 1 (TMHMD1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOENT1
TMHMD1| 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

Timer output setting

Default setting of timer output level

Interval timer mode setting

Count clock (fent) selection

Count operation stopped

(ii) CMPO1 register setting

The interval time is as follows if N is set as a comparison value.

¢ Interval time = (N +1)/font

<2> Count operation starts when TMHE1 = 1.

<3> When the values of 8-bit timer counter H1 and the CMPO1 register match, the INTTMH1 signal is generated
and 8-bit timer counter H1 is cleared to O0OH.

<4> Subsequently, the INTTMH1 signal is generated at the same interval. To stop the count operation, clear
TMHET to 0.

Remarks 1. For the setting of the output pin, see 8.3 (3) Port mode register 1 (PM1).
2. For how to enable the INTTMH1 signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.
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Figure 8-8. Timing of Interval Timer/Square-Wave Output Operation (1/2)

(a) Basic operation (Operation When 01H < CMPO01 < FEH)

Count clock |||| ||||||||g<,_||_||_||_

} Count start

-
z
8
T

00H

8-bit timer counter H1  00H X 01H X X N X oor X otH X

Clear

CMPO1 N

-

AU (EPEPp R Y .

INTTMH1 ! . | |
A , Interval time |
: . ) .
TOH1 ! .
<1> <2> <2> <3>
Level inversion, Level inversion,
match interrupt occurrence, match interrupt occurrence,
8-bit timer counter H1 clear 8-bit timer counter H1 clear

<1> The count operation is enabled by setting the TMHE1 bit to 1. The count clock starts counting no more than
1 clock after the operation is enabled.

<2> When the value of 8-bit timer counter H1 matches the value of the CMPO1 register, the value of the timer
counter is cleared, and the level of the TOH1 output is inverted. In addition, the INTTMH1 signal is output at
the rising edge of the count clock.

<3> |If the TMHE1 bit is cleared to 0 while timer H is operating, the INTTMH1 signal and TOH1 output are set to
the default level. If they are already at the default level before the TMHE1 bit is cleared to 0, then that level
is maintained.

Remark O01H <N <FEH
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Figure 8-8. Timing of Interval Timer/Square-Wave Output Operation (2/2)

(b) Operation when CMPO1 = FFH

Count clock ||||S<||||||||4g_||_||_||_

4 Count start

8-bit timer counter H1

OOHX 01H X

X Fer X FFHAX 00H X

. Clear

X FeH X FFH‘X OOHX:

Clear

CMPO1

FFH

INTTMHA1

TOHA1

(c) Operation when CMP01 = 00H
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8.4.2 Operation as PWM output

In PWM output mode, a pulse with an arbitrary duty and arbitrary cycle can be output.

8-bit timer compare register 01 (CMPO01) controls the cycle of timer output (TOH1). Rewriting the CMPO1 register
during timer operation is prohibited.

8-bit timer compare register 11 (CMP11) controls the duty of timer output (TOH1). Rewriting the CMP11 register
during timer operation is possible.

The operation in PWM output mode is as follows.

The TOH1 output level is inverted and 8-bit timer counter H1 is cleared to 0 when 8-bit timer counter H1 and the
CMPO1 register match after the timer count is started. The TOH1 output level is inverted when 8-bit timer counter H1
and the CMP11 register match.

<1> Set each register.
Figure 8-9. Register Setting in PWM Output Mode

(i) Setting timer H mode register 1 (TMHMD1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEVi TOEN{
TMHMD1|0‘O/1‘O/1‘O/1‘ 1‘0‘0/1‘1|

| | L] L

Timer output enabled

Default setting of timer output level

PWM output mode selection

Count clock (fent) selection

Count operation stopped

(ii) Setting CMPO1 register
e Compare value (N): Cycle setting

(iii) Setting CMP11 register
e Compare value (M): Duty setting

Remark O00H < CMP11 (M) < CMPO1 (N) < FFH

<2> The count operation starts when TMHE1 = 1.

<3> The CMPO1 register is the compare register that is to be compared first after counter operation is enabled.
When the values of 8-bit timer counter H1 and the CMPO1 register match, 8-bit timer counter H1 is cleared,
an interrupt request signal (INTTMH1) is generated, and TOH1 output is inverted. At the same time, the
compare register to be compared with 8-bit timer counter H1 is changed from the CMPO1 register to the
CMP11 register.

<4> When 8-bit timer counter H1 and the CMP11 register match, TOH1 output is inverted and the compare
register to be compared with 8-bit timer counter H1 is changed from the CMP11 register to the CMPO1
register. At this time, 8-bit timer counter H1 is not cleared and the INTTMH1 signal is not generated.
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<5> By performing procedures <3> and <4> repeatedly, a pulse with an arbitrary duty can be obtained.

<6> To stop the count operation, set TMHE1 = 0.
If the setting value of the CMPO1 register is N, the setting value of the CMP11 register is M, and the count
clock frequency is fent, the PWM pulse output cycle and duty are as follows.

e PWM pulse output cycle = (N + 1)/fent
e Duty=(M+1)/(N+1)

Cautions 1. The set value of the CMP11 register can be changed while the timer counter is operating.
However, this takes a duration of three operating clocks (signal selected by the CKS12 to
CKS10 bits of the TMHMD1 register) from when the value of the CMP11 register is changed
until the value is transferred to the register.

2. Be sure to set the CMP11 register when starting the timer count operation (TMHE1 = 1) after
the timer count operation was stopped (TMHE1 = 0) (be sure to set again even if setting the
same value to the CMP11 register).

3. Make sure that the CMP11 register setting value (M) and CMPO1 register setting value (N) are
within the following range.
00H < CMP11 (M) < CMPO1 (N) < FFH

Remarks 1. For the setting of the output pin, see 8.3 (3) Port mode register 1 (PM1).

2. For details on how to enable the INTTMH1 signal interrupt, see CHAPTER 13 INTERRUPT
FUNCTIONS.
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8-bit timer counter H1 00H ' m

Count clock | | | |

Figure 8-10. Operation Timing in PWM Output Mode (1/4)

(a) Basic operation

Juuyue oyt

5 o 0 @,

).( 00H

CMPO1 ASH
CMP11 ) 01H ) )
TMHE1 J 5 ; ; ] ]
INTTMH1 ¢ |_| f |_| f |_|
TOH1 ! ' ' ' ' '
(TOLEV1 =0) __ " 4 n |_%
<T1> E<2> E<3> é é é <4>
TOH1 . . @ . . 4 .
(TOLEV1 = 1) |_| |_| |_|
<1> The count operation is enabled by setting the TMHE1 bit to 1. Start 8-bit timer counter H1 by masking one
count clock to count up. At this time, TOH1 output remains the default.
<2> When the values of 8-bit timer counter H1 and the CMPO1 register match, the TOH1 output level is inverted,
the value of 8-bit timer counter H1 is cleared, and the INTTMH1 signal is output.
<3> When the values of 8-bit timer counter H1 and the CMP11 register match, the TOH1 output level is inverted.
At this time, the 8-bit timer counter value is not cleared and the INTTMH1 signal is not output.
<4> Clearing the TMHE1 bit to 0 during timer H1 operation sets the INTTMH1 signal and TOH1 output to the
default.
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Figure 8-10. Operation Timing in PWM Output Mode (2/4)

(b) Operation when CMP0O1 = FFH, CMP11 = 00H
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Figure 8-10. Operation Timing in PWM Output Mode (3/4)

(d) Operation when CMPO01 = 01H, CMP11 = 00H

Count clock

01H
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Figure 8-10. Operation Timing in PWM Output Mode (4/4)

(e) Operation by changing CMP11 (CMP11 = 02H — 03H, CMP01 = A5H)
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The count operation is enabled by setting TMHE1 = 1. Start 8-bit timer counter H1 by masking one count
clock to count up. At this time, the TOH1 output remains default.

The CMP11 register value can be changed during timer counter operation. This operation is asynchronous
to the count clock.

When the values of 8-bit timer counter H1 and the CMPO1 register match, the value of 8-bit timer counter H1
is cleared, the TOH1 output level is inverted, and the INTTMH1 signal is output.

If the CMP11 register value is changed, the value is latched and not transferred to the register. When the
values of 8-bit timer counter H1 and the CMP11 register before the change match, the value is transferred to
the CMP11 register and the CMP11 register value is changed (<2>’).

However, three count clocks or more are required from when the CMP11 register value is changed to when
the value is transferred to the register. If a match signal is generated within three count clocks, the changed
value cannot be transferred to the register.

When the values of 8-bit timer counter H1 and the CMP11 register after the change match, the TOH1 output
level is inverted. 8-bit timer counter H1 is not cleared and the INTTMH1 signal is not generated.

Clearing the TMHE1 bit to 0 during timer H1 operation makes the INTTMH1 signal and TOH1 output default.
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8.4.3 Carrier generator operation

In the carrier generator mode, 8-bit timer H1 is used to generate the carrier signal of an infrared remote controller,
and 8-bit timer/event counter 51 is used to generate an infrared remote control signal (time count).

The carrier clock generated by 8-bit timer H1 is output in the cycle set by 8-bit timer/event counter 51.

In carrier generator mode, the output of the 8-bit timer H1 carrier pulse is controlled by 8-bit timer/event counter 51,
and the carrier pulse is output from the TOH1 output.

(1) Carrier generation
In carrier generator mode, 8-bit timer H compare register 01 (CMPO01) generates a low-level width carrier pulse
waveform and 8-bit timer H compare register 11 (CMP11) generates a high-level width carrier pulse waveform.
Rewriting the CMP11 register during the 8-bit timer H1 operation is possible but rewriting the CMPO1 register is
prohibited.

(2) Carrier output control
Carrier output is controlled by the interrupt request signal (INTTM51) of 8-bit timer/event counter 51 and the
NRZB1 and RMC1 bits of the 8-bit timer H carrier control register (TMCYC1). The relationship between the
outputs is shown below.

RMC1 Bit NRZB1 Bit Output
0 0 Low-level output
0 1 High-level output
1 0 Low-level output
1 1 Carrier pulse output
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To control the carrier pulse output during a count operation, the NRZ1 and NRZB1 bits of the TMCYC1 register
have a master and slave bit configuration. The NRZ1 bit is read-only but the NRZB1 bit can be read and written.
The INTTM51 signal is synchronized with the 8-bit timer H1 count clock and is output as the INTTM5H1 signal.
The INTTM5H1 signal becomes the data transfer signal of the NRZ1 bit, and the NRZB1 bit value is transferred to
the NRZ1 bit. The timing for transfer from the NRZB1 bit to the NRZ1 bit is as shown below.

Figure 8-11. Transfer Timing

TMHET _|

8-bit timer H1 ||||||||||||||||||||

count clock

INTTM51 _l_'_'-l M 1
INTTM5H1 | |

<1> E E
NRZ1 0 X 1 X 0
//<2> //
NRZB1 1 )f( 0 X 1
<3>

RMC1 |

<1> The INTTM51 signal is synchronized with the count clock of the 8-bit timer H1 and is output as the
INTTM5H1 signal.

<2> The value of the NRZB1 bit is transferred to the NRZ1 bit at the second clock from the rising edge of the
INTTM5H1 signal.

<3> Write the next value to the NRZB1 bit in the interrupt servicing program that has been started by the
INTTM5H1 interrupt or after timing has been checked by polling the interrupt request flag. Write data to
count the next time to the CR51 register.

Cautions 1. Do not rewrite the NRZB1 bit again until at least the second clock after it has been rewritten,
or else the transfer from the NRZB1 bit to the NRZ1 bit is not guaranteed.
2. When 8-bit timer/event counter 51 is used in the carrier generator mode, an interrupt is
generated at the timing of <1>. When 8-bit timer/event counter 51 is used in a mode other
than the carrier generator mode, the timing of the interrupt generation differs.
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<1> Set each register.
Figure 8-12. Register Setting in Carrier Generator Mode
(i) Setting 8-bit timer H mode register 1 (TMHMD1)
TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOENT1
T™HMDT [ o | o | o | o | o | 1 [ on | 1 |
| |
Timer output enabled
Default setting of timer output level
Carrier generator mode selection
Count clock (fenr) selection
Count operation stopped
(ii) CMPO1 register setting
e Compare value
(iii) CMP11 register setting
e Compare value
(iv) TMCYC1 register setting
¢ RMC1 =1 ... Remote control output enable bit
e NRZB1 = 0/1 ... carrier output enable bit
(v) TCL51 and TMC51 register setting
e See 7.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51.
<2> When TMHE1 = 1, 8-bit timer H1 starts counting.
<3> When TCE51 of 8-bit timer mode control register 51 (TMC51) is set to 1, 8-bit timer/event counter 51 starts
counting.
<4> After the count operation is enabled, the first compare register to be compared is the CMPO1 register.
When the count value of 8-bit timer counter H1 and the CMPO1 register value match, the INTTMH1 signal
is generated, 8-bit timer counter H1 is cleared. At the same time, the compare register to be compared with
8-bit timer counter H1 is switched from the CMPO1 register to the CMP11 register.
<5> When the count value of 8-bit timer counter H1 and the CMP11 register value match, the INTTMH1 signal
is generated, 8-bit timer counter H1 is cleared. At the same time, the compare register to be compared with
8-bit timer counter H1 is switched from the CMP11 register to the CMPO1 register.
<6> By performing procedures <4> and <5> repeatedly, a carrier clock is generated.
<7> The INTTM51 signal is synchronized with count clock of the 8-bit timer H1 and output as the INTTM5H1
signal. The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value
is transferred to the NRZ1 bit.
<8> Write the next value to the NRZB1 bit in the interrupt servicing program that has been started by the
INTTM5H1 interrupt or after timing has been checked by polling the interrupt request flag. Write data to
count the next time to the CR51 register.
<9> When the NRZ1 bit is high level, a carrier clock is output from the TOH1 pin.
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<10> By performing the procedures above, an arbitrary carrier clock is obtained. To stop the count operation,
clear TMHE1 to 0.

If the setting value of the CMPO1 register is N, the setting value of the CMP11 register is M, and the count
clock frequency is font, the carrier clock output cycle and duty are as follows.

o Carrier clock output cycle = (N + M + 2)/fcnT
e Duty = High-level width/carrier clock output width = (M + 1)/(N + M + 2)

Cautions 1. Be sure to set the CMP11 register when starting the timer count operation (TMHE1 = 1)
after the timer count operation was stopped (TMHE1 = 0) (be sure to set again even if
setting the same value to the CMP11 register).

2. Set so that the count clock frequency of TMH1 becomes more than 6 times the count
clock frequency of TM51.

3. Set the values of the CMP01 and CMP11 registers in a range of 01H to FFH.

4. The set value of the CMP11 register can be changed while the timer counter is
operating. However, it takes the duration of three operating clocks (signal selected by
the CKS12 to CKS10 bits of the TMHMD1 register) since the value of the CMP11
register has been changed until the value is transferred to the register.

5. Be sure to set the RMC1 bit before the count operation is started.

Remarks 1. For the setting of the output pin, see 8.3 (3) Port mode register 1 (PM1).

2. For how to enable the INTTMH1 signal interrupt, sece CHAPTER 13 INTERRUPT
FUNCTIONS.
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<1>

<2>

<3>

<4>

<5>

<6>

<7>
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Figure 8-13. Carrier Generator Mode Operation Timing (1/3)

(a) Operation when CMP01 =N, CMP11 =N
8-bit timer H1

count cIockJ _|_|_
8-bit timer counter
H1 count value —22H (X0 XN X00R ., XN X00RX XN X00R ., XN X0 XN
CMPO1 ‘ , N_ ‘
CMP11 N « N : .
TMHET1T |
INTTMHA1
<3> <4>
<1><2> . T
Carrierclock — I\
g-bittimer 51 [ ™ :
count clock '
TM51 count value —_00oHX01HX K (_N X00HX01H
CR51 R N
TCE51 | | :
\ <5> ,"
INTTM5n1 ' H [
INTTM5H1 : "
NRzB1 0 X T X 0 X T X 0
L <6 | |
NRZA1 Q i 1 [0) 1 0
41
Carrier clock pEpEgEpligipgiigiplipgiipgigiplipgipgigipiipan
TOH11 LI <7> [

When TMHE1 = 0 and TCE51 = 0, the 8-bit timer counter H1 operation is stopped.

When TMHE1 = 1 is set, 8-bit timer counter H1 starts a count operation. At that time, the carrier clock
remains default.

When the count value of 8-bit timer counter H1 matches the CMPO1 register value, the first INTTMH1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMPO1 register to the CMP11 register. 8-bit timer counter H1 is cleared to
OOH.

When the count value of 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMP11 register to the CMPO01 register. 8-bit timer counter H1 is cleared to
O00H. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to 50% is generated.
When the INTTM51 signal is generated, it is synchronized with the 8-bit timer H1 count clock and is output as
the INTTM5H1 signal.

The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is
transferred to the NRZ1 bit.

When NRZ1 = 0 is set, the TOH1 output becomes low level.
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Figure 8-13. Carrier Generator Mode Operation Timing (2/3)

(b) Operation when CMP01 =N, CMP11 =M

8-bit timer H1
count clock
8-bit timer counter
H1 count value Ex: N _X00HXOTHK X M XOOHX X N XOOHXO1HK X M X00H} 00H
CMPO1 ‘ N !
CMP11 M '
TMHE1 |
INTTMHA1 3 .
<o> <4>
<1><2> |
Carrier clock B

8-bit timer 51
count clock

TM51 count value 00HXDTHX

CR51 K

TCE51 |

A
(6]
\

INTTM51

INTTM5H1

NRZB1 0 X X 0 X 1 X 0

NRZA1 [ — X 0 7 X0
Carrier clock — 1 1L, UL imimimt
TOH1 , 1L lis i

<1> When TMHE1 = 0 and TCE51 = 0, the 8-bit timer counter H1 operation is stopped.

<2> When TMHE1 = 1 is set, 8-bit timer counter H1 starts a count operation. At that time, the carrier clock
remains default.

<3> When the count value of 8-bit timer counter H1 matches the CMPO1 register value, the first INTTMH1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMPO1 register to the CMP11 register. 8-bit timer counter H1 is cleared to
OOH.

<4> When the count value of 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMP11 register to the CMPO1 register. 8-bit timer counter H1 is cleared to
O00H. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to other than 50% is
generated.

<5> When the INTTM51 signal is generated, it is synchronized with the 8-bit timer H1 count clock and is output as
the INTTM5H1 signal.

<6> A carrier signal is output at the first rising edge of the carrier clock if NRZ1 is set to 1.

<7> When NRZ1 = 0, the TOH1 output is held at the high level and is not changed to low level while the carrier
clock is high level (from <6> and <7>, the high-level width of the carrier clock waveform is guaranteed).
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Figure 8-13. Carrier Generator Mode Operation Timing (3/3)

(c) Operation when CMP11 is changed

8-bit timer H1
count clock

" countvaive Yoot YoororH) (M KoorK, AN RoorXotH, K L Koo

<1>

<2>

<3>

<4>

<5>

216

CMPO1 ( ( N
<3> <3>’
(S dpmmmmmmma 4 T
CMP11 M M, (L) X L
TMHE1

INTTMH1 { _| { _I_l _|

<4> <5>

<2> (

Carrier clock <1>

When TMHE1 = 1 is set, 8-bit timer H1 starts a count operation. At that time, the carrier clock remains
default.

When the count value of 8-bit timer counter H1 matches the value of the CMPO1 register, the INTTMHA1
signal is output, the carrier signal is inverted, and the timer counter is cleared to 00H. At the same time, the
compare register whose value is to be compared with that of 8-bit timer counter H1 is changed from the
CMPO1 register to the CMP11 register.

The CMP11 register is asynchronous to the count clock, and its value can be changed while 8-bit timer H1 is
operating. The new value (L) to which the value of the register is to be changed is latched. When the count
value of 8-bit timer counter H1 matches the value (M) of the CMP11 register before the change, the CMP11
register is changed (<3>’).

However, it takes three count clocks or more since the value of the CMP11 register has been changed until
the value is transferred to the register. Even if a match signal is generated before the duration of three count
clocks elapses, the new value is not transferred to the register.

When the count value of 8-bit timer counter H1 matches the value (M) of the CMP1 register before the
change, the INTTMH1 signal is output, the carrier signal is inverted, and the timer counter is cleared to 00H.
At the same time, the compare register whose value is to be compared with that of 8-bit timer counter H1 is
changed from the CMP11 register to the CMPO1 register.

The timing at which the count value of 8-bit timer counter H1 and the CMP11 register value match again is
indicated by the value after the change (L).
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9.1 Functions of Watchdog Timer

The watchdog timer operates on the internal low-speed oscillation clock.

The watchdog timer is used to detect an inadvertent program loop. If a program loop is detected, an internal reset
signal is generated.

Program loop is detected in the following cases.

o If the watchdog timer counter overflows

e If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)

o If data other than “ACH” is written to WDTE

o If data is written to WDTE during a window close period

e If the instruction is fetched from an area not set by the IMS and IXS registers (detection of an invalid check while
the CPU hangs up)

e If the CPU accesses an area that is not set by the IMS and IXS registers (excluding FBOOH to FFFFH) by
executing a read/write instruction (detection of an abnormal access during a CPU program loop)

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is set to 1.
For details of RESF, see CHAPTER 15 RESET FUNCTION.
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9.2 Configuration of Watchdog Timer

The watchdog timer includes the following hardware.

Table 9-1. Configuration of Watchdog Timer

ltem

Configuration

Control register Watchdog timer enable register (WDTE)

How the counter operation is controlled, overflow time, and window open period are set by the option byte.

Table 9-2. Setting of Option Bytes and Watchdog Timer

Setting of Watchdog Timer

Option Byte (0080H)

Window open period

Bits 6 and 5 (WINDOW1, WINDOWO)

Controlling counter operation of watchdog timer

Bit 4 (WDTON)

Overflow time of watchdog timer

Bits 3 to 1 (WDCS2 to WDCS0)

Remark For the option byte, see CHAPTER 18 OPTION BYTE.

Figure 9-1. Block Diagram of Watchdog Timer

CPU access signal

CPU access

error detector

WDCS2 to WDCSO0 of

option byte (0080H)

Clock

fr/2
controller

Count clear
signal

2'%RL to
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17-bit
; : >| Selector
input counter

WINDOW1 and WINDOWO
of option byte (0080H)

Clear, reset control

Window size
determination
signal

Overflow ™
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WDTON of option Watchdog timer enable

byte (0080H) register (WDTE)

)

Reset
output
controller

Internal bus
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9.3 Register Controlling Watchdog Timer

The watchdog timer is controlled by the watchdog timer enable register (WDTE).

(1) Watchdog timer enable register (WDTE)

Writing ACH to WDTE clears the watchdog timer counter and starts counting again.
This register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to 9AH or 1AH"",

Figure 9-2. Format of Watchdog Timer Enable Register (WDTE)

Address: FFO9H  After reset: 9AH/1AHN"®  R/W
Symbol 7 6 5 4

WDTE

Note The WDTE reset value differs depending on the WDTON setting value of the option byte (0080H). To

operate watchdog timer, set WDTON to 1.

WDTON Setting Value

WDTE Reset Value

0 (watchdog timer count operation disabled)

1AH

1 (watchdog timer count operation enabled)

9AH

Cautions 1. If a value other than ACH is written to WDTE, an internal reset signal is generated. If the
source clock to the watchdog timer is stopped, however, an internal reset signal is

generated when the source clock to the watchdog timer resumes operation.

2. If a 1-bit memory manipulation instruction is executed for WDTE, an internal reset signal
is generated. If the source clock to the watchdog timer is stopped, however, an internal
reset signal is generated when the source clock to the watchdog timer resumes operation.

3. The value read from WDTE is 9AH/1AH (this differs from the written value (ACH)).
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9.4 Operation of Watchdog Timer

9.4.1 Controlling operation of watchdog timer

1.

When the watchdog timer is used, its operation is specified by the option byte (0080H).

¢ Enable counting operation of the watchdog timer by setting bit 4 (WDTON) of the option byte (0080H) to 1
(the counter starts operating after a reset release) (for details, see CHAPTER 18).

WDTON Operation Control of Watchdog Timer Counter/lllegal Access Detection
0 Counter operation disabled (counting stopped after reset), illegal access detection operation disabled
1 Counter operation enabled (counting started after reset), illegal access detection operation enabled

¢ Set an overflow time by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (0080H) (for details, see
9.4.2 and CHAPTER 18).

e Set a window open period by using bits 6 and 5 (WINDOW1 and WINDOWO) of the option byte (0080H) (for
details, see 9.4.3 and CHAPTER 18).

After a reset release, the watchdog timer starts counting.

By writing “ACH” to WDTE after the watchdog timer starts counting and before the overflow time set by the
option byte, the watchdog timer is cleared and starts counting again.

After that, write WDTE the second time or later after a reset release during the window open period. If WDTE
is written during a window close period, an internal reset signal is generated.

If the overflow time expires without “ACH” written to WDTE, an internal reset signal is generated.

A internal reset signal is generated in the following cases.

If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)

If data other than “ACH” is written to WDTE

If the instruction is fetched from an area not set by the IMS and IXS registers (detection of an invalid check
during a CPU program loop)

If the CPU accesses an area not set by the IMS and IXS registers (excluding FBOOH to FFFFH) by executing
a read/write instruction (detection of an abnormal access during a CPU program loop)

Cautions 1. The first writing to WDTE after a reset release clears the watchdog timer, if it is made before

220

the overflow time regardless of the timing of the writing, and the watchdog timer starts
counting again.

2. If the watchdog timer is cleared by writing “ACH” to WDTE, the actual overflow time may be
different from the overflow time set by the option byte by up to 2/fr. seconds.

3. The watchdog timer can be cleared immediately before the count value overflows (FFFFH).
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Cautions 4. The operation of the watchdog timer in the HALT and STOP modes differs as follows
depending on the set value of bit 0 (LIOCP) of the option byte.

LIOCP = 0 (Internal Low-Speed Oscillator | LIOCP = 1 (Internal Low-Speed Oscillator
Can Be Stopped by Software) Cannot Be Stopped)

In HALT mode Watchdog timer operation stops. Watchdog timer operation continues.

In STOP mode

If LIOCP = 0, the watchdog timer resumes counting after the HALT or STOP mode is released.
At this time, the counter is not cleared to 0 but starts counting from the value at which it was
stopped.
If oscillation of the internal low-speed oscillator is stopped by setting LSRSTOP (bit 1 of the
internal oscillation mode register (RCM) = 1) when LIOCP = 0, the watchdog timer stops
operating. At this time, the counter is not cleared to 0.

5. The watchdog timer does not stop during self-programming of the flash memory and
EEPROM™ emulation. During processing, the interrupt acknowledge time is delayed. Set the
overflow time and window size taking this delay into consideration.

9.4.2 Setting overflow time of watchdog timer

Set the overflow time of the watchdog timer by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (0080H).

If an overflow occurs, an internal reset signal is generated. The present count is cleared and the watchdog timer
starts counting again by writing “ACH” to WDTE during the window open period before the overflow time.

The following overflow time is set.

Table 9-3. Setting of Overflow Time of Watchdog Timer

WDCS2 WDCSH1 WDCSO0 Overflow Time of Watchdog Timer

0 0 0 2"/frL (3.88 ms)

0 0 1 2"/fRL (7.76 ms)

0 1 0 2%/l (15.52 ms)

0 1 1 2"%/frL (31.03 ms)

1 0 0 2"/faL (62.06 ms)

1 0 1 2"/frL (124.12 ms)

1 1 0 2"/faL (248.24 ms)

1 1 1 2"/faL (496.48 ms)

Caution The watchdog timer does not stop during self-programming of the flash memory and
EEPROM emulation. During processing, the interrupt acknowledge time is delayed. Set
the overflow time and window size taking this delay into consideration.

Remarks 1. frL: Internal low-speed oscillation clock frequency
2. (): frL=264 kHz (MAX.)
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9.4.3 Setting window open period of watchdog timer
In the xPD78F0730, the window open period of the watchdog timer is 100%. Do not set any values other than 1, 1

(default) to bits 6 and 5 (WINDOW1, WINDOWO) of the option byte.

Whenever WDTE is written to during the window open period (100%), as long as it is before the overflow time, the

watchdog timer is cleared and starts counting again.

Counting Overflow
starts time

| Window open period (100%) |

Counting starts again when
“ACH” is written to WDTE.

The window open period to be set is as follows.

Table 9-4. Setting Window Open Period of Watchdog Timer

WINDOWH WINDOWO Window Open Period of Watchdog Timer
0 0 Setting prohibited
0 1 Setting prohibited
1 0 Setting prohibited
1 1 100% (default)
Caution Only the combination of WINDOW1 and WINDOWO = 1, 1 is valid. Other settings are
prohibited.
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10.1 Functions of Serial Interface UART6

Serial interface UART®6 has the following two modes.

(1) Operation stop mode
This mode is used when serial communication is not executed and can enable a reduction in the power

)

consumption.

For details, see 10.4.1 Operation stop mode.

Asynchronous serial interface (UART) mode
The functions of this mode are outlined below.
For details, see 10.4.2 Asynchronous serial interface (UART) mode and 10.4.3 Dedicated baud rate

generator.

o Maximum transfer rate: 312.5 kbps

e Two-pin configuration TxD6: Transmit data output pin

RxD6: Receive data input pin

o Data length of communication data can be selected from 7 or 8 bits.

o Dedicated internal 8-bit baud rate generator allowing any baud rate to be set

e Transmission and reception can be performed independently (full duplex operation).

e LSB-first communication

Cautions 1.

If clock supply to serial interface UART6 is not stopped (e.g., in the HALT mode), normal
operation continues. If clock supply to serial interface UART6 is stopped (e.g., in the STOP
mode), each register stops operating, and holds the value immediately before clock supply
was stopped. The TxD6 pin also holds the value immediately before clock supply was
stopped and outputs it. However, the operation is not guaranteed after clock supply is
resumed. Therefore, reset the circuit so that POWERG6 = 0, RXE6 = 0, and TXE6 = 0.

Set POWER6 = 1 and then set TXE6 = 1 (transmission) or RXE6 = 1 (reception) to start
communication.

TXE6 and RXE6 are synchronized by the base clock (fxcLks) set by CKSR6. To enable
transmission or reception again, set TXE6 or RXE6 to 1 at least two clocks of the base clock
after TXE6 or RXE6 has been cleared to 0. If TXE6 or RXE6 is set within two clocks of the
base clock, the transmission circuit or reception circuit may not be initialized.

Set transmit data to TXB6 at least one base clock (fxcLke) after setting TXE6 = 1.

If data is continuously transmitted, the communication timing from the stop bit to the next
start bit is extended two operating clocks of the macro. However, this does not affect the
result of communication because the reception side initializes the timing when it has
detected a start bit.
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10.2 Configuration of Serial Interface UART6

Serial interface UART® includes the following hardware.

224

Table 10-1. Configuration of Serial Interface UART6

ltem

Configuration

Registers

Receive buffer register 6 (RXB6)
Receive shift register 6 (RXS6)
Transmit buffer register 6 (TXB6)
Transmit shift register 6 (TXS6)

Control registers

Asynchronous serial interface operation mode register 6 (ASIM6)
Asynchronous serial interface reception error status register 6 (ASIS6)
Asynchronous serial interface transmission status register 6 (ASIF6)
Clock selection register 6 (CKSR6)

Baud rate generator control register 6 (BRGC6)

Port mode register 1 (PM1)

Port register 1 (P1)
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Figure 10-1. Block Diagram of Serial Interface UART6
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Q)
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Receive buffer register 6 (RXB6)

This 8-bit register stores parallel data converted by receive shift register 6 (RXS6).

Each time 1 byte of data has been received, new receive data is transferred to this register from RXS6. If the
data length is set to 7 bits, data is transferred as follows.

e The receive data is transferred to bits 0 to 6 of RXB6 and the MSB of RXB6 is always 0.

If an overrun error (OVEB) occurs, the receive data is not transferred to RXB6.

RXB6 can be read by an 8-bit memory manipulation instruction. No data can be written to this register.

Reset signal generation sets this register to FFH.

Receive shift register 6 (RXS6)
This register converts the serial data input to the RxD6 pin into parallel data.
RXS6 cannot be directly manipulated by a program.

Transmit buffer register 6 (TXB6)

This buffer register is used to set transmit data. Transmission is started when data is written to TXB6.
This register can be read or written by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to FFH.

Cautions 1. Do not write data to TXB6 when bit 1 (TXBF6) of asynchronous serial interface transmission
status register 6 (ASIF6) is 1.
2. Do not refresh (write the same value to) TXB6 by software during a communication
operation (when bit 7 (POWERG6) and bit 6 (TXE6) of asynchronous serial interface operation
mode register 6 (ASIM6) are 1 or when bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6 are 1).
3. Set transmit data to TXB6 at least one base clock (fxcLke) after setting TXE6 = 1.

Transmit shift register 6 (TXS6)

This register transmits the data transferred from TXB6 from the TxD6 pin as serial data. Data is transferred from
TXB6 immediately after TXB6 is written for the first transmission, or immediately before INTST6 occurs after one
frame was transmitted for continuous transmission. Data is transferred from TXB6 and transmitted from the TxD6
pin at the falling edge of the base clock.

TXS6 cannot be directly manipulated by a program.
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10.3 Registers Controlling Serial Interface UART6

Serial interface UART® is controlled by the following seven registers.

e Asynchronous serial interface operation mode register 6 (ASIM6)

¢ Asynchronous serial interface reception error status register 6 (ASIS6)
e Asynchronous serial interface transmission status register 6 (ASIF6)

o Clock selection register 6 (CKSR®6)

o Baud rate generator control register 6 (BRGC6)

o Port mode register 1 (PM1)

e Port register 1 (P1)

(1) Asynchronous serial interface operation mode register 6 (ASIM6)

This 8-bit register controls the serial communication operations of serial interface UART6.

This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 01H.

Remark ASIM6 can be refreshed (the same value is written) by software during a communication operation
(when bit 7 (POWERS) and bit 6 (TXE6) of ASIM6 = 1 or bit 7 (POWERS6) and bit 5 (RXEB) of ASIM6

=1).

Figure 10-2. Format of Asynchronous Serial Interface Operation Mode Register 6 (ASIM6) (1/2)

Address: FF50H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIM6 POWER6 TXE6 RXE6 PS61 PS60 CL6 | SL6 | ISRM6 |
POWERG6 Enables/disables operation of internal operation clock
oM Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously
resets the internal circuit"**,
1 Enables operation of the internal operation clock
TXE6 Enables/disables transmission
0 Disables transmission (synchronously resets the transmission circuit).
1 Enables transmission
RXE6 Enables/disables reception
0 Disables reception (synchronously resets the reception circuit).
1 Enables reception
Notes 1. The output of the TxD6 pin goes high level and the input from the RxD6 pin is fixed to the high level
when POWERSG = 0 during transmission.
2. Asynchronous serial interface reception error status register 6 (ASIS6), asynchronous serial interface

transmission status register 6 (ASIF6), and receive buffer register 6 (RXB6) are reset.
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Figure 10-2. Format of Asynchronous Serial Interface Operation Mode Register 6 (ASIM6) (2/2)

PS61 PS60 Transmission operation Reception operation
0 0 Does not output parity bit. Reception without parity
0 1 Outputs 0 parity. Reception as 0 parity"™
1 0 Outputs odd parity. Judges as odd parity.
1 1 Qutputs even parity. Judges as even parity.
CL6 Specifies character length of transmit/receive data
0 Character length of data = 7 bits
1 Character length of data = 8 bits
SL6 Specifies number of stop bits of transmit data
0 Number of stop bits = 1
1 Number of stop bits = 2
ISRM6 Enables/disables occurrence of reception completion interrupt in case of error
0 “INTSREG” occurs in case of error (at this time, INTSR6 does not occur).
1 “INTSR6” occurs in case of error (at this time, INTSRE®6 does not occur).

Note If “reception as 0 parity” is selected, the parity is not judged. Therefore, bit 2 (PE6) of asynchronous serial

interface reception error status register 6 (ASIS6) is not set and the error interrupt does not occur.

Cautions 1. To start the transmission, set POWERS6 to 1 and then set TXE6 to 1. To stop the transmission,

228

clear TXE6 to 0, and then clear POWERS6 to 0.

. To start the reception, set POWERG to 1 and then set RXE6 to 1. To stop the reception, clear

RXEG6 to 0, and then clear POWERS6 to 0.

. Set POWERG6 to 1 and then set RXE6 to 1 while a high level is input to the RxD6 pin. If

POWERSG is set to 1 and RXES6 is set to 1 while a low level is input, reception is started.

. TXE6 and RXE6 are synchronized by the base clock (fxcLks) set by CKSR6. To enable

transmission or reception again, set TXE6 or RXE6 to 1 at least two clocks of the base clock
after TXE6 or RXE6 has been cleared to 0. If TXE6 or RXE6 is set within two clocks of the
base clock, the transmission circuit or reception circuit may not be initialized.

. Set transmit data to TXB6 at least one base clock (fxcLke) after setting TXE6 = 1.
. Clear the TXE6 and RXE6 bits to 0 before rewriting the PS61, PS60, and CL#6 bits.
. Clear TXE6 to 0 before rewriting the SL6 bit. Reception is always performed with “the

number of stop bits = 1”, and therefore, is not affected by the set value of the SL6 bit.

. Make sure that RXE6 = 0 when rewriting the ISRM6 bit.
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(2) Asynchronous serial interface reception error status register 6 (ASIS6)
This register indicates an error status on completion of reception by serial interface UART6. It includes three
error flag bits (PE6, FE6, OVES).
This register is read-only by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H if bit 7 (POWER6) and bit 5 (RXE6) of ASIM6 = 0. O0H is read
when this register is read. If a reception error occurs, read ASIS6 and then read receive buffer register 6 (RXB6)
to clear the error flag.

Figure 10-3. Format of Asynchronous Serial Interface Reception Error Status Register 6 (ASIS6)

Address: FF53H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIS6 0 0 0 0 0 PE6 FE6 OVES6
PE6 Status flag indicating parity error
0 If POWERSG = 0 and RXES6 = 0, or if ASIS6 register is read
1 If the parity of transmit data does not match the parity bit on completion of reception
FE6 Status flag indicating framing error
0 If POWERSG = 0 and RXE®6 = 0, or if ASIS6 register is read
1 If the stop bit is not detected on completion of reception
OVE6 Status flag indicating overrun error
0 If POWERSG = 0 and RXES6 = 0, or if ASIS6 register is read
1 If receive data is set to the RXB6 register and the next reception operation is completed before the
data is read.

Cautions 1. The operation of the PEG6 bit differs depending on the set values of the PS61 and PS60 bits of

asynchronous serial interface operation mode register 6 (ASIM®6).

2. The first bit of the receive data is checked as the stop bit, regardless of the number of stop
bits.

3. If an overrun error occurs, the next receive data is not written to receive buffer register 6
(RXB6) but discarded.

4. If data is read from ASIS6, a wait cycle is generated. For details, see CHAPTER 24
CAUTIONS FOR WAIT.
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(3) Asynchronous serial interface transmission status register 6 (ASIF6)
This register indicates the status of transmission by serial interface UART6. It includes two status flag bits
(TXBF6 and TXSFB6).
Transmission can be continued without disruption even during an interrupt period, by writing the next data to the
TXB6 register after data has been transferred from the TXB6 register to the TXS6 register.
This register is read-only by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H if bit 7 (POWERS) and bit 6 (TXE6) of ASIM6 = 0.

Figure 10-4. Format of Asynchronous Serial Interface Transmission Status Register 6 (ASIF6)

Address: FF55H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIF6 0 0 0 0 0 0 TXBF6 TXSF6
TXBF6 Transmit buffer data flag
0 If POWERSG = 0 or TXE6 = 0, or if data is transferred to transmit shift register 6 (TXS6)
1 If data is written to transmit buffer register 6 (TXB6) (if data exists in TXB6)
TXSF6 Transmit shift register data flag
0 If POWERSG = 0 or TXE6 = 0, or if the next data is not transferred from transmit buffer register 6
(TXB6) after completion of transfer
1 If data is transferred from transmit buffer register 6 (TXB6) (if data transmission is in progress)

Cautions 1. To transmit data continuously, write the first transmit data (first byte) to the TXB6 register.
Be sure to check that the TXBF6 flag is “0”. If so, write the next transmit data (second byte)
to the TXB6 register. If data is written to the TXB6 register while the TXBF6 flag is “1”, the
transmit data cannot be guaranteed.

2. To initialize the transmission unit upon completion of continuous transmission, be sure to
check that the TXSF6 flag is “0” after generation of the transmission completion interrupt,
and then execute initialization. If initialization is executed while the TXSF6 flag is “1”, the
transmit data cannot be guaranteed.
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(4) Clock selection register 6 (CKSR6)

This register selects the base clock of serial interface UART®6.
CKSR6 can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Remark CKSR6 can be refreshed (the same value is written) by software during a communication operation
(when bit 7 (POWERS6) and bit 6 (TXE6) of ASIM6 = 1 or bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6 =

1).

Figure 10-5. Format of Clock Selection Register 6 (CKSR6)

Address: FF56H After reset: 00OH R/W

Symbol 7 6 5 4 3 2 1 0
CKSR6 0 0 0 0 TPS63 TPS62 TPS61 TPS60
TPS63 TPS62 TPS61 TPS60 Base clock (fxciks) selection
frrs = 12 MHz frrs = 16 MHz

0 0 0 0 frrs 12 MHz 16 MHz

0 0 0 1 frrs/2 6 MHz 8 MHz

0 0 1 0 frrs/2° 3 MHz 4 MHz

0 0 1 1 frrs/2° 1.5 MHz 2 MHz

0 1 0 0 frrs/2° 750 kHz 1 MHz

0 1 0 1 frrs/2° 375 kHz 500 kHz

0 1 1 0 frrs/2° 187.5 kHz 250 kHz

0 1 1 1 frrs/2’ 93.75 kHz 125 kHz

1 0 0 0 frrs/2° 46.875 kHz 62.5 kHz

1 0 0 1 frrs/2° 23.438 kHz 31.25 kHz

1 0 1 0 frrs/2'° 11.719 kHz 15.625 kHz

1 0 1 1 TM50 output™™*®

Other than above Setting prohibited

Note Note the following points when selecting the TM50 output as the base clock.

¢ Mode in which the count clock is cleared and started upon a match of TM50 and CR50 (TMC506 = 0)
Start the operation of 8-bit timer/event counter 50 first and then enable the timer F/F inversion operation
(TMC501 = 1).

¢ PWM mode (TMC506 = 1)
Start the operation of 8-bit timer/event counter 50 first and then set the count clock to make the duty =
50%.

It is not necessary to enable the TO50 pin as a timer output pin in any mode.

Caution Make sure POWERG6 = 0 when rewriting TPS63 to TPS60.

Remarks 1. fers: Peripheral hardware clock frequency
2. TMC506: Bit 6 of 8-bit timer mode control register 50 (TMC50)
TMC501: Bit 1 of TMC50
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(5) Baud rate generator control register 6 (BRGC6)
This register sets the division value of the 8-bit counter of serial interface UART6.
BRGCS6 can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Remark BRGCS6 can be refreshed (the same value is written) by software during a communication operation
(when bit 7 (POWERS) and bit 6 (TXE6) of ASIM6 = 1 or bit 7 (POWERSG6) and bit 5 (RXE6) of ASIM6
=1).

Figure 10-6. Format of Baud Rate Generator Control Register 6 (BRGC6)

Address: FF57H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
BRGC6 | MDL67 ‘ MDL66 ‘ MDL65 ‘ MDL64 ‘ MDL63 ‘ MDL62 ‘ MDL61 ‘ MDL60 |

MDL67 | MDL66 | MDL65 | MDL64 | MDL63 | MDL62 | MDL61 | MDL60 k Output clock selection of
8-bit counter
0 0 0 0 0 0 X X x | Setting prohibited
0 0 0 0 0 1 0 0 4 | fxcike/4
0 0 0 0 0 1 0 1 5 | fxcke/5
0 0 0 0 0 1 1 0 6 | fxcke/6
L[] L] L] L] L] L] L] L] L[] L]
L] L] L] L] L] L] L] L] L] L]
L] L] L] L] L] L] L] L] L] L]
L] L] L] L] L] L] L] L] L] L]
L] L] L] L] L] L] L] L] L] L]
1 1 1 1 1 1 0 0 252 | fxcke/252
1 1 1 1 1 1 0 1 253 | fxcke/253
1 1 1 1 1 1 1 0 254 | fxcike/254
1 1 1 1 1 1 1 1 255 | fxcike/255

Cautions 1. Make sure that bit 6 (TXE6) and bit 5 (RXE6) of the ASIM6 register = 0 when rewriting the
MDL67 to MDL60 bits.
2. The baud rate is the output clock of the 8-bit counter divided by 2.

Remarks 1. fxcke: Frequency of base clock selected by the TPS63 to TPS60 bits of CKSR6 register

2. k: Value set by MDL67 to MDL60 bits (k =4, 5, 6, ..., 255)
3. x: Don’t care
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(6) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.
When using the P13/TxD6 pin for serial interface data output, clear PM13 to 0 and set the output latch of P13 to 1.
When using the P14/RxD6 pin for serial interface data input, set PM14 to 1. The output latch of P14 at this time
may be 0 or 1.
PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 10-7. Format of Port Mode Register 1 (PM1)

Address: FF21H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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10.4 Operation of Serial Interface UART6
Serial interface UART®6 has the following two modes.

¢ Operation stop mode
¢ Asynchronous serial interface (UART) mode

10.4.1 Operation stop mode

In this mode, serial communication cannot be executed; therefore, the power consumption can be reduced. In
addition, the pins can be used as ordinary port pins in this mode. To set the operation stop mode, clear bits 7, 6, and
5 (POWERS6, TXE6, and RXES6) of ASIM6 to 0.

(1) Register used
The operation stop mode is set by asynchronous serial interface operation mode register 6 (ASIM6).
ASIM6 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 01H.

Address: FF50H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIM6 POWER6 TXE6 RXE6 PS61 PS60 CL6 SL6 ISRM6
POWER®6 Enables/disables operation of internal operation clock
ove! Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously

Note 2

resets the internal circuit

TXE6 Enables/disables transmission

0 Disables transmission operation (synchronously resets the transmission circuit).
RXE6 Enables/disables reception

0 Disables reception (synchronously resets the reception circuit).

Notes 1. The output of the TxD6 pin goes high and the input from the RxD6 pin is fixed to high level when
POWERS®6 = 0 during transmission.
2. Asynchronous serial interface reception error status register 6 (ASIS6), asynchronous serial interface
transmission status register 6 (ASIF6), and receive buffer register 6 (RXB6) are reset.

Caution Clear POWERS6 to 0 after clearing TXE6 and RXE6 to 0 to stop the operation.
To start the communication, set POWERS6 to 1, and then set TXE6 or RXE6 to 1.

Remark To use the RxD6/P14 and TxD6/P13 pins as general-purpose port pins, see CHAPTER 4 PORT
FUNCTIONS.
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10.4.2 Asynchronous serial interface (UART) mode
In this mode, data of 1 byte is transmitted/received following a start bit, and a full-duplex operation can be

performed.

A dedicated UART baud rate generator is incorporated, so that communication can be executed at a wide range of
baud rates.

(1) Registers used

Asynchronous serial interface operation mode register 6 (ASIM6)
Asynchronous serial interface reception error status register 6 (ASIS6)
Asynchronous serial interface transmission status register 6 (ASIF6)
Clock selection register 6 (CKSR6)

Baud rate generator control register 6 (BRGC6)

Port mode register 1 (PM1)

Port register 1 (P1)

The basic procedure of setting an operation in the UART mode is as follows.

<1>
<2>
<3>
<4>

<5>

<6>

Set the CKSR®6 register (see Figure 10-5).

Set the BRGCS register (see Figure 10-6).

Set bits 0 to 4 (ISRM6, SL6, CL6, PS60, PS61) of the ASIM®6 register (see Figure 10-2).
Set bit 7 (POWERS) of the ASIM6 register to 1.

Set bit 6 (TXEB) of the ASIM6 register to 1. — Transmission is enabled.

Set bit 5 (RXE6) of the ASIM®6 register to 1. — Reception is enabled.

Write data to transmit buffer register 6 (TXB6). — Data transmission is started.

Caution Take relationship with the other party of communication when setting the port mode register

and port register.

The relationship between the register settings and pins is shown below.

Table 10-2. Relationship Between Register Settings and Pins

POWER6| TXE6 RXE6 PM13 P13 PM14 P14 UART6 Pin Function
Operation TxD6/P13 RxD6/P14
0 0 0 xee xee xe xee Stop P13 P14
1 0 xee xee 1 X Reception P13 RxD6
1 0 0 1 xete Xt Transmission TxD6 P14
1 1 1 1 X Transmission/ TxD6 RxD6
reception

Note Can be set as port function.

Remark x: don’t care

POWERSG: Bit 7 of asynchronous serial interface operation mode register 6 (ASIM6)
TXES6: Bit 6 of ASIM6

RXE6: Bit 5 of ASIM6

PM1x: Port mode register

P1x: Port output latch
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(2) Communication operation

236

(a) Format and waveform example of normal transmit/receive data

Figures 10-8 and 10-9 show the format and waveform example of the normal transmit/receive data.

Figure 10-8. Format of Normal UART Transmit/Receive Data

1 data frame

Start
bit

DO

D1

D2 D3 | D4 | D5 | D6 | D7

Parity

bit

Character bits

One data frame consists of the following bits.

e Start bit ... 1 bit

¢ Character bits ... 7 or 8 bits
o Parity bit ... Even parity, odd parity, 0 parity, or no parity
e Stop bit ... 1 or 2 bits

Stop bit

The character bit length, parity, and stop bit length in one data frame are specified by asynchronous serial
interface operation mode register 6 (ASIM6).
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Figure 10-9. Example of Normal UART Transmit/Receive Data Waveform

1. Data length: 8 bits, LSB first, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H
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2. Data length: 7 bits, LSB first, Parity: Odd parity, Stop bit: 2 bits, Communication data: 36H
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3. Data length: 8 bits, LSB first, Parity: None, Stop bit: 1 bit, Communication data: 87H
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(b) Parity types and operation
The parity bit is used to detect a bit error in communication data. Usually, the same type of parity bit is used
on both the transmission and reception sides. With even parity and odd parity, a 1-bit (odd number) error
can be detected. With zero parity and no parity, an error cannot be detected.

(i) Even parity
e Transmission
Transmit data, including the parity bit, is controlled so that the number of bits that are “1” is even.
The value of the parity bit is as follows.

If transmit data has an odd number of bits that are “1”: 1
If transmit data has an even number of bits that are “1”: 0

¢ Reception
The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is odd, a
parity error occurs.

(ii)) Odd parity
e Transmission
Unlike even parity, transmit data, including the parity bit, is controlled so that the number of bits that
are “1” is odd.

If transmit data has an odd number of bits that are “1”: 0
If transmit data has an even number of bits that are “1”: 1

o Reception
The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is even, a
parity error occurs.

(iii) 0 parity
The parity bit is cleared to 0 when data is transmitted, regardless of the transmit data.
The parity bit is not detected when the data is received. Therefore, a parity error does not occur
regardless of whether the parity bit is “0” or “1”.

(iv) No parity
No parity bit is appended to the transmit data.
Reception is performed assuming that there is no parity bit when data is received. Because there is no
parity bit, a parity error does not occur.
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(c) Normal transmission
When bit 7 (POWERS) of asynchronous serial interface operation mode register 6 (ASIM6) is set to 1 and bit
6 (TXE6) of ASIM6 is then set to 1, transmission is enabled. Transmission can be started by writing transmit
data to transmit buffer register 6 (TXB6). The start bit, parity bit, and stop bit are automatically appended to
the data.
When transmission is started, the data in TXB6 is transferred to transmit shift register 6 (TXS6). After that,
the transmit data is sequentially output from TXS6 to the TxD6 pin. When transmission is completed, the
parity and stop bits set by ASIM6 are appended and a transmission completion interrupt request (INTST6) is
generated.
Transmission is stopped until the data to be transmitted next is written to TXB6.
Figure 10-10 shows the timing of the transmission completion interrupt request (INTST6). This interrupt
occurs as soon as the last stop bit has been output.

Figure 10-10. Normal Transmission Completion Interrupt Request Timing

1. Stop bit length: 1

TxD6 (output) \Start/ DO X D1 X D2 B D6 X D7 XParity StopI
INTST6 —|

2. Stop bit length: 2

\
TxD6 (output) \Start/ DO X D1 X D2 gx D6 X D7 XParity/ Stop

INTST6
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(d) Continuous transmission

The next transmit data can be written to transmit buffer register 6 (TXB6) as soon as transmit shift register 6
(TXS6) has started its shift operation. Consequently, even while the INTST6 interrupt is being serviced after
transmission of one data frame, data can be continuously transmitted and an efficient communication rate
can be realized. In addition, the TXB6 register can be efficiently written twice (2 bytes) without having to wait
for the transmission time of one data frame, by reading bit 0 (TXSF6) of asynchronous serial interface
transmission status register 6 (ASIF6) when the transmission completion interrupt has occurred.

To transmit data continuously, be sure to reference the ASIF6 register to check the transmission status and
whether the TXB6 register can be written, and then write the data.

Caution The TXBF6 and TXSF6 flags of the ASIF6 register change from “10” to “11”, and to “01”
during continuous transmission. To check the status, therefore, do not use a combination
of the TXBF6 and TXSF6 flags for judgment. Read only the TXBF6 flag when executing
continuous transmission.

TXBF6 Writing to TXB6 Register
0 Writing enabled
1 Writing disabled

Caution To transmit data continuously, write the first transmit data (first byte) to the TXB6 register.
Be sure to check that the TXBF®6 flag is “0”. If so, write the next transmit data (second byte)
to the TXB6 register. If data is written to the TXB6 register while the TXBF6 flag is “1”, the
transmit data cannot be guaranteed.

The communication status can be checked using the TXSF6 flag.

TXSF6 Transmission Status
0 Transmission is completed.
1 Transmission is in progress.

Cautions 1. To initialize the transmission unit upon completion of continuous transmission, be sure
to check that the TXSF6 flag is “0” after generation of the transmission completion
interrupt, and then execute initialization. If initialization is executed while the TXSF6
flag is “1”, the transmit data cannot be guaranteed.

2. During continuous transmission, the next transmission may complete before execution
of INTST6 interrupt servicing after transmission of one data frame. As a
countermeasure, detection can be performed by developing a program that can count
the number of transmit data and by referencing the TXSF6 flag.
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Figure 10-11 shows an example of the continuous transmission processing flow.

Figure 10-11. Example of Continuous Transmission Processing Flow

Set registers.

Write TXB6.

Transfer
executed necessary
number of times?

Read ASIF6
TXBF6 = 0?

Yes

Write TXB6.

Transmission
completion interrupt
occurs?

No

Transfer
executed necessary
number of times?

Yes

Remark TXB6:
ASIF6:
TXBF®6:
TXSF®6:

Read ASIF6
TXSF6 = 0?

Completion of
transmission processing

Transmit buffer register 6
Asynchronous serial interface transmission status register 6
Bit 1 of ASIF6 (transmit buffer data flag)

Bit 0 of ASIF6 (transmit shift register data flag)
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242

Figure 10-12 shows the timing of starting continuous transmission, and Figure 10-13 shows the timing of
ending continuous transmission.

Figure 10-12. Timing of Starting Continuous Transmission

TxD6 / \Start,” Data (1) % " "Data(2) ¥ Parity / Stop \Start

INTST6 /\

TXB6 FF Data (3)

TXS6 FF Data (2) X Dita (3)
TXBF6 \/ /
TXSF6

Note When ASIF6 is read, there is a period in which TXBF6 and TXSF6 = 1, 1. Therefore, judge whether
writing is enabled using only the TXBF6 bit.

Remark TxD6: TxD6 pin (output)
INTST6: Interrupt request signal
TXB6: Transmit buffer register 6
TXS6:  Transmit shift register 6
ASIF6:  Asynchronous serial interface transmission status register 6
TXBF6: Bit 1 of ASIF6
TXSF6: Bit 0 of ASIF6
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Figure 10-13. Timing of Ending Continuous Transmission
T06 [ stop \Start’ Data(n-1) iParity/ swop \Start Data(n) ¥ Parity)/ Stop
INTST6 N\ /\

TXB6 Data (n - 1) Data (n)

TXS6

| P

M-/

Data (n — 1) Data (n) X FF

o =\ >

TXSF6 ' \jL
POWER®G or TXE6 \

Remark TxD6: TxD6 pin (output)
INTST6:  Interrupt request signal
TXB6: Transmit buffer register 6
TXS6: Transmit shift register 6
ASIFé6: Asynchronous serial interface transmission status register 6
TXBF®6: Bit 1 of ASIF6
TXSF6: Bit 0 of ASIF6
POWERS®6: Bit 7 of asynchronous serial interface operation mode register (ASIM6)

_~

TXE®6: Bit 6 of asynchronous serial interface operation mode register (ASIM6)
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(e) Normal reception

Reception is enabled and the RxD6 pin input is sampled when bit 7 (POWERS6) of asynchronous serial
interface operation mode register 6 (ASIM6) is set to 1 and then bit 5 (RXE6) of ASIM6 is set to 1.

The 8-bit counter of the baud rate generator starts counting when the falling edge of the RxD6 pin input is
detected. When the set value of baud rate generator control register 6 (BRGC6) has been counted, the
RxD6 pin input is sampled again ( in Figure 10-14). If the RxD6 pin is low level at this time, it is recognized
as a start bit.

When the start bit is detected, reception is started, and serial data is sequentially stored in the receive shift
register (RXS6) at the set baud rate. When the stop bit has been received, the reception completion interrupt
(INTSR6) is generated and the data of RXS6 is written to receive buffer register 6 (RXB6). If an overrun
error (OVE6) occurs, however, the receive data is not written to RXB6.

Even if a parity error (PE6) occurs while reception is in progress, reception continues to the reception
position of the stop bit, and a reception error interrupt (INTSR6/INTSRE6) is generated on completion of
reception.

Figure 10-14. Reception Completion Interrupt Request Timing

\Y |
RxD6 (input) Stat + DO : D1 . D2 : D3 : D4 . D5 : D6 . D7 . Parity St(l)p ;
INTSR6 |_|
RXB6 X

Cautions 1. If a reception error occurs, read ASIS6 and then RXB6 to clear the error flag. Otherwise,
an overrun error will occur when the next data is received, and the reception error
status will persist.

2. Reception is always performed with the “number of stop bits = 1”. The second stop bit
is ignored.

3. Be sure to read asynchronous serial interface reception error status register 6 (ASIS6)
before reading RXB6.

Preliminary User's Manual U19014EJ1VOUD



CHAPTER 10 SERIAL INTERFACE UART6

(f) Reception error
Three types of errors may occur during reception: a parity error, framing error, or overrun error. If the error
flag of asynchronous serial interface reception error status register 6 (ASIS6) is set as a result of data
reception, a reception error interrupt request (INTSR6/INTSREB6) is generated.
Which error has occurred during reception can be identified by reading the contents of ASIS6 in the reception
error interrupt (INTSR6/INTSRES6) servicing (see Figure 10-3).
The contents of ASIS6 are cleared to 0 when ASIS6 is read.

Table 10-3. Cause of Reception Error

Reception Error Cause
Parity error The parity specified for transmission does not match the parity of the receive data.
Framing error Stop bit is not detected.
Overrun error Reception of the next data is completed before data is read from receive buffer
register 6 (RXB6).

The reception error interrupt can be separated into reception completion interrupt (INTSR6) and error
interrupt (INTSRE6) by clearing bit 0 (ISRM6) of asynchronous serial interface operation mode register 6
(ASIM®) to 0.

Figure 10-15. Reception Error Interrupt

1. If ISRM6 is cleared to 0 (reception completion interrupt (INTSR6) and error interrupt (INTSREG6) are

separated)
(a) No error during reception (b) Error during reception
INTSR6 INTSR6
INTSRE6 INTSRE6

2. If ISRM6 is set to 1 (error interrupt is included in INTSR6)

(a) No error during reception (b) Error during reception
INTSR6 INTSR6
INTSRE6 INTSRE6
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(g9) Noise filter of receive data
The RXD6 signal is sampled with the base clock output by the prescaler block.
If two sampled values are the same, the output of the match detector changes, and the data is sampled as
input data.
Because the circuit is configured as shown in Figure 10-16, the internal processing of the reception operation
is delayed by two clocks from the external signal status.

Figure 10-16. Noise Filter Circuit

Base clock

RxD6/P14 © In Q Internal signal A

In Q [—— Internal signal B

Match detector LD_EN
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10.4.3 Dedicated baud rate generator
The dedicated baud rate generator consists of a source clock selector and an 8-bit programmable counter, and

generates a serial clock for transmission/reception of UART®.

Separate 8-bit counters are provided for transmission and reception.

(1) Configuration of baud rate generator

Base clock

The clock selected by bits 3 to 0 (TPS63 to TPS60) of clock selection register 6 (CKSR6) is supplied to
each module when bit 7 (POWERS) of asynchronous serial interface operation mode register 6 (ASIM6) is
1. This clock is called the base clock and its frequency is called fxcLks. The base clock is fixed to low level
when POWERS6 = 0.

Transmission counter

This counter stops operation, cleared to 0, when bit 7 (POWERS6) or bit 6 (TXE6) of asynchronous serial
interface operation mode register 6 (ASIM6) is 0.

It starts counting when POWERG6 = 1 and TXE6 = 1.

The counter is cleared to 0 when the first data transmitted is written to transmit buffer register 6 (TXB6).

If data are continuously transmitted, the counter is cleared to 0 again when one frame of data has been
completely transmitted. If there is no data to be transmitted next, the counter is not cleared to 0 and continues
counting until POWERS6 or TXES is cleared to 0.

Reception counter

This counter stops operation, cleared to 0, when bit 7 (POWERS6) or bit 5 (RXE6) of asynchronous serial
interface operation mode register 6 (ASIM6) is 0.

It starts counting when the start bit has been detected.

The counter stops operation after one frame has been received, until the next start bit is detected.
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Figure 10-17. Configuration of Baud Rate Generator

POWER®6

fers Baud rate generator
frrs/2 —

POWERS6, TXE6 (or RXE6)

frrs/22 —

frrs/2% —=

1
fprs/23 ——= :
1
1
1

frrs/25 —=

1

1

1

1

1

1

6 Selector 8-bit counter 1
frrs/2° —— fxcLke 1
1

1

1

1

1

1

frrs/27 —

frrs/28 —

frrs/29 ——=

1
1

1

1

frrs/210 ——= !
8-bit timer/ | :
1

1

1

Match detector 1/2 |—— Baud rate

event counter
50 output ‘ ‘ l ‘

CKSR6: TPS63 to TPS60 BRGC6: MDL67 to MDL60

Remark POWERSG6: Bit 7 of asynchronous serial interface operation mode register 6 (ASIM6)
TXE®6: Bit 6 of ASIM6
RXES6: Bit 5 of ASIM6
CKSR6:  Clock selection register 6
BRGC6: Baud rate generator control register 6

(2) Generation of serial clock
A serial clock to be generated can be specified by using clock selection register 6 (CKSR6) and baud rate
generator control register 6 (BRGCB).
The clock to be input to the 8-bit counter can be set by bits 3 to 0 (TPS63 to TPS60) of CKSR6 and the division
value (fxcLke/4 to fxcLke/255) of the 8-bit counter can be set by bits 7 to 0 (MDL67 to MDL60) of BRGC6.

Table 10-4. Set Value of TPS63 to TPS60

TPS63 TPS62 TPS61 TPS60 Base clock (fxcike) selection
fers = 12 MHz fers = 16 MHz
0 0 0 0 frRs 12 MHz 16 MHz
0 0 0 1 frrs/2 6 MHz 8 MHz
0 0 1 0 frrs/2° 3 MHz 4 MHz
0 0 1 1 frrs/2° 1.5 MHz 2 MHz
0 1 0 0 frrs/2° 750 kHz 1 MHz
0 1 0 1 frrs/2° 375 kHz 500 kHz
0 1 1 0 frrs/2° 187.5 kHz 250 kHz
0 1 1 1 frrs/2’ 93.75 kHz 125 kHz
1 0 0 0 frrs/2° 46.875 kHz 62.5 kHz
1 0 0 1 frrs/2° 23.438 kHz 31.25 kHz
1 0 1 0 frrs/2'° 11.719 kHz 15.625 kHz
1 0 1 1 TM50 output
Other than above Setting prohibited
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(a)

(b)

Baud rate
The baud rate can be calculated by the following expression.

fxcLke
bps
o XK [bps]

e Baud rate =

fxcLke: Frequency of base clock selected by TPS63 to TPS60 bits of CKSR®6 register
k: Value set by MDL67 to MDL60 bits of BRGC6 register (k =4, 5, 6, ..., 255)

Error of baud rate
The baud rate error can be calculated by the following expression.

Error (%) Actual baud rate (baud rate with error)
. — B
° Desired baud rate (correct baud rate)

1] x 100 [%]

Cautions 1. Keep the baud rate error during transmission to within the permissible error range at
the reception destination.
2. Make sure that the baud rate error during reception satisfies the range shown in (4)
Permissible baud rate range during reception.

Example: Frequency of base clock = 16 MHz = 16,000,000 Hz
Set value of MDL67 to MDL60 bits of BRGC6 register = 01000101B (k = 69)
Target baud rate = 115200 bps

Baud rate = 16 M/(2 x 69)
= 16000000/(2 x 69) = 115942 [bps]

Error = (115942/115200 — 1) x 100
= 0.644 [%]
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(3) Example of setting baud rate

Table 10-5. Set Data of Baud Rate Generator

Baud Rate [bps] frrs = 12.0 MHz frrs = 16.0 MHz
TPS63to TPS60 k | Calculated Value | ERR[%] | TPS63to TPS60 k | Calculated Value | ERR[%]
300 9H 39 300.487 0.16 AH 26 300.481 0.16
600 8H 39 600.962 0.16 AH 13 600.962 0.16
1200 7H 39 1201.92 0.16 9H 13 1201.92 0.16
2400 6H 39 2403.85 0.16 8H 13 2403.85 0.16
4800 5H 39 4807.69 0.16 7H 13 4807.69 0.16
9600 4H 39 9615.38 0.16 6H 13 9615.38 0.16
19200 3H 39 19230.8 0.16 5H 13 19230.8 0.16
24000 1H 125 24000 0.00 1H 167 23952.1 -0.20
31250 5H 6 31250 0.00 5H 8 31250 0.00
38400 2H 39 38461.5 0.16 4H 13 38461.5 0.16
48000 OH 125 48000 0.00 OH 167 47904.2 -0.20
76800 1H 39 76923.1 0.16 3H 13 76923.1 0.16
115200 2H 13 115385 0.16 OH 69 115942 0.64
153600 OH 39 153846 0.16 2H 13 153846 0.14
312500 OH 19 315789 1.05 1H 13 307692 -1.54

Remark TPS63to TPS60: Bits 3 to 0 of clock selection register 6 (CKSR6) (setting of base clock (fxcLks))

k:

feRs:

ERR:

250

Value set by MDL67 to MDL60 bits of baud rate generator control register
(BRGCS6) (k=4,5, 6, ..., 255)
Peripheral hardware clock frequency

Baud rate error
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(4) Permissible baud rate range during reception
The permissible error from the baud rate at the transmission destination during reception is shown below.

Caution Make sure that the baud rate error during reception is within the permissible error range, by
using the calculation expression shown below.

Figure 10-18. Permissible Baud Rate Range During Reception

Latch timing
\Y4 Y4 \Y4 Y4 Y% %7
\ \
Data frame length . . . . - .
of UART6 Start bit /< Bit 0 X Bit 1 Bit 7 XParlty bit y Stop bit \
FL

1 data frame (11 x FL)

Minimum permissible Startbit [ BitO Bit 1 Bit7 ) Paritybit) Stop bi
data frame length

FLmin

Maximum permissible \ Start bit /< Bit 0 X Bit 1 Bit 7 XParitybity Stop bit
data frame length

FLmax

—

As shown in Figure 10-18, the latch timing of the receive data is determined by the counter set by baud rate
generator control register 6 (BRGC6) after the start bit has been detected. If the last data (stop bit) meets this
latch timing, the data can be correctly received.

Assuming that 11-bit data is received, the theoretical values can be calculated as follows.

FL = (Brate)™
Brate: Baud rate of UART6
k: Set value of BRGC6

FL: 1-bit data length
Margin of latch timing: 2 clocks
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Minimum permissible data frame length: FLmin = 11 x FL - k=2

21k +2

x FL FL

2k

Therefore, the maximum receivable baud rate at the transmission destination is as follows.

Similarly, the maximum permissible data frame length can be calculated as follows.

10 Flmax=11xFL_X*2, p - 21k-2

11 2xk 2xk

FL

FLmax = 2X=2 F[ x 11
20k

Therefore, the minimum receivable baud rate at the transmission destination is as follows.

BRmin = (FLmax/11)™" = 2120k

Brate

252

The permissible baud rate error between UART6 and the transmission destination can be calculated from the

above minimum and maximum baud rate expressions, as follows.

Table 10-6. Maximum/Minimum Permissible Baud Rate Error

Division Ratio (k) Maximum Permissible Baud Rate Error Minimum Permissible Baud Rate Error
8 +3.53% -3.61%
20 +4.26% —-4.31%
50 +4.56% —4.58%
100 +4.66% —4.67%
255 +4.72% —4.73%

Remarks 1. The permissible error of reception depends on the number of bits in one frame, input clock
frequency, and division ratio (k). The higher the input clock frequency and the higher the division

ratio (k), the higher the permissible error.
2. k: Set value of BRGC6
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10.5 Cautions for Serial Interface UART6

1

)

Data frame length during continuous transmission

When data is continuously transmitted, the data frame length from a stop bit to the next start bit is extended by
two clocks of base clock from the normal value. However, the result of communication is not affected because
the timing is initialized on the reception side when the start bit is detected.

Figure 10-19. Data Frame Length During Continuous Transmission

Start bit of

1 data frame f second byte
\ Start bit /< Bit 0 X Bit 1 x x Bit 7 XParity bity Stop bit \ Start bit A Bit 0 x
L FL FL

FL F FL Flstp FL FL

Where the 1-bit data length is FL, the stop bit length is FLstp, and base clock frequency is fxciks, the following
expression is satisfied.

FLstp = FL + 2/fxcLke
Therefore, the data frame length during continuous transmission is:

Data frame length = 11 x FL + 2/fxcLke
Operating current in STOP mode
The UARTG6 operation is stopped in the STOP mode. At this time, the operating current can be reduced by
clearing bits 7 (POWERS), 6 (TXE6), and 5 (RXES6) of the asynchronous serial interface operation mode register
(ASIM®6) to 0.

To resume the operation from the standby status, first clear bit 7 (POWERS) of interrupt request flag register OL
(IFOL), bits 1 (STIF6) and 0 (SRIF6) of interrupt request flag register OH (IFOH) to 1, and then start operation.
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11.1 Functions of Serial Interface CSI10

Serial interface CSI10 has the following two modes.

Q)

)

254

Operation stop mode
3-wire serial I/0 mode

Operation stop mode

This mode is used when serial communication is not performed and can enable a reduction in the power
consumption.

For details, see 11.4.1 Operation stop mode.

3-wire serial /0 mode (MSB/LSB-first selectable)

This mode is used to communicate 8-bit data using three lines: a serial clock line (SCTO) and two serial data
lines (SI10 and SO10).

The processing time of data communication can be shortened in the 3-wire serial /O mode because transmission
and reception can be simultaneously executed.

In addition, whether 8-bit data is communicated with the MSB or LSB first can be specified, so this interface can
be connected to any device.

The 3-wire serial I/O mode is used for connecting peripheral ICs and display controllers with a clocked serial
interface.

For details, see 11.4.2 3-wire serial /0 mode.
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11.2 Configuration of Serial Interface CSI10
Serial interface CSI10 includes the following hardware.

Table 11-1. Configuration of Serial Interface CSI10

ltem Configuration

Controller Transmit controller
Clock start/stop controller & clock phase controller

Registers Transmit buffer register 10 (SOTB10)
Serial I/O shift register 10 (SIO10)

Control registers Serial operation mode register 10 (CSIM10)

Serial clock selection register 10 (CSIC10)

Port mode register 0 (PMO0) or port mode register 1 (PM1)
Port register 0 (P0) or port register 1 (P1)

Figure 11-1. Block Diagram of Serial Interface CSI10

2 Internal bus e

| - . - |
’ 1| Serial I/O shift || Transmit buffer | .| Output
SioP11 © b | | register 10 (SIO10) register 10 (SOTB10) selector Jr

1 I
1 1
1 1
I 1

1

I

Output latch
(P12)

| Transmit data Output latch

I controller
Lo o o o o o e e e e e e e e e e e e e e e e e e e —

Transmit controller

fers/2 ——»
frrs/22 — =
fprs/2% — =
frrs/2% —
frrs/25 —
frrs/28 —
fprs/27 ——=

SCK10/P10©
ﬁ Baud rate generator
Output latch

PM10 (P10)

Clock start/stop controller &
clock phase controller

INTCSI10

Selector

Remark (a): SO10 output
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Q)

)

256

Transmit buffer register 10 (SOTB10)

This register sets the transmit data.

Transmission/reception is started by writing data to SOTB10 when bit 7 (CSIE10) and bit 6 (TRMD10) of serial
operation mode register 10 (CSIM10) is 1.

The data written to SOTB10 is converted from parallel data into serial data by serial 1/O shift register 10, and
output to the serial output pin (SO10).

SOTB10 can be written or read by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to O0H.

Caution Do not access SOTB10 when CSOT10 = 1 (during serial communication).

Serial I/0 shift register 10 (SI010)

This is an 8-bit register that converts data from parallel data into serial data and vice versa.

This register can be read by an 8-bit memory manipulation instruction.

Reception is started by reading data from SIO10 if bit 6 (TRMD10) of serial operation mode register 10 (CSIM10)
is 0.

During reception, the data is read from the serial input pin (SI10) to SIO10.

Reset signal generation sets this register to 00H.

Caution Do not access SIO10 when CSOT10 = 1 (during serial communication).
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11.3 Registers Controlling Serial Interface CSI10

Serial interface CSI10 is controlled by the following four registers.

o Serial operation mode register 10 (CSIM10)
o Serial clock selection register 10 (CSIC10)
o Port mode register 1 (PM1)

e Port port register 1 (P1)

(1) Serial operation mode register 10 (CSIM10)
CSIM10 is used to select the operation mode and enable or disable operation.
CSIM10 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 11-2. Format of Serial Operation Mode Register 10 (CSIM10)

Address: FF80H After reset: 00H R/W"™'

Symbol <7> 6 5 4 3 2 1 0
CSIM10 CSIE10 TRMD10 0 DIR10 0 | 0 | 0 | CSOT10
CSIE10 Operation control in 3-wire serial /0O mode
0 Disables operation™** and asynchronously resets the internal circuit"*®.
1 Enables operation
TRMD10""** Transmit/receive mode control
o'rs Receive mode (transmission disabled).
1 Transmit/receive mode
DIR10M"*® First bit specification
0 MSB
1 LSB
CSOT10 Communication status flag
0 Communication is stopped.
1 Communication is in progress.

Notes 1. Bit 0 is a read-only bit.

2. Touse P10/SCK10 and P12/SO10 as general-purpose ports, set CSIM10 in the default status (00H).
Bit 0 (CSOT10) of CSIM10 and serial 1/O shift register 10 (SIO10) are reset.
Do not rewrite TRMD10 when CSOT10 = 1 (during serial communication).
The SO10 output (see (a) in Figure 11-1) is fixed to the low level when TRMD10 is 0. Reception is
started when data is read from SIO10.
6. Do not rewrite DIR10 when CSOT10 = 1 (during serial communication).

o PR ow

Caution Be sure to clear bits 1 to 3 and 5 to 0.
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(2) Serial clock selection register 10 (CSIC10)
This register specifies the timing of the data transmission/reception and sets the serial clock.
CSIC10 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 11-3. Format of Serial Clock Selection Register 10 (CSIC10)

Address: FF81H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CSIC10 0 0 o | ckpio | DpAPto | ckstoz | ckstor | ckstoo
CKP10 DAP10 Specification of data transmission/reception timing Type
0 0 soio 1L LML 1

SO10 __X D7 XD6XD5XD4XD3XD2XD1XD0
SI10 input timing | I O I O

0 1 sckio ~ L LT LI Lo 2
SO10 XD7XD6XD5XD4XD3XD2XD1XDO
SI10 input timing | | | | | | | |

1 0 sckio _ [ LT LTI LI 3
SO10 __XD7 X D6XD5XD4XD3XD2XD1XD0
SI10 input timing | | | | | | | |

1 1 sckio _ [ LT L LI LI 4
S010 X D7XD6 X D5X D4 X D3X D2} D1} DO
SHoinputtming _ | | | | | | | |

CKS102 CKS101 CKS100 CSI10 serial clock selection Mode

frRs = fers =
12 MHz 16 MHz

0 0 0 fers/2 | 6 MHz 8 MHz Master mode

0 0 1 frrs/2® | 3 MHz 4 MHz

0 1 0 frrs/2° | 1.5 MHz 2 MHz

0 1 1 frrs/2* | 750 kHz 1 MHz

1 0 0 frrs/2° | 375 kHz 500 kHz

1 0 1 frrs/2° | 187.5 kHz 250 kHz

1 1 0 frrs/2” | 93.75 kHz 125 kHz

1 1 1 External clock input to SCK10 Slave mode

Cautions 1. Do not write to CSIC10 while CSIE10 = 1 (operation enabled).
2. To use P10/SCK10 and P12/SO10 as general-purpose ports, set CSIC10 in the default status
(OOH).
3. The phase type of the data clock is type 1 after reset.

Remark frrs: Peripheral hardware clock frequency
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(3) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.

When using P10/SCK10 as the clock output pin of the serial interface, clear PM10 to 0, and set the output latches
of P10 to 1.

When using P12/SO10 as the data output pin of the serial interface, clear PM12 and the output latch of P12 to 0.
When using P10/SCK10 as the clock input pin of the serial interface, and P11/SI10 as the data input pin, set
PM10 and PM11 to 1. At this time, the output latches of P10 and P11 may be 0 or 1.

PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to FFH.

Figure 11-4. Format of Port Mode Register 1 (PM1)

Address: FF21H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0

PM1|PM17|PM16 |[PM15|PM14 |PM13|PM12|PM11|PM10

PM1n P1n pin I/O mode selection (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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11.4 Operation of Serial Interface CSI10

Serial interface CSI10 can be used in the following two modes.
e Operation stop mode
e 3-wire serial I/O mode

11.4.1 Operation stop mode
Serial communication is not executed in this mode. Therefore, the power consumption can be reduced. In
addition, the P10/SCK10, P11/SI10, and P12/SO10 pins can be used as ordinary 1/O port pins in this mode.

(1) Register used
The operation stop mode is set by serial operation mode register 10 (CSIM10).
To set the operation stop mode, clear bit 7 (CSIE10) of CSIM10 to 0.

(a) Serial operation mode register 10 (CSIM10)
CSIM10 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets CSIM10 to O0H.

o Serial operation mode register 10 (CSIM10)

Address: FF80H After reset: 0O0OH R/W

Symbol <7> 6 5 4 3 2 1 0
CSIM10 CSIE10 TRMD10 0 DIR10 0 0 0 CSOT10
CSIE10 Operation control in 3-wire serial /0O mode
0 Disables operation"™" and asynchronously resets the internal circuit"*.

Notes 1. To use P10/SCK10 and P12/SO10 as general-purpose ports, set CSIM10 in the default status
(O0H).
2. Bit0 (CSOT10) of CSIM10 and serial I/O shift register 10 (SIO10) are reset.
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11.4.2 3-wire serial /0 mode
The 3-wire serial I/O mode is used for connecting peripheral ICs and display controllers with a clocked serial

interface.

In this mode, communication is executed by using three lines: the serial clock (SCK10), serial output (SO10), and
serial input (S110) lines.

(1) Registers used

Serial operation mode register 10 (CSIM10)
Serial clock selection register 10 (CSIC10)
Port mode register 1 (PM1)

Port register 1 (P1)

The basic procedure of setting an operation in the 3-wire serial I/O mode is as follows.

<1>
<2>
<3>

<4>

Set the CSIC10 register (see Figure 11-3).

Set bits 0, 4 and 6 (CSOT10, DIR10, and TRMD10) of the CSIM10 register (see Figure 11-2).
Set bit 7 (CSIE10) of the CSIM10 register to 1. — Transmission/reception is enabled.

Write data to transmit buffer register 10 (SOTB10). — Data transmission/reception is started.
Read data from serial I/0 shift register 10 (S1010). — Data reception is started.

Caution Take relationship with the other party of communication when setting the port mode register

and port register.
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The relationship between the register settings and pins is shown below.

Table 11-2. Relationship Between Register Settings and Pins

CSIE10 [TRMD10| PM11 P11 PM12 P12 PM10 P10 CSIHo Pin Function
Operation SHO/P11 | SO10/P12 | SCK10/
P10
0 X >(Note1 ><Nme1 ><Nme 1 ><Nole 1 >(Note1 ><Nme 1 S'[Op P1 1 P1 2 P1 ONule 2
1 0 1 X )t | et 1 x Slave S0 P12 SCK10
reception™*® (input)**®
1 1 xtere! xhee? 0 0 1 X Slave P11 SO10 SCK10
transmission"*** (input)*?
1 1 1 X 0 0 1 X Slave S0 SO10 SCK10
transmission/ (input)*®
reception™™*®
1 0 1 X et |t 0 1 Master reception S0 P12 SCK10
(output)
1 1 sotet | e 0 0 0 1 Master P11 S010 SCK10
transmission (output)
1 1 1 X 0 0 0 1 Master S0 SO10 SCK10
transmission/ (output)
reception
Notes 1. Can be set as port function.
2. Touse P10/SCK10 as port pins, clear CKP10 to 0.
3. To use the slave mode, set CKS102, CKS101, and CKS100to 1, 1, 1.
Remark x: don’t care
CSIE10: Bit 7 of serial operation mode register 10 (CSIM10)
TRMD10: Bit 6 of CSIM10
CKP10: Bit 4 of serial clock selection register 10 (CSIC10)
CKS102, CKS101, CKS100: Bits 2 to 0 of CSIC10
PM1x: Port mode register
P1x: Port output latch
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(2) Communication operation

In the 3-wire serial I/O mode, data is transmitted or received in 8-bit units. Each bit of the data is transmitted or

received in synchronization with the serial clock.

Data can be transmitted or received if bit 6 (TRMD10) of serial operation mode register 10 (CSIM10) is 1.

Transmission/reception is started when a value is written to transmit buffer register 10 (SOTB10).

data can be received when bit 6 (TRMD10) of serial operation mode register 10 (CSIM10) is 0.

Reception is started when data is read from serial I/O shift register 10 (SIO10).

In addition,

After communication has been started, bit 0 (CSOT10) of CSIM10 is set to 1. When communication of 8-bit data
has been completed, a communication completion interrupt request flag (CSIIF1n) is set, and CSOT10 is cleared

to 0. Then the next communication is enabled.

Caution Do not access the control register and data register when CSOT10

communication).

Figure 11-5. Timing in 3-Wire Serial I/O Mode (1/2)

= 1 (during serial

(a) Transmission/reception timing (Type 1: TRMD10 = 1, DIR10 = 0, CKP10 = 0, DAP10 = 0)

Read/write trigger _i-i : : : : : : : : : : : : : : : :
SOTB10 :X 55H (coinmuir\icat;on diata)

SI010 ABH 56H ADH 5AH BSH 6AH D5H ;AAH
SI10 (receive AAH) : : | , | : | . | : | . | : | . | :

55H is written to SOTB10.
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Figure 11-5. Timing in 3-Wire Serial I/0 Mode (2/2)

0, DAP10 = 1)

0, CKP10 =

(b) Transmission/reception timing (Type 2: TRMD10 =1, DIR10

SCK10

Read/write trigger

+ 55H (communication data) :

AH

:X A:BH X 56H A ADH X 5;AH X B:5H X 6:AH X D:5H ;XA

SIOo10

CSOT10

INTCSI10

CSIIF10

SI10 (input AAH)

SO10

55H is written to SOTB10.
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Figure 11-6. Timing of Clock/Data Phase

(a) Type 1: CKP10 = 0, DAP10 = 0, DIR10 = 0

SCK10
SI10 capture

SO10

Writing to SOTB10 or
reading from SIO10
CSIIF10

CSOT10

5 ' R e e

5 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

. ;
= —

(b) Type 2: CKP10 =0, DAP10 =1, DIR10 = 0

SCK10
SI10 capture

SO10

Writing to SOTB10 or
reading from SIO10
CSIIF10

CSOT10

D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO .

X
I
=
—

.
—

(c) Type 3: CKP10 =1, DAP10=0, DIR10=0

SCK10
SI1n capture

SO10

Writing to SOTB10 or
reading from SIO10
CSIIF10

CSOT10

: | | | | | | | |
5 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

I
=
—

—

(d) Type 4: CKP10 =1, DAP10 = 1, DIR10 = 0

SCK10
SI10 capture

SO10

Writing to SOTB10 or
reading from SIO10
CSIIF10

CSOT10

: | | | | | | | |
X D7 X D6 X D5 X D2 X D3 X D2 X D1 X Do

1 —

— .
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(3) Timing of output to SO10 pin (first bit)
When communication is started, the value of transmit buffer register 10 (SOTB10) is output from the SO10 pin.
The output operation of the first bit at this time is described below.

Figure 11-7. Output Operation of First Bit (1/2)

(a) Type 1: CKP10 =0, DAP10=0

SCK10 | |
e [
SOTB10 X N
S1010 ; ; X X
Output latch ' X \' x \'
S010 X Firs?t bit X 2nc; bit
(b) Type 3: CKP10 =1, DAP10=0
SCK10 | | |
ngesovwex [
SOTB10 X \
S1010 Y \ X
Output latch : X \: X \xi
S010 X Firslt bit X 2n(; bit

The first bit is directly latched by the SOTB10 register to the output latch at the falling (or rising) edge of SCK10,
and output from the SO10 pin via an output selector. Then, the value of the SOTB10 register is transferred to the
SIO10 register at the next rising (or falling) edge of SCK10, and shifted one bit. At the same time, the first bit of
the receive data is stored in the SIO10 register via the SI10 pin.

The second and subsequent bits are latched by the SIO10 register to the output latch at the next falling (or rising)
edge of SCK10, and the data is output from the SO10 pin.
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Figure 11-7. Output Operation of First Bit (2/2)

(c) Type 2: CKP10 = 0, DAP10 = 1

SCKT0 ; |
" eading rom 81010 [ f f | f
SOTB10 X
SI010 E X E X 5
Output latch X \ X
SO10 X First\b?it X 2ncj bit X 3rd bit
(d) Type 4: CKP10=1, DAP10 =1
SCK10 | | |
sy 1
SOTB10 X : :
Slo10 | X N X :
Output latch : : X \: X
SO10 X Firs;lbit X 2nc; bit X 3rd bit

The first bit is directly latched by the SOTB10 register at the falling edge of the write signal of the SOTB10
register or the read signal of the SIO10 register, and output from the SO10 pin via an output selector. Then, the
value of the SOTB10 register is transferred to the SIO10 register at the next falling (or rising) edge of SCK10, and
shifted one bit. At the same time, the first bit of the receive data is stored in the SIO10 register via the SI110 pin.
The second and subsequent bits are latched by the SIO10 register to the output latch at the next rising (or falling)
edge of SCK10, and the data is output from the SO10 pin.
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(4) Output value of SO10 pin (last bit)
After communication has been completed, the SO10 pin holds the output value of the last bit.

SCK10

Writing to SOTB10 or
reading from SIO10

SOTB10
SI010
Output latch

SO10

SCK10

Writing to SOTB10 or
reading from SIO10

SOTB10

SI010
Output latch

SO10

268

(a) Type 1: CKP10 =0, DAP10=0

Figure 11-8. Output Value of SO10 Pin (Last Bit) (1/2)

—

( « Next request is issued.)

b > -

Last bit

-
X |

(b) Type 3: CKP10=1,DAP10=0

JRDNPE N P .-><.....-. -

Last bit
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SCK10

Writing to SOTB10 or
reading from SIO10

SOTB10
SI010
Output latch

SO10

SCK10

Writing to SOTB10 or
reading from SIO10

SOTB10

SI010

Output latch

SO10

(c) Type 2: CKP10 =0, DAP10 = 1

Figure 11-8. Output Value of SO10 Pin (Last Bit) (2/2)

| ‘ ( < Next request is issued.)

A

4---A-b---F><-F--4}----

A
.

Last bit

(d) Type 4: CKP10 =1, DAP10 =1

X

| ( < Next request is issued.)

1---1-1---1-><-}t-- ....| -

J---f-q--- -.><.-.-..- _———

Last bit
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(5) SO10 output (see (a) in Figure 11-1)

The status of the SO10 output is as follows if bit 7 (CSIE10) of serial operation mode register 10 (CSIM10) is

cleared to 0.
Table 11-3. SO10 Output Status
TRMD10 DAP10 DIR10 S0O10 Output™*"
TRMD10 = 0"*? - - Outputs low level**?
TRMD10 =1 DAP10=0 - Value of SO10 latch
(low-level output)
DAP10 =1 DIR10=0 Value of bit 7 of SOTB10
DIR10=1 Value of bit 0 of SOTB10

Notes 1. The actual output of the SO10/P12 pin is determined according to PM12 and P12, as well as
the SO10 output.
2. Status after reset
Caution If a value is written to TRMD10, DAP10, and DIR10, the output value of SO10 changes.
11.5 Caution for Serial Interface CSI10
(1) Standby mode

To resume the operation from the standby status, clear bit 2 (CSIIF10) of interrupt request flag register OH (IFOH)
to 0.
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The xPD78F0730 has an internal USB function controller (USBF) conforming to the Universal Serial Bus

Specification.

12.1 Overview

¢ Conforms to the Universal Serial Bus Specification.

e Supports 12 Mbps (full-speed) transfer

e Endpoint for transfer incorporated

Endpoint Name

FIFO Size (Bytes)

Transfer Type

Remark

Endpoint0 Read 64 Control transfer -
Endpoint0 Write 64 Control transfer -
Endpoint1 64 x 2 Bulk 1 transfer (IN) 2-buffer configuration
Endpoint2 64 x 2 Bulk 1 transfer (OUT) 2-buffer configuration

e Clock: fuss = 48 MHz

(The clock source is selectable. see 5.3 (9) PLL control register.)

Caution When using the USB function, be sure to set (1) the UCKCNT bit of the UCKC register.
If the registers related to the USB function while the UCKCNT bit is 0, 0 is read.
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12.2 Configuration
USB function controller USBF includes the following hardware.

Table 12-1. Configuration of USB Function Controller USBF (1/2)

ltem Configuration
USB port pins USBP (+), USBM (-)
Control registers UF0 EPONAK register (UFOEON)

UFO EPONAKALL register (UFOEONA)
UF0 EPNAK register (UFOEN)

UF0 EPNAK mask register (UFOENM)
UFO0 SNDSIE register (UFOSDS)

UFO CLR request register (UFOCLR)
UFO SET request register (UFOSET)
UFO EP status 0 register (UFOEPSO0)
UFO EP status 1 register (UFOEPST)
UFO EP status 2 register (UFOEPS2)
UFO INT status 0 register (UFOISO)
UFO INT status 1 register (UFOIST)
UFO INT status 2 register (UF0IS2)
UFO INT status 3 register (UFOIS3)
UFO INT status 4 register (UF0IS4)
UFO INT mask O register (UFOIMO)
UFO INT mask 1 register (UFOIM1)
UFO INT mask 2 register (UF0IM2)
UFO INT mask 3 register (UFOIM3)
UFO INT mask 4 register (UF0IM4)
UFO INT clear 0O register (UF0OICO)
UFO INT clear 1 register (UFOIC1)
UFO INT clear 2 register (UF0IC2)
UFO INT clear 3 register (UFOIC3)
UFO INT clear 4 register (UF0IC4)
UFO FIFO clear 0 register (UFOFICO)

UFO FIFO clear 1 register (UFOFIC1)

UFO0 data end register (UFODEND)

UF0 GPR register (UFOGPR)

UF0 mode control register (UFOMODC)

UF0 mode status register (UFOMODS)

UFO active interface number register (UFOAIFN)

UFO active alternative setting register (UFOAAS)

UFO alternative setting status register (UFOASS)

UFO0 endpoint 1 interface mapping register (UFOE1IM)

UFO0 endpoint 2 interface mapping register (UFOE2IM)
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Table 12-1. Configuration of USB Function Controller USBF (2/2)

ltem

Configuration

Data hold registers

UFO0 EPO read register (UFOEOR)

UFO0 EPO length register (UFOEOL)

UFO0 EPO setup register (UFOEOST)

UF0 EPO write register (UFOEOW)

UFO bulk out 1 register (UFOBO1)

UFO bulk out 1 length register (UFOBO1L)
UFO bulk in 1 register (UFOBI1)

Request data registers

UFO devise status register L (UFODSTL)

UFO0 EPO status register L (UFOEOSL)

UFO0 EP1 status register L (UFOE1SL)

UFO0 EP2 status register L (UFOE2SL)

UFO0 address register (UFOADRS)

UFO configuration register (UFOCNF)

UFO interface 0 register (UFOIF0)

UFO interface 1 to 4 registers (UFOIF1 to UFOIF4)

UFO0 descriptor length register (UFODSCL)

UFO0 devise descriptor registers 0 to 17 (UFODDO to UFODD17)
UFO0 configuration/interface/endpoint descriptor registers 0 to 255 (UFOCIEO to UFOCIE255)

Peripheral control register

USB function 0 buffer control register (UFOBC)

Figure 12-1 shows the block diagram.

Figure 12-1. Block Diagram of USB Function Controller USBF

USB Endpoint
INTUSBOB ——— | EndpointoR (64 bytes)
EndpointOW (64 bytes)
INTUSB1B Endpoint! (64 bytes x 2)
Endpoint2 (64 bytes x 2)
INTUSB2B
SIE 1/0 buffer
’ {>@ © UsBM
© usBP
—o
INTRSUM
fUDD
(48 MHz) USB function 0 buffer

control register (UFOBC)
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12.3 Requests
12.3.1 Automatic requests

(1) Decode
The following tables show the request formats and correspondence between requests and decoded values.

Table 12-2. Request Format

Offset Field Name

0 bmRequestType

1 bRequest

2 wValue Lower side
3 Higher side
4 windex Lower side
5 Higher side
6 wlLength Lower side
7 Higher side
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Table 12-3. Correspondence Between Requests and Decoded Values

Offset Decoded Value Response Data
Stage
bmRequestType | bRequest wValue windex wLength Df Ad Cf
Request 0 1 3 2 5 4 7 6

GET_INTERFACE 81H 0AH 00H 00H 00H OnH 00H 01H | STALL | STALL | ACK \l
NAK

GET_CONFIGURATION 80H 08H 00H 00H 00H 00H 00H 01H ACK ACK ACK v
NAK NAK NAK

GET_DESCRIPTOR 80H 06H 01H 00H 00H 00H XXH [ XXH"™'| ACK ACK ACK V
Device NAK NAK NAK

GET_DESCRIPTOR 80H 06H 02H 00H 00H 00H XXH [ XXH"™ '| ACK ACK ACK \l
Configuration NAK NAK NAK

GET_STATUS 80H 00H 00H 00H 00H 00H 00H 02H ACK ACK ACK N
Device NAK NAK NAK

GET_STATUS 82H 00H 00H 00H 00H 00H 00H 02H ACK ACK ACK v
Endpoint 0 80H NAK NAK NAK

GET_STATUS 82H 00H 00H 00H 00H $$H 00H 02H | STALL | STALL | ACK v
Endpoint X NAK

CLEAR_FEATURE 00H 01H 00H 01H 00H 00H 00H 00H ACK ACK ACK X
Device""** NAK NAK NAK

CLEAR_FEATURE 02H 01H 00H 00H 00H 00H 00H 00H ACK ACK ACK X
Endpoint 0"*°? 80H NAK NAK NAK

CLEAR_FEATURE 02H 01H 00H 00H 00H $$H 00H 00H | STALL | STALL | ACK X
Endpoint X""*? NAK

SET_FEATURE 00H 03H 00H 01H 00H 00H 00H 00H ACK ACK ACK X
Device"™*® NAK NAK NAK

SET_FEATURE 02H 03H 00H 00H 00H 00H 00H 00H ACK ACK ACK X
Endpoint 0"** 80H NAK NAK NAK

SET_FEATURE 02H 03H 00H 00H 00H $$H 00H 00H | STALL | STALL | ACK X
Endpoint X"** NAK

SET_INTERFACE 01H 0BH 00H 0#H 00H 0?7H 00H 00H | STALL | STALL | ACK X
NAK

SET_CONFIGURATION™** 00H 09H 00H 00H 00H 00H 00H 00H ACK ACK ACK X
01H NAK NAK NAK

SET_ADDRESS 00H 05H XXH XXH 00H 00H 00H 00H ACK ACK ACK X
NAK NAK NAK

Remark +: Data stage is provided
x: Data stage is not provided

Notes 1. If the wLength value is less than the prepared value, the wLength value is returned; if the wLength value
is greater than the prepared value, the prepared value is returned.
2. The CLEAR_FEATURE request clears UF0 device status register L (UFODSTL) and UFO EPn status
register L (UFOENSL) (n = 0 to 2) when ACK is received in the status stage.
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Notes 3. The SET_FEATURE request sets the UF0Q device status register L (UFODSTL) and UF0 EPn status
register L (UFOENSL) (n = 0 to 2) when ACK is received in the status stage. If the EOHALT bit of the
UFOEOSL register is set, a STALL response is made in the status stage or data stage of control transfer
for a request other than the GET_STATUS Endpoint0 request, SET_FEATURE Endpoint0 request, and a
request generated by the CPUDEC interrupt request, until the CLEAR_FEATURE EndpointO request is
received. A STALL response to an unsupported request does not set the EOHALT bit of the UFOEOSL
register to 1, and the STALL response is cleared as soon as the next SETUP token has been received.

4. |If the wValue is not the default value, an automatic STALL response is made.

Cautions 1.

Remarks 1.
2.

276

The sequence of control transfer defined by the Universal Serial Bus Specification is not
satisfied under the following conditions. The operation is not guaranteed under these
conditions.

If an IN/OUT token is suddenly received without a SETUP stage

If DATA PID1 is sent in the data phase of the SETUP stage

If a token of 128 addresses or more is received

If the request data transmitted in the SETUP stage is of less than 8 bytes

An ACK response is made even when the host transmits data other than a Null packet in the
status stage.

If the wLength value is 00H during control transfer (read) of FW processing, a Null packet is
automatically transmitted for control transfer (without data). The FW request does not
automatically transmit a Null packet.

Df: Default state, Ad: Addressed state, Cf: Configured state

n=0to4

It is determined by the setting of the UFO active interface number register (UFOAIFN) whether a
request with Interface number 1 to 4 is correctly responded to, depending on whether the Interface
number of the target is valid or not.

$$: Valid endpoint number including transfer direction

The valid endpoint is determined by the currently set Alternate Setting number (see 12.4.1 (33) UFO0
active alternative setting register (UFOAAS), (35) UFO0 endpoint 1 interface mapping register
(UFOE1IM) to (36) UFO endpoint 2 interface mapping register (UFOE2IM)).

? and #: Value transmitted from host (information on Interface numbers 0 to 4)

It is determined by the UFO active interface number register (UFOAIFN) and UFO active alternative
setting register (UFOAAS) whether an Alternate Setting request corresponding to each Interface
number is correctly responded to or not, depending on whether the Interface number and Alternate
Setting of the target are valid or not.
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(2) Processing
The processing of an automatic request in the Default state, Addressed state, and Configured state is

described below.

Remark Default state: State in which an operation is performed with the Default address

(C)

(b)

Addressed state: State after an address has been allocated
Configured state: State after SET_CONFIGURATION wValue = 1 has been correctly received

CLEAR_FEATURE() request

A STALL response is made in the status stage if the CLEAR_FEATURE() request cannot be cleared, if
FEATURE does not exist, or if the target is an interface or an endpoint that does not exist. A STALL
response is also made if the wLength value is other than 0.

o Default state: The correct response is made when the CLEAR_FEATURE() request has been
received only if the target is a device or a request for EndpointO; otherwise a STALL
response is made in the status stage.

e Addressed state: The correct response is made when the CLEAR_FEATURE() request has been
received only if the target is a device or a request for EndpointO; otherwise a STALL
response is made in the status stage.

e Configured state: The correct response is made when the CLEAR_FEATURE() request has been
received only if the target is a device or a request for an endpoint that exists;
otherwise a STALL response is made in the status stage.

When the CLEAR_FEATURE() request has been correctly processed, the corresponding bit of the UFO
CLR request register (UFOCLR) is set to 1, the EnHALT bit of the UFO EPn status register L (UFOENSL) is
cleared to 0, and an interrupt is issued (n = 0 to 2). If the CLEAR_FEATURE() request is received when
the subject is an endpoint, the toggle bit (that controls switching between DATAQO and DATA1) of the
corresponding endpoint is always re-set to DATAO.

GET_CONFIGURATION() request
A STALL response is made in the data stage if any of wValue, windex, or wLength is other than the values
shown in Table 12-3.

o Default state: The value stored in the UFO configuration register (UFOCNF) is returned when the
GET_CONFIGURATION() request has been received.

e Addressed state: The value stored in the UFOCNF register is returned when the
GET_CONFIGURATION() request has been received.

¢ Configured state: The value stored in the UFOCNF register is returned when the
GET_CONFIGURATION() request has been received.
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278

(c)

(d)

GET_DESCRIPTOR() request

If the subject descriptor has a length that is a multiple of wMaxPacketSize, a Null packet is returned to
indicate the end of the data stage. If the length of the descriptor at this time is less than the wLength value,
the entire descriptor is returned; if the length of the descriptor is greater than the wLength value, the
descriptor up to the wLength value is returned.

o Default state: The value stored in UFO device descriptor register n (UFODDn) and UFO
configuration/interface/endpoint descriptor register m (UFOCIEm) is returned (n = 0 to
17, m = 0 to 255) when the GET_DESCRIPTOR() request has been received.

e Addressed state: The value stored in the UFODDn register and UFOCIEm register is returned when the
GET_DESCRIPTOR() request has been received.

o Configured state: The value stored in the UFODDn register and UFOCIEm register is returned when the
GET_DESCRIPTOR() request has been received.

A descriptor of up to 256 bytes can be stored in the UFOCIEm register. To return a descriptor of more than
256 bytes, set the CDCGDST bit of the UFOMODC register to 1 and process the GET_DESCRIPTOR()
request by FW.

Store the value of the total number of bytes of the descriptor set by the UFOCIEm register — 1 in the UFO
descriptor length register (UFODSCL). The transfer data is controlled by the value of this data + 1 and
wLength.

GET_INTERFACE() request
If either of wValue and wLength is other than that shown in Table 12-3, or if windex is other than that set by
the UFO active interface number register (UFOAIFN), a STALL response is made in the data stage.

o Default state: A STALL response is made in the data stage when the GET_INTERFACE() request
has been received.

e Addressed state: A STALL response is made in the data stage when the GET_INTERFACE() request
has been received.

o Configured state: The value stored in the UFO interface n register (UFOIFn) corresponding to the windex
value is returned (n = 0 to 4) when the GET_INTERFACE() request has been received.
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(e) GET_STATUS() request
A STALL response is made in the data stage if any of wValue, windex, or wLength is other than the values

®

shown in Table 12-3. A STALL response is also made in the data stage if the target is an interface or an

endpoint that does not exist.

e Default state:

o Addressed state:

¢ Configured state:

Note

The value stored in the target status register is returned only when the

GET_STATUS() request has been received and when the request is for a device or
Endpoint0; otherwise a STALL response is made in the data stage.

Note

The value stored in the target status register is returned only when the
GET_STATUS() request has been received and when the request is for a device or
Endpoint0; otherwise a STALL response is made in the data stage.

Note

The value stored in the target status register is returned only when the
GET_STATUS() request has been received and when the request is for a device or an

endpoint that exists; otherwise a STALL response is made in the data stage.

Note The target status register is as follows.
o If the target is a device: UF0 device status register L (UFODSTL)
o If the target is endpoint 0: UFO EPO status register L (UFOEQSL)
o If the target is endpoint n: UFQ EPn status register L (UFOENnSL) (n =1 to 2)

SET_ADDRESS() request
A STALL response is made in the status stage if either of windex or wLength is other than the values
shown in Table 12-3. A STALL response is also made if the specified device address is greater than 127.

e Default state:

o Addressed state:

¢ Configured state:

The device enters the Addressed state and changes the USB Address value to be
input to SIE into a specified address value if the specified address is other than O
when the SET_ADDRESS() request has been received. If the specified address is 0,
the device remains in the Default state.

The device enters the Default state and returns the USB Address value to be input to
SIE to the default address if the specified address is 0 when the SET_ADDRESS()
request has been received. If the specified address is other than 0, the device
remains in the Addressed state, and changes the USB Address value to be input to
SIE into a specified new address value.

The device remains in the Configured state and returns the USB Address value to be
input to SIE to the default address if the specified address is 0 when the
SET_ADDRESS() request has been received. In this case, the endpoints other than
endpoint 0 remain valid, and control transfer (IN), control transfer (OUT), bulk transfer
and interrupt transfer for an endpoint other than endpoint 0 are also acknowledged. If
the specified address is other than 0, the device remains in the Configured state and
changes the USB Address value to be input to SIE into a specified new address value.
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(9)

(h)

SET_CONFIGURATION() request
If any of wValue, windex, or wLength is other than the values shown in Table 12-3, a STALL response is
made in the status stage.

o Default state: The CONF bit of the UFO mode status register (UFOMODS) and the UFO configuration
register (UFOCNF) are set to 1 if the specified configuration value is 1 when the
SET_CONFIGURATION() request has been received. If the specified configuration
value is 0, the CONF bit of the UFOMODS register and UFOCNF register are cleared
to 0. In other words, the device skips the Addressed state and moves to the
Configured state in which it responds to the Default address.

o Addressed state: The CONF bit of the UFOMODS register and UFOCNF register are set to 1 and the
device enters the Configured state if the specified configuration value is 1 when the
SET_CONFIGURATION() request has been received. If the specified configuration
value is 0, the device remains in the Addressed state.

e Configured state: The CONF bit of the UFOMODS register and UFOCNF register are set to 1 and the
device returns to the Addressed state if the specified configuration value is 0 when the
SET_CONFIGURATION() request has been received. If the specified configuration
value is 1, the device remains in the Configured state.

If the SET_CONFIGURATION() request has been correctly processed, the target bit of the UFO SET
request register (UFOSET) is set to 1, and an interrupt is issued. All Halt Features are cleared after the
SET_CONFIGURATION() request has been completed even if the specified configuration value is the
same as the current configuration value. If the SET_CONFIGURATION() request has been correctly
processed, the data toggle of all endpoints is always initialized to DATAQ again (it is defined that the default
status, Alternative Setting 0, is set from when the SET_CONFIGURATION request is received to when the
SET_INTERFACE request is received).

SET_FEATURE() request

A STALL response is made in the status stage if the SET_FEATURE() request is for a Feature that cannot
be set or does not exist, or if the target is an interface or an endpoint that does not exist. A STALL
response is also made if the wLength value is other than 0.

o Default state: The correct response is made when the SET_FEATURE() request has been received,
only if the request is for a device or Endpoint0; otherwise a STALL response is made
in the status stage.

o Addressed state: The correct response is made when the SET_FEATURE() request has been received,
only if the request is for a device or Endpoint0; otherwise a STALL response is made
in the status stage.

e Configured state: The correct response is made when the SET_FEATURE() request has been received,
only if the request is for a device or an endpoint that exists; otherwise a STALL
response is made in the status stage.

When the SET_FEATURE() request has been correctly processed, the target bit of the UFO SET request

register (UFOSET) and the EnHALT bit of the UFO EPn status register L (UFOENSL) are set to 1, and an
interrupt is issued (n =0 to 2).
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(i) SET_INTERFACE() request
If wLength is other than the values shown in Table 12-3, if windex is other than the value set to the UFO
active interface number register (UFOAIFN), or if wValue is other than the value set to the UFO active
alternative setting register (UFOAAS), a STALL response is made in the status stage.

¢ Default state: A STALL response is made in the status stage when the SET_INTERFACE() request
has been received.

e Addressed state: A STALL response is made in the status stage when the SET_INTERFACE() request
has been received.

¢ Configured state: Null packet is transmitted in the status stage when the SET_INTERFACE() request
has been received.

When the SET_INTERFACE() request has been correctly processed, an interrupt is issued. All the Halt
Features of the endpoint linked to the target Interface are cleared after the SET_INTERFACE() request
has been cleared. The data toggle of all the endpoints related to the target Interface number is always
initialized again to DATAO. When the currently selected Alternative Setting is to be changed by correctly
processing the SET_INTERFACE() request, the FIFO of the endpoint that is affected is completely cleared,
and all the related interrupt sources are also initialized.

When the SET_INTERFACE() request has been completed, the FIFO of all the endpoints linked to the
target Interface are cleared. At the same time, Halt Feature and Data PID are initialized, and the related
UFO INT status n register (UFOISn) is cleared to O (n = 0 to 4). (Only Halt Feature and Data PID are
cleared when the SET_CONFIGURATION request has been completed.)

12.3.2 Other requests

(1) Response and processing
The following table shows how other requests are responded to and processed.

Table 12-4. Response and Processing of Other Requests

Request Response and Processing
GET_DESCRIPTOR String Generation of CPUDEC interrupt request
GET_STATUS Interface Automatic STALL response
CLEAR_FEATURE Interface Automatic STALL response
SET_FEATURE Interface Automatic STALL response
all SET_DESCRIPTOR Generation of CPUDEC interrupt request
All other requests Generation of CPUDEC interrupt request
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12.4 Register Configuration
12.4.1 Control registers

(1) UFO0 EPONAK register (UFOEON)
This register controls NAK of Endpoint0 (except an automatically executed request).
This register can be read or written in 8-bit units (however, bit 0 can only be read).
It takes five USB clocks to reflect the status on this register after the UFOFICO and UFOFIC1 registers have
been set. If it is necessary to read the status correctly, therefore, separate a write signal that accesses the
UFOFICO and UFOFIC1 registers from a read signal that accesses the UFOEPS0, UFOEPS1, UFOEPS2,
UFOEON, and UFOEN registers by at least four USB clocks.
While NAK is being transmitted to Endpoint0 Read and Endpoint2, a write access to the EPONKR bit is ignored.

7 6 5 4 3 2 1 0 Address After reset
uroeoN| o | o | o | o | o | o [Eronkr|Eronkw| FFeoH 00H
Bit position Bit name Function
1 EPONKR This bit controls NAK to the OUT token to EndpointO (except an automatically executed

request). It is automatically set to 1 by hardware when EndpointO has correctly received
data. Itis also cleared to 0 by hardware when the data of the UFOEOR register has been
read by FW (counter value = 0).

1: Transmit NAK.

0: Do not transmit NAK (default value).
Set this bit to 1 by FW when data should not be received from the USB bus for some
reason even when USBF is ready for receiving data. In this case, USBF continues
transmitting NAK until this bit is cleared to 0 by FW. This bit is also cleared to 0 as soon
as the UFOEOR register has been cleared.

0 EPONKW This bit indicates how NAK to the IN token to Endpoint0 is controlled (except an
automatically executed request). This bit is automatically cleared to 0 by hardware when
the data of Endpoint0 is transmitted and the host correctly receives the transmitted data.
The data of the UFOEOW register is retained until this bit is cleared. Therefore, it is not
necessary to rewrite this bit even in the case of a retransmission request that is made if
the host could not receive data correctly. To send a short packet, be sure to set the
EODED bit of the UFODEND register to 1. This bit is automatically set to 1 when the
FIFO is full. As soon as the EODED bit of the UFODEND register is set to 1, the
EPONKW bit is automatically set to 1 at the same time.

1: Do not transmit NAK.

0: Transmit NAK (default value).
If control transfer enters the status stage while ACK cannot be correctly received in the
data stage, this bit is cleared to 0 as soon as the UFOEOW register is cleared. This bit is
also cleared to 0 when UFOEQOW is cleared by FW.
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Next, the procedure of a SETUP transaction that uses IN/OUT tokens is explained below.

(@

(b)

When IN token is used (except a request automatically executed by hardware)

FW should be used to clear the PROT bit of the UF0IS1 register to 0 after receiving the CPUDEC interrupt
and before reading data from the UFOEOST register. Next, perform processing in accordance with the
request and, if it is necessary to return data by an IN token, write data to the UFOEQOW register. Confirm
that the PROT bit of the UFOIS1 register is 0 after writing has been completed, and set the EODED bit of
the UFODEND register to 1. The hardware sends out data at the first IN token after the EPONKW bit has
been set to 1. If the PROT bit of the UF0IS1 register is 1, it indicates that a SETUP transaction has
occurred again before completion of control transfer. In this case, clear the PROT bit of the UF0IS1
register to 0 by clearing the PROTC bit of the UFOIC1 register to 0, and then read data from the UFOEOST
register again. A request received later can be read.

When OUT token is used (except a request automatically executed by hardware)

FW should be used to clear the PROT bit of the UF0IS1 register after receiving the CPUDEC interrupt and
before reading data from the UFOEOST register. Confirm that the PROT bit of the UFOIS1 register is 0
before reading data from the UFOEOR register. If the PROT bit is 1, it means that invalid data is retained.
Clear the FIFO by FW (the EPONKR bit is automatically cleared to 0). If the PROT bit of the UF0IS1
register is 0, read the data of the UFOEOL register and read as many data from the UFOEOR register as set.
When reading data from the UFOEOR register has been completed (when the counter of the UFOEOR
register has been cleared to 0), the hardware automatically clears the EPONKR bit to 0.
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(2) UFO0 EPONAKALL register (UFOEONA)
This register controls NAK to all the requests of Endpoint0. It is also valid for automatically executed requests.
This register can be read or written in 8-bit units.

7 6 5 4 3 2 1 0 Address After reset
UFOEONA | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ EPONKAl FF61H 00H
Bit position Bit name Function
0 EPONKA This bit controls NAK to a transaction other than a SETUP transaction to Endpoint0

(including an automatically executed request). This bit is manipulated by FW.

1: Transmit NAK.

0: Do not transmit NAK (default value).
This register is used to prevent a conflict between a write access by FW and a read
access from SIE when the data used for an automatically executed request is to be
changed. It postpones reflecting a write access on this bit from FW while an access
from SIE is being made. Before rewriting the request data register from FW, confirm that
this bit has been correctly set to 1.
Setting this bit to 1 is reflected only in the following cases.

o Immediately after USBF has been reset and a SETUP token has never been

received
* Immediately after reception of Bus Reset and a SETUP token has never been
received

e PID of a SETUP token has been detected

* The stage has been changed to the status stage
Clearing this bit to 0 is reflected immediately, except while an IN token is being received
and a NAK response is being made.
Setting the EPONKA bit to 1 is reflected in the above four cases during Endpoint0
transfer, but it is reflected immediately after data has been written to the bit while
Endpoint0 is transferring no data.
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(3) UFO0 EPNAK register (UFOEN)
This register controls NAK of endpoints other than Endpoint0.
This register can be read or written in 8-bit units (however, bit 0 can only be read).
The BKO2NK bit can be written only when the BKO2NKM bit of the UFOENM register is 1 and the BKO1NK bit
can be written only when the BKO1NKM bit of the UFOENM register is 1.
The related bits are invalid if each endpoint is not supported by the setting of the UFOENIM register (n = 1, 2)
and the current setting of the interface.
It takes five USB clocks to reflect the status on this register after the UFOFICO and UFOFIC1 registers have
been set. If it is necessary to read the status correctly, therefore, separate a write signal that accesses the
UFOFICO and UFOFIC1 registers from a read signal that accesses the UFOEPS0, UFOEPS1, UFOEPS2,
UFOEON, and UFOEN registers by at least four USB clocks.
While NAK is being transmitted to Endpoint0 Read and Endpoint2, a write access to the BKO1NK and
BKO2NK bits is ignored.
Be sure to clear bits 7 to 3 and 1. If these bits are set to 1, the operation is not guaranteed.

(1/2)
7 6 5 4 3 2 1 0 Address After reset
UFEN[ o | o | o | o | o [BKOINK| o0 |BKINK| FFe2H 00H
Bit position Bit name Function
2 BKO1NK This bit controls NAK to Endpoint2 (bulk 1 transfer (OUT)).

1: Transmit NAK.

0: Do not transmit NAK (default value).
This bit is set to 1 only when the FIFO connected to the SIE side of the UFOBO1 register
(64-byte FIFO of bank configuration) cannot receive data. It is cleared to 0 when a
toggle operation is performed. The bank is changed (toggle operation) when the
following conditions are satisfied.

o Data correctly received is stored in the FIFO connected to the SIE side.

e The value of the FIFO counter connected to the CPU side is 0 (completion of

reading).

FW should be used to read data of the UFOBO1L register when it has received the
BKO1DT interrupt request and read as many data from the UFOBO1 register as the
value of that data. To not receive data from the USB bus for some reason even if USBF
is ready to receive data, set this bit to 1 by FW. In this case, USBF keeps transmitting
NAK until the FW clears this bit to 0. This bit is also cleared to 0 as soon as the UFOBO1
register has been cleared.
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@/2)

Bit position Bit name Function

0 BKITNK This bit controls NAK to Endpoint1 (bulk 1 transfer (IN)).

1: Do not transmit NAK.

0: Transmit NAK (default value).
This bit is cleared to 0 only when the FIFO connected to the SIE side of the UFOBI1
register (64-byte FIFO of bank configuration) cannot receive data. It is setto 1 when a
toggle operation is performed (the data of the UFOBI1 register is retained until
transmission has been correctly completed). The bank is changed (toggle operation)
when the following conditions are satisfied.

o Data is correctly written to the FIFO connected to the CPU bus side (writing has

been completed and the FIFO is full or the UFODEND register is set).

e The value of the FIFO counter connected to the SIE side is 0.
This bit is automatically set to 1 and data transmission is started when the FIFO on the
CPU side becomes full and a FIFO toggle operation is performed as a result of writing
data to the FIFO. To send a short packet that does not make the FIFO on the CPU side
full, set the BKI1DED bit to 1 after completing writing data. When the BKI1DED bit is set
to 1, a toggle operation is performed and at the same time, this bit is automatically set to
1. This bit is also cleared to 0 as soon as the UFOBI1 register has been cleared.
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(4) UFO0 EPNAK mask register (UFOENM)
This register controls masking a write access to the UFOEN register.

This register can be read or written in 8-bit units.
Be sure to clear bits 7 to 3, 1, and 0. If these bits are set to 1, the operation is not guaranteed.

7 6 5 4 3 2 1 0 Address After reset
UFOENM | 0 0 0 0 o |ekomkm| o o | Fread 00H
Bit position Bit name Function
2 BKO1NKM This bit specifies whether a write access to bit 2 (BKO1NK) of the UFOEN register is

masked or not.
1: Do not mask.
0: Mask (default value).
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(5) UFO SNDSIE register (UFOSDS)
This register performs manipulation such as no handshake. It can directly manipulate the pins of SIE.
This register can be read or written in 8-bit units.
Be sure to clear bit 2. If it is set to 1, the operation is not guaranteed.

7 6 5 4 3 2 1 0 Address After reset
uFosps|[ o | o | o | o |swpsTL| o | o |RSUMIN| FFeaH 00H
Bit position Bit name Function
3 SNDSTL This bit makes Endpoint0 issue a STALL handshake. Setting this bit to 1 if a request for

CPUDEC processing is not supported by the system results in a STALL handshake
response. If an unsupported wValue is sent by the SET_CONFIGURATION or
SET_INTERFACE request, the hardware sets this bit to 1. If a problem occurs in
Endpoint0 due to overrun of an automatically executed request, this bit is also set to 1.
However, the EOHALT bit of the UFOEOSL register is not set to 1.

1: Respond with STALL handshake.

0: Do not respond with STALL handshake (default value).
This bit is cleared to 0 and the handshake response to the bus is other than STALL when
the next SETUP token is received. To set the SNDSTL bit to 1 by FW, do not write data
to the UFOEQOW register. Depending on the timing of setting this bit, the STALL response
is not made in time, and it may be made to the next transfer after a NAK response has
been made.
Setting this bit is valid only while an FW-executed request is under execution when this
bit is set to 1. It is automatically cleared to 0 when the next SETUP token is received.

Remark The SNDSTL bit is valid only for an FW-executed request.

0 RSUMIN This bit outputs the Resume signal onto the USB bus. Writing this bit is invalid unless
the RMWK bit of the UFODSTL register is set to 1.

1: Generate the Resume signal.

0: Do not generate the Resume signal (default value).
While this bit is set to 1, the Resume signal continues to be generated. Clear this bit to 0
by FW after a specific time has elapsed. Because the signal is internally sampled at the
clock, the operation is guaranteed only while CLK is supplied. Care must be exercised
when CLK of the system is stopped.
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(6) UFO0 CLR request register (UFOCLR)
This register indicates the target of the received CLEAR_FEATURE request.
This register is read-only, in 8-bit units.
This register is meaningful only when an interrupt request is generated. Each bit is set to 1 after completion of
the status stage, and automatically cleared to 0 when this register is read.
The related bits are invalid if each endpoint is not supported by the setting of the UFOENIM register (n = 1, 2)
and the current setting of the interface.

6 5 4 3 2 1 0 Address After reset
UFOCLR | o0 o | o |cLrep2|cLRer1|cLrEPO|CLRDEV|  FFesH 00H
Bit position Bit name Function
3to1 CLREPN These bits indicate that a CLEAR_FEATURE Endpoint n request is received and
automatically processed.
1: Automatically processed

0: Not automatically processed (default value)

0 CLRDEV This bit indicates that a CLEAR_FEATURE Device request is received and automatically

processed.
1: Automatically processed
0: Not automatically processed (default value)

Remark n=2to0
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@)

UFO0 SET request register (UFOSET)

This register indicates the target of the automatically processed SET_XXXX (except SET_INTERFACE)
request.

This register is read-only, in 8-bit units.

This register is meaningful only when an interrupt request is generated. Each bit is set to 1 after completion of

the status stage, and automatically cleared to O when this register is read.

7 6 5 4 3 2 1 0 Address After reset
UFOSET |SETCON ‘ 0 0 0 0 ‘ SETEP ‘ 0 ‘ SETDEV | FF66H 00H
Bit position Bit name Function
7 SETCON This bit indicates that a SET_CONFIGURATION request is received and automatically
processed.

1: Automatically processed
0: Not automatically processed (default value)

2 SETEP This bit indicates that a SET_FEATURE Endpoint n request (n = 0 to 2) is received and
automatically processed.

1: Automatically processed

0: Not automatically processed (default value)

0 SETDEV This bit indicates that a SET_FEATURE Device request is received and automatically
processed.

1: Automatically processed

0: Not automatically processed (default value)
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(8) UFO EP status 0 register (UFOEPSO0)

This register indicates the USB bus status and the presence or absence of register data.

This register is read-only, in 8-bit units.

The related bits are invalid if each endpoint is not supported by the setting of the UFOENnIM register (n = 1, 2)
and the current setting of the interface.

It takes five USB clocks to reflect the status on this register after the UFOFICO and UFOFIC1 registers have
been set. If it is necessary to read the status correctly, therefore, separate writing to the UFOFICO and
UFOFIC1 registers from reading from the UFOEPSO0, UFOEPS1, UFOEPS2, UFOEON, and UFOEN registers by
at least four USB clocks.

7 6 5 4 3 2 1 0 Address After reset
UFOEPSO | 0 ‘ 0 ‘ 0 ‘ BKOUTH1 ‘ 0 ‘ BKIN1 ‘ EPOW ‘ EPOR | FF67H O00H
Bit position Bit name Function
4 BKOUT1 This bit indicates that data is in the UFOBO1 register (FIFO) connected to the CPU side.

When the FIFO configuring the UFOBO1 register is toggled, this bit is automatically set
to 1 by hardware. It is automatically cleared to 0 by hardware when reading the UFOBO1
register (FIFO) connected to the CPU side has been completed (counter value = 0). It is
not set to 1 when Null data is received (toggling the FIFO does not take place either).

1: Data is in the register.

0: No data is in the register (default value).

2 BKIN1 This bit indicates that data is in the UFOBI1 register (FIFO) connected to the CPU side.
By setting the BKI1DED bit of the UFODEND register to 1, the status in which data is in
the UFOBI1 register can be created even if data is not written to the register (Null data
transmission). As soon as the BKITDED bit of the UFODEND register has been set to 1
while the counter of the UFOBI1 register is 0, this bit is set to 1 by hardware. It is cleared
to 0 when a toggle operation is performed.

1: Data is in the register.

0: No data is in the register (default value).

1 EPOW This bit indicates that data is in the UFOEOW register (FIFO). By setting the EODED bit
of the UFODEND register to 1, the status in which data is in the UFOEOW register can be
created even if data is not written to the register (Null data transmission). As soon as the
EODED bit of the UFODEND register is set to 1 even when the counter of the UFOEOW
register is 0, this bit is set to 1 by hardware. It is cleared to 0 after correct transmission.
1: Data is in the register.
0: No data is in the register (default value).

0 EPOR This bit indicates that data is in the UFOEOR register (FIFO). It is automatically cleared
to 0 by hardware when reading the UFOEOR register (FIFO) has been completed
(counter value = 0). Itis not set to 1 if Null data is received.

1: Data is in the register.

0: No data is in the register (default value).
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(9) UFO EP status 1 register (UFOEPS1)
This register indicates the USB bus status and the presence or absence of register data.
This register is read-only, in 8-bit units.

7 6 5 4 3 2 1 0 Address After reset
UFOEPS1 | RSUM ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | FF68H 00H
Bit position Bit name Function
7 RSUM This bit indicates that the USB bus is in the Resume status. This bit is meaningful only

when an interrupt request is generated.

1: Suspend status

0: Resume status (default value)
Because sampling is internally performed with the clock, the operation is guaranteed
only when CLK is supplied. Care must be exercised when CLK of the system is stopped.
The INTRSUM signal of SIE operates even when CLK is stopped. It can therefore be
supported by making the RSUMIF bit of interrupt request flag register 1L (IF1L) valid or
lowering the frequency of CLK to the USBF.
This bit is automatically cleared to 0 when it is read.
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(10) UFO EP status 2 register (UFOEPS2)
This register indicates the USB bus status and the presence or absence of register data.
This register is read-only, in 8-bit units.
The related bits are invalid if each endpoint is not supported by the setting of the UFOENIM register (n = 1, 2)
and the current setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
UFOEPS2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ HALT2 ‘ HALTA ‘ HALTO | FF69H O00H
Bit position Bit name Function
2t00 HALTn These bits indicate that Endpoint n is currently stalled. These bits are set to 1 when a

stall condition, such as occurrence of an overrun and reception of an undefined request,
is satisfied. These bits are automatically set to 1 by hardware.

1: Endpoint is stalled.

0: Endpoint is not stalled (default value).
The SNDSTL bit is set to 1 as soon as the HALTO bit has been set to 1 as a result of
occurrence of an overrun or reception of an undefined request. If the next SETUP token
is received in this status, the SNDSTL bit is cleared to 0 and, therefore, the HALTO bit is
also cleared to 0. If Endpoint0 is stalled by the SET_FEATURE EndpointO request, this
bit is not cleared to 0 until the CLEAR_FEATURE Endpoint0 request is received or Halt
Feature is cleared by FW. If the GET_STATUS Endpoint0, CLEAR_FEATURE
Endpoint0, or SET_FEATURE Endpoint0 request is received, or if a request to be
processed by FW is received due to the CPUDEC interrupt request, the HALTO bit is
masked and cleared to O, until the next SETUP token is received.
The HALTn bit is not cleared to 0 until Endpoint n receives the CLEAR_FEATURE
Endpoint request, Halt Feature is cleared by the SET_INTERFACE or
SET_CONFIGURATION request to the interface to which the endpoint is linked, or Halt
Feature is cleared by FW. When the SET_INTERFACE or SET_CONFIGURATION
request is correctly processed, the Halt Feature of all the target endpoints, except
Endpoint0, is cleared after the request has been processed, even if the wValue is the
same as the currently set value, and these bits are also cleared to 0. Halt Feature of
Endpoint0 cannot be cleared if it is set because the STALL response is made in
response to the SET_INTERFACE and SET_CONFIGURATION requests.

Remark n=2to0
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(11) UFO INT status 0 register (UF0IS0)
This register indicates the interrupt source. If the contents of this register are changed, the INTUSBOB signal
becomes active.
This register is read-only, in 8-bit units.
If an interrupt request (INTUSBOB) is generated from USBF, the FW must read this register to identify the
interrupt source.
Each bit of this register is forcibly cleared to 0 when 0 is written to the corresponding bit of the UF0ICO register.

(1/2)
7 6 5 4 3 2 1 0 Address After reset
UFOISO [BUSRST|RSUSPD| o0 | o | o | SETRa | CLRRQ |EPHALT|  FRo7H 00H
Bit position Bit name Function
7 BUSRST This bit indicates that Bus Reset has occurred.

1: Bus Reset has occurred (interrupt request is generated).
0: Not Bus Reset status (default value)

6 RSUSPD This bit indicates that the Resume or Suspend status has occurred. Reference bit 7 of
the UFOEPS1 register by FW.

1: Resume or Suspend status has occurred (interrupt request is generated).

0: Resume or Suspend status has not occurred (default value).

2 SETRQ This bit indicates that the SET_XXXX request to be automatically processed has been
received and automatically processed (XXXX = CONFIGURATION or FEATURE).
1: SET_XXXX request to be automatically processed has been received (interrupt
request is generated).
0: SET_XXXX request to be automatically processed has not been received (default
value).
This bit is set to 1 after completion of the status stage. Reference the UFOSET register
to identify what is the target of the request. This bit is not automatically cleared to 0 even
if the UFOSET register is read by FW.
The EPHALT bit is also set to 1 when the SET_FEATURE Endpoint request has been
received.

1 CLRRQ This bit indicates that the CLEAR_FEATURE request has been received and
automatically processed.

1: CLEAR_FEATURE request has been received (interrupt request is generated).

0: CLEAR_FEATURE request has not been received (default value).
This bit is set to 1 after completion of the status stage. Reference the UFOCLR register
to identify what is the target of the request. This bit is not automatically cleared to 0 even
if the UFOCLR register is read by FW.
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(2/2)

Bit position

Bit name

Function

0

EPHALT

This bit indicates that an endpoint has stalled.

1: Endpoint has stalled (interrupt request is generated).

0: Endpoint has not stalled (default value).
This bit is also set to 1 when an endpoint has stalled by setting FW.
Identify the endpoint that has stalled, by referencing the UFOEPS2 register. This bit is
not automatically cleared to 0 even when the CLEAR_FEATURE Endpoint,
SET_INTERFACE, or SET_CONFIGURATION request is received. It is not
automatically cleared to 0, either, if the next SETUP token is received in case of overrun
of Endpoint0.

Caution Even if Halt Feature of Endpoint0 is set and this interrupt request is
generated, bit 0 of the UFOEPS2 register is masked and cleared to 0
between when a SET_FEATURE Endpoint0, CLEAR_FEATURE Endpoint0,
or GET_STATUS Endpoint0 request, or FW-processed request is received
and when a SETUP token other than the above is received.
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(12) UFO INT status 1 register (UF0IS1)

This register indicates the interrupt source. If the contents of this register are changed, the INTUSBOB signal
becomes active.

This register is read-only, in 8-bit units.

If an interrupt request (INTUSBOB) is generated from USBF, the FW must read this register to identify the
interrupt source.

Each bit of this register is forcibly cleared to 0 when 0 is written to the corresponding bit of the UF0IC1 register.
However, the SUCES and STG bits of the UF0IS1 register are automatically cleared to 0 when the next
SETUP token has been received.

(1/2)

7 6 5 4 3 2 1 0 Address After reset

EOIN EOINDT | EOODT | SUCES STG PROT CPU FF28H 00H
DEC

UFOIS1

Bit position Bit name Function

6 EOIN This bit indicates that an IN token for Endpoint0 has been received and that the
hardware has automatically transmitted NAK.
1: IN token is received and NAK is transmitted (interrupt request is generated).
0: IN token is not received (default value).

5 EOINDT This bit indicates that data has been correctly transmitted from the UFOEOW register.
1: Transmission from UFOEOW register is completed (interrupt request is generated).
0: Transmission from UFOEQW register is not completed (default value).
Data is transmitted in synchronization with the IN token next to the one that set the
EPONKW bit of the UFOEON register to 1. This bit is automatically set to 1 by hardware
when the host correctly receives that data. It is also set to 1 even if the data is a Null
packet. This bit is automatically cleared to 0 by hardware when the first write access is
made to the UFOEOW register.

4 EOODT This bit indicates that data has been correctly received in the UFOEOR register.

1: Data is in UFOEOR register (interrupt request is generated).

0: Data is not in UFOEOR register (default value).
This bit is automatically set to 1 by hardware when data has been correctly received. At
the same time, EPOR bit of the UFOEPSO register is also set to 1. If a Null packet has
been received, this bit is not set to 1. It is automatically cleared to 0 by hardware when
the FW reads the UFOEOR register and the value of the UFOEOL register becomes 0.

3 SUCES This bit indicates that either an FW-processed or hardware-processed request has been
received and that the status stage has been correctly completed.

1: Control transfer has been correctly processed (interrupt request is generated).

0: Control transfer has not been processed correctly (default value).
This bit is set to 1 upon completion of the status stage. It is automatically cleared to 0 by
hardware when the next SETUP token is received.
This bit is also set to 1 when data with Data PID of 0 (Null data) is received in the status
stage of control transfer.
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(2/2)

Bit position Bit name Function

2 STG This bit is set to 1 when the stage of control transfer has changed to the status stage. It
is valid for both FW-processed and hardware-processed requests. This bit is also set to
1 when the stage of control transfer (without data) has changed to the status stage.

1: Status stage (interrupt request is generated)

0: Not status stage (default value)
This bit is automatically cleared to 0 by hardware when the next SETUP token is
received.
Itis also set to 1 when the stage of control transfer has changed to the status stage
while ACK cannot be correctly received in the data stage. In this case, the EPONKW bit
of the UFOEON register is also cleared to 0 as soon as the UFOEOW register has been
cleared, if the FW is processing control transfer (read).

1 PROT This bit indicates that a SETUP token has been received. It is valid for both FW-
processed and hardware-processed requests.

1: SETUP token is correctly received (interrupt request is generated).

0: SETUP token is not received (default value).
This bit is set to 1 when data has been correctly received in the UFOEOST register.
Clear this bit to 0 by FW when the first read access is made to the UFOEOST register. If
it is not cleared to 0 by FW, reception of the next SETUP token cannot be correctly
recognized.
This bit is used to accurately recognize that a SETUP transaction has been executed
again during control transfer. If the SETUP transaction is re-executed during control
transfer and if a second request is executed by hardware, the CPUDEC bit is not set to
1, but the PROT bit can be used for recognition of the re-execution.

0 CPUDEC This bit indicates that the UFOEOST register has a request that is to be decoded by FW.
1: Data is in UFOEOST register (interrupt request is generated).
0: Data is not in UFOEOST register (default value).
This bit is automatically cleared to 0 by hardware when all the data of the UFOEOST
register is read.
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(13) UFO INT status 2 register (UF0IS2)

This register indicates the interrupt source. If the contents of this register are changed, the INTUSB1B signal
becomes active.

This register is read-only, in 8-bit units.

If an interrupt request (INTUSB1B) is generated from USBF, the FW must read this register to identify the
interrupt source.

Each bit of this register is forcibly cleared to 0 when 0 is written to the corresponding bit of the UF0IC2 register.
The related bits are invalid if each endpoint is not supported by the setting of the UFOE1IM register and the
current setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
UF0IS2 | 0 ‘ 0 ‘ BKIHIN ‘ BKI1DT ‘ 0 ‘ 0 ‘ 0 ‘ 0 | FF29H 00H
Bit position Bit name Function
5 BKI1IN This bit indicates that an IN token has been received in the UFOBI1 register (Endpoint 1)

and that NAK has been returned.
1: IN token is received and NAK is transmitted (interrupt request is generated).
0: IN token is not received (default value).

4 BKIDT This bit indicates that the FIFO of the UFOBI1 register (Endpoint 1) has been toggled.
This means that data can be written to Endpoint 1.

1: FIFO has been toggled (interrupt request is generated).

0: FIFO has not been toggled (default value).
The data written to Endpoint 1 is transmitted in synchronization with the IN token next to
the one that set the BKITNK bit of the UFOEN register to 1. When the FIFO has been
toggled and then data can be written from the CPU, this bit is automatically set to 1 by
hardware. It is also set to 1 when the FIFO has been toggled, even if the data is a Null
packet. This bit is automatically cleared to 0 by hardware when the first write access is
made to the UFOBI1 register.
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(14) UFO INT status 3 register (UF0IS3)
This register indicates the interrupt source. If the contents of this register are changed, the INTUSB1B signal
becomes active.
This register is read-only, in 8-bit units.
If an interrupt request (INTUSB1B) is generated from USBF, the FW must read this register to identify the
interrupt source.
Each bit of this register is forcibly cleared to 0 when 0 is written to the corresponding bit of the UF0IC3 register.
The related bits are invalid if each endpoint is not supported by the setting of the UFOE2IM register and the
current setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
UFiss| o | o | o | 0 |BKOIFL|BKOINL BKOINAK BKOTDT|  FF2AH 00H
Bit position Bit name Function
3 BKO1FL This bit indicates that data has been correctly received in the UFOBO1 register (Endpoint

2) and that both the FIFOs of the CPU and SIE hold the data.
1: Received data is in both the FIFOs of the UFOBO1 register (interrupt request is
generated).
0: Received data is not in the FIFO on the SIE side of the UFOBO1 register (default
value).
If data is held in both the FIFOs of the CPU and SIE, this bit is automatically set to 1 by
hardware. This bit is automatically cleared to 0 by hardware when the FIFO is toggled.

2 BKO1NL This bit indicates that a Null packet (packet with a length of 0) has been received in the
UFOBO1 register (Endpoint 2).

1: Null packet is received (interrupt request is generated).

0: Null packet is not received (default value).
This bit is set to 1 immediately after reception of a Null packet when the FIFO is empty.
This bit is set to 1 when the FIFO on the CPU side has been completely read if data is in
that FIFO.

1 BKO1NAK This bit indicates that an OUT token has been received to the UFOBO1 register
(Endpoint 2) and that NAK has been returned.
1: OUT token is received and NAK is transmitted (interrupt request is generated).
0: OUT token is not received (default value).

0 BKO1DT This bit indicates that data has been correctly received in the UFOBO1 register (Endpoint
2).

1: Reception has been completed correctly (interrupt request is generated).

0: Reception has not been completed (default value).
This bit is automatically set to 1 by hardware when data has been correctly received and
the FIFO has been toggled. At the same time, the corresponding bit of the UFOEPSO
register is also set to 1. This bit is not set to 1 when the data is a Null packet. This bit is
automatically cleared to 0 by hardware when the value of the UFOBO1L register
becomes 0 as a result of reading the UFOBO1 register by FW.
This bit is automatically cleared to 0 when all the contents of the FIFO on the CPU side
have been read. However, the interrupt request is not cleared if data is in the FIFO on
the SIE side at this time, and the INTUSB1B signal does not become inactive. The
signal is kept active if data is successively received.
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(15) UFO INT status 4 register (UF0IS4)
This register indicates the interrupt source. If the contents of this register are changed, the INTUSB2B signal
becomes active.
This register is read-only, in 8-bit units.
If an interrupt request (INTUSB2B) is generated from USBF, the FW must read this register to identify the
interrupt source.
Each bit of this register is forcibly cleared to 0 when 0 is written to the corresponding bit of the UF0IC4 register.
The related bits are invalid if each endpoint is not supported by the setting of the UFOENIM register (n = 1, 2)
and the current setting of the interface.

6 5 4 3 2 1 0 Address After reset
UF0IS4 | ‘ 0 ‘ SETINT ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | FF2BH 00H
Bit position Bit name Function
5 SETINT This bit indicates that the SET_INTERFACE request has been received and

automatically processed.
1: The request has been automatically processed (interrupt request is generated).
0: The request has not been automatically processed (default value).
The current setting of this bit can be identified by reading the UFOASS or UFOIFn
register (n = 0 to 4).
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(16) UFO INT mask 0 register (UFOIMO)
This register controls masking of the interrupt sources indicated by the UFOISO register.
This register can be read or written in 8-bit units.
FW can mask occurrence of an interrupt request (INTUSBOB) from USBF by writing 1 to the corresponding bit

of this register.

7 6 5 4 3 2 1 0 Address After reset
BUS RSU 0 0 0 SET CLR EP FF37H 00H
UFOIMO
RSTM SPDM RQM RQM HALTM
Bit position Bit name Function

7 BUSRSTM This bit masks the Bus Reset interrupt.
1: Mask
0: Do not mask (default value)

6 RSUSPDM This bit masks the Resume/Suspend interrupt.
1: Mask
0: Do not mask (default value)

2 SETRQM This bit masks the SET_RQ interrupt.
1: Mask
0: Do not mask (default value)

1 CLRRQM This bit masks the CLR_RQ interrupt.
1: Mask
0: Do not mask (default value)

0 EPHALTM This bit masks the EP_Halt interrupt.
1: Mask
0: Do not mask (default value)
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(17) UFO INT mask 1 register (UFOIM1)
This register controls masking of the interrupt sources indicated by the UFOIS1 register.

This register can be read or written in 8-bit units.

FW can mask occurrence of an interrupt request (INTUSBOB) from USBF by writing 1 to the corresponding bit

of this register.

UFOIM1

5 4 3 2

EOINM

INDTM | ODTM

EO EO SUCESM| STGM

PROTM

CPU
DECM

Address
FF38H

After reset

00H

Bit position

Bit name

Function

6

EOINM

This bit masks the EPOIN interrupt.
1: Mask
0: Do not mask (default value)

EOINDTM

This bit masks the EPOINDT interrupt.

1: Mask
0: Do not mask (default value)

EOODTM

This bit masks the EPOOUTDT interrupt.

1: Mask
0: Do not mask (default value)

SUCESM

This bit masks the Success interrupt.
1: Mask
0: Do not mask (default value)

STGM

This bit masks the Stg interrupt.
1: Mask
0: Do not mask (default value)

PROTM

This bit masks the Protect interrupt.
1: Mask
0: Do not mask (default value)

CPUDECM

This bit masks the CPUDEC interrupt.

1: Mask
0: Do not mask (default value)
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(18) UFO INT mask 2 register (UF0IM2)
This register controls masking of the interrupt sources indicated by the UFOIS2 register.
This register can be read or written in 8-bit units.
FW can mask occurrence of an interrupt request (INTUSB1B) from USBF by writing 1 to the corresponding bit
of this register.

The related bits are invalid if each endpoint is not supported by the setting of the UFOE1IM register and the
current setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
0 0 BKI1INM | BKI1 0 0 0 0 FF39H 00H
UFO0IM2
DTM
Bit position Bit name Function
5 BKI1INM This bit masks the BKI1IN interrupt.
1: Mask
0: Do not mask (default value)
4 BKI1DTM This bit masks the BLKI1DT interrupt.
1: Mask
0: Do not mask (default value)
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(19) UFO INT mask 3 register (UF0IM3)
This register controls masking of the interrupt sources indicated by the UFOIS3 register.
This register can be read or written in 8-bit units.
FW can mask occurrence of an interrupt request (INTUSB1B) from USBF by writing 1 to the corresponding bit
of this register.
The related bits are invalid if each endpoint is not supported by the setting of the UFOE2IM register and the
current setting of the interface.

6 5 4 3 2 1 0 Address After reset
0 0 0 BKO1 BKO1 BKO1 BKO1 FF3AH 00H
UFOIM3
FLM NLM NAKM DTM
Bit position Bit name Function
3 BKO1FLM This bit masks the BKO1FL interrupt.
1: Mask
0: Do not mask (default value)
2 BKO1NLM This bit masks the BKO1NL interrupt.
1: Mask
0: Do not mask (default value)
1 BKO1NAKM This bit masks the BKO1NK interrupt.
1: Mask
0: Do not mask (default value)
0 BKO1DTM This bit masks the BKO1DT interrupt.

1: Mask

0: Do not mask (default value)
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(20) UFO INT mask 4 register (UF0IM4)
This register controls masking of the interrupt sources indicated by the UF0IS4 register.
This register can be read or written in 8-bit units.
FW can mask occurrence of an interrupt request (INTUSB2B) from USBF by writing 1 to the corresponding bit
of this register.

The related bits are invalid if each endpoint is not supported by the setting of the UFOENIM register (n = 1, 2)
and the current setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
uroM4 | o | o Jserntm] o | o | o | o | o | FraBH 00H
Bit position Bit name Function
5 SETINTM This bit masks the SET_INT interrupt.
1: Mask
0: Do not mask (default value)
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(21) UFO INT clear 0 register (UF0ICO0)
This register controls clearing the interrupt sources indicated by the UF0ISO register.
This register is write-only, in 8-bit units. If this register is read, the value FFH is read.
FW can clear an interrupt source by writing O to the corresponding bit of this register. Even a bit that is
automatically cleared to 0 by hardware can be cleared by FW before it is cleared by hardware. Writing 0 to a
bit of this register automatically sets the bit to 1. Writing 1 is invalid.

7 6 5 4 3 2 1 0 Address After reset
BUS RSU 1 1 1 SET CLR EP FF4AH FFH
UFO0ICO
RSTC SPDC RQC RQC HALTC
Bit position Bit name Function
7 BUSRSTC This bit clears the Bus Reset interrupt.
0: Clear
6 RSUSPDC This bit clears the Resume/Suspend interrupt.
0: Clear
2 SETRQC This bit clears the SET_RQ interrupt.
0: Clear
1 CLRRQC This bit clears the CLR_RQ interrupt.
0: Clear
0 EPHALTC This bit clears the EP_Halt interrupt.
0: Clear
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(22) UFO INT clear 1 register (UF0IC1)

This register controls clearing the interrupt sources indicated by the UF0IS1 register.
This register is write-only, in 8-bit units. If this register is read, the value FFH is read.

FW can clear an interrupt source by writing O to the corresponding bit of this register.

Even a bit that is

automatically cleared to 0 by hardware can be cleared by FW before it is cleared by hardware. Writing 0 to a
bit of this register automatically sets the bit to 1. Writing 1 is invalid.

7 6 5 4 3 2 1 0 Address After reset
UFOIC 1 EOINC EO EOODTC |SUCESC| STGC | PROTC CPU FF4BH FFH
INDTC DECC
Bit position Bit name Function
6 EOINC This bit clears the EPOIN interrupt.
0: Clear
5 EOINDTC This bit clears the EPOINDT interrupt.
0: Clear
4 EOODTC This bit clears the EPOOUTDT interrupt.
0: Clear
3 SUCESC This bit clears the Success interrupt.
0: Clear
2 STGC This bit clears the Stg interrupt.
0: Clear
1 PROTC This bit clears the Protect interrupt.
0: Clear
0 CPUDECC This bit clears the CPUDEC interrupt.
0: Clear
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(23) UFO INT clear 2 register (UF0IC2)
This register controls clearing the interrupt sources indicated by the UF0IS2 register.
This register is write-only, in 8-bit units. If this register is read, the value FFH is read.
FW can clear an interrupt source by writing O to the corresponding bit of this register. Even a bit that is
automatically cleared to 0 by hardware can be cleared by FW before it is cleared by hardware. Writing 0 to a
bit of this register automatically sets the bit to 1. Writing 1 is invalid.
The related bits are invalid if each endpoint is not supported by the setting of the UFOE1IM register and the
current setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
1 1 BKI1INC | BKI1 1 1 1 1 FF4CH FFH
UFO0IC2
DTC
Bit position Bit name Function
5 BKIHINC This bit clears the BKInIN interrupt.
0: Clear
4 BKI1DTC This bit clears the BKInDT interrupt.
0: Clear
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(24) UFO INT clear 3 register (UF0IC3)

This register controls clearing the interrupt sources indicated by the UF0ISS3 register.
This register is write-only, in 8-bit units. If this register is read, the value FFH is read.

FW can clear an interrupt source by writing O to the corresponding bit of this register.

Even a bit that is

automatically cleared to 0 by hardware can be cleared by FW before it is cleared by hardware. Writing 0 to a

bit of this register automatically sets the bit to 1. Writing 1 is invalid.

The related bits are invalid if each endpoint is not supported by the setting of the UFOE2IM register and the

current setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
1 1 1 1 BKO1 BKO1 BKO1 BKO1 FF4DH FFH
UFO0IC3
FLC NLC NAKC DTC
Bit position Bit name Function
3 BKO1FLC This bit clears the BKO1FL interrupt.
0: Clear
2 BKO1NLC This bit clears the BKO1NL interrupt.
0: Clear
1 BKO1NAKC This bit clears the BKO1NK interrupt.
0: Clear
0 BKO1DTC This bit clears the BKO1DT interrupt.
0: Clear
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(25) UFO INT clear 4 register (UF0IC4)
This register controls clearing the interrupt sources indicated by the UF0IS4 register.
This register is write-only, in 8-bit units. If this register is read, the value FFH is read.
FW can clear an interrupt source by writing O to the corresponding bit of this register. Even a bit that is
automatically cleared to 0 by hardware can be cleared by FW before it is cleared by hardware. Writing 0 to a
bit of this register automatically sets the bit to 1. Writing 1 is invalid.
The related bits are invalid if each endpoint is not supported by the setting of the UFOENIM register (n = 1, 2)
and the current setting of the interface.

6 5 4 3 2 1 0 Address After reset
UF0IC4 | ‘ 1 ‘SETINTC‘ 1 ‘ 1 ‘ 1 1 1 | FF4EH FFH
Bit position Bit name Function
5 SETINTC This bit clears the SET_INT interrupt.
0: Clear
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(26) UFO FIFO clear 0 register (UFOFICO)
This register clears each FIFO.
This register is write-only, in 8-bit units. If this register is read, O0H is read.
FW can clear the target FIFO by writing 1 to the corresponding bit of this register. The bit to which 1 has been
written is automatically cleared to 0. Writing 0 to the bit is invalid.
The related bits are invalid if each endpoint is not supported by the setting of the UFOE1IM register and the
current setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
urorico| o | o |skisc|ekicc| o | o | epowc | Eporc |  FF7eH 00H
Bit position Bit name Function
5 BKI1SC This bit clears only the FIFO on the SIE side of the UFOBI1 register (reset the counter).
1: Clear

Writing this bit is invalid while an IN token for Endpoint 1 is being processed with the
BKITNK bit set to 1.

The BKIT1NK bit is automatically cleared to 0 by clearing the FIFO. Make sure that the
FIFO on the CPU side is empty when this bit is used.

4 BKI1CC This bit clears only the FIFO on the CPU side of the UFOBI1 register (reset the counter).
1: Clear

1 EPOWC This bit clears the UFOEOW register (resets the counter).
1: Clear

Writing to this bit is invalid while an IN token for Endpoint 0 is being processed with the
EPONKW bit set to 1.
The EPONKW bit is automatically cleared to 0 by clearing the FIFO.

0 EPORC This bit clears the UFOEOR register (resets the counter).

1: Clear
When the EPONKR bit is set to 1 (except when it has been set by FW), the EPONKR bit
is automatically cleared to 0 by clearing the FIFO.
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(27) UFO FIFO clear 1 register (UFOFIC1)
This register clears each FIFO.
This register is write-only, in 8-bit units. If this register is read, 00H is read.
FW can clear the target FIFO by writing 1 to the corresponding bit of this register. The bit to which 1 has been
written is automatically cleared to 0. Writing 0 to the bit is invalid.
The related bits are invalid if each endpoint is not supported by the setting of the UFOE2IM register and the
current setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
uroFict| o | o | o | o | o | o |Bkoic|Brotcc| FF7aH 00H
Bit position Bit name Function
1 BKO1C This bit clears the FIFOs on both the SIE and CPU sides of the UFOBO1 register (reset
the counter).
1: Clear

When the BKO1NK bit is set to 1 (except when it has been set by FW), the BKO1NK bit
is automatically cleared to 0 by clearing the FIFO.

0 BKO1CC This bit clears only the FIFO on the CPU side of the UFOBO1 register (reset the
counter).

1: Clear
When the BKO1NK bit is set to 1 (except when it has been set by FW), the BKO1NK bit
is automatically cleared to 0 by clearing the FIFO.
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(28) UFO data end register (UFODEND)
This register reports the end of writing to the transmission system.

This register is write-only, in 8-bit units (however, bits 7 and 6 can be read and written). If this register is read,

OOH is read.

FW can start data transfer of the target endpoint by writing 1 to the corresponding bit of this register. The bit

to which 1 has been written is automatically cleared to 0. Writing O to the bit is invalid.

The related bits are invalid if each endpoint is not supported by the setting of the UFOE1IM register and the

current setting of the interface.

5 4 3 2 1 0 Address After reset

UFODEND |

o | o

o | o | o | o |exipep| eopep | FF75H 00H

Bit position

Bit name

Function

1

BKI1DED

Set this bit to 1 when writing transmit data to the UFOBI1 register has been completed.
When this bit is set to 1, the FIFO is toggled as soon as possible, the BKITNK bit is set
to 1, and data is transferred.

1: Transmit a short packet.

0: Do not transmit a short packet (default value).
This bit controls the FIFO on the CPU side.
If the BKI1CC bit of the UFOFICO register is set to 1 and then this bit is set to 1 (counter
of UFOBI1 register = 0), a Null packet (with a data length of 0) is transmitted.
If data exists in the UFOBI1 register and if this bit is set to 1 (counter of UFOBI1 register =
0), and if the FIFO is not full, a short packet is transmitted.
If the FIFO on the CPU side of the UFOBI1 register becomes full, the hardware starts
data transmission even if this bit is not set to 1.

EODED

Set this bit to 1 to transmit data of the UFOEOW register. When this bit is set to 1, the
EPONKW bit is set to 1 and data is transferred.

1: Transmit a short packet.

0: Do not transmit a short packet (default value).
If the EPOWC bit of the UFOFICO register is set to 1 and if this bit is set to 1 (counter of
UFOEOW register = 0 and bit 1 of UFOEPSO register = 1), a Null packet (with a data
length of 0) is transmitted.
If data exists in the UFOEOW register and if this bit is set to 1 (counter of UFOEOW
register = 0 and bit 1 of the UFOEPSO register = 1), and if the FIFO is not full, a short
packet is transmitted.
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(29) UFO0 GPR register (UFOGPR)

This register controls USBF and the USB interface.
This register is write-only, in 8-bit units. If this register is read, O0H is read. Be sure to clear bits 7 to 2.

FW can reset the USBF by writing 1 to bit O of this register. This bit is automatically cleared to 0 after 1 has
been written to it. Writing O to this bit is invalid.

7 6 5 4 3 2 1 0 Address After reset
uroaPR| o | o | o | o | o | o |cownect| MRsT |  FFDH 00H
Bit position Bit name Function
1 CONNECT This bit sets the output level of the USBPUC pin, which controls connection of the pull-up

resistor connected to D+.

0: USBPUC pin is low level

1: USBPUC pin is high level

For the connection of the USBPUC pin, refer to 12.7.6 USB connection example.

0 MRST Set this bit to 1 to reset USBF.

1: Reset
Actually, USBF is reset two USB clocks after this bit has been set to 1 by FW and the
write signal has become inactive.
Resetting USBF by the MRST bit while the system clock is operating has the same result
as resetting by the RESET pin (hardware reset) (register value back to default value).
However, the UFOCS and UFOBC registers are not reset by the MRST bit.
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(30) UF0 mode control register (UFOMODC)
This register controls CPUDEC processing.
This register can be read or written in 8-bit units.
By setting each bit of this register, the setting of the UFOMODS register can be changed. The bit of this
register is automatically cleared to 0 only at hardware reset and when the MRST bit of the UFOGRP register
has been setto 1.
Even if the bit of this register has automatically been set to 1 by hardware, the setting by FW takes
precedence.
Be sure to clear bits 7 and 5 to 0. If these bits are set to 1, the operation is not guaranteed.

Caution This register is provided for debugging purposes. Usually, do not set this register except for
verifying the operation or when a special mode is used.

7 6 5 4 3 2 1 0 Address After reset
0 CDC 0 0 0 0 0 0 FF2EH 00H
UFOMODC
GDST
Bit position Bit name Function
6 CDCGDST Set this bit to 1 to switch the GET_DESCRIPTOR Configuration request to CPUDEC

processing. By setting this bit to 1, the CDCGD bit of the UFOMODS register can be
forcibly set to 1.
1: Forcibly change the GET_DESCRIPTOR Configuration request to CPUDEC
processing (sets the CDCGD bit of the UFOMODS register to 1).
0: Automatically process the GET_DESCRIPTOR Configuration request (default
value).
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(31) UF0 mode status register (UFOMODS)
This register indicates the configuration status.

This register is read-only, in 8-bit units.

7

6

5 4 3 2 1 0 Address After reset

uFomops | o

coceb| o | wmpack | pRT | conF | o | o | Frerd OO0H

Bit position

Bit name

Function

6

CDCGD

This bit specifies whether CPUDEC processing is performed for the GET_DESCRIPTOR
Configuration request.
1: Forcibly change the GET_DESCRIPTOR Configuration request to CPUDEC
processing.
0: Automatically process the GET_DESCRIPTOR Configuration request (default
value).

MPACK

This bit indicates the transmit packet size of Endpoint0.

1: Transmit a packet of other than 8 bytes.

0: Transmit a packet of 8 bytes (default value).
This bit is automatically set to 1 by hardware after the GET_DESCRIPTOR Device
request has been processed (on normal completion of the status stage). It is not cleared
to 0 until the USBF has been reset (it is not cleared to 0 by Bus Reset).
If this bit is not set to 1, the hardware transfers only the automatically-executed request
in 8-byte units. Therefore, even if data of more than 8 bytes is sent by the OUT token to
be processed by FW before completion of the GET_DESCRIPTOR Device request, the
data is correctly received.
This bit is ignored if the size of Endpoint0 is 8 bytes.

DFLT

This bit indicates the default status (DFLT bit = 1).

1: Enables response.

0: Disables response (always no response) (default value).
This bit is automatically set to 1 by Bus Reset. The transaction for all the endpoints is
not responded to until this bit is set to 1.

CONF

This bit indicates whether the SET_CONFIGURATION request has been completed.
1: SET_CONFIGURATION request has been completed.
0: SET_CONFIGURATION request has not been completed (default value).
This bit is set to 1 when Configuration value = 1 is received by the
SET_CONFIGURATION request.
Unless this bit is set to 1, access to an endpoint other than Endpoint0 is ignored.
This bit is cleared to 0 when Configuration value = 0 is received by the
SET_CONFIGURATION request. It is also cleared to 0 when Bus Reset is detected.
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(32) UFO active interface number register (UFOAIFN)
This register sets the valid Interface number that correctly responds to the GET/SET_INTERFACE request.
Because Interface 0 is always valid, Interfaces 1 to 4 can be selected.
This register can be read or written in 8-bit units.

7 6 5 4 3 2 1 0 Address After reset
uroArN [ ADDIF | o | o | o | o | o [0t [ IFNo0 |  FF7OH 00H
Bit position Bit name Function
7 ADDIF This bit allows use of Interfaces numbered other than 0.

1: Support up to the Interface number specified by the IFNO1 and IFNOO bits.
0: Support only Interface 0 (default value).
Setting bits 1 and 0 of this register is invalid when this bit is not set to 1.

1,0 IFNO1, These bits specify the range of Interface numbers to be supported.
IFNGO IFNO1 IFNOO Valid Interface No.
1 1 0,1,2,3,4
1 0 0,1,2,3
0 1 0,1,2
0 0 0, 1
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(33) UFO active alternative setting register (UFOAAS)
This register specifies a link between the Interface number and Alternative Setting.
This register can be read or written in 8-bit units.
USBF of the xPD78F0730 can set a five-series Alternative Setting (Alternate Setting 0, 1, 2, 3, and 4 can be
defined) and a two-series Alternative Setting (Alternative Setting 0 and 1 can be defined) for one Interface.

7 6 5 4 3 2 1 0 Address After reset
UFoaas | ALT2 | IFAL21 | IFAL20 | ALT2EN | ALTS | IFALS1 | IFALSO | ALTSEN |  FF71H 00H
Bit position Bit name Function
7,3 ALTn These bits specify whether an n-series Alternative Setting is linked with Interface 0.

When these bits are set to 1, the setting of the IFALn1 and IFALNO bits is invalid.
1: Link n-series Alternative Setting with Interface 0.
0: Do not link n-series Alternative Setting with Interface 0 (default value).

6, 5, IFALN1, These bits specify the Interface number to be linked with the n-series Alternative Setting.
2,1 IFALNO If the linked Interface number is outside the range specified by the UFOAIFN register, the
n-series Alternative Setting is invalid (ALTnEN bit = 0).
IFALN1 IFALNO Interface number to be linked

1 1 Links Interface 4.

1 0 Links Interface 3.

0 1 Links Interface 2.

0 0 Links Interface 1.

Do not link a five-series Alternative Setting and a two-series Alternative Setting with the
same Interface number.

4,0 ALTnEN These bits validate the n-series Alternative Setting. Unless these bits are set to 1, the
setting of the ALTn, IFALn1, and IFALNO bits is invalid.

1: Validate the n-series Alternative Setting.

0: Do not validate the n-series Alternative Setting (default value).

Remark n=2,5

For example, when the UFOAIFN register is set to 82H and the UFOAAS register is set to 15H, Interfaces 0, 1,
2, and 3 are valid. Interfaces 0 and 2 support only Alternative Setting 0. Interface 1 supports Alternative
Setting 0 and 1, and Interface 3 supports Alternative Setting 0, 1, 2, 3, and 4. With this setting, requests
GET_INTERFACE windex = 0/1/2/3, SET_INTERFACE wValue = 0 & windex = 0/2, SET_INTERFACE wValue
= 0/1 & windex = 1, and SET_INTERFACE wValue = 0/1/2/3/4 & windex = 3 are automatically responded to,
and a STALL response is made to the other GET/SET_INTERFACE requests.
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(34) UFO alternative setting status register (UFOASS)
This register indicates the current status of the Alternative Setting.
This register is read-only, in 8-bit units.
Check this register when the SET_INT interrupt request has been issued. The value received by the
SET_INTERFACE request is reflected on the UFOIFn register (n = 0 to 4) as well as on this register.

7 6 5 4 3 2 1 0 Address After reset
uroass| o | o | o | o |ALssTa|ALssT2|ALssT1| AlesT | FF72H 00H
Bit position Bit name Function
3to1 AL5ST3 to These bits indicate the current status of the five-series Alternative Setting.
ALSSTH AL5ST3 AL5ST2 AL5ST1 Selected Alternative Setting number
1 0 0 Alternative Setting 4
0 1 1 Alternative Setting 3
0 1 0 Alternative Setting 2
0 0 1 Alternative Setting 1
0 0 0 Alternative Setting 0
0 AL2ST This bit indicates the current status of the two-series Alternative Setting (selected
Alternative Setting number).
1: Alternative Setting 1
0: Alternative Setting O
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(35) UFO0 endpoint 1 interface mapping register (UFOE1IM)

This register specifies for which Interface and Alternative Setting Endpoint1 is valid.

This register can be read or written in 8-bit units.

The setting of this register and the Alternative Setting selected by the SET_INTERFACE request indicate
whether  Endpoint1 is  currently  valid, and  the hardware  determines how the
GET_STATUS/CLEAR_FEATURE/SET_FEATURE Endpoint1 request and the IN transaction to Endpoint1 are
responded to, and whether the related bits are valid or invalid.

7 6 5 4 3 2 1 0 Address After reset
UFOETIM [ E1EN2 | E1EN1 | E1ENo | E12AL1 | E15AL4 | E15ALS | E15AL2 | E15AL1 | FF73H 00H
Bit position Bit name Function
7t05 E1EN2 to These bits set a link between the Interface of Endpoint1 and the two-/five-series
E1ENO Alternative Setting. The endpoint is linked with Alternative Setting 0. The endpoint linked
with Alternative Setting 0 cannot be excluded from Alternative Setting 1 to 4.
E1EN2 E1EN1 E1ENO Link status

1 1 1 Not linked with Interface
1 1 0
1 0 1 Linked with Interface 4 and Alternative Setting O
1 0 0 Linked with Interface 3 and Alternative Setting 0
0 1 1 Linked with Interface 2 and Alternative Setting 0
0 1 0 Linked with Interface 1 and Alternative Setting 0
0 0 1 Linked with Interface 0 and Alternative Setting O
0 0 0 Not linked with Interface (default value)

When these bits are set to 110 or 111, they are invalid even if the E12AL1 bit is cleared
to 0.

If the endpoint is linked, setting of the CONF bit of the UFOMODS register to 1 indicates
that Endpoint1 is valid.

4 E12AL1 This bit validates Endpoint1 when the two-series Alternative Setting and the Alternative
Setting of the linked Interface are set to 1.
1: Validate the endpoint when Alternative Setting 1 is set with CONF bit = 1.
0: Do not validate the endpoint even when Alternative Setting 1 is set with CONF bit =
1 (default value).
This bit is valid when the E15AL4 to E15AL1 bits are 0000.

3to0 E15ALN These bits validate Endpoint1 when the five-series Alternative Setting and the Alternative
Setting of the linked Interface are set to n.
1: Validate the endpoint when Alternative Setting n is set with CONF bit = 1.
0: Do not validate the endpoint even when Alternative Setting n is set with CONF bit =
1 (default value).

Remark n=1to4
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(36) UFO0 endpoint 2 interface mapping register (UFOE2IM)
This register specifies for which Interface and Alternative Setting Endpoint2 is valid.
This register can be read or written in 8-bit units.
The setting of this register and the Alternative Setting selected by the SET_INTERFACE request indicate
whether  Endpoint2 is  currently  valid, and  the hardware  determines  how  the
GET_STATUS/CLEAR_FEATURE/SET_FEATURE Endpoint2 request and the OUT transaction to Endpoint2
are responded to, and whether the related bits are valid or invalid.

7 6 5 4 3 2 1 0 Address After reset
UFOE2IM | E2EN2 | E2EN1 | E2ENo | E22AL1 | E25AL4 | E25ALS | E5AL2 | E25AL1 | FF74H 00H
Bit position Bit name Function
7t05 E2EN2 to These bits set a link between the Interface of Endpoint2 and the two-/five-series
E2ENO Alternative Setting. The endpoint is linked with Alternative Setting 0. The endpoint linked
with Alternative Setting 0 cannot be excluded from Alternative Setting 1 to 4.
E2EN2 E2EN1 E2ENO Link status

1 1 1 Not linked with Interface
1 1 0
1 0 1 Linked with Interface 4 and Alternative Setting 0
1 0 0 Linked with Interface 3 and Alternative Setting 0
0 1 1 Linked with Interface 2 and Alternative Setting O
0 1 0 Linked with Interface 1 and Alternative Setting 0
0 0 1 Linked with Interface 0 and Alternative Setting 0
0 0 0 Not linked with Interface (default value)

When these bits are set to 110 or 111, they are invalid even if the E22AL1 bit is cleared
to 0.

If the endpoint is linked, setting of the CONF bit of the UFOMODS register to 1 indicates
that Endpoint2 is valid.

4 E22AL1 This bit validates Endpoint2 when the two-series Alternative Setting and the Alternative
Setting of the linked Interface are set to 1.
1: Validate the endpoint when Alternative Setting 1 is set with CONF bit = 1.
0: Do not validate the endpoint even when Alternative Setting 1 is set with CONF bit =
1 (default value).
This bit is valid when the E25AL4 to E25AL1 bits are 0000.

3t00 E25ALn These bits validate Endpoint2 when the five-series Alternative Setting and the Alternative
Setting of the linked Interface are set to n.
1: Validate the endpoint when Alternative Setting n is set with CONF bit = 1.
0: Do not validate the endpoint even when Alternative Setting n is set with CONF bit =
1 (default value).

Remark n=1to4

Preliminary User’s Manual U19014EJ1VOUD 321



CHAPTER 12 USB FUNCTION CONTROLLER (USBF)

12.4.2 Data hold registers

(1) UFO EPO read register (UFOEOR)

The UFOEOR register is a 64-byte FIFO that stores the OUT data sent from the host in the data stage of control
transfer to/from Endpoint0.

This register is read-only, in 8-bit units. A write access to this register is ignored.

The hardware automatically transfers data to the UFOEOR register when it has received the data from the host.
When the data has been correctly received, the EOODT bit of the UF0IS1 register is set to 1. The UFOEOL
register holds the quantity of the received data, and an interrupt request (INTUSBOB) is issued. The UFOEOL
register always updates the length of the received data while it is receiving data. If the final transfer is correct
reception, the interrupt request is generated. If the reception is abnormal, the UFOEOL register is cleared to 0
and the interrupt request is not generated.

The data held by the UFOEOR register must be read by FW up to the value of the amount of data read by the
UFOEOL register. Check that all data has been read by using the EPOR bit of the UFOEPSO register (EPOR = 0
when all data has been read). If the value of the UFOEOL register is 0, the EPONKR bit of the UFOEON register
is cleared to 0, and the UFOEOR register is ready for reception. The UFOEOR register is cleared when the next
SETUP token has been received.

Caution Read all the data stored. Clear the FIFO to discard some data.

7 6 5 4 3 2 1 0 Address After reset
UFOEOR | EOR7 | EOReé | EORs | Eors | EOR3 | EoR2 | EORt | EORO | FFO2H  Undefined
Bit position Bit name Function
7t00 EOR7 to These bits store the OUT data sent from the host in the data stage of control transfer
EORO to/from Endpoint0.
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The operation of the UFOEOR register is illustrated below.
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Figure 12-2. Operation of UFOEOR Register
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(2) UFO EPO length register (UFOEOL)
The UFOEOL register stores the data length held by the UFOEOR register.
This register is read-only, in 8-bit units. A write access to this register is ignored.
The UFOEOL register always updates the length of the received data while it is receiving data. If the final
transfer is abnormal reception, the UFOEOL register is cleared to 0 and the interrupt request is not generated.
The interrupt request is generated only when the reception is normal, and the FW can read as many data from
the UFOEOR register as the value read from the UFOEOL register. The value of the UFOEOL register is
decremented each time the UFOEOR register has been read.

7 6 5 4 3 2 1 0 Address After reset
UFOEOL | EOL7 ‘ EOL6 ‘ EOL5 ‘ EOL4 ‘ EOL3 ‘ EOL2 ‘ EOLA1 ‘ EOLO | FF76H 00H
Bit position Bit name Function
7t00 EOL7 to EOLO | These bits store the data length held by the UFOEOR register.
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(3) UFO0 EPO setup register (UFOEOST)

The UFOEOST register holds the SETUP data sent from the host.

This register is read-only, in 8-bit units. A write access to this register is ignored.

The UFOEOST register always writes data when a SETUP transaction has been received. The hardware sets
the PROT bit of the UFOIS1 register when it has correctly received the SETUP transaction. It sets the
CPUDEC bit of the UFOIS1 register in the case of an FW-processed request. Then an interrupt request
(INTUSBOB) is issued. In the case of an FW-processed request, be sure to read the request in 8-byte units. If
it is not read in 8-byte units, the subsequent requests cannot be correctly decoded. The read counter of the
UFOEOST register is not cleared even when Bus Reset is received. Always read this counter in 8-byte units
regardless of whether Bus Reset is received or not.

Because the UFOEOST register always enables writing, the hardware overwrites data to this register even if a
SETUP transaction is received while the data of the register is being read. Even if the SETUP transaction
cannot be correctly received, the CPUDEC interrupt request and Protect interrupt request are not generated,
but the previous data is discarded. If a SETUP token of less than 8 bytes is received, however, the received
SETUP token is discarded, and the previously received SETUP data is retained. If the SETUP token is
received more than once when control transfer is executed once, be sure to check the PROT bit of the UFO0IS1
register under the conditions below. If PROT bit = 1, read the UFOEOST register again because the SETUP
transaction has been received more than once.

<1> If arequest is decoded by FW and the UFOEOR register is read or the UFOEOW register is written
<2> When preparing for a STALL response for the request to which the decode result does not correspond

Caution Be sure to read all the stored data. The UFOEOST register is always updated by the request in

the SETUP transaction.
7 6 5 4 3 2 1 0 Address After reset
UFOEOST | EO0S7 ‘ E0S6 ‘ EO0S5 ‘ E0S4 ‘ EO0S3 ‘ E0S2 ‘ EO0SH ‘ EO0SO | FF18H 00H
Bit position Bit name Function
7t00 EO0S7 to EOSO | These bits hold the SETUP data sent from the host.
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The operation of the UFOEOST register is illustrated below.
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Figure 12-3. Operation of UFOEOST Register
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(4) UFO0 EPO write register (UFOEOW)

The UFOEOW register is a 64-byte FIFO that stores the IN data (passes it to SIE) sent to the host in the data
stage to Endpoint0.

This register is write-only, in 8-bit units. When this register is read, 00H is read.

The hardware transmits data to the USB bus in synchronization with an IN token only when the EPONKW bit of
the UFOEON register is set to 1 (when NAK is not transmitted). When data is transmitted and when the host
correctly receives the data, the EPONKW bit of the UFOEON register is automatically cleared to O by hardware.
A short packet is transmitted when data is written to the UFOEOW register and the EODED bit of the UFODEND
register is set to 1 (EPOW bit of the UFOEPSO register = 1 (data exists)). A Null packet is transmitted when the
UFOEOW register is cleared and the EODED bit of the UFODEND register is set to 1 (EPOW bit of the UFOEPS0O
register = 1 (data exists)).

The UFOEOW register is cleared to 0 when the next SETUP token is received while transmission has not been
completed yet. If the stage of control transfer (read) changes to the status stage while ACK has not been
correctly received in the data stage, the UFOEOW register is automatically cleared to 0. At the same time, it is
also cleared to 0 if the EPONKW bit of the UFOEON register is 1.

If the UFOEOW register is read while no data is in it, 00H is read.

7 6 5 4 3 2 1 0 Address After reset
uFoEow | Eow7 | Eows | Eows | Eows | Eows | Eow2 | Eowr | Eowo |  FFi9H  Undefined
Bit position Bit name Function
7t00 EOW?7 to These bits store the IN data sent to the host in the data stage to Endpoint0.
EOWO
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The operation of the UFOEOW register is illustrated below.
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Figure 12-4. Operation of
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(5) UFO bulk out 1 register (UFOBO1)

The UFOBO1 register is a 64-byte x 2 FIFO that stores data for Endpoint2. This register consists of two banks
of 64-byte FIFOs each of which performs a toggle operation and repeatedly connects the buses on the SIE and
CPU sides. The toggle operation takes place when data is in the FIFO on the SIE side and when no data is in
the FIFO on the CPU side (counter value = 0).

This register is read-only, in 8-bit units. A write access to this register is ignored.

When the hardware receives data for Endpoint2 from the host, it automatically transfers the data to the
UFO0BO1 register. When the register correctly receives the data, a FIFO toggle operation occurs. As a result,
the BKO1DT bit of the UFOIS3 register is set to 1, the quantity of the received data is held by the UFOBO1L
register, and an interrupt request is issued to the CPU.

Read the data held by the UFOBO1 register by FW, up to the value of the amount of data read by the
UFOBO1L register. When the correct received data is held by the FIFO connected to the SIE side and the
value of the UFOBO1L register reaches 0, the toggle operation of the FIFO occurs, and the BKO1NK bit of the
UFOEN register is automatically cleared to 0. If data greater than the value of the UFOBO1L register is read
and if the FIFO toggle condition is satisfied, the toggle operation of the FIFO occurs. As a result, the next
packet may be read by mistake. Note that, if the toggle condition is not satisfied, the first data is repeatedly
read.

If overrun data is received while data is held by the FIFO connected to the CPU side, Endpoint2 stalls, and the
FIFO on the CPU side is cleared.

When the UFOBO1 register is read while no data is in it, an undefined value is read.

Caution Be sure to read all the data stored in this register.

7 6 5 4 3 2 1 0 Address After reset
UFoBO1 | BKO17 | BKO16 | BKO15 | BKO14 | BKO13 | BKO12 | BKOT1 | BKO10 |  FFODH  Undefined
Bit position Bit name Function
7100 BKO17 to These bits store data for Endpoint2.
BKO10
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The operation of the UFOBO1 register is illustrated below.
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Figure 12-5. Operation of UFOBO1 Register (1/2)
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Figure 12-5. Operation of UFOBO1 Register (2/2)
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(6) UFO bulk out 1 length register (UFOBO1L)

The UFOBO1L register stores the length of the data held by the UFOBO1 register.
This register is read-only, in 8-bit units. A write access to this register is ignored.

The UFOBO1L register always updates the received data length while it is receiving data. If the final transfer is
abnormal reception, the UFOBO1L register is cleared to 00H, and an interrupt request is not generated. Only if
the reception is normal, the interrupt request is generated, and FW can read as much data from the UFOBO1
register as the value read from the UFOBO1L register. The value of the UFOBO1L register is decremented
each time the UFOBO1 register has been read.

7 6 5 4 3 2 1 0 Address After reset
UFOBO1L | BKO1L7 ‘ BKO1L6 ‘ BKO1L5 ‘ BKO1L4 ‘ BKO1L3 ‘ BKO1L2 ‘ BKO1L1 ‘ BKO1LO | FF77H 00H
Bit position Bit name Function
7t00 BKO1L7 to These bits store the length of the data held by the UFOBO1 register.
BKO1LO
331

Preliminary User’s Manual U19014EJ1VOUD



CHAPTER 12 USB FUNCTION CONTROLLER (USBF)

(7) UFO bulk in 1 register (UFOBI1)

The UFOBI1 register is a 64-byte x 2 FIFO that stores data for Endpoint1. This register consists of two banks
of 64-byte FIFOs each of which performs a toggle operation and repeatedly connects the buses on the SIE and
CPU sides. The toggle operation takes place when no data is in the FIFO on the SIE side (counter value = 0)
and when the FIFO on the CPU side is correctly written (FIFO full or BKI1DED bit = 1).

This register is write-only, in 8-bit units. When this register is read, O0H is read.

The hardware transmits data to the USB bus in synchronization with the IN token for Endpoint1 only when the
BKI1NK bit of the UFOEN register is set to 1 (when NAK is not transmitted). The address at which data is to be
written or read is managed by the hardware. Therefore, FW can transmit data to the host only by writing the
data to the UFOBI1 register sequentially. A short packet is transmitted when data is written to the UFO0BI1
register and the BKI1DED bit of the UFODEND register is set to 1 (BKIN1 bit of UFOEPSO register = 1 (data
exists)). A Null packet is transmitted when the UFOBI1 register is cleared and the BKI1DED bit of the
UFODEND register is set to 1 (BKIN1 bit of the UFOEPSO register = 1 (data exists)). When the register
correctly transmits the data, a FIFO toggle operation occurs. As a result, the BKI1DT bit of the UF0IS2 register
is set to 1, and an interrupt request is issued to the CPU.

7 6 5 4 3 2 1 0 Address After reset
UFO0BI1 | BKI17 ‘ BKI16 ‘ BKI15 ‘ BKI14 ‘ BKI13 ‘ BKI12 ‘ BKI11 ‘ BKI10 | FFOEH Undefined
Bit position Bit name Function
7t00 BKI17 to These bits store data for Endpoint1.
BKI10
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Figure 12-6. Operation of UFOBI1 Register (1/3)
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Figure 12-6. Operation of UFOBI1 Register (2/3)
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Figure 12-6. Operation of UFOBI1 Register (3/3)
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12.4.3

1

Request data registers

UFO0 device status register L (UFODSTL)
This register stores the value that is to be returned in response to the GET_STATUS Device request.

This register can be read or written in 8-bit units.
The hardware automatically transmits the contents of this register to the host when it has received the

GET_STATUS Device request.

To rewrite this register, set the EPONKA bit to 1 before reading the register contents, and
rewrite the register contents after confirming that the bit has been set, in order to prevent

Caution

conflict between a read access and a write access.

7 6 5 4 3 2 1 0 Address After reset
UFODSTL | 0 0 0 0 0 0 ‘ RMWK ‘ SFPW | FFOAH 00H
Bit position Bit name Function
1 RMWK This bit specifies whether the remote wakeup function of the device is used.
1: Enabled
0: Disabled
If the device supports a remote wakeup function, this bit is set to 1 by hardware when
the SET_FEATURE Device request has been received, and is cleared to 0 by hardware
when the CLEAR_FEATURE Device request has been received. If the device does not
support a remote wakeup function, make sure that the SET_FEATURE Device request is
not issued from the host.
0 SFPW This bit indicates whether the device is self-powered or bus-powered.
1: Self-powered
0: Bus-powered
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(2) UFO EPO status register L (UFOEOSL)

This register stores the value that is to be returned in response to the GET_STATUS Endpoint0 request.

This register can be read or written in 8-bit units. Note, however, that data can be written to this register only
when the EPONKA bit is set to 1.

If an error occurs in USBF, the EOHALT bit is set to 1 by FW. A write access to this register is ignored while a
USB-side access to Endpoint0 is being received.

When the EOHALT bit is set to 1 by FW, it is not reflected until the next SETUP token is received if the control
transfer immediately before is for the SET_FEATURE Endpoint0, CLEAR_FEATURE Endpoint0, GET_STATUS
Endpoint0 request, or an FW-processed request.

The hardware automatically transmits the contents of this register to the host when it has received the
GET_STATUS EndpointO request. If Endpoint0 has stalled, the UFOEOW and UFOEOR registers are cleared,
and the EPONKW and EPONKR bits of the UFOEON register are cleared to 0.

Caution To rewrite this register, set the EPONKA bit to 1 before reading the register contents, and
rewrite the register contents after confirming that the bit has been set, in order to prevent
conflict between a read access and a write access.

7 6 5 4 3 2 1 0 Address After reset
UFOEOSL | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ EOHALT | FFOCH 00H
Bit position Bit name Function
0 EOHALT This bit indicates the status of Endpoint0.
1: Stalled
0: Not stalled

This bit is set to 1 by hardware when the SET_FEATURE Endpoint0 request has been
received, and cleared to 0 by hardware when the CLEAR_FEATURE Endpoint0 request
has been received. DATA PID is initialized to DATAO.
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(3) UFO EP1 status register L (UFOE1SL)
This register stores the value that is to be returned in response to the GET_STATUS Endpoint1 request.

This register can be read or written in 8-bit units. Note, however, that data can be written to this register only
when the EPONKA bit is set to 1.
If an error occurs in Endpoint1, the ETHALT bit is set to 1. A write access to this register is ignored while a

USB-side access to Endpoint1 is being received.

The hardware automatically transmits the contents of this register to the host when it has received the
GET_STATUS Endpoint1 request. If Endpoint1 has stalled, the UFOBI1 register is cleared and the BKITNK bit
is cleared to 0.

Because writing this register is always masked when transfer to Endpoint1, rather than control transfer, is
executed, be sure to check this register to see if data has been correctly written to it.

Caution To rewrite this register, set the EPONKA bit to 1 before reading the register contents, and
rewrite the register contents after confirming that the bit has been set, in order to prevent
conflict between a read access and a write access.

5 4 3 2 1 0 Address After reset

UFOETSL |

0

o | o | o | o | o [|etHar| FrepH OO0H

Bit position

Bit name

Function

0

E1HALT

This bit indicates the status of Endpoint1.

1: Stalled

0: Not stalled
This bit is set to 1 by hardware when the SET_FEATURE Endpoint1 request has been
received. It is cleared to 0 by hardware when the CLEAR_FEATURE Endpoint1 request,
SET_CONFIGURATION request, or the SET_INTERFACE request for the Interface to
which Endpoint1 is linked has correctly been received. DATA PID is initialized to DATAO.
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(4) UFO EP2 status register L (UFOE2SL)
This register stores the value that is to be returned in response to the GET_STATUS Endpoint2 request.

This register can be read or written in 8-bit units. Note, however, that data can be written to this register only
when the EPONKA bit is set to 1.
If an error occurs in Endpoint2, the E2HALT bit is set to 1. A write access to this register is ignored while a

USB-side access to Endpoint2 is being received.

The hardware automatically transmits the contents of this register to the host when it has received the
GET_STATUS Endpoint2 request. If Endpoint2 has stalled, the UFOBO1 register is cleared and the BKO1NK
bit is cleared to 0.

Because writing this register is always masked when transfer to Endpoint2, rather than control transfer, is

executed, be sure to check this register to see if data has been correctly written to it.

Caution To rewrite this register, set the EPONKA bit to 1 before reading the register contents, and
rewrite the register contents after confirming that the bit has been set, in order to prevent

conflict between a read access and a write access.

7 6 5 4 3 2 1 0 Address After reset
UFOE2SL | 0 ‘ 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ E2HALT | FFOEH 00H
Bit position Bit name Function
0 E2HALT This bit indicates the status of Endpoint2.

1: Stalled

0: Not stalled
This bit is set to 1 by hardware when the SET_FEATURE Endpoint2 request has been
received. It is cleared to 0 by hardware when the CLEAR_FEATURE Endpoint2 request,
SET_CONFIGURATION request, or the SET_INTERFACE request for the Interface to
which Endpoint2 is linked has correctly been received. DATA PID is initialized to DATAO.
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(5) UFO address register (UFOADRS)
This register stores the device address.
This register is read-only, in 8-bit units.
The device address sent by the SET_ADDRESS request is analyzed and the resultant value is automatically
written to this register. If the SET_ADDRESS request is processed by FW, the value of this register is reflected

as the device address when the SUCCESS signal is received in the status stage.

Caution Do not perform write access to this register. Operation is not guaranteed if this register is

written.
7 6 5 4 3 2 1 0 Address After reset
UFOADRSl 0 ‘ ADRS6 ‘ ADRS5 ‘ ADRS4 ‘ ADRS3 ‘ ADRS2 ‘ ADRS1 ‘ ADRSO | FF90H 00H
Bit position Bit name Function
6t00 ADRS6 to These bits hold the device address of SIE.
ADRSO
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(6) UFO configuration register (UFOCNF)
This register stores the value that is to be returned in response to the GET_CONFIGURATION request.
This register is read-only, in 8-bit units.
When the SET_CONFIGURATION request is received, its wValue is automatically written to this register.
When a change of the value of this register from 00H to other than OOH is detected, the CONF bits of
UFOMODS register are set to 1. If the SET_CONFIGURATION request is processed by FW, the status of this
register is immediately reflected on the UFOMODS register as soon as data has been written to this register
(CONF bits = 1 before completion of the status stage).

Caution Do not perform write access to this register. Operation is not guaranteed if this register is

written.
7 6 5 4 3 2 1 0 Address After reset
UFOCNF | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ CONF1 ‘ CONFO | FF91H 00H
Bit position Bit name Function
1,0 CONF1, These bits hold the data to be returned in response to the GET_CONFIGURATION
CONFO request.
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(7) UFO interface 0 register (UFOIFO0)
This register stores the value that is to be returned in response to the GET_INTERFACE windex = 0 request.

This register is read-only, in 8-bit units.

When the SET_INTERFACE request is received, its wValue is automatically written to this register.
If the SET_INTERFACE request is processed by FW, windex and wValue are decoded, and the setting of

endpoint is automatically changed.

At this time, the status bit of the target endpoint and DPID are

automatically cleared to 0, depending on the setting. The FIFO is not cleared automatically.

Caution Do not perform write access to this register. Operation is not guaranteed if this register is

written.
6 5 3 2 1 0 Address After reset
UFOIFo | o0 0o | o | o2 | o1 | oo |  FFezH 00H
Bit position Bit name Function
2t00 IFO2 to IFOO These bits hold the data to be returned in response to GET_INTERFACE windex = 0
request.
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(8) UFO interface 1 to 4 registers (UFOIF1 to UFO0IF4)
These registers store the value that is to be returned in response to the GET_INTERFACE windex = n request
(n=11to4).
These registers are read-only, in 8-bit units.

When the SET_INTERFACE request is received, its wValue is automatically written to these registers.

These registers are invalidated according to the setting of the UFOAIFN and UFOAAS registers.

If the SET_INTERFACE request is processed by FW, windex and wValue are decoded, and the setting of

endpoint is automatically changed.

automatically cleared to 0, depending on the setting. The FIFO is not cleared automatically.

At this time, the status bit of the target endpoint and DPID are

Caution Do not perform write access to this register. Operation is not guaranteed if this register is

written.

7 6 5 4 3 2 1 0 Address After reset
uFoF1 | o | o o | o [ o [ wr2 [ En | iFr0 FFoaH 00H
uFoF2[ o | o o | o | o [ w2 | F21 | IF20 FF94H 00H
UFoIFs[ o | o o | o | o [ w2 | 31 | IF30 FF95H 00H
uFoF4| o | o o | o [ o | a2 | a1 | iFa0 FFO6H 00H

Bit position Bit name Function
2t00 IFn2 to IFNO These bits hold the data to be returned in response to GET_INTERFACE windex = n
request.

Remark n=1to4
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(9) UFO descriptor length register (UFODSCL)

This register stores the length of the value that is to be returned in response to the GET_DESCRIPTOR
Configuration request. The value of this register is the number of bytes of all the descriptors set by the
UFOCIEN register minus 1 (n = 0 to 255). The total descriptor length that is to be returned in response to the
GET_DESCRIPTOR Configuration request is determined according to the value of this register.

This register can be read or written in 8-bit units. However, data can be written to this register only when the
EPONKA bit is set to 1.

Processing of wLength is automatically controlled. If this register is set to O0H, it means that the descriptor to
be returned is 1 byte long. If the register is set to FFH, a descriptor length of 256 bytes is returned. When a
descriptor exceeding 256 bytes in length is used, set the CDCGDST bit of the UFOMODC register to 1 and
process the GET_DESCRIPTOR request by FW (at this time, the CDCGD bit of the UFOMODS register is also
set to 1).

Caution To rewrite this register, set the EPONKA bit to 1 before reading the register contents, and
rewrite the register contents after confirming that the bit has been set, in order to prevent
conflict between a read access and a write access.

7 6 5 4 3 2 1 0 Address After reset
uropscL | pr7 | pre | DPis | ppa | DPs | pPe | DPLt | DPo | FF7eH 00H
Bit position Bit name Function
7100 DPL7 to These bits set the value of the number of bytes of all the descriptors to be returned in
DPLO response to the GET_DESCRIPTOR Configuration request minus 1.
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(10) UFO device descriptor registers 0 to 17 (UFODDO to UFODD17)
These registers store the value to be returned in response to the GET_DESCRIPTOR Device request.
These registers can be read or written in 8-bit units. However, data can be written to these registers only
when the EPONKA bit is set to 1.

Cautions 1. To rewrite these registers, set the EPONKA bit to 1 before reading the register contents,
and rewrite the register contents after confirming that the bit has been set, in order to
prevent conflict between a read access and a write access.

2. Use the value defined by USB Specification Ver. 2.0 and the latest Class Specification as
the set value.

7 6 5 4 3 2 1 0 Address After reset

UFODDn See Table 12-5. Undefined

(n=0t0 17)
Table 12-5. Mapping and Data of UF0 Device Descriptor Registers

Symbol Address Field Name Contents
UFODDO FOD1H bLength Size of this descriptor
UFODD1 FOD2H bDescriptorType Device descriptor type
UFODD2 FOD3H bcdUSB Value below decimal point of Rev. number of USB specification
UFODD3 FOD4H Value above decimal point of Rev. number of USB specification
UFODD4 FOD5H bDeviceClass Class code
UFODD5 FoDéH bDeviceSubClass Subclass code
UFODD6 FOD7H bDeviceProtocol Protocol code
UFODD7 FOD8H bMaxPacketSize0 Maximum packet size of Endpoint0
UFODD8 FOD9H idVendor Lower value of vendor ID
UFODD9 FODAH Higher value of vendor ID
UFODD10 FODBH idProduct Lower value of product ID
UFODD11 FODCH Higher value of product ID
UFODD12 FODDH bcdDevice Lower value of device release number
UFODD13 FODEH Higher value of device release number
UFODD14 FODFH iManufacturer Index of string descriptor describing manufacturer
UFODD15 FOEOH iProduct Index of string descriptor describing product
UFODD16 FOE1H ISerialNumber Index of string descriptor describing device serial number
UFODD17 FOE2H BNumConfigurations Number of settable configurations
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(11) UFO configuration/interface/endpoint descriptor registers 0 to 255 (UFOCIEO to UFOCIE255)
These registers store the value to be returned in response to the GET_DESCRIPTOR Configuration request.
These registers can be read or written in 8-bit units. However, data can be written to these registers only
when the EPONKA bit is set to 1.
Descriptor information of up to 256 bytes can be stored in these registers. Store each descriptor in the order
of Configuration, Interface, and Endpoint (see Table 12-6). If there are two or more Interfaces, repeatedly
store the data following the Interface descriptor.

Table 12-6. Mapping of UFOCIEn Register

Address Descriptor Stored
FOE3H Configuration descriptor (9 bytes)
F9ECH Interface descriptor (9 bytes)

FOF5H Endpoint1 descriptor (7 bytes)
FOFCH Endpoint2 descriptor (7 bytes)
FAO3H

FAxxH Interface descriptor (9 bytes)
FAxxH + 9 Endpoint1 descriptor (7 bytes)
FAxxH + 16 Endpoint2 descriptor (7 bytes)
FAxxH + 23

The range of the valid data that can be set to these registers varies according to the setting of the UFODSCL
register. In addition to the descriptors listed in Table 12-7, descriptors peculiar to classes and vendors can
also be stored.

If all the values are fixed, they can be stored in ROM.

Cautions 1. To rewrite these registers, set the EPONKA bit to 1 before reading the register contents,
and rewrite the register contents after confirming that the bit has been set, in order to
prevent conflict between a read access and a write access.

2. Use the value defined by USB Specification Ver. 2.0 and the latest Class Specification as
the set value.

7 6 5 4 3 2 1 0 Address After reset
FOE3H to )
UFOCIEn EAE2H Undefined

(n =0 to 255)
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Table 12-7. Data of UFOCIEn Register

(a) Configuration descriptor (9 bytes)

Offset Field Name Contents
0 bLength Size of this descriptor
1 bDescriptorType Descriptor type
2 wTotalLength Lower value of the total number of bytes of Configuration, all Interface, and
all Endpoint descriptors
3 Higher value of the total number of bytes of Configuration, all Interface, and
all Endpoint descriptors
4 bNumlinterface Number of Interfaces
5 bConfigurationValue | Value to select this Configuration
6 iConfiguration Index of string descriptor describing this Configuration
7 bmAttributes Features of this Configuration (self-powered, without remote wakeup)
8 MaxPower Maximum power consumption of this Configuration (unit: mA) "
Note This value is expressed in 2mA units. (example: 50 = 100 mA)
(b) Interface descriptor (9 bytes)
Offset Field Name Contents
0 bLength Size of this descriptor
1 bDescriptorType Descriptor type
2 binterfaceNumber Value of this Interface
3 bAlternateSetting Value to select alternative setting of Interface
4 bNumEndpoints Number of usable Endpoints
5 binterfaceClass Class code
6 binterfaceSubClass Subclass code
7 binterfaceProtocol Protocol code
8 Interface Index of string descriptor describing this Interface
(c) Endpoint descriptor (7 bytes)
Offset Field Name Contents
0 bLength Size of this descriptor
1 bDescriptorType Descriptor type
2 bEndpointAddress Address/transfer direction of this Endpoint
3 bmAttributes Transfer type
4 wMaxPaketSize Lower value of maximum number of transfer data
5 Higher value of maximum number of transfer data
6 binterval Transfer interval
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12.4.4 Peripheral control register

(1) USB function 0 buffer control register (UFOBC)
This register performs enable control and floating control on the input buffer of the USB function.
This register can be read or written in 8-bit units.

7 6 5 4 3 2 1 0 Address After reset
UFOBC | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ UBFIEN ‘ UBFIORl FF8BH 00H
Bit position Bit name Function
1 UBFIEN This bit controls use of the USB buffer.

1: Buffer valid
0: Buffer invalid

Caution Clear this bit to 0 when the USB is not used. If this bit is setto 1,a
current of 3 mA (TYP.) constantly flows, regardless of whether the USB is
used or not.

0 UBFIOR This bit controls use of floating measures of the USB buffer.

1: Disables floating measures

0: Enables floating measures
This bit prevents erroneous recognition of Bus Reset, Suspend, and Resume due to an
undefined value when a cable is not connected (when data input is floated). When this
bit is set to 1, control the processing for floating by the VBUS signal (which recognizes
cable connection).
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The following flowcharts illustrate the program execution when the host is disconnected and then reconnected, and

the program execution when power is supplied.

Figure 12-7. Flowchart of Program When Host Is Disconnected and Then Reconnected

Remark n=0to2
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interrupt detecting host
connection status
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INTRSUM interrupts
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( END )
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Figure 12-8. Flowchart of Program When Power Is Supplied
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12.5 STALL Handshake or No Handshake

Errors of USBF are defined to be handled as follows.

Transfer Type Transaction Target Error Type Function Processing
Packet Response
Control transfer/ IN/OUT/SETUP | Token Endpoint not supported | No response None
bulk transfer Endpoint transfer No response None

direction mismatch

CRC error No response None
Bit stuffing error No response None
OUT/SETUP Data Timeout No response None
PID check error No response None
Unsupported PID No response None

(other than Data PID)

CRC error No response Discard received data
Bit stuffing error No response Discard received data
ouT Data Data PID mismatch ACK Discard received data
Control transfer SETUP Data Overrun No response Discard received data
(SETUP stage)
Control transfer ouT Data Overrun No response™' | Set SNDSTL bit of

(data stage)

UFOSDS register to 1 and
discard received data

Control transfer
(status stage)

ouT Data Overrun ACK or Set SNDSTL bit of
no response™™*? | UFOSDS register to 1 and
discard received data

Bulk transfer ouT Data Overrun No response™™' | Set EnHALT bit of
UFOENSL register (n =0 to
2)to 1

Control transfer/ IN Handshake | PID check error - Hold transferred data and

bulk transfer

Note 3

re-transfer data

Unsupported PID - Hold transferred data and
(other than ACK PID) re-transfer data™™°®
Timeout - Hold transferred data and

Note 3

re-transfer data

Notes 1. A STALL response is made to re-transfer by the host.
2. An ACK response is made if the transfer data is of less than MaxPacketSize and the data received in the

status stage is discarded. If MaxPacketSize is exceeded, no response is made, the SNDSTL bit of the
UFOSDS register is set to 1, and the received data is discarded.
3. If an OUT transaction indicating a change from the data stage to the status stage is received during

control transfer, an error is not handled and it is assumed that reception has been correctly completed.

Cautions 1.

It is judged by the Alternative Setting number currently set whether the target endpoint is
valid or invalid.

For the response to the request included in control transfer to/from Endpoint0, see 12.3
Requests.
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12.6 Register Values in Specific Status

Table 12-8. Register Values in Specific Status (1/2)

Register Name After CPU Reset (RESET) After Bus Reset
UFOEON register 00H Value is held.
UFOEONA register 00H Value is held.
UFOEN register 00H Value is held.
UFOENM register 00H Value is held.
UFOSDS register 00H Value is held.
UFOCLR register 00H Value is held.
UFOSET register 00H Value is held.
UFOEPSO register 00H Value is held.
UFOEPSH1 register 00H Value is held.
UFOEPS2 register 00H Value is held.
UFO0ISO register 00H Value is held.
UFO0IS1 register 00H Value is held.
UFO0IS2 register 00H Value is held.
UFO0IS3 register 00H Value is held.
UFO0IS4 register 00H Value is held.
UFOIMO register 00H Value is held.
UFOIM1 register 00H Value is held.
UF0IM2 register 00H Value is held.
UFOIMS register 00H Value is held.
UFOIM4 register 00H Value is held.
UFO0ICO register FFH Value is held.
UFO0IC1 register FFH Value is held.
UFO0IC2 register FFH Value is held.
UFO0ICS register FFH Value is held.
UFO0IC4 register FFH Value is held.
UFOFICO register 00H Value is held.
UFOFIC1 register 00H Value is held.
UFODEND register 00H Value is held.
UFOGPR register 00H Value is held.
UFOMODOC register 00H Value is held.
UFOMODS register 00H Bit 2 (CONF): Cleared (0),

Other bits: Value is held.
UFOAIFN register 00H Value is held.
UFOQAAS register 00H Value is held.
UFOASS register 00H 00H
UFOE1IM register 00H Value is held.
UFOE2IM register 00H Value is held.
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Table 12-8. Register Values in Specific Status (2/2)

Register Name

After CPU Reset (RESET)

After Bus Reset

UFOEOR register Undefined"’ Value is held.
UFOEOL register 00H Value is held.
UFOEOST register 00H 00H
UFOEOW register Undefined"’ Value is held.
UFOBO1 register Undefined"’ Value is held.
UFOBO1L register O00H Value is held.
UFOBI1 register Undefined"’ Value is held.
UFODSTL register O00H O00H
UFOEOSL register 00H O00H
UFOE1SL register 00H 00H
UFOE2SL register 00H 00H
UFOADRS register 00H 00H
UFOCNF register 00H 00H

UFOIFO register 00H 00H

UFOIF1 register 00H O00H

UFOIF2 register 00H 00H

UFOIF3 register 00H O00H

UFOIF4 register 00H 00H
UFODSCL register O0H Value is held.
UFODDn register (n =0to 17) Note 2 Note 2
UFOCIEN register (n = 0 to 255) | Note 2 Note 2

Notes 1. This register can be cleared to 0 by the RESET signal because its write pointer, counter, and read
pointer are cleared to 0 when the RESET signal becomes active, in the same manner as clearing by the
UFOFICn register, as the register is controlled by FIFO.

2. This register cannot be cleared to 0. Because data can be written to it by FW, however, any value can
be written to the register (before doing so, however, be sure to set the EPONKA bit of the UFOEONA

register to 1).
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12.7 FW Processing

The following FW processing is performed.

Setting processing on device side for the SET_CONFIGURATION, SET_INTERFACE, SET_FEATURE, and
CLEAR_FEATURE requests during enumeration processing

¢ Analysis and processing of XXXXStandard, XXXXClass, and XXXXVendor requests not subject to automatic
processing

Reading data following bulk-transferred OUT token from receive buffer

e Writing data to be returned in response to bulk-transferred IN token

The following table lists the requests supported by FW.

354 Preliminary User's Manual U19014EJ1VOUD



CHAPTER 12 USB FUNCTION CONTROLLER (USBF)

Table 12-9. FW-Supported Standard Requests

Request Reception Processing/ Explanation
Side Frequency
CLEAR_FEATURE Interface Automatic It is considered that this request does not come to Interface
STALL response | because there is no function selector value, though it is reserved
for bmRequestType.

When this request is received, the hardware makes an automatic
STALL response.

SET_FEATURE Interface Automatic It is considered that this request does not come to Interface
STALL response | because there is no function selector value, though it is reserved
for bmRequestType.

When this request is received, the hardware makes an automatic
STALL response.

GET_DESCRIPTOR String FW Returns the string descriptor.

When this request is received by the SETUP token, the hardware
generates the CPUDEC interrupt request for FW. FW decodes
the contents of the request from the CPUDEC interrupt request,
and writes the data to be returned to the host, to the UFOEOW
register.

SET_DESCRIPTOR Device FW Rewrites the device descriptor.

When this request is received by the SETUP token, the hardware
generates the CPUDEC interrupt request for FW. FW decodes
the contents of the request from the CPUDEC interrupt request,
and the writes the data for the next control transfer (OUT) to the
UFODDn register (n =0 to 17).

SET_DESCRIPTOR Configuration | FW Rewrites the configuration descriptor.

When this request is received by the SETUP token, the hardware
generates the CPUDEC interrupt request for FW. FW decodes
the contents of the request from the CPUDEC interrupt request,
and the writes the data for the next control transfer (OUT) to the
UFOCIEN register (n = 0 to 255).

SET_DESCRIPTOR String FW Rewrites the string descriptor.

When this request is received by the SETUP token, the hardware
generates the CPUDEC interrupt request for FW. FW decodes
the contents of the request from the CPUDEC interrupt request,
and loads the data for the next control transfer (OUT).

Other NA FW When this request is received by the SETUP token, the hardware
generates the CPUDEC interrupt request for FW. FW decodes
the contents of the request from the CPUDEC interrupt request,
and performs the necessary processing.
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12.7.1 Initialization processing
Initialization processing is executed in the following two ways.

e Initialization of request data register
e Setting of interrupt

When the request data register is initialized, data for the GET_XXXX request to which a value is to be automatically
returned is written and an endpoint is allocated to an interface. In the interrupt settings, the interrupt sources that do
not have to be checked can be masked by using the UFOIMn register (n = 0 to 4).

The following flowcharts illustrate the above processing.

Figure 12-9. Initializing Request Data Register

( START )

UFOEONA register = 01H

EPONKA = 1?
(UFOEONA)

Initialization of request

data register : See Figure 12-10 Initialization of Request Data Register.

: _ If the total number of bytes of the UFOCIEnN register exceeds 256,
UFOMODC register =
40H or OgH set the UFOMODC register to 40H. No data has to be written to
the UFOCIEN register.

Setting of interface

and endpoint : See Figure 12-11 Setting of Interface and Endpoint.

UFOEONA register = 00H Cancels NAK response to Endpoint0.

( END )

Remark n=0to255
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Figure 12-10.

Initialization of Request Data Register Area

UFODSTL register = 0XH

UFOENSL register = 00H

Setting of UFODSCL register

Inputting UFODDm register

Inputting UFOCIEa register

Remark m=0to 17
a=0to 255

The value of 0XH depends on the power supply method.
e SFPW = 1: Self-powered
e SFPW = 0: Bus-powered

n =0 to 2. Setting is unnecessary if the target
endpoint is not used.

Input the total number of bytes of the UFOCIEa register.

If the total number of bytes of the UFOCIEa register exceeds 256,
set the UFOMODC register to 40H. No data has to be written to
the UFOCIEa register.

Figure 12-11. Setting of Interface and Endpoint

ADDIF, IFNO1, IFNOO = 000: Interface number 0 is valid.

Setting of UFOAAS register

Remark n=1,2

ADDIF, IFNO1, IFNOO = 100: Interface numbers 0 and 1 are valid.
Setting of UFOAIFN register | ADDIF, IFNO1, IFNOO = 101: Interface numbers 0 to 2 are valid.
ADDIF, IFNO1, IFNOO = 110: Interface numbers 0 to 3 are valid.
ADDIF, IFNO1, IFNOO = 111: Interface numbers 0 to 4 are valid.

Set Interface number(s) and a link with the 5- or 2-series Alternative
Setting.

. ) Set a link between the target Interface of endpoint n and Alternative Setting.
Setting of UFOENIM register Set 00H if the target endpoint is not used.
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Figure 12-12. Setting of Interrupt

( START )

Setting of UFOIMn register

|
( END )

Remark n=0to4

Mask the interrupt source to avoid issuance of an unnecessary
interrupt request (INTUSBmB).

m=0wheren=0, 1
m=1wheren=2,3
m=2wheren=4
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12.7.2 Interrupt servicing
The following flowchart illustrates how an interrupt is serviced.

Figure 12-13. Interrupt Servicing

( START )

*

INTUSBaB active (a=0t02)

INTUSB2B = 0? Masking ID bit

No

INTUSBOB = 0?

(m=2,3)
Reading UFO0IS4 register Reading UFO0ISn register Reading UFOISm register
SETINTC of UF0IC4 Target bit of UFOICn Target bit of UFOICm
register = 0 register = 0 register = 0

Servicing interrupt

( END )

Remark «: Processing by hardware

The following bits of the UF0ISn register are automatically cleared by hardware when a given condition is satisfied
(n=1to03).

e EOINDT, EOODT, SUCES, STG, and CPUDEC bits of UF0IS1 register
e BKI1DT bit of UFOIS2 register
e BKO1FL and BKO1DT bits of UFOIS3 register

Because clearing an interrupt source by the UF0ICn register is given a lower priority than setting an interrupt source
by hardware, the interrupt source may not be cleared depending on the timing (n = 0 to 4).
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12.7.3

USB main processing

USB main processing involves processing USB transactions. The types of transactions to be processed are as

follows.

¢ Fully automatically processed request for control transfer
¢ Automatically processed requests for control transfer
(SET_CONFIGURATION, SET_INTERFACE, SET_FEATURE, CLEAR_FEATURE)
e CPUDEC request for control transfer
¢ Processing for bulk transfer (IN)
¢ Processing for bulk transfer (OUT)

Processing for endpoint n involves writing or reading for data transfer.

)

)

360

Fully automatically processed request for control transfer
Because the fully automatically processed request for control transfer is executed by hardware, it cannot be
referenced by FW. Therefore, FW does not have to perform any special processing for this request.

Automatically processed requests for control transfer

(SET_CONFIGURATION, SET_INTERFACE, SET_FEATURE, CLEAR_FEATURE)

Processing to write a register for automatically processed requests for control transfer, such as
SET_CONFIGURATION, SET_INTERFACE, SET_FEATURE, and CLEAR_FEATURE requests, is
automatically executed by hardware, but an interrupt request is issued for recognition on the device side. This
processing may be ignored if there is no special processing to be executed.

The flowcharts are shown below.
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Figure 12-14. Automatically Processed Requests for Control Transfer

( START )

*

Receiving SETUP token

| .

Decoding request

Yes

CLEAR_FEATURE? ‘ TS
CLEAR_FEATURE
processing
Yes ‘ : See Figure 12-15 CLEAR_FEATURE Processing.
SET_FEATURE? ‘ *
SET_FEATURE
processing
Yes ‘ : See Figure 12-16 SET_FEATURE Processing.
SET_CONFIGURATION? ‘ Py
SET_CONFIGURATION
processing
Yes ‘ : See Figure 12-17 SET_CONFIGURATION Processing.
SET_INTERFACE? | S
SET_INTERFACE
processing
Other 0 ‘ : See Figure 12-18 SET_INTERFACE Processing.
automatically processed No
request?
¢
Automatic processing CPUDEC processing
¢

END m INTUSBOB/INTUSB2B
active

No

INTUSB2B = 1?

(n=0,1)

Reading UF0IS4 register Reading UF0ISn register

SETINT =1? CLRRQ =1? Yes

(UFO0IS4) (UFO0ISO0)
Yes No
lllegal processing
SETRQ =17
(UF0IS0)
lllegal processing
FW processing for Reading UFOSET register Reading UFOCLR register

SET_INTERFACE

SETINTC =0 FW processing for FW processing for
(UF0IC4) each request each request
END END END

Remark «: Processing by hardware
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Figure 12-15. CLEAR_FEATURE Processing

Remarks 1.

4
UFOCLR register = 0XH
¢
CLRRQ =1
(UFOIS0)
| IS
Clearing UFODSTL register
4
Clearing UFOENSL register
| IS
HALTn =0
(UFOEPS2)

n=0to2

2. «:Processing by hardware

Set the corresponding bit for the value of 0OXH.
The EPHALT bit of the UFOISO register is cleared to 0
only when all Halt Features are cleared.

362
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Figure 12-16. SET_FEATURE Processing

Remarks 1.
2.

UFOSET register = 0XH

4
SETRQ =1
(UF0IS0)
| .
Setting UFODSTL register
*
Setting UFOENSL register
| S
HALTNn =1
(UFOEPS2)
*
EPHALT =1
(UFOIS0)

n=0to2
¢ Processing by hardware

Set the corresponding bit for the value of 0XH.

The EPHALT bit of the UFOISO register is not
set to 1 by setting the UFODSTL register.
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Figure 12-17. SET_CONFIGURATION Processing

4
SETCON =1
(UFOSET)
4
SETRQ =1
(UF0IS0)
| .
CONF =1
(UFOMODS)
*
Setting UFOCNF register

Remark e: Processing by hardware

Figure 12-18. SET_INTERFACE Processing

*

SETINT =1
(UF0IS4)

*

Setting UFOASS register

| .

Setting UFOIFnN register

Remarks 1. n=0to 4
2. «:Processing by hardware
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(3) CPUDEC request for control transfer
The CPUDEC request can be classified into three types of processing: control transfer (write), control transfer

(read), and control transfer (without data).

Control transfer (write) indicates a request that uses the OUT

transaction in the data stage (e.g., SET_DESCRIPTOR), and control transfer (read) indicates a request that
uses the IN transaction in the data stage (e.g., GET_DESCRIPTOR). Control transfer (without data) indicates
a request that has no data stage (e.g., SET_CONFIGURATION).
The flowcharts are shown below.

Figure 12-19. CPUDEC Request for Control Transfer (1/12)

Remarks 1.
2.

(a) Token phase (1/2)

( START )

*

INTUSBOB active

Reading UFO0ISn register

CPUDEC = 1?
(UFOIST)

PROTC = 0
(UFOIC1)

STGM = 0 (UFOIM1)
CPUDECM = 1 (UF0IM1)

Reading UFOEOST
register x 8 times

| S

CPUDEC =0
(UF0IS1)

Decoding FW request

+: Processing by hardware

@ ©®

Appropriate interrupt servicing
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Figure 12-19. CPUDEC Request for Control Transfer (2/12)

(a) Token phase (2/2)

It is judged whether the No

request decoded by the
device is supported.

Supported request?

Request that uses control
transfer (IN), such as

GET_DESCRIPTOR String Control transfer (read)?

Request that uses control
transfer (OUT), such as

Control transfer (write)?
SET_DESCRIPTOR String ( )

Remarks 1. n=0, 1
2. e:Processing by hardware

Reading UF0ISn register

PROT =172
(UFOIST)

SNDSTL =1
(UFOSDS)
‘ In the case of an unsupported request
EPORC = 1 for control transfer (write), clear the FIFO
(UFOFICO) because data may be written to the FIFO

as a result of OUT transfer before the
STALL response is made.

STGM = 1 (UFOIM1)
CPUDECM = 0 (UFOIM1)

*

STALL handshake response

SNDSTL=0

(UFOSDS)
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Figure 12-19. CPUDEC Request for Control Transfer (3/12)

(b) Control transfer (read) (1/4)

IN token received?

Transmitting NAK

| .
EOIN =1
(UF0IST)
| IS
INTUSBOB active

Reading UF0ISn register

Yes lllegal processing

EOINM = 1
(UFOIM1)

O
If return data greater than the FIFO size exists,

Writing UFOEOW register it is divided into FIFO size units and sequentially
written, starting from the lowest data byte.

Remarks 1. n=0,1
2. «:Processing by hardware
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Figure 12-19. CPUDEC Request for Control Transfer (4/12)

(b) Control transfer (read) (2/4)

® No
FIFO full?
Yes EODED =1
(UFODEND)
. 4
EPONKW =1
(UFOEON)

PROT = 1?
(UFOIST)

No EPOWC =1
(UFOFICO)

IN token received?

Transmitting data of
UFOEQW register

ACK received?

Remark e: Processing by hardware
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Figure 12-19. CPUDEC Request for Control Transfer (5/12)

(b) Control transfer (read) (3/4)

*

EOINDT = 1 (UFOIS1)
EPONKW = 0 (UFOEON)

| .

INTUSBOB active

Reading UFO0ISn register

No

lllegal processing

EOINDT = 1?
(UF0IST)

No transmit data?

EOINDTC =0
(UFOIC1)

No

Data of Null packet received?

STG =1
(UFOIST)

O

Remarks 1. n=0, 1
2. :Processing by hardware
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Figure 12-19. CPUDEC Request for Control Transfer (6/12)

Remarks 1.

(b) Control transfer (read) (4/4)

*

INTUSBOB active

Reading UFOISn register

Yes
STGM =1
(UFOIM1)
| *
Transmitting ACK
| *
SUCES =1
(UF0IS1)
| *
INTUSBOB active

Reading UFO0ISn register

Yes

SUCESC = 0 (UF0IC1)
EOINC = 0 (UF0IC1)

CPUDECM = 0 (UFOIM1)
EOINM = 0 (UFOIMA1)

( END )

2. «:Processing by hardware

lllegal processing

lllegal processing
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Figure 12-19. CPUDEC Request for Control Transfer (7/12)

Remarks 1.

(c) Control transfer (write) (1/4)

?

OUT token received?

Yes

*

*

Writing UFOEOR register

Normal reception?

*

E0OODT = 1 (UF0IS1)
EPOR = 1 (UFOEPSO)
EPONKR = 1 (UFOEON)

*

INTUSBOB active

0

eading UF0ISn register

PROT = 1?
(UF0IS1)

n=0,1
+: Processing by hardware

No

No

4

Clearing UFOEOR register

Yes

L

EPORC = 1
(UFOFICO)

|
©)
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Figure 12-19. CPUDEC Request for Control Transfer (8/12)

(c) Control transfer (write) (2/4)

EOODT = 1? No

(UFOIST)

lllegal processing

Updating data length
of UFOEOL register

Reading UFOEOR register

UFOEOL register data is
read up to the value read
by the UFOEOR register.

Data length other than 0?

*

Data length = Data length — 1

E0OODT = 0 (UF0IS1)
EPOR = 0 (UFOEPS0)
EPONKR = 0 (UFOEON)

Updating data length
of UFOEOL register

I

Yes
OUT token received?

IN token received?

Remark «: Processing by hardware
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Figure 12-19. CPUDEC Request for Control Transfer (9/12)

(c) Control transfer (write) (3/4)

*

STG = 1 (UF0IS1)
EOIN = 1 (UFO0IS1)

| .

INTUSBOB active

Reading UF0ISn register

Yes

Clearing read data

|
No @

lllegal processing

PROT = 1?
(UFOIST)

Request processing

EPOWC = 1
(UFOFICO)

EODED = 1
(UFODEND)

Remarks 1. n=0, 1
2. ¢:Processing by hardware

Preliminary User’s Manual U19014EJ1VOUD 373



CHAPTER 12 USB FUNCTION CONTROLLER (USBF)

Figure 12-19. CPUDEC Request for Control Transfer (10/12)

(c) Control transfer (write) (4/4)

STGM = 1 (UFOIM1)
EOINM = 1 (UFOIM1)

No

IN token received?

Transmitting data
of Null packet

No
ACK received?

SUCES = 1 (UF0IS1)
EOINDT = 1 (UFO0IS1)

*

INTUSBOB active

Reading UF0ISn register

No

Yes lllegal processing

SUCESC = 0 (UF0IC)
EOINDTC = 0 (UFOIC1)
EOINC = 0 (UF0IC1)

CPUDECM = 0 (UFOIM1)
EOINM = 0 (UFOIM1)

|
( END )

Remarks 1. n=0, 1
2. ¢:Processing by hardware
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Figure 12-19. CPUDEC Request for Control Transfer (11/12)

(d) Control transfer (without data stage) (1/2)

IN token of status phase IN token received?

EOIN = 1 (UFOIS1)
STG = 1 (UFO0IS1)

INTUSBOB active

Reading UFO0ISn register

Yes

Request processing aborted

|
©)

lllegal processing

PROT = 17
(UFOIS1)

EPOWC =1
(UFOFICO)

EODED = 1
(UFODEND)

Remarks 1. n=0, 1
2. ¢:Processing by hardware
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Figure 12-19. CPUDEC Request for Control Transfer (12/12)

(d) Control transfer (without data stage) (2/2)

EOINM = 1 (UFOIM1)
STGM = 1 (UFOIM1)

No
IN token received?

Transmitting data of Null packet

No
ACK received?

*

SUCES = 1 (UF0IST1)
EOINDT = 1 (UF0IS1)

| *

INTUSBOB active

Reading UFO0ISn register

No

Yes lllegal processing

SUCESC = 0 (UF0IC1)
EOINC = 0 (UFOIC1)
EOINDTC = 0 (UF0IC1)

Request processing

EOINM = 0 (UFOIM1)
CPUDECM = 0 (UFOIM1)

( END )

Remarks 1. n=0, 1
2. e:Processing by hardware
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(4) Processing for bulk transfer (IN)
Bulk transfer (IN) is allocated to Endpoint1. The flowchart is shown below.
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Figure 12-20. Processing for Bulk Transfer (IN)

BKI1IN = 1
(UF0IS2)
L 4
Returning NAK
A 4

INTUSB1B active

Reading UF0IS2 register

BKIIN = 1?
(UF0IS2)

lllegal processing

BKI1INM =1
(UF0IM2)

Writing UFOBI1 register

Data error?

BKI1CC =1
(UFOFICO)

If return data greater than the FIFO size exists,
it is divided into FIFO size units and sequentially
written, starting from the lowest data byte.

Parallel processing
by hardware

: See Figure 12-21 Parallel Processing
by Hardware.

Remark «: Processing by hardware

*

BKI1DED = 1
(UFODEND)
4
BKI1NK = 1 (UFOEN) The timing of the bit value varies
BKI1DT = 1 (UF0IS2) depending on the situation on the SIE side.
*

INTUSB1B active

Reading UF0IS2 register

BKI1DT =1?
(UF0IS2)

No

lllegal processing

No

BKI1INC = 0 (UF0IC2)
BKI1DTC = 0 (UFOIC2)
BKI1INM = 0 (UFOIM2)

END
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Figure 12-21. Parallel Processing by Hardware

No

IN token received?

Transmitting data of
UFOBI1 register

No
ACK received?

BKITNK =0
(UFOEN)

No

No transmit data?

Remark «: Processing by hardware
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(5) Processing for bulk transfer (OUT)
Bulk transfer (OUT) is allocated to Endpoint2. The flowchart is shown below.
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Figure 12-22. Normal Processing for Bulk Transfer (OUT)

‘ START ’

OUT token received?

Writing UFOBO1 register

Normal reception?

Clearing UFOBO1 register

BKO1DT = 1 (UF0IS3)

BKOUT1 = 1 (UFOEPS0)
| .

INTUSB1B active

Reading UF0IS3 register

BKO1DT =1?
(UFOIS3)

¢ lllegal processing

Updating data length
of UFOBO1L register

Reading UFOBO1 register

UFOBOT1 register data is read
up to the value read by the
UFOBO1L register.

Yes
Data length other than 0?

Data length = Data length — 1

BKO1DT = 0 (UFO0IS3)

BKOUT1 = 0 (UFOEPSO0)

Updating data length
of UFOBO1L register

No

lllegal processing

Data length = 0?

Yes

OUT token received?

Remark «: Processing by hardware
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382

During bulk transfer (OUT), more data may be transmitted from the host than expected by the system.
Endpoint2 for bulk transfer (OUT) of the #PD78F0730 consist of two 64-byte buffers so that NAK responses
are suppressed as much as possible and data can be read from the CPU side even while the bus side is being
accessed as the transfer rate of the USB bus increases. Consequently, if the host sends more data than
expected by the system, up to 128 bytes of extra data may be automatically received in the worst case. In this
case, change the control flow from that of the normal processing of Endpoint2 to the flow illustrated below
when the quantity of data expected by the system has decreased to two packets.
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Figure 12-23. Processing If More Data Than Expected by System Is Transmitted (1/2)

( START )

OUT token received?

Writing UFOBO1 register

Normal reception?

BKO1DT = 1 (UF0IS3)
BKOUT1 =1 (UFOEPS0)

Clearing UFOBO1 register

| *

INTUSB1B active

]

OUT token received?

Writing UFOBO1 register

Normal reception?

BKO1FL = 1 (UFOIS3)
BKO1NK = 1 (UFOEN)

Clearing UFOBO1 register

Reading UF0ISn register

BKO1FL = 1?
(UF0IS3)

]

BKOTNKM = 1 (UFOENM)

lllegal processing

BKO1NK = 1 (UFOEN)

Updating data length
of UFOBO1L register

Remark «: Processing by hardware
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Figure 12-23. Processing If More Data Than Expected by System Is Transmitted (2/2)

0

Reading UFOBO1 register

UFOBOT1 register data is read
up to the value read by the
UFOBO1L register.

Data length other than 0?

*
Data length = Data length — 1
BKO1FL = 0 (UF0IS3) \—
Updating data length
of UFOBO1L register
\
\
Reading UFOBO1 register
UFOBO1 register data is read Yes
up to the value read by the Data length other than 0? *
UFOBO1L register.
Data length = Data length — 1
BKO1DT= 0 (UF0IS3)
BKOUT1 =0 (UFOEPS0)

\

. No
OUT token received?

Next system sequence?
BKO1NAK =1
(UF0IS3)
| .
BKO1NKM =0
NAK response (UFOENM)
° |
‘ BKO1NK =0
INTUSB1B active (UFOEN)

Expected system
sequence processing

BKOTNAK = 1?
(UF0IS3)

END

lllegal processing

Expected processing
such as Endpoint STALL

BKOTNKM = 0
(UFOENM)

BKO1NK =0
(UFOEN)

BKOTNAKC =0
(UF0IC3)

END

Remark «: Processing by hardware
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12.7.4 Suspend/Resume processing
How Suspend/Resume processing is performed differs depending on the configuration of the system. One

example is given below.

Figure 12-24. Example of Suspend/Resume Processing (1/3)

Remarks 1. n=0, 1

(a) Example of Suspend processing

( START )

Suspend detected?

RSUSPD = 1 (UF0IS0)
RSUM = 1 (UFOEPSH)

| *

INTUSBOB active

Reading UFOISn register

RSUSPD = 1?2
(UF0ISO0)

Reading UFOEPS1 register

RSUM = 1?
(UFOEPST)

FW Suspend processing

RSUSPDC =0

(UF0ICO)

|
( END )

2. ¢:Processing by hardware

No

lllegal processing

No

lllegal processing
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Figure 12-24. Example of Suspend/Resume Processing (2/3)

(b) Example of Resume processing

( START )

Resume detected?

RSUSPD = 1 (UF0IS0)
RSUM = 0 (UFOEPS1)

| *

INTUSBOB active

Reading UFOISn register

RSUSPD = 12
(UF0IS0)

lllegal processing

Reading UFOEPS1 register

RSUM = 0?
(UFOEPS1)

lllegal processing

FW Resume processing

RSUSPDC =0
(UF0ICO)

|
( END )

Remarks 1. n=0, 1
2. ¢:Processing by hardware
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Figure 12-24. Example of Suspend/Resume Processing (3/3)

(c) Example of Resume processing (when supply of USB clock to USBF is stopped)

( START )

N
Resume detected? °

INTRSUM active

Executing interrupt servicing

Supplying USB clock

FW Resume processing

( END )

Remark «: Processing by hardware
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12.7.5 Processing after power application
The processing to be performed after power application differs depending on the configuration of the system. One

example is given below.

Figure 12-25. Example of Processing After Power Application/Power Failure (1/3)

(a) Processing after power application (1/2)

L 4

Pull-up processing of Initialization of request : See Figure 12-10 Initialization
D+ inactiveNote ! data register of Request Data Register.

| . |

Initialization of request  |. See Figure 12-10 Initialization Controlling portNete2
data register of Request Data Register.

*

Controlling portNete2

*

Pull-up processing
of D+ activeNete?

*

Connection

Resume detected?

BUSRST = 1 (UF0ISO)
DFLT = 1 (UFOMODS)

Notes 1. Use one general-purpose port pin for the signal that controls switching of the pull-up resistor of the

USB bus.
2. The input mode or control mode of the general-purpose port pin allocated in Note 1 may be selected

as the default value. Note the active level of pull-up processing of D+ on power application.

Remark «: Processing by hardware
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Figure 12-25. Example of Processing After Power Application/Power Failure (2/3)

Remarks 1.
2.

(a) Processing after power application (2/2)

m=0to 4
+: Processing by hardware

(@)
.

Receiving GET_DESCRIPTOR
Device request

| .
MPACK =1
(UFOMODS)
| *
Receiving SET_ADDRESS
request
| .
Writing to UFOADRS register
| .
Receiving SET_CONFIGURATION 1
request
| .

SETCON = 1 (UFOSET)
SETRQ = 1 (UF0IS0)
CONF =1 (UFOMODS)
UFOCNF register = 01H
Valid endpoint = DATAO

| *

Receiving SET_INTERFACE
request

| .

SETINT =1 (UF0IS4)
Setting of UFOASS register
Setting of UFOIFm register

Valid endpoint = DATAO

Processing continues
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Figure 12-25. Example of Processing After Power Application/Power Failure (3/3)

(b) Processing on power failure

C START )

| *

Power failure

No

INTPx activeNote ?

Interrupt servicing

Processing such as
clearing FIFO or
MRST = 1 (UFOGPR)

|
( END )

Note INTPx means an external interrupt pin of the 4PD78F0730 (INTPO to INTP3).
Allocate one external interrupt pin to the following applications.

¢ Detecting disconnection of the connector in the case of self-powered mode (SFPW bit of UFODSTL
register = 1). In this case, monitor the VDD line of the USB connector, and input the result to the
external interrupt pin at the edge.

¢ Detecting turning off power from a HUB chip when the device is mounted on the same board as a
HUB.

Remark «: Processing by hardware
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12.7.6 USB connection example

Figure 12-26.

USB Connection Example

4PD78F0730

UFOGPR

USBPUC
O

UVob
——

1.5kQ 15 %

D+

(1) Pull-up control of D+

To prohibit connection notification (D+ pull-up) to the USB host/HUB (such as while higher priority processing

or initialization processing is under execution), the system must control pull-up of D+ via the USBPUC pin.

In the circuit example in Figure 12-26, D+ is pulled up because the USBPUC pin is set to output low level by

the initial value after reset.

To prohibit pull-up of D+, be sure to set the CONNECT bit of the UFOGPR register to 1 after reset, and then

output the high level from the USBPUC pin.
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CHAPTER 13 INTERRUPT FUNCTIONS

.1 Interrupt Function Types

The following two types of interrupt functions are used.

Maskable interrupts
These interrupts undergo mask control. Maskable interrupts can be divided into a high interrupt priority group
and a low interrupt priority group by setting the priority specification flag registers (PROL, PROH, PR1L, PR1H).
Multiple interrupt servicing can be applied to low-priority interrupts when high-priority interrupts are generated. |If
two or more interrupt requests, each having the same priority, are simultaneously generated, then they are
processed according to the priority of vectored interrupt servicing. For the priority order, see Table 13-1.
A standby release signal is generated and STOP and HALT modes are released.
External interrupt requests and internal interrupt requests are provided as maskable interrupts.

External: 4, internal: 14

Software interrupt
This is a vectored interrupt generated by executing the BRK instruction. It is acknowledged even when interrupts
are disabled. The software interrupt does not undergo interrupt priority control.

.2 Interrupt Sources and Configuration

The pPD78F0730 has a total of 19 interrupt sources including maskable interrupts and software interrupts. In

addition, they also have up to four reset sources (see Table 13-1).
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Table 13-1. Interrupt Source List

Interrupt Default Interrupt Source Internal/ Vector Basic
Type Priority™™" Name Trigger External Table Configuration
Address Type"*?
Maskable 0 INTLVI Low-voltage detection"*®* Internal 0004H (A)
1 INTPO Pin input edge detection External 0006H (B)
2 INTP1 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTUSBO USB function status 0 Internal 000EH (A)
6 INTUSBH1 USB function status 1 0010H
7 INTSRE6 UART® reception error generation 0012H
8 INTSR6 End of UART6 reception 0014H
9 INTST6 End of UART®6 transmission 0016H
10 INTCSI10 End of CSI10 communication 0018H
11 INTTMH1 Match between TMH1 and CMPO1 001AH
(when compare register is specified)
12 INTUSB2 USB function status 2 001CH
13 INTTM50 Match between TM50 and CR50 001EH
(when compare register is specified)
14 INTTMO00 Match between TM00 and CR0O00 0020H
(when compare register is specified),
TI010 pin valid edge detection
(when capture register is specified)
15 INTTMO10 Match between TM00 and CR010 0022H
(when compare register is specified),
TI000 pin valid edge detection
(when capture register is specified)
16 INTRSUM USB Resume signal detection 0024H
- - - - 0026H -
- - - - 0028H -
18 INTTM51 Match between TM51 and CR51 Internal 002AH (A)
(when compare register is specified)
- - - - 002CH to -
003CH
Software - BRK BRK instruction execution - 003EH (©)
Reset - RESET Reset input - 0000H -
POC Power-on clear
LVI Low-voltage detection"***
WDT WDT overflow
Notes 1. The default priority determines the sequence of processing vectored interrupts if two or more maskable
interrupts occur simultaneously. Zero indicates the highest priority and 17 indicates the lowest priority.
2. Basic configuration types (A) to (C) correspond to (A) to (C) in Figure 13-1.
3. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is cleared to O.
4. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is set to 1.
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Figure 13-1. Basic Configuration of Interrupt Function

(A) Internal maskable interrupt

Internal bus S

Interrupt
request

D

IE PR ISP

[

Vector table

(B) External maskable interrupt (INTPO to INTP3)

Priority controller address generator

Standby release signal

S Internal bus S
External interrupt edge
enable register MK IE PR ISP
(EGP, EGN)
L Vector table
Interrupt 1 Edge IF Priority controller address generator
request detector

(C) Software interrupt

Standby release signal

S Internal bus S

Vector table

Interrupt
request
IF: Interrupt request flag
IE: Interrupt enable flag

ISP:  In-service priority flag
MK:  Interrupt mask flag

PR:  Priority specification flag

394

Priority controller
address generator
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13.3 Registers Controlling Interrupt Functions

The following six types of registers are used to control the interrupt functions.

e Interrupt request flag register (IFOL, IFOH, IF1L, IF1H)

¢ Interrupt mask flag register (MKOL, MKOH, MK1L, MK1H)
o Priority specification flag register (PROL, PROH, PR1L, PR1H)

e External interrupt rising edge enable register (EGP)

e External interrupt falling edge enable register (EGN)
e Program status word (PSW)

Table 13-2 shows a list of interrupt request flags, interrupt mask flags, and priority specification flags corresponding
to interrupt request sources.
Table 13-2. Flags Corresponding to Interrupt Request Sources

Preliminary User’'s Manual U19014EJ1VOUD

Interrupt Interrupt Request Flag Interrupt Mask Flag Priority Specification Flag
Source Register Register Register
INTLVI LVIIF IFOL LVIMK MKOL LVIPR PROL
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMK1 PPR1
INTP2 PIF2 PMK2 PPR2
INTP3 PIF3 PMK3 PPR3
INTUSBO USBIFO USBMKO USBPRO
INTUSBH1 USBIF1 USBMK1 USBPR1
INTSRE6 SREIF6 SREMK6 SREPR6
INTSR6 SRIF6 IFOH SRMK6 MKOH SRPR6 PROH
INTST6 STIF6 STMK6 STPR6
INTCSI10 CSIIF10 CSIMK10 CSIPR10
INTTMH1 TMIFH1 TMMKH1 TMPRH1
INTTM50 TMIF50 TMMK50 TMPR50
INTTMO0O TMIFO00 TMMKO000 TMPRO00
INTTMO10 TMIFO10 TMMKO010 TMPRO10
INTRSUM RSUMIF IF1L RSUMMK MK1L RSUMPR PR1L
INTTM51 TMIF51 TMMK51 TMPR51
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(1) Interrupt request flag registers (IFOL, IFOH, IF1L, IF1H)
The interrupt request flags are set to 1 when the corresponding interrupt request is generated or an instruction is

executed. They are cleared to 0 when an instruction is executed upon acknowledgment of an interrupt request or
upon reset signal generation.
When an interrupt is acknowledged, the interrupt request flag is automatically cleared and then the interrupt
routine is entered.
IFOL, IFOH, IF1L, and IF1H are set by a 1-bit or 8-bit memory manipulation instruction. When IFOL and IFOH, and
IF1L and IF1H are combined to form 16-bit registers IFO and IF1, they are set by a 16-bit memory manipulation
instruction.

Reset signal generation sets these registers to O0H.

Address:

Symbol
IFOL

Address:

Symbol
IFOH

Address:

Symbol
IF1L

Address:

Symbol
IF1H

Cautions 1. Be sure to clear bits 1, 2, 4 to 7 of IF1L and bits 0 to 7 of IF1H to 0.

396

Figure 13-2. Format of Interrupt Request Flag Registers (IFOL, IFOH, IF1L, IF1H)

FFEOH After reset: 00H R/W

<7> <6> <5> <4> <3> <2> <1> <0>
SREIF6 USBIF1 USBIF2 PIF3 PIF2 PIF1 PIFO LVIIF
FFE1H After reset: 00H R/W
<7> <6> <5> <4> <3> <2> <1> <0>
TMIFO10 TMIF000 TMIF50 USBIF2 TMIFHA CSIIF10 STIF6 SRIF6
FFE2H After reset: 00H R/W
7 6 5 4 <3> 2 1 <0>
0 0 0 0 TMIF51 0 0 RSUMIF
FFE3H After reset: 00H R/W
7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0
XXIFX Interrupt request flag
0 No interrupt request signal is generated

Interrupt request is generated, interrupt request status

2. When operating a timer or serial interface after standby release, operate it once after clearing
the interrupt request flag. An interrupt request flag may be set by noise.
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Cautions 3. Use the 1-bit memory manipulation instruction (CLR1) for manipulating the flag of the
interrupt request flag register. A 1-bit manipulation instruction such as “IFOL.0 = 0;” and
“_asm(“clr1 IFOL, 0”);” should be used when describing in C language, because assembly
instructions after compilation must be 1-bit memory manipulation instructions (CLR1).
If an 8-bit memory manipulation instruction “IFOL & = Oxfe;” is described in C language, for
example, it is converted to the following three assembly instructions after compilation:

mov a, IFOL
and a, #OFEH
mov IFOL, a

In this case, at the timing between “mov a, IFOL” and “mov IFOL, a”, if the request flag of
another bit of the identical interrupt request flag register (IFOL) is set to 1, it is cleared to 0 by
“mov IFOL, a”. Therefore, care must be exercised when using an 8-bit memory manipulation
instruction in C language.
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(2) Interrupt mask flag registers (MKOL, MKOH, MK1L, MK1H)
The interrupt mask flags are used to enable/disable the corresponding maskable interrupt servicing.
MKOL, MKOH, MK1L, and MK1H are set by a 1-bit or 8-bit memory manipulation instruction. When MKOL and
MKOH, and MK1L and MK1H are combined to form 16-bit registers MKO and MK1, they are set by a 16-bit
memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 13-3. Format of Interrupt Mask Flag Registers (MKOL, MKOH, MK1L, MK1H)

Address: FFE4H  After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>

MKOL SREMK®6 USBMK1 USBMKO PMK3 PMK2 PMK1 PMKO LVIMK

Address: FFE5H  After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>

MKOH TMMKO010 | TMMKO00 | TMMKS50 USBMK2 | TMMKH1 CSIMKO STMK6 SRMK6

Address: FFE6H After reset: FFH R/W
Symbol 7 6 5 4 <3> 2 1 <0>

MK1L 1 1 1 1 TMMKS51 1 1 RSUMMK

Address: FFE7H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
MK1H 1 1 1 1 1 1 1 1
XXMKX Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Caution Be sure to set bits 1, 2, 4 to 7 of MK1L and bits 0 to 7 of MK1H to 1.
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(3) Priority specification flag registers (PROL, PROH, PR1L, PR1H)
The priority specification flag registers are used to set the corresponding maskable interrupt priority order.
PROL, PROH, PR1L, and PR1H are set by a 1-bit or 8-bit memory manipulation instruction. If PROL and PROH,
and PR1L and PR1H are combined to form 16-bit registers PRO and PR1, they are set by a 16-bit memory
manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 13-4. Format of Priority Specification Flag Registers (PROL, PROH, PR1L, PR1H)

Address: FFE8H  After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>

PROL SREPR6 USBPR1 USBPRO PPR3 PPR2 PPR1 PPRO LVIPR

Address: FFE9QH  After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>

PROH TMPR010 | TMPRO0O | TMPRS50 USBPR2 TMPRH1 CSIPR10 STPR6 SRPR6

Address: FFEAH  After reset: FFH R/W
Symbol 7 6 5 4 <3> 2 1 <0>

PR1L 1 1 1 1 TMPR51 1 1 RSUMPR

Address: FFEBH  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PR1H 1 1 1 1 1 1 1 1
XXPRX Priority level selection
0 High priority level
1 Low priority level

Caution Be sure to set bits 1, 2, 4 to 7 of PR1L and bits 0 to 7 of PR1H to 1.
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(4) External interrupt rising edge enable register (EGP), external interrupt falling edge enable register (EGN)
These registers specify the valid edge for INTPO to INTP3.
EGP and EGN are set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to O0H.

Figure 13-5. Format of External Interrupt Rising Edge Enable Register (EGP)
and External Interrupt Falling Edge Enable Register (EGN)

Address: FF48H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
EGP 0 0 0 0 EGP3 EGP2 ‘ EGP1 ‘ EGPO
Address: FF49H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
EGN 0 0 0 0 EGN3 EGN2 EGN1 EGNO
EGPn EGNn INTPn pin valid edge selection (n =0 to 3)

0 0 Edge detection disabled

0 1 Falling edge

1 0 Rising edge

1 1 Both rising and falling edges

Caution Be sure to clear bits 4 to 7 to 0.

Table 13-3 shows the ports corresponding to EGPn and EGNn.

Table 13-3. Ports Corresponding to EGPn and EGNn

Detection Enable Register Edge Detection Port Interrupt Request Signal
EGPO EGNO P120 INTPO
EGP1 EGNH1 P30 INTP1
EGP2 EGN2 P31 INTP2
EGP3 EGN3 P32 INTP3

Caution Select the port mode by clearing EGPn and EGNn to 0 because an edge may be
detected when the external interrupt function is switched to the port function.

Remark n=0to3
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(5) Program status word (PSW)

The program status word is a register used to hold the instruction execution result and the current status for an
interrupt request. The IE flag that sets maskable interrupt enable/disable and the ISP flag that controls multiple
interrupt servicing are mapped to the PSW.

Besides 8-bit read/write, this register can carry out operations using bit manipulation instructions and dedicated
instructions (El and DI). When a vectored interrupt request is acknowledged, if the BRK instruction is executed,
the contents of the PSW are automatically saved into a stack and the IE flag is reset to 0. If a maskable interrupt
request is acknowledged, the contents of the priority specification flag of the acknowledged interrupt are
transferred to the ISP flag. The PSW contents are also saved into the stack with the PUSH PSW instruction.
They are restored from the stack with the RETI, RETB, and POP PSW instructions.

Reset signal generation sets PSW to 02H.

Figure 13-6. Format of Program Status Word

<7> <6> <5> <4> <3> 2 <1> 0 After reset

PSW| IE Z |RBS1| AC |RBSO| 0 ISP | CY 02H

= Used when normal instruction is executed

ISP Priority of interrupt currently being serviced

0 | High-priority interrupt servicing (low-priority
interrupt disabled)

1 Interrupt request not acknowledged, or low-
priority interrupt servicing (all maskable
interrupts enabled)

IE Interrupt request acknowledgment enable/disable

0 Disabled

1 Enabled
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13.4 Interrupt Servicing Operations

13.4.1 Maskable interrupt acknowledgement

A maskable interrupt becomes acknowledgeable when the interrupt request flag is set to 1 and the mask (MK) flag
corresponding to that interrupt request is cleared to 0. A vectored interrupt request is acknowledged if interrupts are
in the interrupt enabled state (when the IE flag is set to 1). However, a low-priority interrupt request is not
acknowledged during servicing of a higher priority interrupt request (when the ISP flag is reset to 0).

The times from generation of a maskable interrupt request until vectored interrupt servicing is performed are listed
in Table 13-4 below.

For the interrupt request acknowledgement timing, see Figures 13-8 and 13-9.

Table 13-4. Time from Generation of Maskable Interrupt Until Servicing

Minimum Time Maximum Time"*
When xxPR =0 7 clocks 32 clocks
When xxPR =1 8 clocks 33 clocks

Note If an interrupt request is generated just before a divide instruction, the wait time becomes longer.
Remark 1 clock: 1/fceu (fcpu: CPU clock)

If two or more maskable interrupt requests are generated simultaneously, the request with a higher priority level
specified in the priority specification flag is acknowledged first. If two or more interrupts requests have the same
priority level, the request with the highest default priority is acknowledged first.

An interrupt request that is held pending is acknowledged when it becomes acknowledgeable.

Figure 13-7 shows the interrupt request acknowledgement algorithm.

If a maskable interrupt request is acknowledged, the contents are saved into the stacks in the order of PSW, then
PC, the IE flag is reset (0), and the contents of the priority specification flag corresponding to the acknowledged
interrupt are transferred to the ISP flag. The vector table data determined for each interrupt request is the loaded into
the PC and branched.

Restoring from an interrupt is possible by using the RETI instruction.
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Figure 13-7. Interrupt Request Acknowledgement Processing Algorithm

Yes (interrupt request generation)

No

(Interrupt request held pending)

Yes (High priority)

No (Low priority)

Any high-priority
/interrupt request among Yes
those simultaneously generated
with xxPR = 0?2

Any high-priority
interrupt request among those
simultaneously generated
with xxPR = 0?

Yes

(lnterrupt request held pending)

No

(Interrupt request held pending)

No
Any high-priority
interrupt request among Yes
- Yes hose simultaneously
(Interrupt request held pendmg) generated?

No (Interrupt request held pending)

. . No
( Vectored interrupt servicing )

Y

s (Interrupt request held pending)

No

Yes

(Interrupt request held pending)

( Vectored interrupt servicing )

xxIF: Interrupt request flag

xxMK: Interrupt mask flag

xxPR: Priority specification flag

IE: Flag that controls acknowledgement of maskable interrupt request (1 = Enable, 0 = Disable)

ISP:  Flag that indicates the priority level of the interrupt currently being serviced (0 = high-priority interrupt

servicing, 1 = No interrupt request acknowledged, or low-priority interrupt servicing)
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Figure 13-8. Interrupt Request Acknowledgement Timing (Minimum Time)

6 clocks

PSW and PC saved,

CPU processing Instruction Instruction jump to interrupt

Interrupt servicing
program

boPR 2 1) EEEEEEN/INE L,
|
! 8 clocks !
(wpRCD [TIYITITITT
|
\ 7 clocks |

Remark 1 clock: 1/fcpu (fcru: CPU clock)

Figure 13-9. Interrupt Request Acknowledgement Timing (Maximum Time)

25 clocks 6 clocks

PSW and PC saved,

Interrupt servicing

CPU processing Instruction Divide instruction J'suermcti?]énte"um program
—— [T T L,
| |
! 33 clocks \
\
o NEN/IEEEEEE L,
| |
\ 32 clocks !
Remark 1 clock: 1/fcpu (fcpu: CPU clock)

13.4.2 Software interrupt request acknowledgement

A software interrupt acknowledge is acknowledged by BRK instruction execution. Software interrupts cannot be
disabled.

If a software interrupt request is acknowledged, the contents are saved into the stacks in the order of the program
status word (PSW), then program counter (PC), the IE flag is reset (0), and the contents of the vector table (003EH,
003FH) are loaded into the PC and branched.

Restoring from a software interrupt is possible by using the RETB instruction.

Caution Do not use the RETI instruction for restoring from the software interrupt.
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CHAPTER 13 INTERRUPT FUNCTIONS

13.4.3 Multiple interrupt servicing

Multiple interrupt servicing occurs when another interrupt request is acknowledged during execution of an interrupt.

Multiple interrupt servicing does not occur unless the interrupt request acknowledgement enabled state is selected
(IE = 1). When an interrupt request is acknowledged, interrupt request acknowledgement becomes disabled (IE = 0).
Therefore, to enable multiple interrupt servicing, it is necessary to set (1) the IE flag with the El instruction during
interrupt servicing to enable interrupt acknowledgement.

Moreover, even if interrupts are enabled, multiple interrupt servicing may not be enabled, this being subject to
interrupt priority control. Two types of priority control are available: default priority control and programmable priority
control. Programmable priority control is used for multiple interrupt servicing.

In the interrupt enabled state, if an interrupt request with a priority equal to or higher than that of the interrupt
currently being serviced is generated, it is acknowledged for multiple interrupt servicing. If an interrupt with a priority
lower than that of the interrupt currently being serviced is generated during interrupt servicing, it is not acknowledged
for multiple interrupt servicing. Interrupt requests that are not enabled because interrupts are in the interrupt disabled
state or because they have a lower priority are held pending. When servicing of the current interrupt ends, the
pending interrupt request is acknowledged following execution of at least one main processing instruction execution.

Table 13-5 shows relationship between interrupt requests enabled for multiple interrupt servicing and Figure 13-10
shows multiple interrupt servicing examples.

Table 13-5. Relationship Between Interrupt Requests Enabled for Multiple Interrupt Servicing
During Interrupt Servicing

Multiple Interrupt Request Maskable Interrupt Request Software
PR=0 PR =1 Interrupt
. . Request
Interrupt Being Serviced IE=1 IE=0 IE=1 IE=0
Maskable interrupt ISP =0 O X X X ©)
ISP =1 (@) X (@) X o
Software interrupt O X @) X (©)

Remarks 1. O: Multiple interrupt servicing enabled

2. x: Multiple interrupt servicing disabled

3. ISP and IE are flags contained in the PSW.
ISP = 0: An interrupt with higher priority is being serviced.
ISP = 1: No interrupt request has been acknowledged, or an interrupt with a lower

priority is being serviced.

IE=0: Interrupt request acknowledgement is disabled.
IE=1: Interrupt request acknowledgement is enabled.

4. PR is a flag contained in PROL, PROH, PR1L, and PR1H.
PR = 0: Higher priority level
PR =1: Lower priority level
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Figure 13-10. Examples of Multiple Interrupt Servicing (1/2)

Example 1. Multiple interrupt servicing occurs twice

Main processing INTxx servicing INTyy servicing INTZzz servicing

E;:l IE=0 |_E_|_| IE=0 I_E_'_l IE=0

INTXx —= INTyy —— INTzz —
(PR=1) (PR=0) (PR=0)

=

IE=1
IE=1 | RETI | IE=1 EETI

During servicing of interrupt INTxx, two interrupt requests, INTyy and INTzz, are acknowledged, and multiple
interrupt servicing takes place. Before each interrupt request is acknowledged, the El instruction must always be
issued to enable interrupt request acknowledgment.

Example 2. Multiple interrupt servicing does not occur due to priority control

Main processing INTxx servicing INTyy servicing
| El | IE=0
| El |
INTXX —= INTyy —
(PR=0) (PR=1)
RETI
IE=1
|1 instruction executionl IE=0

Interrupt request INTyy issued during servicing of interrupt INTxx is not acknowledged because its priority is lower
than that of INTxx, and multiple interrupt servicing does not take place. The INTyy interrupt request is held pending,
and is acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level

PR =1: Lower priority level
IE =0: Interrupt request acknowledgment disabled
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Figure 13-10. Examples of Multiple Interrupt Servicing (2/2)

Example 3. Multiple interrupt servicing does not occur because interrupts are not enabled

Main processing INTxx servicing INTyy servicing

INTXX —= (PR=0)
(PR=0) RETI

IE=1

1 instruction execution

Interrupts are not enabled during servicing of interrupt INTxx (El instruction is not issued), therefore, interrupt
request INTyy is not acknowledged and multiple interrupt servicing does not take place. The INTyy interrupt request
is held pending, and is acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level
IE =0: Interrupt request acknowledgement disabled
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13.4.4 Interrupt request hold

There are instructions where, even if an interrupt request is issued for them while another instruction is being

executed, request acknowledgement is held pending until the end of execution of the next instruction. These

instructions (interrupt request hold instructions) are listed below.

¢ MOV PSW, #byte

¢ MOV A, PSW

e MOV PSW, A

e MOV1 PSW. bit, CY
¢ MOV1 CY, PSW. bit
e AND1 CY, PSW. bit

¢ OR1CY, PSW. bit

e XOR1 CY, PSW. bit
e SET1 PSW. bit

e CLR1 PSW. bit

e RETB

e RETI

e PUSH PSW

e POP PSW

e BT PSW. bit, $addr16
e BF PSW. bit, $addr16

e BTCLR PSW. bit, $addr16

e EI
e DI

e Manipulation instructions for the IFOL, IFOH, IF1L, IF1H, MKOL, MKOH, MK1L, MK1H, PROL, PROH, PR1L, and

PR1H registers.

Caution The BRK instruction is not one of the above-listed interrupt request hold instructions. However,
the software interrupt activated by executing the BRK instruction causes the IE flag to be cleared.
Therefore, even if a maskable interrupt request is generated during execution of the BRK
instruction, the interrupt request is not acknowledged.

Figure 13-11 shows the timing at which interrupt requests are held pending.

Figure 13-11. Interrupt Request Hold

CPU processing

Instruction N

PSW and PC saved, jump

Instruction M to interrupt servicing

Interrupt servicing
program

xxIF J

Remarks 1. Instruction N: Interrupt request hold instruction
2. Instruction M: Instruction other than interrupt request hold instruction
3. The xxPR (priority level) values do not affect the operation of xxIF (interrupt request).

408

Preliminary User's Manual U19014EJ1VOUD



14

14.

CHAPTER 14 STANDBY FUNCTION

.1 Standby Function and Configuration

1.1 Standby function
The standby function is designed to reduce the operating current of the system. The following two modes are

available.

Q)

()

HALT mode

HALT instruction execution sets the HALT mode. In the HALT mode, the CPU operation clock is stopped. If the
high-speed system clock oscillator, internal high-speed oscillator, or internal low-speed oscillator is operating
before the HALT mode is set, oscillation of each clock continues. In this mode, the operating current is not
decreased as much as in the STOP mode, but the HALT mode is effective for restarting operation immediately
upon interrupt request generation and carrying out intermittent operations frequently.

STOP mode

STOP instruction execution sets the STOP mode. In the STOP mode, the high-speed system clock oscillator and
internal high-speed oscillator stop, stopping the whole system, thereby considerably reducing the CPU operating
current.

Because this mode can be cleared by an interrupt request, it enables intermittent operations to be carried out.
However, because a wait time is required to secure the oscillation stabilization time after the STOP mode is
released when the X1 clock is selected, select the HALT mode if it is necessary to start processing immediately
upon interrupt request generation.

In either of these two modes, all the contents of registers, flags and data memory just before the standby mode is

set are held. The I/O port output latches and output buffer statuses are also held.

14.

Caution When shifting to the STOP mode, be sure to stop the peripheral hardware operation operating
with main system clock before executing STOP instruction.

1.2 Registers controlling standby function
The standby function is controlled by the following two registers.

¢ Oscillation stabilization time counter status register (OSTC)
¢ Oscillation stabilization time select register (OSTS)

Remark For the registers that start, stop, or select the clock, see CHAPTER 5 CLOCK GENERATOR.

Preliminary User's Manual U19014EJ1VOUD 409



CHAPTER 14 STANDBY FUNCTION

(1) Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter. When X1
clock oscillation starts with the internal high-speed oscillation clock used as the CPU clock, the X1 clock
oscillation stabilization time can be checked.
OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset is released (reset by RESET input, POC, LVI, and WDT), the STOP instruction and MSTOP (bit 7 of
MOC register) = 1 clear OSTC to 00H.

Figure 14-1. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3H Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0
OSTC 0 0 0 MOST11 MOST13 MOST14 MOST15 MOST16
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status
fx=12MHz | fx=16 MHz
1 0 0 0 0 2"/fix min. | 170.7 us min.| 128 us min.
1 1 0 0 0 2°fx min. | 682.7 us min.| 512 us min.
1 1 1 0 0 2%fx min. | 1.37 ms min. | 1.024 ms min,
1 1 1 1 0 2%/fx min. | 2.73 ms min. | 2.048 ms min.
1 1 1 1 1 2"%fx min. | 5.46 ms min. | 4.096 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and
remain 1.

2. The oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. If the STOP mode is entered and then released
while the internal high-speed oscillation clock is being used as the CPU clock,
set the oscillation stabilization time as follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time
set by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

3. The X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage l
waveform

Remark fx: X1 clock oscillation frequency
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(2) Oscillation stabilization time select register (OSTS)
This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.
When the X1 clock is selected as the CPU clock, the operation waits for the time set using OSTS after the STOP
mode is released.
When the internal high-speed oscillation clock is selected as the CPU clock, confirm with OSTC that the desired
oscillation stabilization time has elapsed after the STOP mode is released. The oscillation stabilization time can
be checked up to the time set using OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets OSTS to O5H.

Figure 14-2. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  After reset: 05H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTSH1 OSTS0
0OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection
fx =12 MHz fx =16 MHz
0 0 1 2"/fx 170.7 us 128 us
0 1 0 2"%/fx 682.7 us 512 us
0 1 1 2"/fx 1.37 ms 1.024 ms
1 0 0 2"/fx 2.73 ms 2.048 ms
1 0 1 2'%/fx 5.46 ms 4.096 ms
Other than above Setting prohibited

Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set OSTS
before executing the STOP instruction.

2. Do not change the value of the OSTS register during the X1 clock oscillation
stabilization time.

3. The oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. If the STOP mode is entered and then released
while the internal high-speed oscillation clock is being used as the CPU clock,
set the oscillation stabilization time as follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time
set by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

4. The X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage l
waveform

Remark fx: X1 clock oscillation frequency
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14.2 Standby Function Operation
14.2.1 HALT mode
(1) HALT mode
The HALT mode is set by executing the HALT instruction. HALT mode can be set regardless of whether the CPU

clock before the setting was the high-speed system clock, or internal high-speed oscillation clock.
The operating statuses in the HALT mode are shown below.
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Table 14-1. Operating Statuses in HALT Mode

HALT Mode Setting

Item

When HALT Instruction Is Executed While CPU Is Operating on Main System Clock

When CPU Is Operating on
Internal High-Speed
Oscillation Clock (frH)

When CPU Is Operating on
X1 Clock (fx)

When CPU Is Operating on
External Main System Clock

(fexcLk)

System clock

Clock supply to the CPU is stopped

Power-on-clear function

Low-voltage detection function

External interrupt

Main system clock | frH Operation continues (cannot Status before HALT mode was set is retained
be stopped)
fx Status before HALT mode Operation continues (cannot Status before HALT mode
was set is retained be stopped) was set is retained
fexcik | Operates or stops by external clock input Operation continues (cannot
be stopped)
fRL Status before HALT mode was set is retained
PLL Operable
CPU Operation stopped
Flash memory Operation stopped
RAM Status before HALT mode was set is retained
Regulator For chip Operable in normal operation mode.
For USB
Port (latch) Status before HALT mode was set is retained
16-bit timer/event counter 00 Operable
8-bit timer/event 50
counter 51
8-bit timer H1
Watchdog timer Operable. Clock supply to watchdog timer stops when “internal low-speed oscillator can be
stopped by software” is set by option byte.
Serial interface UART6 Operable
Csl10
usB

Remark frH: Internal high-speed oscillation clock
fx: X1 clock
fexcik:  External main system clock
fRL: Internal low-speed oscillation clock
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(2) HALT mode release
The HALT mode can be released by the following two sources.

(a) Release by unmasked interrupt request
When an unmasked interrupt request is generated, the HALT mode is released. If interrupt
acknowledgement is enabled, vectored interrupt servicing is carried out. If interrupt acknowledgement is
disabled, the next address instruction is executed.

Figure 14-3. HALT Mode Release by Interrupt Request Generation

Interrupt

HALT request
instruction

Standby
release signal

Operating mode HALT mode Wait
Status of CPU ~PoraiNg ! |

High-speed system clock or Oscillation

internal high-speed oscillation clock

Remarks 1. The broken lines indicate the case when the interrupt request which has released the standby
mode is acknowledged.
2. The wait time is as follows:
* When vectored interrupt servicing is carried out: 8 or 9 clocks
* When vectored interrupt servicing is not carried out: 2 or 3 clocks
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(b) Release by reset signal generation

When the reset signal is generated, HALT mode is released, and then, as in the case with a normal reset
operation, the program is executed after branching to the reset vector address.

Figure 14-4. HALT Mode Release by Reset

(1) When high-speed system clock is used as CPU clock

~ HALT
instruction
((
Reset signal )
Normal operation Reset Normal operation
(high-speed Reset |processing (internal high-speed
Status of CPU system clock) HALT mode period 2045 (TYP) oscillation clock)
High-speed Oscillation|Oscillation
systgem Zock Oscillates stopped | stopped | Oscillates
N J

(X1 oscillation)

*Oscillation stabilization time

1 16
Starting X1 oscillation is ¢ /X027

specified by software.

(2) When internal high-speed oscillation clock is used as CPU clock

HALT
instruction

l

((

)

Reset signal
Normal operation Reset Normal operation
(internal high-speed Reset |processing (internal high-speed
Status of CPU  oscillation clock) HALT mode period  [20us (TYP)) oscillation clock)
) Oscillation
Internal high-speed Oscillates stopped Oscillates

oscillation clock

Remark fx: X1 clock oscillation frequency

Wait for oscillation
accuracy stabilization
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Table 14-2. Operation in Response to Interrupt Request in HALT Mode

Release Source MKxx PRxx IE ISP Operation
Maskable interrupt 0 0 0 X Next address
request instruction execution

0 0 1 X Interrupt servicing
execution

0 1 0 1 Next address

0 1 % 0 instruction execution

0 1 1 1 Interrupt servicing
execution

1 X X X HALT mode held

Reset - - X X Reset processing

x: don’t care
14.2.2 STOP mode

(1) STOP mode setting and operating statuses
The STOP mode is set by executing the STOP instruction, and it can be set only when the CPU clock before the
setting was the main system clock.

Caution Because the interrupt request signal is used to clear the standby mode, if there is an interrupt
source with the interrupt request flag set and the interrupt mask flag reset, the standby mode is
immediately cleared if set. Thus, the STOP mode is reset to the HALT mode immediately after
execution of the STOP instruction and the system returns to the operating mode as soon as the
wait time set using the oscillation stabilization time select register (OSTS) has elapsed.

The operating statuses in the STOP mode are shown below.
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Table 14-3. Operating Statuses in STOP Mode

Iltem

STOP Mode Setting

When STOP Instruction Is Executed While CPU Is Operating on Main System Clock

When CPU Is Operating on
Internal High-Speed
Oscillation Clock (frH)

When CPU Is Operating on
X1 Clock (fx)

When CPU Is Operating on
External Main System Clock

(fexcLk)

System clock

Clock supply to the CPU is stopped

Main system clock | fru Stopped
fx
fexcik | Input invalid
frL Status before STOP mode was set is retained
PLL Operation stopped
CPU Operation stopped
Flash memory Operation stopped
RAM Status before STOP mode was set is retained
Regulator For chip Operable in low operating current mode
For USB

Port (latch)

Status before STOP mode was set is retained

16-bit timer/event counter 00

Operation stopped

8-bit timer/event 50 Operable only when TI50 is selected as the count clock
counter 51 Operable only when TI51 is selected as the count clock
8-bit timer H1 Operable only when fai, fri/2”,0r fri/2° is selected as the count clock

Watchdog timer

Operable. Clock supply to watchdog timer stops when “internal low-speed oscillator can be

stopped by software” is set by option byte.

Serial interface UART6

Operable only when TM50 output is selected as the serial clock during 8-bit timer/event counter

50 operation

Csi10

Operable only when external clock is selected as the serial clock

usB

Operation stopped

Power-on-clear function

Low-voltage detection function

External interrupt

Operable

Remark frH: Internal high-speed oscillation clock
fx: X1 clock
fexcik:  External main system clock
fRL: Internal low-speed oscillation clock
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Cautions 1.

To use the peripheral hardware that stops operation in the STOP mode, and the peripheral
hardware for which the clock that stops oscillating in the STOP mode after the STOP mode is
released, restart the peripheral hardware.

Even if “internal low-speed oscillator can be stopped by software” is selected by the option
byte, the internal low-speed oscillation clock continues in the STOP mode in the status before
the STOP mode is set. To stop the internal low-speed oscillator’s oscillation in the STOP mode,
stop it by software and then execute the STOP instruction.

If the STOP instruction is executed with AMPH set to 1 when the internal high-speed oscillation
clock or external main system clock is used as the CPU clock, the internal high-speed
oscillation clock or external main system clock is supplied to the CPU 5 us (MIN.) after the STOP
mode has been released.

(2) STOP mode release

High-speed system

Figure 14-5. Operation Timing When STOP Mode Is Released

STOP mode release

STOP mode \

clock (X1 oscillation)

oscillation clock

Internal high-speed I||||||||||||||||||||||||||||||||||||||

High-speed system
clock (X1 oscillation)

is selected as CPU ‘ o HALT status
clock when STOP (oscillation stabilization time set by OSTS)

|
instruction is executed |
Internal high-speed }

oscillation clock

selected as CPU clock
when STOP instruction

is executed

‘<—>\
' Wait for oscillation

| accuracy
1 stabilization
|

High-speed system clock

Automatic selection

is ‘ :\ oscillation clock High-speed system clock

" 5 s (TYP.)Nete

A
y Internal high-speed ><
o

Clock switched
by software

Note When AMPH =1

The STOP mode can be released by the following two sources.
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(a) Release by unmasked interrupt request
When an unmasked interrupt request is generated, the STOP mode is released. After the oscillation
stabilization time has elapsed, if interrupt acknowledgment is enabled, vectored interrupt servicing is carried
out. If interrupt acknowledgment is disabled, the next address instruction is executed.

Figure 14-6. STOP Mode Release by Interrupt Request Generation

(1) When high-speed system clock is used as CPU clock

Wait
STOP (set by OSTS)
instruction
))

98 v

1

H 1

Standby release signal Operating mode - o " Operating mode
(high-speed Oscillation stabilization wait (high-speed
Status of CPU  system clock) STOP mode (HALT mode status) system clock)
High-speed Oscillates Oscillation stopped Oscillates
system clock
(X1 oscillation) p _J

Oscillation stabilization time (set by OSTS)

(2) When internal high-speed oscillation clock is used as CPU clock

STOP
instruction

Standby release signal }
Normal operaion I Normal operaton
(internal high-speed (internal high-speed
Status of cpy  ©scillation clock) STOP mode oscillation clock)
Internal high-speed Oscillates Oscillation stopped Oscillates
oscillation clock
Wait for oscillation
accuracy
stabilization

Remark The broken lines indicate the case when the interrupt request that has released the standby mode
is acknowledged.
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(b) Release by reset signal generation
When the reset signal is generated, STOP mode is released, and then, as in the case with a normal reset
operation, the program is executed after branching to the reset vector address.

Figure 14-7. STOP Mode Release by Reset

(1) When high-speed system clock is used as CPU clock

STOP
instruction
{(
Reset signal )
Normal operation Reset Normal operation
(high-speed Reset |processing (internal high-speed
Status of CPU system clock) STOP mode period  [204s(TYP) oscillation clock)
Oscillation [Oscillation
High-speed Oscillates Oscillation stopped | stopped | stopped | Oscillates
system clock \ J
(X1 oscillation) Oscillation stabilization time

1 16
Starting X1 oscillation is @ /*1027/%)

specified by software.

(2) When internal high-speed oscillation clock is used as CPU clock

STOP
instruction

l ((

Reset signal )
Normal operation Reset Normal operation
(internal high-speed Reset |processing (internal high-speed

Status of CPU oscillation clock) STOP mode period [0y (TYP) oscillation clock)
Oscillation
Internal high-speed Oscillates Oscillation stopped| stopped Oscillates
oscillation clock
Wait for oscillation
accuracy
stabilization

Remark fx: X1 clock oscillation frequency

Table 14-4. Operation in Response to Interrupt Request in STOP Mode

Release Source MKxx PRxx IE ISP Operation
Maskable interrupt 0 0 0 X Next address
request instruction execution

0 0 1 X Interrupt servicing
execution

0 1 0 1 Next address

0 1 % 0 instruction execution

0 1 1 1 Interrupt servicing
execution

1 X X X STOP mode held

Reset - - X X Reset processing

x: don’t care
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The following four operations are available to generate a reset signal.

(1) External reset input via RESET pin

(2) Internal reset by watchdog timer program loop detection

(3) Internal reset by comparison of supply voltage and detection voltage of power-on-clear (POC) circuit
(4) Internal reset by comparison of supply voltage and detection voltage of low-power-supply detector (LVI)

External and internal resets have no functional differences. In both cases, program execution starts at the address
at 0000H and 0001H when the reset signal is generated.

A reset is applied when a low level is input to the RESET pin, the watchdog timer overflows, or by POC and LVI
circuit voltage detection, and each item of hardware is set to the status shown in Tables 15-1 and 15-2. Each pin is
high impedance during reset signal generation or during the oscillation stabilization time just after a reset release.

When a low level is input to the RESET pin, the device is reset. It is released from the reset status when a high
level is input to the RESET pin and program execution is started with the internal high-speed oscillation clock after
reset processing. A reset by the watchdog timer is automatically released, and program execution starts using the
internal high-speed oscillation clock (see Figures 15-2 to 15-4) after reset processing. Reset by POC and LVI circuit
power supply detection is automatically released when Voo > Vroc or Vop > Vivi after the reset, and program
execution starts using the internal high-speed oscillation clock (see CHAPTER 16 POWER-ON-CLEAR CIRCUIT
and CHAPTER 17 LOW-VOLTAGE DETECTOR) after reset processing.

Cautions 1. For an external reset, input a low level for 10 zs or more to the RESET pin.

2. During reset signal generation, the X1 clock, internal high-speed oscillation clock, and
internal low-speed oscillation clock stop oscillating. External main system clock input
becomes invalid.

3. When the STOP mode is released by a reset, the STOP mode contents are held during reset
input. However, the port pins become high-impedance.
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Figure 15-1. Block Diagram of Reset Function

Internal bus

i

Reset control flag

Watchdog timer reset signal

register (RESF)
WDTRF LVIRF
Set Set
Clear Clear

RESET © Iﬂ i}

Power-on-clear circuit reset signal

Low-voltage detector reset signal

y

Caution An LVI circuit internal reset does not reset the LVI circuit.

Remarks 1. LVIM: Low-voltage detection register
2. LVIS: Low-voltage detection level selection register

Reset signal to LVIM/LVIS register

Reset signal
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CHAPTER 15 RESET FUNCTION

Internal high-speed
oscillation clock

High-speed system clock
(when X1 oscillation is selected)

CPU clock

RESET

Internal reset signal

Port pin

Internal high-speed
oscillation clock

High-speed system clock
(when X1 oscillation is selected)

CPU clock

Watchdog timer
overflow

Internal reset signal

Port pin

Figure 15-2. Timing of Reset by RESET Input

Wait for oscillation

accuracy
'stabilization,
—

JUuutul

Starting X1 oscillation is specified by software.
Va ¢} P! y

Reset

Reset period

Normal operation

i
i

i

i

i

i

i

i

L

i I
\ processing
T

Normal operation ————————— :
(20 s (TYP.)):

(oscillation stqp)

(internal high-speed oscillation clock)

N

Figure 15-3. Timing of Reset Due to Watchdog Timer Overflow

Wait for oscillation

accuracy
istabilization;
_—

[uuuuy
JUUTARIDTATIDEAT

Starting X1 oscillation is specified by software.
a ¢] p y

nULUTIEIOL

Normal operation

Reset |
Normal operation Re_set_penod LPIO0ESSNg,
(oscillation stop)  1(20 s (TYP.)):!

'
'
'
'
'
'
'
'
T
'
'
'
'
'
v
'
'
'
'

(internal high-speed oscillation clock)

_

A

Caution A watchdog timer internal reset resets the watchdog timer.
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Figure 15-4. Timing of Reset in STOP Mode by RESET Input

Wait for oscillation
STOP instruction execution accuracy

' stabilization:
Internal high-speed
oscillation clock
High-speed system clock
(when X1 oscillation is selected)

Starting X1 oscillation is specified by software.
s ¢} P! y

! ' 1 Reset
CPU clock Normal i Stopstatus ! Reset period | processing | Normal operation
operation (oscillation stop), ~ (oscillation stop) (20 1 (TYP): (internal high-speed oscillation clock)
RESET
Internal reset signal
I‘Dela‘y Delay

(5 us (TYP.))

Port pin >_ _____________________ I:h_-Z_ ____________________

Remark For the reset timing of the power-on-clear circuit and low-voltage detector, see CHAPTER 16 POWER-
ON-CLEAR CIRCUIT and CHAPTER 17 LOW-VOLTAGE DETECTOR.
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CHAPTER 15 RESET FUNCTION

Table 15-1. Operation Statuses During Reset Period

ltem

During Reset Period

System clock

Clock supply to the CPU is stopped.

Main system clock | frH

Operation stopped

fx

Operation stopped (pin is I/O port mode)

Watchdog timer

Serial interface UART6

CslI10

uSB

fexcik | Clock input invalid (pin is 1/0O port mode)

fRL Operation stopped
PLL
CPU
Flash memory
RAM
Regulator For chip Operable

For USB

Port (latch) Operation stopped
16-bit timer/event counter 00
8-bit timer/event 50
counter 51
8-bit timer H1

Power-on-clear function

Operable

Low-voltage detection function

External interrupt

Operation stopped

Remark frH: Internal high-speed oscillation clock

fx: X1 oscillation clock

fexcik:  External main system clock

fRL: Internal low-speed oscillation clock
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CHAPTER 15 RESET FUNCTION

Table 15-2. Hardware Statuses After Reset Acknowledgment (1/3)

Hardware After Reset
Acknowledgment""
Program counter (PC) The contents of the
reset vector table
(0000H, 0001H) are
set.
Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory Undefined"™**
General-purpose registers Undefined"™*?
Port registers (PO, P1, P3, P6, P12) (output latches) 00H
Port mode registers (PM0, PM1, PM3, PM6, PM12) FFH
Pull-up resistor option registers (PUO, PU1, PU3, PU12) 00H
Internal expansion RAM size switching register (IXS) OCH™**
Internal memory size switching register (IMS) CFH""?
Clock operation mode select register (OSCCTL) 00H
Processor clock control register (PCC) 01H
Internal oscillation mode register (RCM) 80H
Main OSC control register (MOC) 80H
Main clock mode register (MCM) 00H
Oscillation stabilization time counter status register (OSTC) 00H
Oscillation stabilization time select register (OSTS) 05H
PLL control register (PLLC) 00H
USB clock control register (UCKC) O00H
16-bit timer/event Timer counter 00 (TMO0O) 0000H
counter 00 Capture/compare registers 000, 010 (CR000, CR010) 0000H
Mode control register 00 (TMCO00) O00H
Prescaler mode register 00 (PRMO00) 00H
Capture/compare control register 00 (CRCO00) O0H
Timer output control register 00 (TOCO00) 00H
8-bit timer/event Timer counters 50, 51 (TM50, TM51) 00H
counters 50, 51 Compare registers 50, 51 (CR50, CR51) 00H
Timer clock selection registers 50, 51 (TCL50, TCL51) 00H
Mode control registers 50, 51 (TMC50, TMC51) O0H

Notes 1. During reset signal generation or oscillation stabilization time wait, only the PC contents among the
hardware statuses become undefined. All other hardware statuses remain unchanged after reset.

2. When areset is executed in the standby mode, the pre-reset status is held even after reset.

3. The initial values of the internal memory size switching register (IMS) and internal expansion RAM size
switching register (IXS) after a reset release are fixed (IMS = CFH, IXS = OCH), regardless of the internal
memory capacity. Therefore, after a reset is released, be sure to set the following values for each
product.

Flash Memory Version IMS IXS
(uPD78F0730)

uPD78F0730 C4H 08H
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CHAPTER 15 RESET FUNCTION

Table 15-2. Hardware Statuses After Reset Acknowledgment (2/3)

Hardware Status After Reset
Acknowledgment"*’

8-bit timer H1 Compare registers 01, 11 (CMP01, CMP11) 00H

Mode register (TMHMD1) O00H

Carrier control register 1 (TMCYC1) 00H
Watchdog timer Enable register (WDTE) 1AH/9AH""?
Serial interface UART6 Receive buffer register 6 (RXB6) FFH

Transmit buffer register 6 (TXB6) FFH

Asynchronous serial interface operation mode register 6 (ASIM6) 01H

Asynchronous serial interface reception error status register 6 (ASIS6) 00H

Asynchronous serial interface transmission status register 6 (ASIF6) O00H

Clock selection register 6 (CKSR6) 00H

Baud rate generator control register 6 (BRGC6) FFH
Serial interfaces CSI10 Transmit buffer register 10 (SOTB10) 00H

Serial I/O shift register 10 (SIO10) O0H

Serial operation mode register 10 (CSIM10) 00H

Serial clock selection register 10 (CSIC10) 00H
USB function controller UF0 EPONAK register (UFOEON) O00H
USBF UFO0 EPONAKALL register (UFOEONA) 00H

UFO0 EPNAK register (UFOEN) 00H

UF0 EPNAK mask register (UFOENM) O00H

UFO0 SNDSIE register (UFOSDS) O00H

UFO CLR request register (UFOCLR) O00H

UFO SET request register (UFOSET) O00H

UFO EP status n register (UFOEPSN) (n =0 to 2) O00H

UFO INT status n register (UF0ISn) (n =0 to 4) O00H

UFO INT mask n register (UFOIMn) (n = 0 to 4) O00H

UFO INT clear n register (UFOICn) (n =0 to 4) FFH

UFO FIFO clear n register (UFOFICn) (n =0, 1) 00H

UFO0 data end register (UFODEND) O00H

UFO GPR register (UFOGPR) O00H

UF0 mode control register (UFOMODC) O00H

UF0 mode status register (UFOMODS) O00H

UFO active interface number register (UFOAIFN) O00H

UFO active alternative setting register (UFOAAS) O00H

UFO alternative setting status register (UFOASS) 00H

UFO endpoint n interface mapping register (UFOENIM) (n =1, 2) O00H

UFO0 EPO read register (UFOEOR) Undefined

UFO0 EPO length register (UFOEOL) O00H

UFO0 EPO setup register (UFOEOST) 00H

Notes 1.

During reset signal generation or oscillation stabilization time wait, only the PC contents among the

hardware statuses become undefined. All other hardware statuses remain unchanged after reset.
2. The reset value of WDTE is determined by the option byte setting.
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CHAPTER 15 RESET FUNCTION

Table 15-2. Hardware Statuses After Reset Acknowledgment (3/3)

Hardware Status After Reset
Acknowledgment"*’
USB function controller UFO0 EPO write register (UFOEOW) 00H
USBF UFO bulk-out 1 register (UFOBO1) Undefined
UFO bulk-out 1 length register (UFOBO1L) 00H
UFO bulk-in 1 register (UFOBI1) 00H
UFO device status register (UFODSTL) O0H
UFO EPn status register L (UFOEPNSL) (n =0 to 2) O00H
UFO0 address register (UFOADRS) 00H
UFO0 configuration register (UFOCNF) 00H
UFO interface n register (UFOIFn) (n =0 to 4) 00H
UFO0 descriptor length register (UFODSCL) 00H
UFO0 device descriptor register n (UFODDn) (n =0 to 17) Undefined
UFO configuration/interface/endpoint descriptor register n (UFOCIEN) Undefined
(n =0 to 255)
USB function 0 buffer control register (UFOBC) 00H
Reset function Reset control flag register (RESF) 00H""*
Low-voltage detector Low-voltage detection register (LVIM) 00H""*
Low-voltage detection level selection register (LVIS) 00H""*
Interrupt Request flag registers OL, OH, 1L, 1H (IFOL, IFOH, IF1L, IF1H) 00H
Mask flag registers OL, OH, 1L, 1H (MKOL, MKOH, MK1L, MK1H) FFH
Priority specification flag registers OL, OH, 1L, 1H (PROL, PROH, PR1L, FFH
PR1H)
External interrupt rising edge enable register (EGP) 00H
External interrupt falling edge enable register (EGN) 00H
Notes 1. During reset signal generation or oscillation stabilization time wait, only the PC contents among the

hardware statuses become undefined. All other hardware statuses remain unchanged after reset.

2. These values vary depending on the reset source.

Reset Source | RESET Input Reset by POC | Reset by WDT Reset by LVI
Register
RESF WDTREF bit | Cleared (0) Cleared (0) Set (1) Held
LVIRF bit Held Set (1)
LVIM Cleared (00H) Cleared (00H) Cleared (00H) Held
LVIS

428
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CHAPTER 15 RESET FUNCTION

15.1 Register for Confirming Reset Source

Many internal reset generation sources exist in the 4PD78F0730. The reset control flag register (RESF) is used to

store which source has generated the reset request.

RESF can be read by an 8-bit memory manipulation instruction.
RESET input, reset by power-on-clear (POC) circuit, and reading RESF set RESF to 00H.

Figure 15-5. Format of Reset Control Flag Register (RESF)

Address: FFACH  After reset: 0OH"™ R

Symbol 7 6 5 4 3 2 1 0
RESF 0 0 0 WDTRF 0 0 0 LVIRF
WDTRF Internal reset request by watchdog timer (WDT)
0 Internal reset request is not generated, or RESF is cleared.
1 Internal reset request is generated.
LVIRF Internal reset request by low-voltage detector (LVI)
0 Internal reset request is not generated, or RESF is cleared.
1 Internal reset request is generated.
Note The value after reset varies depending on the reset source.
Caution Do not read data by a 1-bit memory manipulation instruction.
The status of RESF when a reset request is generated is shown in Table 15-3.
Table 15-3. RESF Status When Reset Request Is Generated
Reset Source | RESET Input Reset by POC Reset by WDT Reset by LVI
Flag
WDTRF Cleared (0) Cleared (0) Set (1) Held
LVIRF Held Set (1)
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CHAPTER 16 POWER-ON-CLEAR CIRCUIT

16.1 Functions of Power-on-Clear Circuit
The power-on-clear circuit (POC) has the following functions.

e Generates internal reset signal at power on.
In the 2.7 V/1.59 V POC mode (option byte: POCMODE = 1)"*, the reset signal is released when the supply
voltage (Vop) exceeds 2.7 V 0.2 V.

e Compares supply voltage (Vob) and detection voltage (Vroc = 1.59 V £0.15 V), generates internal reset signal
when Vop < Vproc, and releases reset when Vop > Vooroc.

Note Forthe #PD78F0730, be sure to set the 2.7 V/1.59 V POC mode by using the option byte (POCMODE = 1).

Caution If an internal reset signal is generated in the POC circuit, the reset control flag register (RESF)
is cleared to 00H.

Remark This product incorporates multiple hardware functions that generate an internal reset signal. A flag
that indicates the reset source is located in the reset control flag register (RESF) for when an internal
reset signal is generated by the watchdog timer (WDT) or low-voltage-detector (LVI). RESF is not
cleared to 00H and the flag is set to 1 when an internal reset signal is generated by WDT or LVI.

For details of RESF, see CHAPTER 15 RESET FUNCTION.
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CHAPTER 16 POWER-ON-CLEAR CIRCUIT

16.2 Configuration of Power-on-Clear Circuit
The block diagram of the power-on-clear circuit is shown in Figure 16-1.

Figure 16-1. Block Diagram of Power-on-Clear Circuit

Vob

+ .
Do— Internal reset signal

Reference
voltage
source

o

16.3 Operation of Power-on-Clear Circuit

In 2.7 V/1.59 V POC mode (option byte: POCMODE = 1)

¢ An internal reset signal is generated on power application. When the supply voltage (Vob) exceeds the
detection voltage (Vooroc = 2.7 V 0.2 V), the reset status is released.

e The supply voltage (Vbp) and detection voltage (Vroc = 1.59 V £0.15 V) are compared. When Vbob < Vroc, the
internal reset signal is generated. It is released when Vob > Vbppoc.

The timing of generation of the internal reset signal by the power-on-clear circuit and low-voltage detector is
shown below.
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CHAPTER 16 POWER-ON-CLEAR CIRCUIT

Figure 16-2. Timing of Generation of Internal Reset Signal by Power-on-Clear Circuit
and Low-Voltage Detector

In 2.7 V/1.59 V POC mode (option byte: POCMODE = 1)

Set LVI to be Set LVl to be Set LVI to be
used for reset used for interrupt used for reset

Vivi
Supply voltage 2.7V (TYP.)
(Vo) 1.8 \Note 1

Veoc =159V (TYP.)

ov ] i ] J :
1 Wait for oscillation H 1 Wait for oscillation ' 1 Wait for oscillation '
| accuracy H | accuracy ' | accuracy i

 stabilization H | stabilization ' | stabilization

Internal high-speed
oscillation clock (frH)

. : Starting oscillation is! . Starting oscillation is ! ! Starting oscillation is
High-speed ! ﬁpeciﬁed by software! ' ﬁpecified by software.; ' f specified by software.
system clock (fx+) : : i
(when X1 oscillation i : i : ;
is selected) : ! : | : ;
: Normal operation iReset perod; Normal operation Reset period; Normal operation :
' (internal high-speed + (ostilon . (internal high-speed + (osclaton § . (internal high-speed
Operation . : oscillation clock)¥te2 1 slop) ' oscillation clock)N*€2 i stop) ' oscillation clock)Nee2
CPU stops : 1 1 ; 1 1
fReset processing (20 us (TYP.))E 'Reset processing (20 us (TYP.)). ‘Reset processing (20 us (TYP.))E
Internal reset signal
Notes 1. The operation guaranteed range is 1.8 V < Voo < 5.5 V. To make the state at lower than 1.8 V reset

state when the supply voltage falls, use the reset function of the low-voltage detector, or input the low
level to the RESET pin.

The internal high-speed oscillation clock and a high-speed system clock can be selected as the CPU
clock. To use the X1 clock, use the OSTC register to confirm the lapse of the oscillation stabilization
time.

Caution Set the low-voltage detector by software after the reset status is released (see CHAPTER 17

LOW-VOLTAGE DETECTOR).

Remarks 1. Vv LVI detection voltage
2. Vroc: POC detection voltage
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3. Forthe uPD78F0730, be sure to set the 2.7 V/1.59 V POC mode by using the option byte

(POCMODE = 1).
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CHAPTER 16 POWER-ON-CLEAR CIRCUIT

16.4 Cautions for Power-on-Clear Circuit
In a system where the supply voltage (Vop) fluctuates for a certain period in the vicinity of the POC detection
voltage (Vroc), the system may be repeatedly reset and released from the reset status. In this case, the time from
release of reset to the start of the operation of the microcontroller can be arbitrarily set by taking the following action.
<Action>
After releasing the reset signal, wait for the supply voltage fluctuation period of each system by means of a
software counter that uses a timer, and then initialize the ports.

Figure 16-3. Example of Software Processing After Reset Release (1/2)

o If supply voltage fluctuation is 50 ms or less in vicinity of POC detection voltage

(e )

Initialization ;  Check the reset sourceN°e2
processing <1> Initialize the port.

Power-on-clear

; frL = Internal low-speed oscillation clock (264 kHz (MAX.)) (default)
Source: frL (264 kHz (MAX.))/27,
where comparison value = 104: = 50 ms
Timer starts (TMHE1 = 1).

Setting 8-bit timer H1
(to measure 50 ms)

Clearing WDT

Note 1

50 ms has passed?
(TMIFH1 =17?)

Initialization ; Setting of division ratio of system clock,
processing <2> such as setting of timer

Notes 1. If reset is generated again during this period, initialization processing <2> is not started.
2. A flowchart is shown on the next page.
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CHAPTER 16 POWER-ON-CLEAR CIRCUIT

Figure 16-3. Example of Software Processing After Reset Release (2/2)

¢ Checking reset source

( Check reset source )

WDTRF of RESF Yes

register = 1?

Reset processing by
watchdog timer

Yes

LVIRF of RESF
register = 1?

Reset processing by
low-voltage detector
Power-on-clear/external
reset generated

434 Preliminary User’'s Manual U19014EJ1VOUD



CHAPTER 17 LOW-VOLTAGE DETECTOR

17.1 Functions of Low-Voltage Detector
The low-voltage detector (LVI) has the following functions.

e Compares supply voltage (Vob) and detection voltage (Vivi), and generates an internal interrupt signal or
internal reset signal when Vop < Vivi. Detection levels (2 levels) of supply voltage can be changed by software.

When the low-voltage detector is used to reset, bit 0 (LVIRF) of the reset control flag register (RESF) is set to 1 if
reset occurs. For details of RESF, see CHAPTER 15 RESET FUNCTION.
17.2 Configuration of Low-Voltage Detector

The block diagram of the low-voltage detector is shown in Figure 17-1.

Figure 17-1. Block Diagram of Low-Voltage Detector

Vop
N-ch
é ¢ [ Internal reset signal
85 o
33 2
53 3
g3 @
o >
>3 I
z INTLVI
o
-
Reference
voltage
source ‘
[Lviso 77 [Lvion[Lvivp | LviF |
Low-voltage detection level Low-voltage detection register
selection register (LVIS) (LVIM)
2 Internal bus 8
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CHAPTER 17 LOW-VOLTAGE DETECTOR

17.3 Registers Controlling Low-Voltage Detector
The low-voltage detector is controlled by the following registers.
o Low-voltage detection register (LVIM)

¢ Low-voltage detection level selection register (LVIS)
¢ Port mode register 12 (PM12)
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CHAPTER 17 LOW-VOLTAGE DETECTOR

(1) Low-voltage detection register (LVIM)
This register sets low-voltage detection and the operation mode.

This register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets LVIM to O0H.

Figure 17-2. Format of Low-Voltage Detection Register (LVIM)

Address: FFBEH After reset: 00H  R/WNete!

Symbol <7>

6 5 4 3 2 <1> <0>

LVIM LVION

0 0 0 0 0 \ LVIMD‘ LVIF

LVIONNoles 2,3

Enables low-voltage detection operation

0

Disables operation

1

Enables operation

LVIMDNoIez

Low-voltage detection operation mode selection

0

Generates interrupt signal when supply voltage (Vob) < detection voltage (Vivi)

1

Generates internal reset signal when supply voltage (Vob) < detection voltage (Vivi)

LVI FNo(e 4

Low-voltage detection flag

0

Supply voltage (Vob) > detection voltage (V.vi), or when operation is disabled

1

Supply voltage (Vop) < detection voltage (Vivi)

Notes 1.
2.

Caution.

Bit O is read-only.

LVION and LVIMD are cleared to 0 in the case of a reset other than an LVI reset. These are
not cleared to 0 in the case of an LVI reset.

When LVION is set to 1, operation of the comparator in the LVI circuit is started. Use
software to wait for an operation stabilization time (10 us (MAX.)) when LVION is set to 1 until
the voltage is confirmed at LVIF.

The value of LVIF is output as the interrupt request signal INTLVI when LVION = 1 and
LVIMD = 0.

To stop LVI, follow either of the procedures below.

e When using 8-bit memory manipulation instruction: Write 00H to LVIM.

e When using 1-bit memory manipulation instruction: Clear LVIMD to 0 and then
clear LVION to 0.
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CHAPTER 17 LOW-VOLTAGE DETECTOR

(2) Low-voltage detection level selection register (LVIS)
This register selects the low-voltage detection level.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation input sets LVIS to 00H.

Figure 17-3. Format of Low-Voltage Detection Level Selection Register (LVIS)

Address: FFBFH  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
LVIS 0 0 0 0 0 0 o | Lviso |
LVISO Detection level
0 Vivio (4.24 V 0.1 V)
1 Vit (4.09 V 0.1 V)

Cautions 1. Be sure to clear bits 1 to 7 to 0.
2. Do not change the value of LVIS during LVI operation.

(3) Port mode register 12 (PM12)
When using the P120/INTPO pin for external low-voltage detection potential input, set PM120 to 1. At this time,
the output latch of P120 may be 0 or 1.
PM12 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PM12 to FFH.

Figure 17-4. Format of Port Mode Register 12 (PM12)

Address: FF2CH  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM12 1 1 1 1 1| Pmiz2 | Pwm121 | PM120
PM12n P12n pin I/0 mode selection (n = 0 to 2)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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CHAPTER 17 LOW-VOLTAGE DETECTOR

17.4 Operation of Low-Voltage Detector
The low-voltage detector can be used in the following two modes.
(1) Used as reset
Compare the supply voltage (Vob) and detection voltage (VLvi), generate an internal reset signal when Vob <
Vivi, and releases internal reset when Vob > Vivi.
(2) Used as interrupt

Compare the supply voltage (Vop) and detection voltage (VLvi), and generate an interrupt signal (INTLVI) when

Vob < Vil
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CHAPTER 17 LOW-VOLTAGE DETECTOR

17.4.1 When used as reset

(1) When detecting level of supply voltage (Vop)
e When starting operation

440

<1>
<2>
<3>
<4>
<5>

<6>

Mask the LVI interrupt (LVIMK = 1).

Set the detection voltage using bit 0 (LVISO0) of the low-voltage detection level selection register (LVIS).
Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).

Use software to wait for an operation stabilization time (10 us (MAX.)).

Wait until it is checked that (supply voltage (Vop) > detection voltage (Vivi)) by bit 0 (LVIF) of LVIM.

Set bit 1 (LVIMD) of LVIM to 1 (generates internal reset signal when supply voltage (Vop) < detection
voltage (VLvi)).

Figure 17-5 shows the timing of the internal reset signal generated by the low-voltage detector. The numbers
in this timing chart correspond to <1> to <6> above.

Cautions 1. <1> must always be executed. When LVIMK = 0, an interrupt may occur immediately

after the processing in <3>.
2. If supply voltage (Vop) > detection voltage (ViLvi) when LVIMD is set to 1, an internal reset
signal is not generated.

¢ When stopping operation

Either of the following procedures must be executed.

. When using 8-bit memory manipulation instruction:
Write O0OH to LVIM.

. When using 1-bit memory manipulation instruction:
Clear LVIMD to 0 and then LVION to 0.
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CHAPTER 17 LOW-VOLTAGE DETECTOR

Figure 17-5. Timing of Low-Voltage Detector Internal Reset Signal Generation
(Detects Level of Supply Voltage (Vob))

In 2.7 V/1.59 V POC mode (option byte: POCMODE = 1)

Supply voltage (Vob)
Vivi

2.7V (TYP)
Vroc=1.59 V (TYP.)

N 5 B Time
LVIMK flag = ————7——" : : E —
(set by software) H i\ ! ! ' ' R
p<t> b : Lo
SIS N E Lo
LVION flag - — ? 5
(set by software) ! ! 'Not cleared Not cleared !
— e s s
o ' ' '  \Clear
¢ == <4> Wait time ; ! .
LVIF flag P " 5 |_\
oA 1<5> ' ' ' ' IClear
LVIMD flag PNz : ; : —
(set by software) ' ' Not clgared :Not clgared
L 1 <6> ' :
| I iClear

LVIRF flaghte? ;

|

—

LVI reset signal

j :Cleared by : Cleared by i
' ! 'software ! ' software '

POC reset signal

Internal reset signal

Notes 1. The LVIMK flag is set to “1” by reset signal generation.
2. The LVIF flag may be set (1).
3. LVIRF is bit 0 of the reset control flag register (RESF). For details of RESF, see CHAPTER 15 RESET
FUNCTION.

Remarks 1. <1> to <6> in Figure 17-5 above correspond to <1> to <6> in the description of “When starting
operation” in 17.4.1 (1) When detecting level of supply voltage (Vob).
2. Forthe uPD78F0730, be sure to set the 2.7 V/1.59 V POC mode by using the option byte
(POCMODE = 1).
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CHAPTER 17 LOW-VOLTAGE DETECTOR

17.4.2 When used as interrupt

(1) When detecting level of supply voltage (Vop)
e When starting operation

442

<1>
<2>
<3>
<4>
<5>
<6>
<7>

<8>

<9>

Mask the LVI interrupt (LVIMK = 1).

Set the detection voltage using bit 0 (LVISO0) of the low-voltage detection level selection register (LVIS).
Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).

Use software to wait for an operation stabilization time (10 us (MAX.)).

Confirm that “supply voltage (Vop) > detection voltage (VLvi)” at bit O (LVIF) of LVIM.

Clear the interrupt request flag of LVI (LVIIF) to 0.

Release the interrupt mask flag of LVI (LVIMK).

Clear bit 1 (LVIMD) of LVIM to 0 (generates interrupt signal when supply voltage (Vob) < detection
voltage (VLwi)) (default value).

Execute the El instruction (when vector interrupts are used).

Figure 17-6 shows the timing of the interrupt signal generated by the low-voltage detector. The numbers in
this timing chart correspond to <1> to <8> above.

e When stopping operation

Either of the following procedures must be executed.

- When using 8-bit memory manipulation instruction:
Write O0OH to LVIM.

. When using 1-bit memory manipulation instruction:
Clear LVION to 0.
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CHAPTER 17 LOW-VOLTAGE DETECTOR

Figure 17-6. Timing of Low-Voltage Detector Interrupt Signal Generation
(Detects Level of Supply Voltage (Vob))

In 2.7 V/1.59 V POC mode (option byte: POCMODE = 1)

Supply voltage (Vob)

Vivi

2.7 V(TYP.)
Vpoc=1.59 V (TYP.)

' : : : : : : : Time
LVIMK flag " E - : : : : E E
(set by software) '\ o : | : ' o
r<l> ' ' ] | P

1<7> Cleared by software

LVION flag l
(set by software) H

<4> Wait time:

LVIF flag | :"5 5

(set by software) L

: \

, <8>

oA s> : | ' b

! Note2 ! ' ' ' ' ' \

INTLVI 5 " : -| 5 -| l -| i

E Note2 ! E E E : E E

LVIIF flag 5 —| E —| : —| E

E <6> :

' note2 Cleared by software :

LVIMD flag : :

Internal reset signal

Notes 1. The LVIMK flag is set to “1” by reset signal generation.
2. The interrupt request signal (INTLVI) is generated and the LVIF and LVIIF flags may be set (1).

Remarks 1. <1> to <8> in Figure 17-6 above correspond to <1> to <8> in the description of “When starting
operation” in 17.4.2 (1) When detecting level of supply voltage (Vob).
2. Forthe uPD78F0730, be sure to set the 2.7 V/1.59 V POC mode by using the option byte
(POCMODE = 1).
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CHAPTER 17 LOW-VOLTAGE DETECTOR

17.5 Cautions for Low-Voltage Detector

In a system where the supply voltage (Vob) fluctuates for a certain period in the vicinity of the LVI detection voltage
(Vivi), the operation is as follows depending on how the low-voltage detector is used.

(1) When used as reset
The system may be repeatedly reset and released from the reset status.
In this case, the time from release of reset to the start of the operation of the microcontroller can be arbitrarily set
by taking action (1) below.

(2) When used as interrupt
Interrupt requests may be frequently generated. Take (b) of action (2) below.

In this system, take the following actions.
<Action>

(1) When used as reset
After releasing the reset signal, wait for the supply voltage fluctuation period of each system by means of a
software counter that uses a timer, and then initialize the ports (see Figure 17-9).

(2) When used as interrupt
(a) Check that “supply voltage (Vop) > detection voltage (VLvi)” in the servicing routine of the LVI interrupt by
using bit 0 (LVIF) of the low-voltage detection register (LVIM). Clear bit 0 (LVIIF) of interrupt request flag
register OL (IFOL) to O.
(b) In a system where the supply voltage fluctuation period is long in the vicinity of the LVI detection voltage, wait
for the supply voltage fluctuation period, check that “supply voltage (Vop) > detection voltage (VLvi)” using the
LVIF flag, and clear the LVIIF flag to O.
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CHAPTER 17 LOW-VOLTAGE DETECTOR

Figure 17-7. Example of Software Processing After Reset Release (1/2)

o If supply voltage fluctuation is 50 ms or less in vicinity of LVI detection voltage

=

Initialization
processing <1>

LVI reset

Setting LVI

Setting 8-bit timer H1
(to measure 50 ms)

Clearing WDT

Detection
voltage or higher
(LVIF =0?)

Yes

LVIF=0

Restarting timer H1
(TMHE1 =0 - TMHE1 = 1)

50 ms has passed?
(TMIFH1 =1?)

Initialization
processing <2>

Note A flowchart is shown on the next page.

; Check the reset sourceN°t
Initialize the port.

; Setting of detection level by LVIS
The low-voltage detector operates (LVION = 1).

; fAL = Internal low-speed oscillation clock (264 kHz (MAX.))
Source: faL (264 kHz (MAX.))/27,
Where comparison value = 104: = 50 ms
Timer starts (TMHE1 = 1).

; The low-voltage detection flag is cleared.

;. The timer counter is cleared and the timer is started.

; Setting of division ratio of system clock,
such as setting of timer
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Figure 17-7. Example of Software Processing After Reset Release (2/2)

¢ Checking reset source

( Check reset source )

WDTRF of RESF Yes

register =1?

Reset processing by
watchdog timer

No

LVIRF of RESF
register = 1?

Power-on-clear/external
reset generated
Reset processing by
low-voltage detector
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CHAPTER 18 OPTION BYTE

18.1 Functions of Option Bytes

The flash memory at 0080H to 0084H of the 4PD78F0730 is an option byte area. When power is turned on or
when the device is restarted from the reset status, the device automatically references the option bytes and sets
specified functions. When using the product, be sure to set the following functions by using the option bytes.

When the boot swap operation is used during self-programming, 0080H to 0084H are switched to 1080H to 1084H.
Therefore, set values that are the same as those of 0080H to 0084H to 1080H to 1084H in advance.

(1) 0080H/1080H
O Internal low-speed oscillator operation
o Can be stopped by software
e Cannot be stopped
O Watchdog timer interval time setting
O Watchdog timer counter operation
e Enabled counter operation
o Disabled counter operation
O Watchdog timer window open period setting

(2) 0081H/1081H
O Selecting POC mode

e During 2.7 V/1.59 V POC mode operation (POCMODE = 1)
The device is in the reset state upon power application and until the supply voltage reaches 2.7 V (TYP.). It
is released from the reset state when the voltage exceeds 2.7 V (TYP.). After that, POC is not detected at
2.7 V but is detected at 1.59 V (TYP.).

e During 1.59 V POC mode operation (POCMODE = 0)
The device is in the reset state upon power application and until the supply voltage reaches 1.59 V (TYP.).
It is released from the reset state when the voltage exceeds 1.59 V (TYP.). After that, POC is detected at
1.59 V (TYP.), in the same manner as on power application.

Caution For the xPD78F0730, be sure to set POCMODE to 1.

(3) 0084H/1084H
O On-chip debug operation control
e Disabling on-chip debug operation
¢ Enabling on-chip debug operation and erasing data of the flash memory in case authentication of the on-
chip debug security ID fails
e Enabling on-chip debug operation and not erasing data of the flash memory even in case authentication of
the on-chip debug security ID fails

Caution To use the on-chip debug function with a product equipped with the on-chip debug function
(4PD78F0730), set 02H or 03H to 0084H. Set a value that is the same as that of 0084H to 1084H
because 0084H and 1084H are switched at boot swapping.

Caution Be sure to set 00H to 0082H and 0083H (0082H/1082H and 0083H/1083H when the boot swap
function is used).
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18.2 Format of Option Byte
The format of the option byte is shown below.

Figure 18-1. Format of Option Byte (1/2)

Address: 0080H/1080H""

7 6 5 4 3 2 1 0
0 WINDOW1 | WINDOWO WDTON WDCS2 | WDCSH WDCS0 LSROSC
WINDOW1 | WINDOWO Watchdog timer window open period
0 0 Setting prohibited
0 1
1 0
1 1 100%
WDTON Operation control of watchdog timer counter/illegal access detection
0 Counter operation disabled (counting stopped after reset), illegal access detection operation
disabled
1 Counter operation enabled (counting started after reset), illegal access detection operation enabled
WDCS2 WDCSH1 WDCSO0 Watchdog timer overflow time
0 0 0 2"fre (3.88 ms)
0 0 1 2"/faL (7.76 ms)
0 1 0 2%/l (15.52 ms)
0 1 1 2%frL (31.03 ms)
1 0 0 2"/faL (62.06 ms)
1 0 1 2"/frL (124.12 ms)
1 1 0 2"/frL (248.24 ms)
1 1 1 2"/frL (496.48 ms)
LSROSC Internal low-speed oscillator operation
0 Can be stopped by software (stopped when 1 is written to bit 0 (LSRSTOP) of RCM register)
1 Cannot be stopped (not stopped even if 1 is written to LSRSTOP bit)

Note Set a value that is the same as that of 0080H to 1080H because 0080H and 1080H are switched during the
boot swap operation.

Cautions 1. The watchdog timer does not stop during self-programming of the flash memory and
EEPROM emulation. During processing, the interrupt acknowledge time is delayed. Set the
overflow time taking this delay into consideration.

2. If LSROSC = 0 (oscillation can be stopped by software), the count clock is not supplied to the
watchdog timer in the HALT and STOP modes, regardless of the setting of bit 0 (LSRSTOP) of
the internal oscillation mode register (RCM).

When 8-bit timer H1 operates with the internal low-speed oscillation clock, the count clock is
supplied to 8-bit timer H1 even in the HALT/STOP mode.

3. Be sure to clear bit 7 to 0.

Remarks 1. frL: Internal low-speed oscillation clock frequency
2. ():frL =264 kHz (MAX.)
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Figure 18-1. Format of Option Byte (2/2)

Address: 0081H/1081H"""?

7 6 5 4 3 2 1 0

0 0 0 0 o | o | o POCMODE
POCMODE POC mode selection

0 1.59 V POC mode (default)

1 2.7 V/1.59 V POC mode

Notes 1. POCMODE can only be written by using a dedicated flash programmer. It cannot be set during self-
programming or boot swap operation during self-programming (at this time, 1.59 V POC mode (default)
is set). However, because the value of 1081H is copied to 0081H during the boot swap operation, it is
recommended to set a value that is the same as that of 0081H to 1081H when the boot swap function
is used.

2. To change the setting for the POC mode, set the value to 0081H again after batch erasure (chip
erasure) of the flash memory. The setting cannot be changed after the memory of the specified block
is erased.

Caution For the 4PD78F0730, be sure to set 1 to bit 0, and be sure to clear bits 7 to 1 to 0.

Address: 0082H/1082H, 0083H/1083H""
7 6 5 4 3 2 1
0 0 0 0 0 0 0

Note Be sure to set 00H to 0082H and 0083H, as these addresses are reserved areas. Also set 00H to 1082 and
1083H because 0082H and 0083H are switched with 1082H and 1083H when the boot swap operation is
used.

Address: 0084H/1084H""

7 6 5 4 3 2 1 0

0 0 0 0 0 0 OCDENT1 OCDENO
OCDEN1 OCDENO On-chip debug operation control

0 0 Operation disabled

0 1 Setting prohibited

1 0 Operation enabled. Does not erase data of the flash memory in case authentication

of the on-chip debug security ID fails.

1 1 Operation enabled. Erases data of the flash memory in case authentication of the
on-chip debug security ID fails.

Note To use the on-chip debug function with a product equipped with the on-chip debug function (#PD78F0730),
set 02H or O3H to 0084H. Set a value that is the same as that of 0084H to 1084H because 0084H and
1084H are switched at boot swapping.

Remark For the on-chip debug security ID, see CHAPTER 20 ON-CHIP DEBUG FUNCTION.
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Here is an example of description of the software for setting the option bytes.

OPT CSEG AT 0080H

OPTION: DB 70H ; Enables watchdog timer operation (illegal access detection operation),
; Window open period of watchdog timer: 100%,
; Overflow time of watchdog timer: 2"/frt,
; Internal low-speed oscillator can be stopped by software.

DB 01H ; 2.7/1.59 V POC mode

DB OO0H ; Reserved area

DB OOH ; Reserved area

DB O00H ; On-chip debug operation disabled

Remark Referencing of the option byte is performed during reset processing. For the reset processing timing,
see CHAPTER 15 RESET FUNCTION.
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CHAPTER 19 FLASH MEMORY

The #PD78F0730 incorporates the flash memory to which a program can be written, erased, and overwritten while

mounted on the board.

19.1 Internal Memory Size Switching Register

The internal memory capacity can be selected using the internal memory size switching register (IMS).
IMS is set by an 8-bit memory manipulation instruction.
Reset signal generation sets IMS to CFH.

Caution Be sure to set IMS to C4H after a reset release.

Figure 19-1. Format of Internal Memory Size Switching Register (IMS)

Address: FFFOH After reset: CFH R/W

Symbol 7 6

5 4 3 2 1 0
IMS RAM2 RAM1 RAMO 0 ROM3 ROM2 ROM1 ROMO
RAM2 RAM1 RAMO Internal high-speed RAM capacity selection
1 1 0 1024 bytes
Other than above Setting prohibited
ROM3 ROM2 ROM1 ROMO Internal ROM capacity selection
0 1 0 0 16 KB

Other than above

Setting prohibited
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19.2 Internal Expansion RAM Size Switching Register

The internal expansion RAM capacity can be selected using the internal expansion RAM size switching register

(IXS).
IXS is set by an 8-bit memory manipulation instruction.
Reset signal generation sets IXS to OCH.

Caution Be sure to set to 08H after a reset release.

Figure 19-2. Format of Internal Expansion RAM Size Switching Register (IXS)

Address: FFF4H After reset: OCH R/W

Symbol 7 6 5 4 3 2 1 0
IXS 0 0 0 IXRAM4 IXRAM3 IXRAM2 ‘ IXRAM1 ‘ IXRAMO
IXRAM4 IXRAM3 IXRAM2 IXRAM1 IXRAMO [Internal expansion RAM capacity selection|
0 1 0 0 0 2048 bytes

Other than above

Setting prohibited
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19.3 Writing with Flash Memory Programmer
Data can be written to the flash memory on-board or off-board, by using a dedicated flash memory programmer.

(1) On-board programming
The contents of the flash memory can be rewritten after the ¢PD78F0730 has been mounted on the target
system. The connectors that connect the dedicated flash memory programmer must be mounted on the target
system.

(2) Off-board programming
Data can be written to the flash memory with a dedicated program adapter (FA series) before the xPD78F0730 is
mounted on the target system.

Remark The FA series is a product of Naito Densei Machida Mfg. Co., Ltd.

Table 19-1. Wiring Between 4PD78F0730 and Dedicated Flash Memory Programmer

Pin Configuration of Dedicated Flash Memory Programmer With CSI10 With UART6
Signal Name I/0 Pin Function Pin Name Pin No. Pin Name Pin No.

SI/RxD Input Receive signal SO10/P12 28 TxD6/P13 27
SO/TxD Output Transmit signal SI10/P11 29 RxD6/P14 26
SCK Output Transfer clock SCK10/P10 30 - -
CLK Output Clock to #PD78F0730 fotet - EXCLK/X2/P122""*? 7
/RESET Output Reset signal RESET 5 ‘RESET 5
FLMDO Output Mode signal FLMDO 6 FLMDO 6
Vop I/0 Voo voltage generation/ Vob 11 Vob 11
power monitoring EVoo 20 EVoo 20
GND - Ground Vss 10 Vss 10
EVss 21 EVss 21

Notes 1. Only the internal high-speed oscillation clock (frH) can be used when CSI10 is used.

2. Only the X1 clock (fx) or external main system clock (fexcLk) can be used when UART6 is used. When
using the clock output of the dedicated flash memory programmer, pin connection varies depending on the
type of the dedicated flash memory programmer used.

* PG-FP4, FL-PR4:  Connect CLK of the programmer to EXCLK/X2/P122 (pin 7).
* PG-FPL3, FP-LITE3: Connect CLK of the programmer to X1/P121 (pin 8), and connect its inverted
signal to X2/EXCLK/P122 (pin 7).

Preliminary User's Manual U19014EJ1VOUD 453



CHAPTER 19 FLASH MEMORY

Examples of the recommended connection when using the adapter for flash memory writing are shown below.

454

Figure 19-3. Example of Wiring Adapter for Flash Memory Writing in 3-Wire Serial I/0 (CSI10) Mode

——©O Voo (4.51t05.5V)

—© GND
o)
e
1 30
2 29
3 28
4 27
5 | O 26
6 25
7 24
i 8 23
To 22
010 2110
o 11 20 o
12 19
13 18
14 17
15 16
GND
VDD
VDD2
©O O O © © O
SI SO SCK  CLK /RESET FLMDO

WRITER INTERFACE
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Figure 19-4. Example of Wiring Adapter for Flash Memory Writing in UART (UART6) Mode

—— O Voo (45t05.5V)

—©O GND
o
o
1 30
2 29
3 28
4 27
5 | O 26
6 25
7 Note 24
8 23
2 | 22
o{10 210
o+—11 20—to
12 19
13 18
14 17
15 16
GND
VDD
VDD2

© O O © o O
Sl SO SCK  CLKM' /RESET FLMDO

WRITER INTERFACE

Note The above figure illustrates an example of wiring when using the clock output from the PG-FP4 or FL-PR4.
When using the clock output from the PG-FPL3 or FP-LITES3, connect CLK to X1/P121 (pin 8), and connect
its inverted signal to X2/EXCLK/P122 (pin 7).
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19.4 Programming Environment
The environment required for writing a program to the flash memory of the 4PD78F0730 is illustrated below.

Figure 19-5. Environment for Writing Program to Flash Memory

FLMDO
RS-232C Voo
Vss
uSB RESET
Dedicated flash CSI10/UART6 1 PD78F0730

memory programmer

Host machine

A host machine that controls the dedicated flash memory programmer is necessary.

To interface between the dedicated flash memory programmer and the ¢PD78F0730, CSI10 or UART®6 is used for
manipulation such as writing and erasing. To write the flash memory off-board, a dedicated program adapter (FA
series) is necessary.

19.5 Communication Mode

Communication between the dedicated flash memory programmer and the ¢PD78F0730 is established by serial
communication via CSI10 or UART6 of the 4PD78F0730.

(1) Csi10
Transfer rate: 2.4 kHz to 2.5 MHz

Figure 19-6. Communication with Dedicated Flash Memory Programmer (CSI10)

FLMDO FLMDO
Voo —— Voo/EVop
GND —— Vss/EVss

/RESET ———— RESET
SI/RXD <——— S010

PG-FP4 (Flash Prod)

Dedicated flash SO/TxD ———— SI10 1 PD78F0730
memory programmer ﬁ m
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(2) UART6
Transfer rate: 115200 bps

Figure 19-7. Communication with Dedicated Flash Memory Programmer (UART6)

FLMDO FLMDO
Vob Voo/EVop
GND Vss/EVss
/RESET ——— RESET
SI/RXD ~———————— TxD6é
Dedicated flash SO/TxD RxD6 1 PD78F0730
memory programmer CLKNet EXCLKNete

Note The above figure illustrates an example of wiring when using the clock output from the PG-FP4 or FL-PR4.
When using the clock output from the PG-FPL3 or FP-LITES3, connect CLK to X1/P121 (pin 8), and connect
its inverted signal to X2/EXCLK/P122 (pin 7).

CLK

X1

X2

The dedicated flash memory programmer generates the following signals for the 4PD78F0730. For details, refer to
the user’'s manual for the PG-FP4, FL-PR4, PG-FPL3, or FP-LITES.

Table 19-2. Pin Connection

Dedicated Flash Memory Programmer #PD78F0730 Connection
Signal Name I/0 Pin Function Pin Name CSI10 | UART6

FLMDO Output Mode signal FLMDO (@) (@)
Vop /0 Vop voltage generation/power monitoring Voo, EVop O O
GND - Ground Vss, EVss O O
CLK Output Clock output to zPD78F0730 Note 1 Note2 onee!
/RESET Output Reset signal RESET (¢ o
SI/RxD Input Receive signal SO10/TxD6 (@) (@)
SO/TxD Output Transmit signal SI10/RxD6 (@) O
SCK Output Transfer clock SCK10 (®) X

Notes 1. Only the X1 clock (fx) or external main system clock (fexcLk) can be

type of the dedicated flash memory programmer used.

used when UART®6 is used. When
using the clock output of the dedicated flash memory programmer, pin connection varies depending on the

* PG-FP4, FL-PR4:  Connect CLK of the programmer to EXCLK/X2/P122 (pin 7).
* PG-FPLS3, FP-LITE3: Connect CLK of the programmer to X1/P121 (pin 8), and connect its inverted

signal to X2/EXCLK/P122 (pin 7).

2. Only the internal high-speed oscillation clock (frH) can be used when CSI10 is used.

Remark O: Be sure to connect the pin.

O: The pin does not have to be connected if the signal is generated on the target board.

x: The pin does not have to be connected.
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19.6 Connection of Pins on Board

To write the flash memory on-board, connectors that connect the dedicated flash memory programmer must be
provided on the target system. First provide a function that selects the normal operation mode or flash memory
programming mode on the board.

When the flash memory programming mode is set, all the pins not used for programming the flash memory are in
the same status as immediately after reset. Therefore, if the external device does not recognize the state immediately
after reset, the pins must be connected as described below.

19.6.1 FLMDO pin
In the normal operation mode, 0 V is input to the FLMDO pin. In the flash memory programming mode, the Vop

write voltage is supplied to the FLMDO pin. An FLMDO pin connection example is shown below.

Figure 19-8. FLMDO Pin Connection Example

FLMDO FLMDO
Vob Voo/EVop
GND Vss/EVss
/RESET —————— RESET
SI/RXD =— TxD6
Dedicated flash SO/TxD ———  RxD6 1 PD78F0730
memory programmer CLKNote EXCLKNete

19.6.2 Serial interface pins
The pins used by each serial interface are listed below.

Table 19-3. Pins Used by Each Serial Interface

Pins Used
S010, SI10, SCK10
TxD6, RxD6

Serial Interface

CSI10
UART6

To connect the dedicated flash memory programmer to the pins of a serial interface that is connected to another
device on the board, care must be exercised so that signals do not collide or that the other device does not
malfunction.
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(1) Signal collision
If the dedicated flash memory programmer (output) is connected to a pin (input) of a serial interface connected to
another device (output), signal collision takes place. To avoid this collision, either isolate the connection with the
other device, or make the other device go into an output high-impedance state.

Figure 19-9. Signal Collision (Input Pin of Serial Interface)

1 PD78F0730
Dedicated flash programmer
Signal collision connection pin
Input pin O

Other device

. T Output pin

In the flash memory programming mode, the signal output by the device
collides with the signal sent from the dedicated flash programmer.
Therefore, isolate the signal of the other device.

(2) Malfunction of other device
If the dedicated flash memory programmer (output or input) is connected to a pin (input or output) of a serial
interface connected to another device (input), a signal may be output to the other device, causing the device to
malfunction. To avoid this malfunction, isolate the connection with the other device.

Figure 19-10. Malfunction of Other Device

1 PD78F0730
Dedicated flash programmer
. connection pin
Pin O

Other device

1 i Input pin

If the signal output by the uPD78F0730 in the flash memory programming
mode affects the other device, isolate the signal of the other device.

1 PD78F0730
Dedicated flash programmer
. connection pin
Pin O

Other device

.’ ; Input pin

If the signal output by the dedicated flash programmer in the flash memory
programming mode affects the other device, isolate the signal of the other
device.
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19.6.3 RESET pin

If the reset signal of the dedicated flash memory programmer is connected to the RESET pin that is connected to
the reset signal generator on the board, signal collision takes place. To prevent this collision, isolate the connection
with the reset signal generator.

If the reset signal is input from the user system while the flash memory programming mode is set, the flash
memory will not be correctly programmed. Do not input any signal other than the reset signal of the dedicated flash
memory programmer.

Figure 19-11. Signal Collision (RESET Pin)

1 PD78F0730
Dedicated flash programmer
Signal collision connection signal
RESET O

Reset signal generator

! T Output pin

In the flash memory programming mode, the signal output by the reset
signal generator collides with the signal output by the dedicated flash
programmer. Therefore, isolate the signal of the reset signal generator.

19.6.4 Port pins

When the flash memory programming mode is set, all the pins not used for flash memory programming enter the
same status as that immediately after reset. If external devices connected to the ports do not recognize the port
status immediately after reset, the port pin must be connected to Vob or Vss via a resistor.

19.6.5 REGC pin
Connect the REGC pin to GND via a capacitor (0.47 uF: target) in the same manner as during normal operation.

19.6.6 Other signal pins
Connect X1 and X2 in the same status as in the normal operation mode when using the on-board clock.
To input the operating clock from the dedicated flash memory programmer, however, connect as follows.

* PG-FP4, FL-PR4: Connect CLK of the programmer to EXCLK/X2/P122.
* PG-FPLS3, FP-LITES: Connect CLK of the programmer and X1/P121, and connect its inverted signal to
X2/EXCLK/P122.

Cautions 1. Only the internal high-speed oscillation clock (frH) can be used when CSI10 is used.

2. Only the X1 clock (fx) or external main system clock (fexcLk) can be used when UART6 is used.

3. When writing the flash memory with a flash memory programmer, connect P31/INTP2/0OCD1A
and P121/X1/OCDOA as follows.
* P31/INTP2/0OCD1A: Connect to EVss via a resistor (10 kQ: recommended).
* P121/X1/0CDOA:  When using this pin as a port, connect it to Vss via a resistor (10 kQ:

recommended) (in the input mode) or leave it open (in the output mode).

The above connection is not necessary when writing the flash memory by means of self
programming.
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19.6.7 Power supply

To use the supply voltage output of the flash memory programmer, connect the Vop pin to Voo of the flash memory
programmer, and the Vss pin to GND of the flash memory programmer.

However, be sure to connect the Vop and Vss pins to Vop and GND of the flash memory programmer to use the
power monitor function with the flash memory programmer.

To use the on-board supply voltage, connect in compliance with the normal operation mode.

Supply the same other power supplies (EVop and EVss) as those in the normal operation mode.

19.7 Programming Method

19.7.1 Controlling flash memory
The following figure illustrates the procedure to manipulate the flash memory.

Figure 19-12. Flash Memory Manipulation Procedure

( Sur )

Flash memory programming
mode is set

FLMDO pulse supply —= Selecting communication mode

Manipulate flash memory

No

( )
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19.7.2 Flash memory programming mode

To rewrite the contents of the flash memory by using the dedicated flash memory programmer, set the
uPD78F0730 in the flash memory programming mode. To set the mode, set the FLMDO pin to Vob and clear the reset
signal.

Change the mode by using a jumper when writing the flash memory on-board.

Figure 19-13. Flash Memory Programming Mode

55V : 4
Vop '
oV E

Voo } {){)
RESET \ /
oV i

FLMD(A) pulse

Vop
FLMDO
oV

Flash memory programming mode

Table 19-4. Relationship Between FLMDO Pin and Operation Mode After Reset Release

FLMDO Operation Mode
0 Normal operation mode
Vop Flash memory programming mode
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19.7.3 Selecting communication mode

In the 4PD78F0730, a communication mode is selected by inputting pulses (up to 11 pulses) to the FLMDO pin
after the dedicated flash memory programming mode is entered. These FLMDO pulses are generated by the flash
memory programmer.

The following table shows the relationship between the number of pulses and communication modes.

Table 19-5. Communication Modes

Communication Standard Setting"™ Pins Used Peripheral Number of

Mode Port Speed Frequency | Multiply Rate Clock FLMDO Pulses
UART UART-Ext-Osc 115,200 bps | 16 MHz 1.0 TxD6, RxD6 | fx 0
(UART6) UART-Ext-FP4CK fexeux 3
3-wire serial I/O | CSl-Internal-OSC | 2.4 kHz to 16 MHz S010, SI10, | fau 8
(CSI10) 2.5 MHz SCKi0

Note Selection items for Standard settings on GUI of the dedicated flash memory programmer.

Caution When UARTS6 is selected, the receive clock is calculated based on the reset command sent from the
dedicated flash memory programmer after the FLMDO pulse has been received.

Remark fx: X1 clock
fexck:  External main system clock
fRH: Internal high-speed oscillation clock
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19.7.4 Communication commands
The 4PD78F0730 communicates with the dedicated flash memory programmer by using commands. The signals

sent from the flash memory programmer to the 4PD78F0730 are called commands, and the signals sent from the

#PD78F0730 to the dedicated flash memory programmer are called response.

Figure 19-14. Communication Commands

Dedicated flash
programmer

Command

Response

1 PD78F0730

The flash memory control commands of the 4PD78F0730 are listed in the table below. All these commands are

issued from the programmer and the £PD78F0730 perform processing corresponding to the respective commands.

Table 19-6. Flash Memory Control Commands

Classification

Command Name

Function

Verify Verify Compares the contents of a specified area of the flash memory with
data transmitted from the programmer.
Erase Chip Erase Erases the entire flash memory.
Block Erase Erases a specified area in the flash memory.
Blank check Block Blank Check Checks if a specified block in the flash memory has been correctly
erased.
Write Programming Writes data to a specified area in the flash memory.

Getting information

Status

Gets the current operating status (status data).

Silicon Signature

Gets 78K0/Kx2 information (such as the part number and flash memory
configuration).

Version Get Gets the 78K0/Kx2 version and firmware version.
Checksum Gets the checksum data for a specified area.

Security Security Set Sets security information.

Others Reset Used to detect synchronization status of communication.

Oscillating Frequency Set

Specifies an oscillation frequency.

The uPD78F0730 returns a response for the command issued by the dedicated flash memory programmer. The

response names sent from the 4PD78F0730 are listed below.
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Table 19-7. Response Names

Response Name

Function

ACK

Acknowledges command/data.

NAK

Acknowledges illegal command/data.
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CHAPTER 19 FLASH MEMORY

19.8 Security Settings

The uPD78F0730 supports a security function that prohibits rewriting the user program written to the internal flash
memory, so that the program cannot be changed by an unauthorized person.

The operations shown below can be performed using the Security Set command. The security setting is valid
when the programming mode is set next.

¢ Disabling batch erase (chip erase)
Execution of the block erase and batch erase (chip erase) commands for entire blocks in the flash memory is
prohibited by this setting during on-board/off-board programming. Once execution of the batch erase (chip
erase) command is prohibited, all of the prohibition settings (including prohibition of batch erase (chip erase)) can
no longer be cancelled.

Caution After the security setting for the batch erase is set, erasure cannot be performed for the device.
In addition, even if a write command is executed, data different from that which has already
been written to the flash memory cannot be written, because the erase command is disabled.

¢ Disabling block erase
Execution of the block erase command for a specific block in the flash memory is prohibited during on-board/off-
board programming. However, blocks can be erased by means of self programming.

¢ Disabling write
Execution of the write and block erase commands for entire blocks in the flash memory is prohibited during on-
board/off-board programming. However, blocks can be written by means of self programming.

¢ Disabling rewriting boot cluster 0
Execution of the batch erase (chip erase) command, block erase command, and write command on boot cluster
0 (0000H to OFFFH) in the flash memory is prohibited by this setting.

Caution If a security setting that rewrites boot cluster 0 has been applied, boot cluster 0 of that device
will not be rewritten.

The batch erase (chip erase), block erase, write commands, and rewriting boot cluster 0 are enabled by the default
setting when the flash memory is shipped. Security can be set by on-board/off-board programming and self
programming. Each security setting can be used in combination.

Prohibition of erasing blocks and writing is cleared by executing the batch erase (chip erase) command.

Table 19-8 shows the relationship between the erase and write commands when the pPD78F0730 security
function is enabled.
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Table 19-8. Relationship Between Enabling Security Function and Command

(1) During on-board/off-board programming

Valid Security

Executed Command

Batch Erase (Chip Erase)

Block Erase

Write

Prohibition of batch erase (chip erase)

Cannot be erased in batch

Prohibition of block erase

Can be erased in batch.

Prohibition of writing

Blocks cannot be
erased.

Note

Can be performed™®.

Can be performed.

Cannot be performed.

Prohibition of rewriting boot cluster 0

Cannot be erased in batch

Boot cluster 0 cannot be
erased.

Boot cluster 0 cannot be
written.

Note Confirm that no data has been written to the write area. Because data cannot be erased after batch erase
(chip erase) is prohibited, do not write data if the data has not been erased.

(2) During self programming

Valid Security

Executed Command

Block Erase

Write

Prohibition of batch erase (chip erase)

Blocks can be erased.

Prohibition of block erase

Prohibition of writing

Can be performed.

Prohibition of rewriting boot cluster 0

Boot cluster 0 cannot be erased.

Boot cluster 0 cannot be written.

Table 19-9 shows how to perform security settings in each programming mode.

Table 19-9. Setting Security in Each Programming Mode

(1) On-board/off-board programming

Security

Security Setting

How to Disable Security Setting

Prohibition of batch erase (chip erase)

Prohibition of block erase

Prohibition of writing

Prohibition of rewriting boot cluster 0

Set via GUI of dedicated flash
programmer, etc.

Cannot be disabled after set.

Execute batch erase (chip erase)
command

Cannot be disabled after set.

(2) Self programming

Security

Security Setting

How to Disable Security Setting

Prohibition of batch erase (chip erase)

Prohibition of block erase

Prohibition of writing

Prohibition of rewriting boot cluster 0

Set by using information library.

Cannot be disabled after set.

Execute batch erase (chip erase)
command during on-board/off-board
programming (cannot be disabled during
self programming)

Cannot be disabled after set.
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CHAPTER 19 FLASH MEMORY

19.9 Flash Memory Programming by Self-Programming

The #PD78F0730 supports a self-programming function that can be used to rewrite the flash memory via a user

program. Because this function allows a user application to rewrite the flash memory by using the 4PD78F0730 self-

programming library, it can be used to upgrade the program in the field.

If an interrupt occurs during self-programming, self-programming can be temporarily stopped and interrupt

servicing can be executed. To execute interrupt servicing, restore the normal operation mode after self-programming

has been stopped, and execute the EIl instruction.

programming can be resumed.

After the self-programming mode is later restored, self-

Remark For details of the self-programming function and the 78KO0/Kx2 self-programming library, refer to
78K0/Kx2 Flash Memory Self Programming User’s Manual (U17516E).

Cautions 1.
2.

Input a high level to the FLMDO pin during self-programming.

Be sure to execute the DI instruction before starting self-programming.

The self-programming function checks the interrupt request flags (IFOL, IFOH, IF1L, and IF1H).
If an interrupt request is generated, self-programming is stopped.

Self-programming is also stopped by an interrupt request that is not masked even in the DI
status. To prevent this, mask the interrupt by using the interrupt mask flag registers (MKOL,
MKOH, MK1L, and MK1H).

Self-programming is executed with the internal high-speed oscillation clock. If the CPU
operates with the X1 clock or external main system clock, the oscillation stabilization wait

FFFFH
FFOOH
FEFFH

FBOOH

FID1H
F9DOH
FBO0H
F7FFH

FOOOH

0000H

time of the internal high-speed oscillation clock elapses during self-programming.
5. Allocate the entry program for self-programming in the common area of 0000H to 7FFFH.

Figure 19-15. Operation Mode and Memory Map for Self-Programming

Normal mode

FFFFH

Self-programming mode
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SFR FFOOH SFR
Internal high- FEFFH Internal high-
speed RAM FBOOH speed RAM
USB area USB area
FOD1H
Reserved "::%% 8 E Reserved
F7FFH
Internal Internal
expansion RAM expansion RAM
Flash memory Flash memory
control FOOOH control
firmware ROM firmware ROM
Reserved Disable Reserved Enable
accessing accessing
,,,,,,,,,,, so00H| 4
3FFFH
Flash memory Instructions can be fetched Flash memory Instructions can be fetched
(common area) from common area. (common area) from common area and
» firmware ROM.
0000H _
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The following figure illustrates a flow of rewriting the flash memory by using a self programming sample library.

Figure 19-16. Flow of Self Programming (Rewriting Flash Memory)

(Start of self programming)

I
FLMDO pin
Low level — High level

FlashStart

Setting operating environment

FlashEnv

CheckFLMD

No

Normal completion?

FlashBlockBlankCheck

| —y
-t

Erased? No

Yes

FlashBlockErase

FlashWordWrite

Normal completion?

Yes

Normal completion?

FlashBlockVerify

Normal completion?

Yes |-

FlashEnd

I
FLMDO pin
High level — Low level

( End of self programming )

Remark For details of the self programming sample library, refer to 78K0/Kx2 Flash Memory Self
Programming User’s Manual (U17516E).
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19.9.1 Boot swap function

If rewriting the boot area has failed during self-programming due to a power failure or some other cause, the data
in the boot area may be lost and the program may not be restarted by resetting.

The boot swap function is used to avoid this problem.

Before erasing boot cluster 0™°°, which is a boot program area, by self-programming, write a new boot program to
boot cluster 1 in advance. When the program has been correctly written to boot cluster 1, swap this boot cluster 1 and
boot cluster 0 by using the set information function of the firmware of the /PD78F0730, so that boot cluster 1 is used
as a boot area. After that, erase or write the original boot program area, boot cluster 0.

Note

As a result, even if a power failure occurs while the boot programming area is being rewritten, the program is
executed correctly because it is booted from boot cluster 1 to be swapped when the program is reset and started next.
If the program has been correctly written to boot cluster O, restore the original boot area by using the set

information function of the firmware of the 4PD78F0730.

Note A boot cluster is a 4 KB area and boot clusters 0 and 1 are swapped by the boot swap function.

Boot cluster 0 (0000H to OFFFH): Original boot program area
Boot cluster 1 (1000H to 1FFFH): Area subject to boot swap function

Figure 19-17. Boot Swap Function

XXXXH
User program Self programming User program Setting of boot flag User program
to boot cluster 1
2000H
New boot program New boot program
1000H User program (boot cluster 1) (boot cluster 1)
Boot
Boot program Boot program Boot program
0000H |  (boot cluster 0) (boot cluster 0) (boot cluster 0)
Boot Boot
XXXXH
Self programming Setting of boot flag
to boot cluster 0 User program User program
2000H
New boot program New boot program
(boot cluster 1) (boot cluster 1)
1000H Boot
New boot program New boot program
0000H (boot cluster 0) (boot cluster 0) -

Remark Boot cluster 1 becomes 0000H to OFFFH when a reset is generated after the boot flag has been set.
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Boot
cluster 1

Boot
cluster 0
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B

lock number

Program

Program

Program

Program 1000H

Boot program

Boot program

Boot program

O=NWHhUION ¢—

Boot program 0000H

Booted by boot cluster 0
Writing blocks 5 to 7

o)

New boot program

New boot program
New boot program
New boot program

Boot program
Boot program
Boot program
Boot program

O=NWwWhouoON

Erasing block 2

O=NWwWhooON

New boot program

New boot program
New boot program

New boot program |:>
Boot program

Figure 19-18. Example of Executing Boot Swapping

=)

o)

Erasing block 4

7
6
5
4
3
2
1
0

Program

Program

Program

Boot program |:>

Boot program

Boot program

Boot program

Boot swap

New boot program
New boot program
New boot program
New boot program

Boot program
Boot program
Boot program
Boot program

O=NWwWwhouo~N

Erasing block 5

Program

Program

Boot program |::>

Boot program
Boot program
Boot program

O=NWwWwhooON
O=NWwWhoON

Erasing block 0

New boot program

New boot program
New boot program
New boot program

0000H |:>

Boot program
Boot program
Boot program

O=Nwhuo=~N

1000H

Booted by boot cluster 1

Erasing block 3

O=NWwWwhouo~N

New boot program

New boot program

New boot program

New boot program |:>

Writing blocks 0 to 3

New boot program

New boot program
New boot program
New boot program |:>
New boot program
New boot program
New boot program
New boot program

O=MNwhouoON

| Boot program_|
Boot program

Erasing block 6

Program

Boot program |:>

Boot program

Erasing block 7

O=NWwWwhooON

Erasing block 1

New boot program

New boot program

New boot program

New boot program

Boot program

Boot program

O=NwhooON

Boot swap
New boot program

New boot program
New boot program

New boot program
New boot program
New boot program

O=NWhrhOION

Booted by boot cluster 0
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CHAPTER 20 ON-CHIP DEBUG FUNCTION

The #PD78F0730 uses the Vop, FLMDO, RESET, OCDOA/X1 (or OCD1A/P31), OCDOB/X2 (or OCD1B/P32), and
Vss pins to communicate with the host machine via an on-chip debug emulator (QB-78KOMINI). Whether OCDOA/X1
and OCD1A/P31, or OCDOB/X2 and OCD1B/P32 are used can be selected.

Caution The pPD78F0730 has an on-chip debug function, which is provided for development and
evaluation. Do not use the on-chip debug function in products designated for mass production,
because the guaranteed number of rewritable times of the flash memory may be exceeded when
this function is used, and product reliability therefore cannot be guaranteed. NEC Electronics is
not liable for problems occurring when the on-chip debug function is used.

Figure 20-1. Connection Example of QB-78KOMINI and 4PD78F0730
(When OCDOA/X1 and OCDOB/X2 Are Used)

QB-78KOMINI target connector

FLMDO

RESET_IN
RESET_OUT
X1

X2

GND

1 PD78F0730

Note
Target reset

Notej7

Note Make pull-down resistor 470 Q or more (10 kQ: recommended).

FLMDO

RESET
OCDOA/X1

OCDOB/X2

GND
Vop

P31

Cautions 1. Input the clock from the OCDOA/X1 pin during on-chip debugging.
2. Control the OCD0OA/X1 and OCDOB/X2 pins by externally pulling down the OCD1A/P31 pin.
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CHAPTER 20 ON-CHIP DEBUG FUNCTION

Figure 20-2. Connection Example of QB-78KOMINI and 4PD78F0730 (When OCD1A and OCD1B Are Used)

QB-78KOMINI target connector

FLMDO

RESET_IN
RESET_OUT
X1

X2

GND

Note
Target reset

Py

7éNote

alllni

Note Make pull-down resistor 470 Q or more (10 kQ: recommended).

1 PD78F0730

FLMDO

RESET
OCD1A/P31

OCD1B/P32

GND
Vop

X1

X2

Connect the FLMDO pin as follows when performing self programming by means of on-chip debugging.

Figure 20-3. Connection of FLMDO Pin for Self Programming by Means of On-Chip Debugging

QB-78KOMINI target connector

FLMDO

1 kQ (recommended)

1PD78F0730

Port

7%10 kQ (recommended)

20.1 On-Chip Debug Security ID

FLMDO

The xPD78F0730 has an on-chip debug operation control flag in the flash memory at 0084H (see CHAPTER 18
OPTION BYTE) and an on-chip debug security ID setting area at 0085H to 008EH.

When the boot swap function is used, also set a value that is the same as that of 1084H and 1085H to 108EH in
advance, because 0084H, 0085H to 008EH and 1084H, and 1085H to 108EH are switched.

For details on the on-chip debug security ID, refer to the QB-78KOMINI User’s Manual (U17029E).

Table 20-1. On-Chip Debug Security ID

Address

On-Chip Debug Security ID

0085H to 008EH

Any ID code of 10 bytes

1085H to 108EH
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CHAPTER 21 INSTRUCTION SET

This chapter lists each instruction set of the xPD78F0730 in table form. For details of each operation and

operation code, refer to the separate document 78K/0 Series Instructions User’s Manual (U12326E).

21.1 Conventions Used in Operation List

21.1.1 Operand identifiers and specification methods
Operands are written in the “Operand” column of each instruction in accordance with the specification method of

the instruction operand identifier (refer to the assembler specifications for details).

When there are two or more

methods, select one of them. Uppercase letters and the symbols #, !, $ and [ ] are keywords and must be written as

they are. Each symbol has the following meaning.

e i#: Immediate data specification

e |:  Absolute address specification

e $: Relative address specification

e []: Indirect address specification

In the case of immediate data, describe an appropriate numeric value or a label. When using a label, be sure to

write the #, !, $, and [ ] symbols.

For operand register identifiers r and rp, either function names (X, A, C, etc.) or absolute names (names in
parentheses in the table below, RO, R1, R2, etc.) can be used for specification.

Table 21-1. Operand Identifiers and Specification Methods

Identifier Specification Method
r X (R0), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7)
p AX (RP0), BC (RP1), DE (RP2), HL (RP3)
sfr Special function register symbol™*®
sfrp Special function register symbol (16-bit manipulatable register even addresses only)"™*
saddr FE20H to FF1FH Immediate data or labels
saddrp FE20H to FF1FH Immediate data or labels (even address only)
addr16 0000H to FFFFH Immediate data or labels

(Only even addresses for 16-bit data transfer instructions)

addri1 0800H to OFFFH Immediate data or labels
addr5 0040H to 007FH Immediate data or labels (even address only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
RBn RBO to RB3

Note Addresses from FFDOH to FFDFH cannot be accessed with these operands.

Remark For special function register symbols, see Table 3-6 Special Function Register List.
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21.1.2 Description of operation column

PSW:

addr16:
jdisp8:

A register; 8-bit accumulator

X register

B register

C register

D register

E register

H register

L register

AX register pair; 16-bit accumulator
BC register pair

DE register pair

HL register pair

Program counter

Stack pointer

Program status word

Carry flag

Auxiliary carry flag

Zero flag

Register bank select flag

Interrupt request enable flag

Memory contents indicated by address or register contents in parentheses
Higher 8 bits and lower 8 bits of 16-bit register
Logical product (AND)

Logical sum (OR)

Exclusive logical sum (exclusive OR)
Inverted data

16-bit immediate data or label

Signed 8-bit data (displacement value)

21.1.3 Description of flag operation column

(Blank):

I X =+

474

Not affected

Clearedto 0

Setto 1

Set/cleared according to the result
Previously saved value is restored
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21.2 Operation List

Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
8-bitdata |MOV r, #byte 2 4 - r < byte
transfer saddr, #byte 3 6 (saddr) < byte

sfr, #byte 3 - sfr « byte
Ar Rt 2 - Acr
r, A Note3 | 4 2 - reA
A, saddr 2 4 5 A « (saddr)
saddr, A 2 4 5 (saddr) « A
A, sfr 2 - 5 A « sfr
sfr, A 2 - 5 sfr« A
A, laddr16 3 9 A « (addr16)
laddr16, A 3 8 9 (addr16) « A
PSW, #byte 3 - 7 PSW « byte X X X
A, PSW 2 - 5 A « PSW
PSW, A 2 - 5 PSW « A X X X
A, [DE] 1 4 5 A « (DE)
[DE], A 1 4 5 (DE) « A
A, [HL] 1 4 5 A « (HL)
[HL], A 1 4 5 (HL) « A
A, [HL + byte] 2 8 9 A « (HL + byte)
[HL + byte], A 2 8 9 (HL + byte) « A
A, [HL + B] 1 6 7 A« (HL+B)
[HL +B], A 1 6 7 (HL+B) « A
A, [HL + C] 1 6 7 A« (HL+C)
[HL+C], A 1 6 7 (HL+C)« A

XCH Ar nees | o 2 - Aor
A, saddr 2 4 6 A < (saddr)
A, sfr 2 - 6 A & (sfr)
A, laddr16 3 8 10 A < (addr16)
A, [DE] 1 4 6 A < (DE)
A, [HL] 1 4 6 A & (HL)
A, [HL + byte] 2 8 10 A < (HL + byte)
A, [HL + B] 2 8 10 Ao (HL+B)
A, [HL + C] 2 8 10 Ao (HL+C)

Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed
3. Except“r=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock

control register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY,
16-bit data | MOVW rp, #word 3 6 - rp < word
transfer saddrp, #word 4 8 10 (saddrp) « word
sfrp, #word 4 - 10 sfrp « word
AX, saddrp 2 6 8 AX « (saddrp)
saddrp, AX 2 6 8 (saddrp) « AX
AX, sfrp 2 - 8 AX « sfrp
sfrp, AX 2 - 8 sfrp « AX
AX, rp Noes | o 4 - AX < 1p
rp, AX Noes | 4 4 - rp « AX
AX, laddr16 3 10 12 AX « (addr16)
laddr16, AX 3 10 12 (addr16) « AX
XCHW AX, rp noes o 4 - AX & 1p
8-bit ADD A, #byte 2 4 - A, CY « A + byte X X X
operation saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte X X X
Ar Noetes | 2 4 - A CY—A+r X X X
r, A 2 4 - rCY«r+A X X X
A, saddr 2 4 5 A, CY « A + (saddr) X X X
A, laddr16 3 8 9 A, CY « A + (addr16) X X X
A, [HL] 1 4 5 A, CY « A+ (HL) X X X
A, [HL + byte] 2 8 9 A, CY « A + (HL + byte) X X X
A, [HL + B] 2 8 9 A, CY « A+ (HL +B) X X X
A, [HL + C] 2 8 9 A, CY«—A+(HL+C) X X X
ADDC A, #byte 2 4 - A, CY « A + byte + CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte + CY X X X
Ar Need| 2 4 - A, CY«—A+r+CY X X X
r, A 2 4 - r,CY«r+A+CY X X X
A, saddr 2 4 5 A, CY « A + (saddr) + CY X X X
A, laddr16 3 8 9 A, CY « A + (addr16) + C X X X
A, [HL] 1 4 5 A, CY « A+ (HL) +CY X X X
A, [HL + byte] 2 8 9 A, CY « A + (HL + byte) + CY X X X
A, [HL + B] 2 8 9 A, CY <A+ (HL+B)+CY X X X
A, [HL + C] 2 8 9 A, CY A+ (HL+C)+CY X X X
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Only when rp = BC, DE or HL
4. Except“r=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock
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control register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
8-bit sSuB A, #byte 2 4 - A, CY « A —byte X X X
operation saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte X X X
Ar Nees |2 4 - ACY«—A-r X X X
r, A 2 4 - rLCY«r—-A X X X
A, saddr 2 4 5 A, CY « A — (saddr) X X X
A, laddr16 3 8 9 A, CY « A — (addr16) X X X
A, [HL] 1 4 5 |A CY« A—(HL) X X X
A, [HL + byte] 2 8 9 A, CY « A — (HL + byte) X X X
A, [HL + B] 2 8 9 A, CY <« A-(HL+B) X X X
A, [HL +C] 2 8 9 |ACY«A-(HL+C) X X X
SuBC A, #byte 2 4 - |A,CY < A-byte-CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte - CY X X X
Ar Netes | 2 4 - A, CY—A-r-CY X X X
r, A 2 4 - r,CY«r-A-CY X X X
A, saddr 2 4 5 |A, CY « A—(saddr)- CY X X X
A, laddr16 3 8 9 A, CY « A - (addr16) - CY X X X
A, [HL] 1 4 5 |A CY«A-(HL)-CY X X X
A, [HL + byte] 2 8 9 A, CY « A - (HL + byte) - CY X X X
A, [HL + B] 2 8 9 A, CY «<A-(HL+B)-CY X X X
A, [HL + C] 2 8 9 |ACY«A-(HL+C)-CY X X X
AND A, #byte 2 4 - A < A A byte X
saddr, #byte 3 6 8 (saddr) « (saddr) A byte X
Ar sl 2 4 - A Anr X
A 2 4 - r—raA X
A, saddr 2 4 5 A <« A A (saddr) X
A, laddr16 3 8 9 A < A A (addr16) X
A, [HL] 1 4 5 |A<Aa(HL) X
A, [HL + byte] 2 8 9 |A« AA(HL+byte) x
A, [HL + B] 2 8 9 |A—AA(HL+B) x
A, [HL + C] 2 8 9 A« AA(HL+C) X
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock

control register (PCC).

2. This clock cycle applies to the internal ROM program.

Preliminary User’'s Manual U19014EJ1VOUD

477




CHAPTER 21

INSTRUCTION SET

Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY,
8-bit OR A, #byte 2 4 - |A<Avbyte x
operation saddr, #byte 3 6 8 (saddr) « (saddr) v byte X
Ar Nees| o 4 - A—Avr X
r, A 2 4 - r—rvA X
A, saddr 2 4 5 A < A v (saddr) X
A, laddr16 3 8 9 A« A v (addr16) X
A, [HL] 1 4 5 |[AcAv(HL) X
A, [HL + byte] 2 8 9  |A«—Av (HL +byte) x
A, [HL + B] 2 8 9 A« Av (HL+B) X
A, [HL + C] 2 8 9 |AcAV(HL+C) X
XOR A, #byte 2 4 - A < A~ byte X
saddr, #byte 3 6 8 (saddr) « (saddr) ~ byte X
Ar Nees| 2 4 - Ac—Awr X
r, A 2 4 - rer~A X
A, saddr 2 4 5 A «— A~ (saddr) x
A, laddr16 3 8 9 A« A~ (addr16) X
A, [HL] 1 4 5 [AcAw(HL) X
A, [HL + byte] 2 8 9 A < A~ (HL + byte) x
A, [HL + B] 2 8 9 |AcAv(HL+B) X
A, [HL + C] 2 8 9 |AcAv(HL+C) X
CMP A, #byte 2 4 - A — byte X X X
saddr, #byte 3 6 8 (saddr) — byte X X X
Ar Nete3| 2 4 - A-r X X X
r, A 2 4 - r-A X X X
A, saddr 2 4 5 A — (saddr) X X X
A, laddr16 3 8 9 A — (addr16) X X X
A, [HL] 1 4 5 |A—(HL) X X X
A, [HL + byte] 2 8 9  |A-—(HL + byte) X X X
A, [HL + B] 2 8 9 A—-(HL + B) X X X
A, [HL +C] 2 8 9 A-(HL + C) X X X
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Except“r=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock
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control register (PCC).

2. This clock cycle applies to the internal ROM program.
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INSTRUCTION SET

Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
16-bit ADDW AX, #word 3 6 - AX, CY « AX + word X X X
operation | sypw AX, #word 3 6 - AX, CY « AX —word X X X
CMPW AX, #word 3 6 - AX — word X X X
Multiply/ MULU X 2 16 - AX «— AxX
divide DIVUW c 2 | 25 — | AX (Quotient), C (Remainder) « AX + C
Increment/ [INC r 1 2 - rer+1 X X
decrement saddr 2 4 6 |(saddr) < (saddr) + 1 X X
DEC r 1 2 - re—r-1 X X
saddr 2 4 6 (saddr) « (saddr) — 1 X X
INCW rp 1 4 - perp+1
DECW p 1 4 - pe«rmp-1
Rotate ROR A1l 1 2 - (CY, A7 < Ao, Am-1 < Am) x 1 time X
ROL A1 1 2 - (CY, Ao < A7, Am+1 < Am) X 1 time X
RORC A1 1 2 - (CY ¢« Ao, A7 < CY, Am-1 < Am) x 1 time X
ROLC A1 1 2 - (CY < A7, Ao <~ CY, Am+1 < Am) x 1 time X
ROR4 [HL] 2 10 12 As-o0 ¢« (HL)s- o, (HL)7-4 « As-o,
(HL)3-0 < (HL)7-4
ROL4 [HL] 2 10 12 As-0 « (HL)7-4, (HL)3-0 < As—o,
(HL)7-4 < (HL)3-0
BCD ADJBA 2 - Decimal Adjust Accumulator after Addition | x x X
adjustment | ApJBS 2 - Decimal Adjust Accumulator after Subtract | x x x
Bit MoOV1 CY, saddr.bit 3 CY « (saddr.bit) X
manipulate CY, sfr.bit 3 | - 7 | CY « sfr.bit x
CY, A.bit 2 4 - CY « Abit X
CY, PSW.bit 3 - 7 CY « PSW.bit X
CY, [HL].bit 2 7 CY « (HL).bit X
saddr.bit, CY 3 8 (saddr.bit) « CY
sfr.bit, CY 3 - 8 sfr.bit < CY
A.bit, CY 2 4 - A.bit « CY
PSW.bit, CY 3 - 8 PSW.bit « CY X X
[HL].bit, CY 2 6 (HL).bit < CY
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock

control register (PCC).

2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
Bit AND1 CY, saddr.bit 3 6 7 CY « CY A (saddr.bit) X
manipulate CY, sfr.bit 3 | - 7 |CY « CY A sfrbit x
CY, A.bit 2 4 - CY « CY A A.bit X
CY, PSW.bit 3 - 7 CY « CY A PSW.bit X
CY, [HL].bit 2 7 CY « CY A (HL).bit x
OR1 CY, saddr.bit 3 6 7 CY « CY v (saddr.bit) X
CY, sfr.bit 3 - 7 CY « CY v sfr.bit X
CY, A.bit 2 4 - CY « CY v A.bit X
CY, PSW.bit 3 - 7 CY « CY v PSW.bit X
CY, [HL].bit 2 6 7 CY « CY v (HL).bit x
XOR1 CY, saddr.bit 3 7 CY « CY v (saddr.bit) X
CY, sfr.bit 3 - 7 CY « CY w sfr.bit X
CY, A.bit 2 4 - CY « CY v A.bit X
CY, PSW. bit 3 - 7 CY « CY ~ PSW.bit X
CY, [HL].bit 2 7 CY « CY w (HL).bit x
SET1 saddr.bit 2 6 (saddr.bit) « 1
sfr.bit 3 - 8 sfr.bit « 1
A.bit 2 4 - A.bit « 1
PSW.bit 2 - 6 PSW.bit « 1 X X X
[HL].bit 2 8 (HL).bit « 1
CLR1 saddr.bit 2 4 6 (saddr.bit) «- 0
sfr.bit 3 - 8 sfr.bit < 0
A.bit 2 4 - A.bit < 0
PSW.bit 2 - 6 PSW.bit < 0 X X X
[HL].bit 2 6 (HL).bit « 0
SET1 CcY 1 2 - CY «1 1
CLR1 CcY 1 2 - CY«o0 0
NOT1 cY 1 2 - |cyecy x
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock
control register (PCC).
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2. This clock cycle applies to the internal ROM program.
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INSTRUCTION SET

Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
Call/return | CALL laddr16 3 7 - (SP —1) « (PC + 3)n, (SP — 2) « (PC + 3)1,
PC « addr16, SP « SP -2
CALLF laddr11 2 5 - (SP = 1) « (PC + 2)n, (SP - 2) « (PC + 2),
PCi5-11 < 00001, PC10-0 < addri11,
SP « SP-2
CALLT [addr5] 1 6 - (8P —1) « (PC + 1)H, (SP —2) « (PC + 1),
PCH « (addr5 + 1),
PCL « (addr5),
SP «SP-2
BRK 1 6 - (SP = 1) « PSW, (SP —2) « (PC + 1)1,
(SP - 3) « (PC + 1), PCH « (003FH),
PCL « (003EH), SP «~ SP -3, IE « 0
RET 1 6 - PCh « (SP + 1), PCL « (SP),
SP <SP +2
RETI 1 6 - PChH « (SP + 1), PCL « (SP), R R R
PSW « (SP +2),SP « SP + 3
RETB 1 6 - PCh « (SP + 1), PCL « (SP), R R R
PSW « (SP +2),SP « SP + 3
Stack PUSH PSW 1 - (SP—1) « PSW, SP « SP -1
manipulate p 1 - (SP = 1) « rpn, (SP —2) « rpy,
SP«SP-2
POP PSW 1 - PSW « (SP), SP « SP + 1 R R R
p 1 - rpH < (SP + 1), rpL « (SP),
SP <SP +2
MOvVwW SP, #word 4 - 10 SP « word
SP, AX 2 - SP « AX
AX, SP 2 - AX « SP
Unconditional| BR laddr16 3 6 - PC « addr16
branch $addr16 2 | 6 - |PC «PC +2 +disp8
AX 2 8 - PCH « A, PCL« X
Conditional |BC $addr16 2 6 - PC « PC + 2 + jdisp8 if CY = 1
branch BNC $addr16 2 6 - |PC«PC+2+jdisp8ifCY=0
Bz $addr16 2 6 - PC « PC + 2 + jdisp8if Z =1
BNz $addr16 2 6 - PC « PC +2 +disp8ifZ=0
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock

control register (PCC).

2. This clock cycle applies to the internal ROM program.
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INSTRUCTION SET

Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY,
Conditional | BT saddr.bit, $addr16 3 8 9 PC « PC + 3 + jdisp8 if (saddr.bit) = 1
branch sfr.bit, $addr16 4 - 11 |PC « PC + 4 + jdisp8 if sfr.bit = 1
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit=1
PSW.bit, $addr16 3 - 9 PC « PC + 3 + jdisp8 if PSW.bit = 1
[HL].bit, $addr16 3 | 10 11 |PC « PC + 3 + jdisp8 if (HL).bit = 1
BF saddr.bit, $addr16 4 10 11 PC « PC + 4 + jdisp8 if (saddr.bit) = 0
sfr.bit, $addr16 4 - 11 PC « PC + 4 + jdisp8 if sfr.bit =0
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit=0
PSW.bit, $addr16 4 - 11 PC « PC + 4 + jdisp8 if PSW. bit=0
[HL].bit, $addr16 3 | 10 11 |PC « PC + 3 + jdisp8 if (HL).bit = 0
BTCLR saddr.bit, $addr16 4 10 12 PC « PC + 4 + jdisp8 if (saddr.bit) = 1
then reset (saddr.bit)
sfr.bit, $addr16 4 - 12 PC « PC + 4 + jdisp8 if sfr.bit = 1
then reset sfr.bit
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit=1
then reset A.bit
PSW.bit, $addr16 4 - 12 PC « PC + 4 + jdisp8 if PSW.bit = 1 X X X
then reset PSW.bit
[HL].bit, $addr16 3 | 10 12 |PC « PC + 3 + jdisp8 if (HL).bit = 1
then reset (HL).bit
DBNZ B, $addr16 2 6 - B « B -1, then
PC « PC + 2 + jdisp8 if B= 0
C, $addr16 2 6 - C « C -1, then
PC « PC +2 +jdisp8if C=0
saddr, $addr16 3 8 10 (saddr) « (saddr) — 1, then
PC « PC + 3 + jdisp8 if (saddr) = 0
CPU SEL RBn 2 - RBS1,0«n
control NOP 1 2 — | No Operation
El 2 - 6 |IE «— 1 (Enable Interrupt)
DI 2 - |IE « 0 (Disable Interrupt)
HALT 2 6 - Set HALT Mode
STOP 2 6 - Set STOP Mode
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock
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control register (PCC).
2. This clock cycle applies to the internal ROM program.

Preliminary User's Manual U19014EJ1VOUD




CHAPTER 21 INSTRUCTION SET

21.3 Instructions Listed by Addressing Type

(1) 8-bit instructions
MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, ROR4, ROL4, PUSH, POP, DBNZ

Second Operand | #byte A ree sfr saddr |laddr1i6| PSW [DE] [HL]  |HL+byte]| $addr16 1 None
[HL + B]
First Operand [HL + C]
A ADD MOV |[MOV |MOV |MOV |MOV |[MOV |MOV |[MOV ROR
ADDC XCH |XCH [XCH |XCH XCH |XCH |[XCH ROL
SuB ADD ADD |ADD ADD |ADD RORC
SUBC ADDC ADDC [ADDC ADDC [ADDC ROLC
AND SuB SUB |SUB SUB |SUB
OR SUBC SUBC |SUBC SUBC |SUBC
XOR AND AND |AND AND |AND
CMP OR OR OR OR OR
XOR XOR |XOR XOR |XOR
CMP CMP |CMP CMP |CMP
r MOV | MOV INC
ADD DEC
ADDC
SuB
SUBC
AND
OR
XOR
CMP
B, C DBNZ
sfr MOV | MOV
saddr MOV | MOV DBNZ INC
ADD DEC
ADDC
SuB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV | MOV PUSH
POP
[DE] MOV
[HL] MOV ROR4
ROL4
[HL + byte] MOV
[HL + B]
[HL + C]
X MULU
C DIVUW

Note Except ‘r=A"
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

Second Operand #word AX rp° sfrp saddrp laddr16 SP None
First Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
suBw XCHW
CMPW
rp MOVW MOovw"e INCW
DECW
PUSH
POP
sfrp MOVW MOVW
saddrp MOVW MOVW
laddr16 MOVW
SP MOVW MOVW
Note Only when rp = BC, DE, HL
(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
Second Operand A.bit sfr.bit saddr.bit PSW.bit [HL].bit CcY $addr16 None
First Operand
A.bit MOVA1 BT SETH
BF CLR1
BTCLR
sfr.bit MOVA BT SETH
BF CLR1
BTCLR
saddr.bit MOV1 BT SET1
BF CLR1
BTCLR
PSW.bit MOVA BT SETH
BF CLR1
BTCLR
[HL].bit MOVA BT SET1
BF CLR1
BTCLR
CYy MOVA MOVA MOVA MOVA MOVA SETA
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XOR1
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(4) Call instructions/branch instructions
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

Second Operand AX laddr16 laddr11 [addr5] $addr16
First Operand
Basic instruction BR CALL CALLF CALLT BR
BR BC

BNC
BZ
BNz

Compound BT

instruction BF
BTCLR
DBNZ

(5) Other instructions
ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP
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CHAPTER 22 ELECTRICAL SPECIFICATIONS (TARGET)

Cautions 1. These specifications show target values of (T) (S), and (R) products, which may change after
device evaluation.

2. The uPD78F0730 has an on-chip debug function, which is provided for development and
evaluation. Do not use the on-chip debug function in products designated for mass
production, because the guaranteed number of rewritable times of the flash memory may be
exceeded when this function is used, and product reliability therefore cannot be guaranteed.
NEC Electronics is not liable for problems occurring when the on-chip debug function is
used.

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Conditions Ratings Unit
Supply voltage Voo -0.5t0 +6.5 \Y
EVop -0.5t0 +6.5 \%
Vss -0.51t0 +0.3 Vv
EVss -0.5t0 +0.3 \
Input voltage Vi P00, P01, P10 to P17, P30 to P33, P120 to -0.3 to Voo + 0.3"* \
P122, X1, X2, RESET, EXCLK, FLMDO
Vi P60, P61 (N-ch open drain) -0.3t0 +6.5 \
Vis USBP, USBM -0.5t0 +3.8
Via REGC -0.5to + 3.6"**
Vis USBREGC -0.5to + 3.8""
Output voltage Vor Other than USBP, USBM, USBPUC -0.3 to Voo + 0.3""
Vo2 USBP, USBM, USBPUC -0.5t0+3.8
Output current, high lon1 Per pin -10 mA
Total of all pins | P00, P01, P10 to P17, —25 mA
—45 mA P30, P33, P120
P31, P32 -20 mA
loHz Per pin P121, P122 -1 mA
Total of all P121, P122 -4 mA
pins
Output current, low lot Per pin 30 mA
Total of all pins | POO, P01, P10 to P17, 60 mA
160 mA P30, P33, P120
P31, P32, P60, P61 100 mA
loL2 Per pin P121, P122 4 mA
Total of all P121, P122 10 mA
pins
Operating ambient Ta In normal operation mode —40 to +85 °C
temperature In flash memory programming mode
Storage temperature Tstg —65 to +150 °C

Notes 1. Must be 6.5V or lower.

2. Must be Vob or lower.
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Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on the
verge of suffering physical damage, and therefore the product must be used under conditions that
ensure that the absolute maximum ratings are not exceeded.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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X1 Oscillator Characteristics
(Ta=-40to +85°C, 4.0 V< Vopo =EVbop< 5.5V, Vss =EVss =0 V)

Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Ceramic | | X1 clock 40V<Vop<55V 16.0 | MHz
resonator YSS X1 X2; oscillation

frequency (fx)"*

i e0s:

= Co=

........... ?

e
Crystal | | X1 clock 40V<Vop<55V 16.0 | MHz
resonator Yss X1 X2 oscillation

frequency (fx)"*

I 1

: Co=

._’4 ______________________

ez

Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

Cautions 1. When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the
above figures to avoid an adverse effect from wiring capacitance.

¢ Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines.

* Do not route the wiring near a signal line through which a high fluctuating current flows.
¢ Always make the ground point of the oscillator capacitor the same potential as Vss.

* Do not ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

2. Since the CPU is started by the internal high-speed oscillation clock after a reset release, check
the X1 clock oscillation stabilization time using the oscillation stabilization time counter status
register (OSTC) by the user. Determine the oscillation stabilization time of the OSTC register
and oscillation stabilization time select register (OSTS) after sufficiently evaluating the
oscillation stabilization time with the resonator to be used.

In addition, make sure that Voo > 4.0 V before switching the CPU clock to the X1 clock.

Remark For the resonator selection and oscillator constant, customers are requested to either evaluate the
oscillation themselves or apply to the resonator manufacturer for evaluation.

488 Preliminary User's Manual U19014EJ1VOUD



CHAPTER 22 ELECTRICAL SPECIFICATIONS (TARGET)

Internal Oscillator Characteristics
(Ta =-40 to +85°C, 2.7 V< Vb = EVbp < 5.5 V, Vss = EVss =0 V)

Resonator Parameter Conditions MIN. | TYP. | MAX. | Unit
16 MHz internal oscillator Internal high-speed oscillation | RSTS = 1 Voo > 144 | 16.0 | 17.6 | MHz
clock frequency (frr)"™"" RSTS = 0 27V 248 | 56 | 986 | MHz
240 kHz internal oscillator Internal low-speed oscillation | 2.7V <Vob<5.5V 216 240 264 kHz
clock frequency (frL)
Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

Remark RSTS : Bit 7 of the internal oscillation mode register (RCM)).
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DC Characteristics (1/3)
(Ta=-40 to +85°C,4.0 V< Vppo = EVpop < 5.5V, Vss = EVss =0 V)
Parameter Symbol Conditions MIN. TYP. | MAX. Unit
Output current, high"*’ loH1 Per pin for P00, P01, P10to P17, | 40V <Vopb <55V -3.0 mA
P30 to P33, P120
Total of POO, PO1, P10 to P17, 40V<Vop<55V -20.0 mA
P30, P33, P120""*
Total of P31 and P32"** 40V<Vop<55V -6.0 mA
Total"** of all pins 40V<Vop<55V —26.0 | mA
lon2 Per pin for P121, P122 40V<Vop<55V -100 HA
Output current, low"** loL1 Per pin for P00, P01, P10to P17, | 4.0V <Vop <55V 8.5 mA
P30 to P33, P120
Per pin for P60, P61 40V<Vop<55V 15.0 mA
Total of P00, PO1, P10 to P17, 40V<Vop<55V 20.0 mA
P30, P33, P120™"®
Total of P31, P32, P60, P61"°° | 4.0V<Vop<55V 45.0 mA
Total of all pins"*** 40V<Vop<55V 65.0 mA
loL2 Per pin for P121, P122 40V<Vop<55V 400 HA

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from Voo to an output
pin.

2. Value of current at which the device operation is guaranteed even if the current flows from an output pin to
GND.

3. Specification under conditions where the duty factor is 70% (time for which current is output is 0.7 x t and
time for which current is not output is 0.3 x t, where t is a specific time). The total output current of the pins
at a duty factor of other than 70% can be calculated by the following expression.

e Where the duty factor of loH is n%: Total output current of pins = (loH x 0.7)/(n x 0.01)
<Example> Where the duty factor is 50%, lon = 20.0 mA
Total output current of pins = (20.0 x 0.7)/(50 x 0.01) = 28.0 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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DC Characteristics (2/3)

(Ta =-40 to +85°C,4.0 V< Vpp =EVpop <5.5V, Vss = EVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high Vin P12, P13, P15, P16 0.7Voo Voo \%
ViHz P00, P01, P10, P11, P14, P17, P30 to P33, P120to | 0.8Vop Vop \
P122, RESET, EXCLK
ViHg USBP, USBM 2.0 USBRE \
GCMe
ViHa P60, P61 0.7Vop 6.0 \'
Input voltage, low ViLt P12, P13, P15, P16, P60, P61 0 0.3Vop \
Vi P00, P01, P10, P11, P14, P17, P30 to P33, P120 to 0 0.2Vop Vv
P122, RESET, EXCLK
Vis USBP, USBM 0 0.8 Vv
Output voltage, high Vo1 P00, P01, P10 to P17, 40V<Vop<55V, Voo - 0.7 Vv
P30 to P33, P120 lon =-3.0 mA
Vohz P121, P122 lon =—-100 LA Voo - 0.5 \
Vors USBP, USBM RL =15 kQ, 2.8 3.6 \
Vss connected
Vora USBPUC low =-100 A USBREG \
c_ 05
Output voltage, low Vo1 P00, P01, P10 to P17, 40V<Vop<55V, 0.7 \'
P30 to P33, P120 lo. =8.5mA
Vor2 P121, P122 lo.=0.4 mA 0.4 \'
Vos USBP, USBM RL=1.5kQ, 0.3 \
USBREGC connected
Vous USBPUC lo.=1mA 0.4 \'
Vous P60, P61 40V<Vop<5.5YV, 2.0 \
lo. =15 mA
40V<Vop<5.5YV, 0.4 \
loo=5 mA

Note Voltage output to the USBREGC pin (3.3 V £0.3 V).

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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DC Characteristics (3/3)
(Ta=-40 to +85°C,4.0 V< Vppo = EVpop < 5.5V, Vss = EVss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input leakage current, ILiH1 P00, P01, P10to P17, | Vi=Vop 1 LA
high P30 to P33, P60, P61,
P120
ILiH2 P121, 122 (X1, X2) Vi = Vop I/O port mode 1 HA
OSC mode 20 LA
ILiHa USBP, USBM Vi = USBRECG "™’ 10 HA
Input leakage current, low | lu P00, P01, P10 to P17, Vi = Vss -1 HA
P30 to P33, P60, P61,
P120
luie P121, 122 (X1, X2) Vi=Vss I/O port mode -1 LA
OSC mode -20 UA
ILiHa USBP, USBM Vi=Vss -10 LA
Pull-up resistor Ru Vi=Vss 10 20 100 kQ
FLMDO supply voltage Vi In normal operation mode 0 0.2Vop
ViH In self-programming mode 0.8Vop Vop
Supply current™*? Iop1"**** | Operating mode fxp = 16 MHz, Voo = 5.0 V 17.5 33 mA
Iops"™**® | STOP mode Voo =5.0V 2.6 38 UA

Notes 1. Voltage output to the USBREGC pin (3.3 V £0.3 V).

2. Total current flowing into the internal power supply (Vop, EVob), including the peripheral USB, input
leakage current when input pin fixed as Vop or Vss and operation current (however, the current flowing
into the pull-up resistor of the port is not included).

3. TYP value is current of the state that supplied operating clock to USB.

Not USB data communication. Not include current used in an USB buffer.

4. MAX value is current in USB data communication.

Includes current used in an USB buffer.
5. Current of internal 240 kHz oscillator circuit does not include.

Remarks 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port

pins.
2. fxr: System clock frequency
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AC Characteristics

(1) Basic operation

(Ta=-40to +85°C, 4.0 V< Voo =EVop < 5.5V, Vss = EVss =0 V)

Parameter Symbol Conditions MIN. TYP. | MAX. | Unit
Instruction cycle (minimum Tey Main system clock (fxp) 40V<Vop<55V | 0.125 2.6 uS
instruction execution time) operation 27V<Vmm<40V | 025 26 s
External main system clock fexcLk 40V<Vop<55V 16.0 | MHz
frequency
External main system clock input | texcikh, (1/fexax ns
high-level width, low-level width | texcike x1/2) -1
TI000, TI010 input high-level triHo, 40V<Vop<55V 2/fsam + us
width, low-level width triLo 0.1%*
TI50, TI51 input frequency fris 40V<Vop<55V 10 MHz
TI50, TI51 input high-level width, | trixs, 40V<Vop<55V 50 ns
low-level width tris
Interrupt input high-level width, tINTH, 1 us
low-level width tinTL
RESET low-level width tRsL 10 us

Note fsam: sampling clock.

Selection of fsam= frrs or frrs/4 is possible using bits 0 and 1 (PRM000 and PRMO001) of prescaler mode
register 00 (PRMO00). Note that when selecting the TIO00 valid edge as the count clock, fsam= frrs.
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CHAPTER 22 ELECTRICAL SPECIFICATIONS (TARGET)

Tcy vs. Vob (Main System Clock Operation)
20.0

10.0

5.0

Xl e
2.0

1.0

Guaranteed
operation range

0.4

Cycle time Tov [ us]

0.2

/

0.1

0.01

0 10 20 /30 40 509960
2.7
Supply voltage Voo [V]

AC Timing Test Points (except Excluding External Main System Clock input)

0.8Vop . 0.8Vop
Test points
>< 0.2Vop > < 0.2Vop

External Main System Clock Timing

1/fexcik

tExcLKH

0.8Voo (MIN.)
EXCLK
0.2Voo (MAX.)

\ L

texcLkL
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Tl Timing

triLo triHo

TI000, TIO10

1/fns

tris tTiHs

TI50, TI51 \

Interrupt Request Input Timing

tinTL tiNTH

INTPO to INTP3

RESET Input Timing

tRsL
RESET l l
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CHAPTER 22 ELECTRICAL SPECIFICATIONS (TARGET)

(2) Serial interface
(Ta=-40 to +85°C,4.0 V< Vppo = EVop < 5.5 V, Vss = EVss =0 V)

(a) UARTS6 (dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate 625 kbps

(b) CSI10 (master mode, SCK10... internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK10 cycle time tkeyt 40V<Vop<55V 250 ns
SCK10 high-/low-level width tKH1, tkev1/2 — ns

trLt 20"

SI10 setup time (to SCK10T) tsik1 70 ns
SI10 hold time (from SCK10T) tsi 30 ns
Delay time from SCK10{ to tksot C =50 pF"*? 40 ns
SO10 output

Notes 1. This value is when high-speed system clock (fxH) is used.
2. C s the load capacitance of the SCK10 and SO10 output lines.

(c) CSI10 (slave mode, SCK10... external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK10 cycle time tkey2 400 ns
SCK10 high-/low-level width tKkH2, tkeva/2 ns

tkL2

SI10 setup time (to SCK10T) tsike 80 ns
SI10 hold time (from SCK10T) tksiz 50 ns
Delay time from SCK10{ to tkso2 C =50 pF™* 120 ns
SO10 output

Note C is the load capacitance of the SO10 output line.
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Serial Transfer Timing

csio:

tkcym
tkLm tkHm
/4
SCK10 \
\ \____
tsikm tKsim
S0 Input data
tksom
SO10 Output data

Remark m=1,2
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CHAPTER 22 ELECTRICAL SPECIFICATIONS (TARGET)

1.59 V POC Circuit Characteristics (Ta = —40 to +85°C, Vss = EVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vpoc 1.44 1.59 1.74 Vv
Power voltage rise inclination tpTH Voo: 0 V — change inclination of Vroc 0.75 V/ms
Minimum pulse width trw When the supply voltage (Vopb) drops 200 us

POC Circuit Timing
Supply voltage
(Vop)
Detection voltage (MAX.) }---cocmmmmmm e
Detection voltage (TYP.) [-===-=------===-r/fmmmmmmmmmmmmmmmoommmmmmmmmo o ommmmmm oo oo oo
Detection voltage (MIN.) [~~~ """~ """ """ g/ T T T T T T
Time
2.7 V POC Circuit Characteristics (Ta = —40 to +85°C, Vss = EVss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage on application of supply | Vooroc | POCMODE (option bye) = 1 2.50 2.70 2.90 Vv
voltage
498
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LVI Circuit Characteristics (Ta = —40 to +85°C, Vroc < Vob = EVop < 5.5 V, Vss = EVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection Supply voltage level Vivio LVISO =0 4.14 4.24 4.34 Vv
voltage Vi LVISO =1 3.99 4.09 4.19 Vv
Minimum pulse width tw 200 Us
Operation stabilization wait time"* | tuwarr 10 us

Note Time required from setting bit 7 (LVION) of the low-voltage detection register (LVIM) to 1 to operation
stabilization

Remark Vwivio > Vivi1

LVI Circuit Timing

Supply voltage
(Vo)

Detection voltage (MAX.)
Detection voltage (TYP.)
Detection voltage (MIN.)

towar

LVION « 1 Time
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USBF Characteristics (Ta = —40 to +85°C, 4.0 V < Voo = EVop < 5.5V, 3.0 V < VusBrecc"™'< 3.6 V, Vss =EVss = 0
V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
USBM, USBP pin output rise/fall Tr, T | CL =50 pF"*? 4 20 ns
time
Full-speed data rate ToraTe 11.97 12.00 12.03 Mbps
Bit period TBP 83.12 83.33 83.54 ns
USBM, USBP pin rise/fall time TrFm Tr/TF 90 110 %
matching
USBM, USBP pin output signal cross| Vcrs 1.3 2.0 \
point voltage

Notes 1. Voltage output to the USBREGC pin
2. Cuis the load capacitance of the USBM and USBP output lines

USBF Timing

TBP

USBP
USBM

--- Vcrs

Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage VoboR 1.44"" 5.5

Note The value depends on the POC detection voltage. When the voltage drops, the data is retained until a POC
reset is effected, but data is not retained when a POC reset is effected.

STOP mode Operation mode

Data retention mode ——

T VoopR

STOP instruction execution

Standby release signal
(interrupt request)
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CHAPTER 22 ELECTRICAL SPECIFICATIONS (TARGET)

Flash Memory Programming Characteristics
(Ta=-40 to +85°C, 4.0 V< Vbob =EVbop < 5.5V, Vss = EVss =0 V)

®Basic characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Voo supply current Iop fxr = 17.6 MHz (MAX.) 4.5 11.0 mA
Erase time"™="? | All block Teraca 10 200 ms
Block unit Terasa 10 200 ms
Write time (in 8-bit units)"" Twrwa 10 100 S
Number of rewrites per chip Cerwr Retention: 15 years 100 Times
1 erase + 1 write after erase = 1 rewrite"™®®

Notes 1. These are characteristics of the flash memory. These characteristic are not the rewrite time by a
dedicated flash programmer (PG-FP4) or by self programming.
2. The prewrite time before erasure and the erase verify time (writeback time) are not included.
3. When a product is first written after shipment, “erase — write” and “write only” are both taken as one
rewrite.

Remarks 1. fxr: Main system clock oscillation frequency

2. For serial write operation characteristics, refer to 78K0/Kx2 Flash Memory Programming
(Programmer) Application Note (U17739E).
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CHAPTER 23 PACKAGE DRAWINGS

30-PIN PLASTIC SSOP (7.62mm (300))

30 16 —V

detail of lead end

| AR } y 3 ~ ‘ u

(UNIT:mm)
D ITEM DIMENSIONS

9.70£0.10

0.30

0.65 (T.P.)
+0.10

0227605

NOTE

Each lead centerline is located within 0.13 mm of its
true position (T.P.) at maximum material condition.

0.10£0.05
1.30£0.10
1.20

8.10+0.20
6.10+0.10
1.00+0.20

+0.05
0.1575°93

0.50
0.13
0.10
30+5?

0.25(T.P.)
0.60+0.15
0.25 MAX.
0.15 MAX.
P30MC-65-CAB

© NEC Electronics Corporation 2005

sSi<|c|d|0|zZz|8|r| X |e|—-|T|®|M|mM| O|O| B>

502 Preliminary User's Manual U19014EJ1VOUD



CHAPTER 24 CAUTIONS FOR WAIT

24.1 Cautions for Wait

This product has two internal system buses.

One is a CPU bus and the other is a peripheral bus that interfaces with the low-speed peripheral hardware.

Because the clock of the CPU bus and the clock of the peripheral bus are asynchronous, unexpected illegal data
may be passed if an access to the CPU conflicts with an access to the peripheral hardware.

When accessing the peripheral hardware that may cause a conflict, therefore, the CPU repeatedly executes
processing, until the correct data is passed.

As a result, the CPU does not start the next instruction processing but waits. If this happens, the number of
execution clocks of an instruction increases by the number of wait clocks (for the number of wait clocks, see Table 24-
12). This must be noted when real-time processing is performed.

24.2 Peripheral Hardware That Generates Wait

Table 24-1 lists the registers that issue a wait request when accessed by the CPU, and the number of CPU wait
clocks.

Table 24-1. Registers That Generate Wait and Number of CPU Wait Clocks

Peripheral Register Access Number of Wait Clocks
Hardware

Serial interface ASIS6 Read 1 clock (fixed)

UART6

Remark The clock is the CPU clock (fcru).
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APPENDIX A DEVELOPMENT TOOLS

The following development tools are available for the development of systems that employ the 4#PD78F0730.
Figure A-1 shows the development tool configuration.

e Support for PC98-NX series
Unless otherwise specified, products supported by IBM PC/AT™ compatibles are compatible with PC98-NX
series computers. When using PC98-NX series computers, refer to the explanation for IBM PC/AT compatibles.

e Windows™
Unless otherwise specified, “Windows” means the following OSs.
e Windows 98
e Windows NT™
e Windows 2000
e Windows XP
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Figure A-1. Development Tool Configuration (1/2)

(1) When using the in-circuit emulator QB-780731

-------------------------- Software package @ ===-====----------o--o,

Software package

Debugging software

Language processing software

Assembler package Integrated debugger
@ C compiler package @ System simulator
Device file

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
C library source fileNote ! i
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Control software

Project manager
(Windows only)Nete2

Host machine
(PC or EWS)

USB interface cable

Power supply unit

Flash memory In-circuit emulator™ete 3
programming environment |

Flash memory .
programmer Emulation probe

Flash memory
programming adapter

Flash memory

Target system

Notes 1. The C library source file is not included in the software package.
2. The project manager PM+ is included in the assembler package.
The PM+ is only used for Windows.
3. In-circuit emulator QB-780731 is supplied with integrated debugger ID78K0-QB, simple flash memory
programmer PG-FPL3, power supply unit, and USB interface cable. Any other products are sold
separately.
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Figure A-1. Development Tool Configuration (2/2)

(2) When using the on-chip debug emulator QB-78KOMINI

e il Software package --------=---=----=---=-----------

Software package

Language processing software —————— —— Debugging software
Assembler package Integrated debugger
@ C compiler package @ System simulator
Device file

Control software

Project manager
(Windows only)Nete2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
]
. " 1
C library source fileNete! h
]
]
1
1
]
]
1
1
1
1
1
1
1
1
1
1
1

Host machine
(PC or EWS)

USB interface cable

Flash memory On-chip debug emulatorete?

programming environment

Flash memory
programmer Connection cable

l

Flash memory
programming adapter

[

Flash memory

Target connector

Target system

Notes 1. The C library source file is not included in the software package.
2. The project manager PM+ is included in the assembler package.
The PM+ is only used for Windows.
3. The on-chip debug emulator QB-78KOMINI is supplied with integrated debugger ID78K0-QB, USB
interface cable, and connection cable. Any other products are sold separately.
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A.1 Software Package

SP78K0 Development tools (software) common to the 78K/0 Series are combined in this package.
78K/0 Series software package Part number: 4SxxxxSP78K0

Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxxSP78K0
XXXX Host Machine oS Supply Medium
AB17 PC-9800 series, Windows (Japanese version) | CD-ROM
BB17 IBM PC/AT compatibles Windows (English version)

A.2 Language Processing Software

RA78K0 This assembler converts programs written in mnemonics into object codes executable
Assembler package with a microcontroller.

This assembler is also provided with functions capable of automatically creating symbol
tables and branch instruction optimization.

This assembler should be used in combination with a device file (sold separately).
<Precaution when using RA78K0 in PC environment>

This assembler package is a DOS-based application. It can also be used in Windows,
however, by using the Project Manager (included in assembler package) on Windows.

Part number: ©SxxxxRA78K0

CC78K0 This compiler converts programs written in C language into object codes executable with
C compiler package a microcontroller.

This compiler should be used in combination with an assembler package and device file
(both sold separately).

<Precaution when using CC78K0 in PC environment>

This C compiler package is a DOS-based application. It can also be used in Windows,
however, by using the Project Manager (included in assembler package) on Windows.

Part number: £SxxxxCC78K0

DF780731""? This file contains information peculiar to the device.

Device file This device file should be used in combination with a tool (RA78K0, CC78K0, and
ID78K0-QB) (all sold separately).

The corresponding OS and host machine differ depending on the tool to be used.

Part number: pSxxxxDF780731

CC78K0-L"">* This is a source file of the functions that configure the object library included in the C

C library source file compiler package.

This file is required to match the object library included in the C compiler package to the
user’s specifications.

Part number: £SxxxxCC78K0-L

Notes 1. The DF780731 can be used in common with the RA78K0, CC78KO0, and ID78K0-QB.
2. Under development
3. The CC78KO0-L is not included in the software package (SP78K0).
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Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxxRA78K0
USxxxxCC78K0
HSxxxCC78K0-L

XXXX Host Machine oS Supply Medium
AB17 PC-9800 series, Windows (Japanese version) | CD-ROM
BB17 IBM PC/AT compatibles Windows (English version)
3P17 HP9000 series 700™ HP-UX™ (Rel. 10.10)
3K17 SPARCstation™ SunOS™ (Rel. 4.1.4)

Solaris™ (Rel. 2.5.1)

USxxxxDF780731

XXXX Host Machine oS Supply Medium
AB13 PC-9800 series, Windows (Japanese version) | 3.5-inch 2HD FD
BB13 IBM PC/AT compatibles Windows (English version)

A.3 Control Software

PM+ This is control software designed to enable efficient user program development in the
Project manager Windows environment. All operations used in development of a user program, such as
starting the editor, building, and starting the debugger, can be performed from the project
manager.

<Caution>

The project manager is included in the assembler package (RA78KO0).

It can only be used in Windows.

A.4 Flash Memory Writing Tools

PG-FP5, FL-PR5, PG-FP4, FL-PR4 Flash memory programmer dedicated to microcontrollers with on-chip flash memory.
Flash memory programmer

PG-FPL3, FP-LITE3 Simple flash memory programmer dedicated to microcontrollers with on-chip flash
Simple flash memory programmer memory.
FA-30MC-CAB-B Flash memory programming adapter used connected to the flash memory programmer.

Flash memory programming adapter | ¢ FA-30MC-CAB-B : For 30-pin plastic SSOP (MC- CAB type)

Remarks 1. FL-PR5, FL-PR4, FP-LITE3 and FA-30MC-CAB-B are products of Naito Densei Machida Mfg. Co., Ltd.
TEL: +81-45-475-4191 Naito Densei Machida Mfg. Co., Ltd.
2. Use the latest version of the flash memory programming adapter.
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A.5 Debugging Tools (Hardware)

A.5.1 When using in-circuit emulator QB-780731

QB-780731"""
In-circuit emulator

This in-circuit emulator serves to debug hardware and software when developing application
systems using the ¢ PD78F073x. It supports to the integrated debugger (ID78K0-QB). This
emulator should be used in combination with a power supply unit and emulation probe, and the
USB is used to connect this emulator to the host machine.

Emulation probe

QB-144-CA-01 This check pin adapter is used in waveform monitoring using the oscilloscope, etc.
Check pin adapter
QB-80-EP-01T This emulation probe is flexible type and used to connect the in-circuit emulator and target

system.

QB-30MC-EA-01T
Exchange adapter

This exchange adapter is used to perform pin conversion from the in-circuit emulator to target
connector.
o QB-30MC-EA-01T: 30-pin plastic SSOP(MC-5A4 type)

QB-30MC-YS-01T
Space adapter

This space adapter is used to adjust the height between the target system and in-circuit emulator.
e QB-30MC-YS-01T: 30-pin plastic SSOP(MC-5A4 type)

QB-30MC-YQ-01T
YQ connector

This YQ connector is used to connect the target connector and exchange adapter.
¢ QB-30MC-YQ-01T: 30-pin plastic SSOP(MC-5A4 type)

QB-30MC-HQ-01T
Mount adapter

This mount adapter is used to mount the target device with socket.
¢ QB-30MC-HQ-01T: 30-pin plastic SSOP(MC-5A4 type)

QB-30MC-NQ-01T
Target connector

This target connector is used to mount on the target system.
¢ QB-30MC-NQ-01T: 30-pin plastic SSOP(MC-5A4 type)

Note The QB-780731 is supplied with a power supply unit and USB interface cable. As control software, the
integrated debugger ID78K0-QB and simple flash memory programmer PG-FPL3 are supplied.

Remark The packed contents differ depending on the part number, as follows.

Packed Contents

Part Number

QB-780731-ZZZ

QB-780731-T30MC

In-Circuit Emulator | Emulation Probe | Exchange Adapter YQ Connector Target Connector
QB-780731 None
QB-80-EP-01T QB-30MC-EA-01T | QB-30MC-YQ-01T | QB-30MC-NQ-01T

A.5.2 When using on-chip debug emulator QB-78KOMINI

QB-78KOMINI™*

On-chip debug emulator

This on-chip debug emulator serves to debug hardware and software when developing

application systems using the 4 PD78F073x. It supports the integrated debugger (ID78K0-QB).
This emulator should be used in combination with a connection cable and a USB interface cable
that is used to connect the host machine.

Target connector
specifications

10-pin general-purpose connector (2.54 mm pitch)

Note The QB-78KOMINI is supplied with a USB interface cable and a connection cable. As control software, the
integrated debugger ID78K0-QB is supplied.
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A.6 Debugging Tools (Software)

ID78K0-QB
Integrated debugger

This debugger supports the in-circuit emulators for the 78K/0 Series. The ID78K0-QB is
Windows-based software.

It has improved C-compatible debugging functions and can display the results of tracing
with the source program using an integrating window function that associates the source
program, disassemble display, and memory display with the trace result. It should be
used in combination with the device file (sold separately).

Part number: uSxxxxID78K0-QB

Remark xxxx in the part number differs depending on the host machine and OS used.

HSxxxx|D78K0-QB

XXXX

Host Machine

0S

Supply Medium

AB17

BB17

PC-9800 series,
IBM PC/AT compatibles

Windows (Japanese version)

CD-ROM

Windows (English version)
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APPENDIX B REGISTER INDEX

B.1 Register Index (In Alphabetical Order with Respect to Register Names)

11

16-bit timer capture/compare register 000 (CRO0D0D)..........eeiuiieiteieieeeteeeiee ettt e e b e e sbeease e sbeesneesabeesneeenees 115
16-bit timer capture/compare register 010 (CROTO) .......uiiiiiieiieiiee et e e s sn e e e e saneee s 115
16-bit timer counter 00 (TIMOO)........ciueeitee ittt ettt sa et rb e e bt e e b et e b e e e b e e e ne e st e e ean e e et e e aaneesabeeenneennneennneeanes 115
16-bit timer mode control register 00 (TMC00) .......ccooueeitieiiie ettt ettt esr e b e e sane e ebeesaneesareesneeenees 118
16-bit timer output control register 00 (TOCOD0)........eeuiiiieeieirii e et e et e s e e e s e e e eanb e e e sanneeessnneeens 121
(8]

8-bit timer compare regiSter 50 (CRB50)......cuuiiiieieeeiiiee ettt et e e b e e e s e s e e e s e b e e enn e e e an e e e s an e e e s 180
8-bit timer compare regiSter 51 (CRBET) .. ci ittt e ettt e st e e e s st e e e e et e e e sane e e e snbeeeeanneeeeennes 180
8-bit timer COUNTET 5O (TIMB0).......eeiueeiuiieitie ettt ettt ettt ettt ettt bt be e e b e e e bt e et e e e bt e st e e e st e s beeeseesabeeenseesabeesnneennneas 180
8-Dit tIMEr COUNTET 51 (TIMBT ).ttt e e e s bt e e e e e e s b e e e e e ab et e s amnn e e e enr e e e s anne e e e annnes 180
8-bit timer H carrier control regisSter 1 (TMOCY C) ..o ittt et s e e e e e s e e e st e e e eneee e ennes 200
8-bit timer H compare register 01 (CIMPOT) ..ottt sae e b e s e st esneenane s 197
8-bit timer H compare register 11 (CIMPT1) ...t e e e s e e s sanes 197
8-bit timer H mode register 1 (TMHMDT) .. ...oiiiiie ettt e ettt e e s et e e e et e e s emne e e e snbeeeeanneeeesnnes 198
8-bit timer mode control register 50 (TMC50) .......coiuieiiieiiie ettt et et s b e e se e st e e eneesabeesneenaneas 183
8-bit timer mode control re@ister 51 (TMOCBT) ....eiiiiiieie e e e s e e sb e s e e e 183
[A]

Asynchronous serial interface operation mode register 6 (ASIMB) .......coocuiiiiiiieeiiiie e 227
Asynchronous serial interface reception error status register 6 (ASIS6)........ccceeiiiiiie e 229
Asynchronous serial interface transmission status register 6 (ASIFB) ..........ccooiiiiiiiiiiieree e 230
[B]

Baud rate generator control register 6 (BRGICB).......ccc.uiiiiiiiiiiiie ettt st sr e s ese e e sae e e saeeeneeaa 232
[C]

Capture/compare control register 00 (CRCO0).......ccuuiiiuiiiiiieitie ettt ettt ettt e st eese e st e e eneesabeesneesaneas 120
Clock operation mode select regiSter (OSCCTL) ....ciiuiiiiiiiiee ettt e e ab e s enr e e e s 85
Clock selection regiSter B (CKSRB)........cuiiiiiii e e et eee et e e et e e e saee e e e abee e e sneeeesabeeeeaanseeesanneeeesnbeeeeanseeeeannees 231
[E]

External interrupt falling edge enable register (EGIN)........cooouiiiiiiiiiee e e e 400
External interrupt rising edge enable register (EGP).........oooiiiiiiiiie e e 400
[

Internal oscillation mode register (RCM) ........couiiiiiiiee ettt b et e sae e et e e e neesabe e sneenaneas 87
Internal expansion RAM size switching register (IXS).......oo e 452
Internal memory size sSWiItching re@iSter (IMS) .........iii it e s e e e st e s ennee e s snneeean 451
Internal oscillation Mode register (RCM) ........oo it ettt sae e b e e sae e et e e neesab e e sneennneas 87
Interrupt mask flag register OH (IMKOH) .....coo et e e e e s nr e e s anneee s 398
Interrupt mask flag register OL (IMKOL).......coo i ittt e e e sttt e e s e e e e et e e s sane e e e saeeeeenteeesnnneeessnneeenn 398
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Interrupt mask flag register TH (IMKTH) ...t be e et n e s esareenanas 398
Interrupt mask flag regisSter TL (ML) ....coi et e e st e e e e nr e e e sne e e e e nnneeeeanes 398
Interrupt request flag register OH (IFOH) ......coiuiiiiiie e et n e s sn e nanes 396
Interrupt request flag re@iSter OL (IFOL)........ooi ittt et st e et st eebe e et e e eneesabeesnreenanas 396
Interrupt request flag register TH (IFTH) ..o e e e e e snre e e e 396
Interrupt requEst flag reGISTEr TL (IFTL) ...eiii ettt e e st e e e e at e e e s ae e e e e s bt e e e eanteeesneeeeenneeeeennee 396
[L]

Low-voltage detection level selection register (LVIS) .........couii it 438
Low-voltage detection register (LVIM)...... .. .ottt sttt st e e st e st e e san e e sabeesaneesnneenaneeaee 437
[(M]

Main clock Mode re@iSter (IMCIM) .........ioiiiiiieee ettt ettt b et s b e e et et e sbe e et e e e beesabe e sareeeae e e saeeenneeeannesneean 89
Main OSC control re@iSTEr (MOC) .......oiiiiiieeeii ettt st e e s e e s eab e e e sn e e e e e be e e s enre e e snneeeeanreeennee 88
[O]

Oscillation stabilization time counter status register (OSTC)........cuiiiiiiiii i 90, 410
Oscillation stabilization time select register (OSTS) ......uiiiii it 91, 411
[P]

PLL CONEIOI FEGISTEE (PLLC) ...ttt ettt ettt eb e e e e bt e b e e bt e bt e e b et e et e ea st e sar e e ean e e sseeeane e e nnnesanne s 92
Port MOde reGiStEr O (PIMD) .......oiiueiiiii ettt ettt ettt st e e st e st e e ea s e e s a b e e eae e e sae e e eabe e sabeeaaeeesaeeenneeeaneeenee s 76
(e e g loTe (ol g=To 1y (= i I {1V 1 TSP PP UPRPP PRSP 76
POrt Mode regiSter 12 (PIMT2) ...ttt ettt e e sttt e e e sttt e e as e e e e an bt e e e aaseeeesneeeeeanbeeeeaneeeesnseeeennreeennee 76
Port MOde reGiStEr 3 (PIMB) ... ..ttt ettt a e st e e ea bt e s et e e ea st e sae e e eabe e sareeeae e e sseeeane e e anneenee s 76
POrt MOAE rEQISTEN B (PIMB) .......eeiiieiiiee ittt ettt e e et e e e as e e e s b et e e e bt e e e s nne e e e e be e e e anreeesnneeeeanreeennee 76
Lo T g B (=Y o 153 (=1 g {0 ) SRS 77
Lo R =T 1151 (=T I 1 PP PPTOUPTUPR 77
[ado el (oo 151 (=T g P2 (o 2 PP U PP OTRUPR PRSP 77
Lo g B (=T o 153 (= g T (2 ) S SPSN 77
[T =T [1S] (TG () PRSP OUPTUPR 77
Prescaler mode register 00 (PRMOO) ........coiiiiiiiiiiiie ettt st e e s et e e sse e e s sn e e e e anre e e sanneeesanneeeeas 123
Priority specification flag register OH (PROH) ..........eiiiiiiiee ettt e e s e e e st e e s eanee e s snneeeean 399
Priority specification flag regiSter OL (PROL) ........cceoitiiiiee ittt sttt sttt sbe e sbe e san e sabeesane e sneeenaeeeaee 399
Priority specification flag register TH (PRTH) ....ooo it e e 399
Priority specification flag register TL (PRTL) ....cooi ettt e et e e et e e s sne e e e snte e e senneeesnnneeeeas 399
Processor clock CoNtrol reGISTEr (PCC) .....c..uiiiiieiiie ettt ettt ettt ettt ettt e sb e e eab e e sareesab e e saeeenbee e anneeneean 86
Pull-up resistor option register O (PUD) .......cooiiiiiiiiieiie ettt et e rne e e e s b e e e s ene et e snn e e e eanreeennee 78
Pull-up resistor option register 1 (PUT) ...ttt e ettt e st e e e st e e e ente e e sneeeeennbeeeenee 78
Pull-up resistor 0ption register 12 (PUT2) ... .ottt sttt s sbe e st e e sar e s seeesne e e sneeenee s 78
Pull-up resistor option register 3 (PUS) ..ottt e st e s e e e e e e 78
Pull-up resistor option regiSter B (PUB) ..........c.uii oottt st e ettt e e e et e e e sane e e e sbeeeesnteeesneeeeeanreeeenee 78
[R]

Receive buffer register 6 (RXBB) ........icuuiriiiiiie et ee ettt e et e e et ee e e s et e e sttt eeeaateeessaseeeeasaeeeeanseeesneeeeenneeeeanee 226
Receive Shift rEGISIEr B (RXSB) .....ceueiiuiie ittt ettt sb et b et sb et e b e e e bt e e be e e bt e e bt e e be e e beeabeeenbeeeaneesabeesnreennnas 226
Reset control flag register (RESF) ... e e 429
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[S]

Serial clock selection re@ister 10 (CSICT0) .. .uiiiuuiieiiiiieeei it e et e e e e e et e e s e e e e sabe e e s anne e e e sannes 258
Serial I/O shift register 10 (SIOT0) .....ccuiiiieeeiie ittt e e e b e e ne e s b et e b e e s b e e eneesareesaneennne s 256
Serial operation mode register 10 (CSIMT0).....c.uiiiiii ittt s e b e e e sbe e e seesabeesneenaneas 257
[T]

Timer clock selection regiSter 50 (TCLS0) .....cc.utiieiaiiierieeeitet ettt ree ettt et e e sbe e ebe e e sbeesbe e e sbeeeane e sabeesnseesbreenneeenres 181
Timer clock selection regisSter 51 (TCOLST) .o.uiii it e e sk e e e sr e e e snneeeanneeeeans 181
Transmit buffer register 10 (SOTBT0) .......ociiiiiiiieeiie ettt et sae e s b e e sae e e shre e sane e sabeesnn e e sbneenneeeanes 256
Transmit DUFFEr r@GISTEr B (TXBB).......cciiueieiuieitit ettt ettt ettt et e et e et e bt e st e e st e e eabe e st e e eane e sabeesneeesbeeeneeentes 226
Transmit Shift rEGISTEr B (TXSB) .......eeeeiiiieeiii ettt e s e e e s b e e e e s e et e s asne e e e abe e e s anreeesneeeeanneeeanns 226
[l

UFO active alternative setting register (UFOAAS)..........oi e s 318
UFO active interface number register (UFOAIFN) ........ooi ittt e e st e s e e st e e e ennee e e snnes 317
UFO address register (UFOADRS) .......coiiiiiiieiiet ettt ettt ettt ettt e s e et esab e e s e e e sab e e saneesae e e saeeeabeeenbeeenneeaas 340
UFO alternative setting status register (UFOASS) .........oo i 319
UFO bulK in 1 regiSter (UFOBIT) .....oo ittt ettt e ettt e e e et e e st e e e s e e e e e ne e e e s anseeeeanbeeeeanneeeeannes 332
UFO bulk out 1 length re@ister (UFOBOTL)......coiuiiiiiiiiii ettt sttt sttt st sie e sie e bt e sae e e sae e e saeeenne e e sneeeneeans 331
UFO bulk out 1 regisSter (UFOBOT) ...ttt ettt e e et e st e e et e e et e e e s anne e e e anbeeesannneesannns 328
UFO CLR request register (UFOCLR) .......oou i eeiee ettt ettt e ettt e e st e e e st e e e st e e e snee e e s enneeeesnbeeeeanneeeeannes 289
UFO configuration register (UFOCNF) .........oi ittt ettt ettt sttt e st e s st e e saneesae e e saeeenneeenbeeenneean 341
UFO0 configuration/interface/endpoint descriptor registers 0 to 255 (UFOCIEQ to UFOCIE255) ........cccceveviiveinineeennee. 346
UFO data end register (UFODEND) .......ccoiu it eiiee e sttee ettt e e st e et e e ettt e e s et e e e s ne e e e e anbeeeesaneeeessnneeeeanseeesanneeeeannes 313
UFO descriptor length register (UFODSCL) ..........iiiiiiiiieiie ettt ettt ettt st ee e sae e e sae e e sne e e sneeeneeans 344
UFO device descriptor registers 0 10 17 (UFODDO t0 UFODDT7) ....ceiiiiiiiiiiiiiee ettt 345
UFO device status register L (UFODSTL) .....cuiiiiiieiiieeeiiiee ettt et ee st s st e e s st e e e st e e e sneeee s snneeeesnseeesanneeeesnnees 336
UFO0 endpoint 1 interface mapping register (UFOETIM).......coouiiiiiiiiieeie ettt 320
UF0 endpoint 2 interface mapping register (UFOE2IM).......coooiiiiiiieiee et 321
UFO EP status 0 register (UFOEPSO)........uuiiiiiiie ettt et s st e e et e e e st e e e snee e e s snneeeesnbeeesanneeeeannes 291
UFO EP status 1 register (UFOEPST) ... ittt sttt ab e s e e e sae e e s aeeene e e beeeaneean 292
UFO EP status 2 register (UFOEPS2)........ .ottt e e e e e e ennes 293
UFO EPO length regisSter (UFOBOL) .......cco ittt sttt et st e et e e st e e e s nee e e s anneeeeanbeeeeanneeeennnes 323
UFO EPO read register (UFOEOR) .......uei ittt ettt ettt sttt e st e s e e e s st e e s areesbe e e smeeeneeebeeenneeaa 322
UFO EPO setup register (UFOEOST)......couiiiiieiiiiie ittt ettt s et et e e e bt e e e e e e s enne e e e anb e e e eannneeeannnes 324
UFO EPO status re@ister L (UFOEOSL) .......uiiiiiiiiieeiie ettt e ettt e st e s ee e e s see e e snte e e s snneeeeanbeeeeanneeeesnneas 337
UFO EPO write register (UFOEOW) ........ooiiiiiiieitii ettt ettt sttt sttt st s e e s be e e saneesbe e e saeeeneeebeeenneeaa 326
UFO EPONAK regiSter (UFOEON) ........ueeiiiiiieeeiiiet ettt st e et e s ase e s e e e s s e e e s amne e e e s amne e e e anreeesannneesannees 282
UFO EPONAKALL register (UFOEONA) ..ottt ettt ettt e e st e e e sabe e sne e sar e e saneeane e e nneeeneeaa 284
UFO EP1 status re@ister L (UFOETSL) .......iiiiiiiiieiieeitit ettt ettt ettt sttt ettt sb e san e e sae e e saeeene e e nbeeenneeaa 338
UFO EP2 status re@ister L (UFOE2SL) ........veiiiiiiieeee ettt sttt ettt e e e e s anne e e e 339
UFO EPNAK mask register (UFOENM) ........ooo ettt st e sttt e e sttt e e st e e s sane e e e snbeeeeenneeeeennes 287
UFO EPNAK register (UFOEN) ........oiiiiiii ittt sttt st sat e st e e sae e e s st e e s be e e s mneesae e e sneeenneeenbeeenneeaas 285
UFO FIFO clear 0 register (UFOFICO) .......uuieiiiiiieiiieee ettt e et e s e s e e ssne e e s amne e e e anb e e e sannneesannes 311
UFO FIFO clear 1 register (UFOFICT) ..ottt sttt e e ettt e st e e e st e e e s e e e s anae e e s snneeeesnbeeesanneeeeanneas 312
UFO GPR regiSter (UFOGPR).....ccitiiiiiiitit ettt ettt sttt ettt ettt e e sab e e st e e sae e e saeeeabe e e saneesbeeesneeeneeebeeenneeaa 314
UFO INT clear 0 register (UFOICO) .......cooiiiiieiiiie ittt ettt e et e e ene e e e s anne e e e anb e e e sannne e e annes 306
UFO INT clear 1 regisSter (UFOICT) ... .. ettt ettt e ettt e e et e e s eae e e e amte e e e e nee e e s anneeeeanbeeeeanneeeeannes 307
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UFO INT clear 2 register (UFOIC2) ..ottt sttt sttt sat e st e e s ate e s b e e san e e sabeesaneesnneenaneeaee 308
UFO INT clear 3 register (UFOIC3) .....ooo ittt ettt e et e e et e e s eann e e e s nn e e e e anbe e e s annneesanneeeean 309
UFO INT clear 4 register (UFOICA) .......c.uii ittt sttt sttt et st e san e st e e nnne e nbneennneean 310
UFO INT mask 0 regiSter (UFOIMO) ..........ueoiiieieeeiee ettt stee st et e st e st st esaseesab e e saseeeabe e sabeesmneesabeesnneesbneennnennee 301
UFO INT Mask 1 regisSter (UFOIMT) ...ttt e st s e e e s sn e e e s e e e s ennn e e s anneeeeas 302
UFO INT mask 2 regiSter (UFOIM2) ... ettt e ettt s st e e e sate e e e s bt e e e santee e s anseeeeanteeesanneeesanneeeaan 303
UFO INT Mask 3 register (UFOIM3) .......ccuei ittt ettt ettt sttt st ese e sab e e sab e e sate e sabeesaneesabeesnneesbneennneenee 304
UFO INT Mask 4 regisSter (UFOIMA) ... ettt ettt e st e s bt e e ene e e e s nn e e e e asbe e e s ennneesanneeeeas 305
UFO INT status O regiSter (UFOIS0)........uuiiiiiiie ettt e sttt e st e e st e e e sste e e s santeeesnseeeeanteeesanneeeeanneeeean 294
UFO INT status 1 register (UFOIST) ... .ottt sttt st sae e e e e eae e e s mb e e san e e sabeesnneesnneennneeae 296
UFO INT status 2 regisSter (UFOIS2)..........ueiiiiie ettt e st e e s s s e e e st e e e s nnn e e s nnneeeeas 298
UFO INT status 3 regiSter (UFOISB)......co ittt ettt e et e e sttt e e s snte e e s eante e e s nseeeeanteeesanneeesanneeeean 299
UFO INT status 4 regiSter (UFOISA)..... ..o ettt sae e sab e e eae e e st e e san e e sabeesnneeseneennneeaee 300
UFO interface 0 register (UFOIFO) ......cooiiiii ittt sttt et e st e e st e e e st e e s s e e e e s bn e e e e s be e e samnneeeanneeeean 342
UFO interface 1 to 4 registers (UFOIFT 10 UFOIFA) ........ueiii ettt st e e et e s e e e ee e 343
UFO0 mode control register (UFOMODC)........coouiiiiiiiieieiee ettt sttt sttt st e e st sabeesab e e sabeesaneesaneenaneeaee 315
UFO0 mode status register (UFOMODS) .......ccoiiiiiiiiieiiieee ettt st e s e b e e s e e e s snne e e s aare e e s eanneeeanneeeeas 316
UFO SET request register (UFOSET) .....uiiiiiiiie e iitee ettt st e e st e e st e e s st e e e e mtee e e snteeesanseeeeanteeesanneeeeanneeeenn 290
UFO SNDSIE regiSter (UFOSDS)......ccuutiitiieiieitie ettt ettt ettt et e bttt e s eeesabe e sbeeeabeesabeesaneesabeesnneesbneennneenee 288
USB clock control re@iSter (UCKC) .....couiiiiiiiiie ettt ettt st et e e e e st e e s nn e e e e abe e e e enne e e snreeeaanreeennes 93
USB function 0 buffer control register (UFOBC) .........cicuuieiiiiiieieiie e eiiee e siee e st e st ee e et e st e e s snseeeesnteeessneeeesnneeeean 348
wi]

Watchdog timer enable reQister (WDTE)........cou ittt st e et e e e ssee e e s bt e e e s anbe e e sneeeesneeeeenneeeesnee 219
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B.2 Register Index (In Alphabetical Order with Respect to Register Symbol)

[A]

ASIF6: Asynchronous serial interface transmission status register B...........cceiiiiiriiiiiiiiie e 230
ASIM6: Asynchronous serial interface operation mode regiSter B...........cccueviiiiieiiiiiie e 227
ASIS6: Asynchronous serial interface reception error status regisSter 6 ..........cocvviveeriiiireeriee e 229
[B]

BRGCS6: Baud rate generator CONrOl FEGISTET B .........cc.uiiiriiiiii ettt et e sar e e sne e e sneesnee 232
[C]

CKSR6: ClOCK SEIECHON FEGISTEI B ...ttt ettt b e bt ne e st e e s e e et e e ene e s b e e anneenane s 231
CMPO1: 8-bit timer H compare register 01 ........oouiiiiie ittt sttt e e ne e st e e sneenane s 197
CMP11: 8-bit timer H compare register 11 ... e 197
CRO00: 16-bit timer capture/compare regiSter 000 ............ccueiieeriieiieeiie et e e sre e b e sneenanees 115
CRO010: 16-bit timer capture/compare regiStEr 070 .........coiiii ittt st s e s b e ne e s b e eneesaneas 115
CRB50: 8-bit timer compare regiSter 50 ..o e 180
CR51: 8-bit timer COMPAre reGISTEI 51 ... ittt ettt e st e e b e e et e e e s e s r e e saneennne s 180
CRCO00: Capture/compare CONLrol r@GISTEI D0 .......coeuuieiiriiiiieitiierieeestee ettt e ste e sae e be e sae e rbeeesse e s beeeaseesbeeeneesabeesneesaneas 120
CSIC10: Serial clock selection register 10 ... e e 258
CSIM10: Serial operation MO rEGISTEI 10 .........uiiiiieiiieeiie ettt e e st e ese e et e e eneesar e e sneenanees 257
[E]

EGN: External interrupt falling edge enable rEQISTEN ........ooiiiii i e e et e e e sneeee s 400
EGP: External interrupt rising €dge enable rEQISEN ..........oiiiiiiiiiiii et 400
[

IFOH: Interrupt request flag regisSter OH..........c.oii e e s s s e e e as 396
IFOL: Interrupt request flag regiSter OL..........coouii i e e e 396
IF1H: Interrupt request flag regiStEr TH..... oo et e e e e e e nt e e e snneee s snneeean 396
IF1L: Interrupt request flag regiSter TL ... ... e e s e n e snn e e nnneeeas 396
IMS: Internal memory Size SWItChiNG FEGISTEr..........ooiiii e e e 451
IXS: Internal expansion RAM Size SWItChING rEGISTEN ........ccoiiiiiiiiiii e 452
[L]

LVIM: Low-voltage deteCtion FEQISTEN ... .o et e e et e et e e e e e anb e e e e e e e e e nneneeeas 437
LVIS: Low-voltage detection level SEIECHON FEGISIEN ........c.eiiiii it ene e 438
[(M]

MCM: Main CIOCK MOOE FEGISTEN. ... ..i ittt ettt e b bt e et s be e ean e e sabeeeaneesabeesnneeseeeennneeaees 89
MKOH: Interrupt mask flag register OH............coi e e 398
MKOL: Interrupt mask flag regiSter OL ..........ooo ittt e e st e e e et e e e et e e s eane e e e snbeeeeanneeeeennes 398
MK1H: Interrupt mask flag register TH........ooo e e 398
MK1L: Interrupt mask flag register TL ... e e 398
MOC: Main OSC CONIIOI FEGISTET .......eeeeeeiiiee ettt et e e ettt e e s bt e e sneee e s beeeeeanseeesaaneeeesasaeeeeanseeesanneeesanneeean 88
[O]

OSCCTL: Clock operation Mode SEIECT FEISTET .......uuiiiiiiiie ettt e e e e et e e s e e e sbee e e eneeeeennes 85
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OSTC: Oscillation stabilization time counter status regiSter.........ccuvuiiiiiir i 90, 410
OSTS: Oscillation stabilization time Select regiSter ............oooii i 91, 411
[P]

O o =T I=] (=T o O PO O PR OTRTURR 77
Lo R o g (=T 11 (=] o TP PTTP U PRPPTPN 77
[ 2 oo T B (=T o 1] (= e I PSSP 77
[T o T =T [=] (=T OO OO PR OTRTURR 77
el o g (=T |51 (=T g TP TU O PPPTPN 77
PCC: ProcessOor ClOCK CONIOI FEGISTE .......ccueiitiietit ettt ettt sttt esae e e sae e e sae e e sabeesaeeesseeenneeeaneeenneean 86
PLLC: PLL CONIOI FEQISTEN ...t st e e s e s s e e aa e e s re e e ne s e saeesnee s 92
L O o T i g g ot [N £ | (=Y O U PETP PP PPPTPN 76
[ Y R o T T o (=N (=T 13 1= PP TRRPPRRR 76
PM12: Port Mmode regiSter 12 ...... ..ot st e e ae e s e e eae e 76
[ S N o T i g g ot LR £ | (=Y g TP PETP PP PPPPPN 76
PMB: POIt MOTE FEISIEE B ...ttt e e st e s e e s n e e e e s r et e e e sne e e e e re e e s anne e e snneeeeanreeennne 76
PROH: Priority specification flag register OH.............coi e e 399
PROL: Priority specification flag regiSter OL...........c.ueii i et e et e e e nee e e s ene e e e anteeesenneeeesnneeeean 399
PR1H: Priority specification flag regisSter TH...........e e 399
PR1L: Priority specification flag register TL..........oo e e e 399
PRMOO: Prescaler mode regiSTEr 00 .......ooiueiiiiiiiiieiie ettt ettt e e e e ettt e e e e e e s ab e et e e e e s e s e nbne e e e e e e e sannreeeeaeeeanas 123
PUO: Pull-up resistor Option regISIEr O........coicieiiieie et e e s e e e e s e e e s enn e e e snneeesanreeenanee 78
PU1: Pull-up resistor OPtION FEQISIEr T ... ...ttt e st e s s et e sne e e e enreeennee 78
PU12: Pull-up resistor Option regiSter 12........ et e e e e e e e e e e e e e sanbeeeeeeeeanan 78
PU3: Pull-up resistor Option regISEr 3.......ooo it e s e e s enne e sne e e e e anreeennee 78
PUB: Pull-up resistor OPHION FEQISIEr B.......ceiiiiiii ittt e e e st e e s e s e e e snn e e e e nreeenanee 78
[R]

RCM: Internal oscillation MOAE FEGISLEN ........cc.uiiiiiiii e 87
RESF: Reset CONTrOl flag rEOISTEN ......cc ettt ettt s e e st e e e s st e e s raee e e e abeeeeeanteeesneeeesnneeeeenee 429
RXBB6: ReCeIVE DUFFEI FEQISTET B......ceii ettt e e et e s e e e s nn e e s e nn e e e snn e e e enneeennnee 226
RXS6: Receive Shift FEQISTEE B ...........oiiiiiiie e e e s s s e 226
[S]

SI010: Serial 1/O shift re@iStEr 10...... ..o e s e s sae e 256
SOTB10: Transmit DUFEr FEGISTET 10 ....oiieeiiie et et s et e e e st e e e s s e e e e saneeeesnbeeesanneeeesnneeas 256
[Tl

TCL50: Timer clock SEleCtion regiSTEr 5O .........coiuiiiiieitii ettt s r e e st saee e b e e nneeenee s 181
TCL51: Timer clock SElECtioN regiSTEr 51 .....ouiiiiiiiie ittt et e e st e sae e e be e e naeeenee s 181
TMOO: 16-Dit IMEI COUNTET D0 ...ttt ettt e e e e e et e e e s se et e e asne e e e anbe e e e annneeesaneeeeabneeeannee 115
TMB0: 8-Dit tIMET COUNTET B0 ....eeiiiiiiiiiieie et s e e e s b e e s e e s e s e e e e e re e e s ennn e e s sane e e s arneesnanee 180
TMB1: 8-Dit tIMEE COUNTET BT ...t e e e e e s e e e s s n e e e e e re e e s ennn e e s sanneeearneeennnne 180
TMCOO0: 16-bit timer mode control register 00 ............oouii i 118
TMCS50: 8-bit timer Mode CONTrol FEGISTET 5O .........iii it e e e e e e s e e e s bt e e e e snteeesneeeesneeeeenneeeesnee 183
TMC51: 8-bit timer mode CONTIOl FEGISTET 5T ........ei ittt ettt e a e s sae e e nbe e e saeeenee s 183
TMCYCH1: 8-bit timer H carrier control register 1 ... e 200
TMHMD1: 8-bit timer H MOde regiSter ... .o ettt e e et e e e e s e aebe e e e e e e e s nnneee 198
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TOCO0O0: 16-bit timer output CONEIOl FEGISTE D0 ........eiiuiiiiieeiiii ettt ettt ettt sb e e b e sbe e sbe e s beesae e e sereenneeeees 121
TXB6: Transmit DUfEr regiSTEr B.........oouei e e 226
TXS6: TranSMit SNIft FEQISIEN B.....uueeeiiiiiie ettt e e e e ettt e e s et e e e e snbe e e e aaeeee s snneeeeanbeeeeaneeeesnneeeeaseeeennns 226
[l

UCKC: USB CIOCK CONEIOI FEGISTEN .......eeeteieieeeiet ettt ettt ettt ean et e et e st e e e an e e sab e e ean e e snreennneenee 93
UFOAAS: UFO active alternative SEtting regiSTer........ouui it 318
UFOADRS: UF0 @ddress rEQISTEr.........ciiiiiiiie ittt s e e ae e e sae e s ne s s sneesne e 340
UFOAIFN: UFO active interface NUMDET FEGISTE .......cc..iiiiiiiiie ittt e e e 317
UFOASS: UFO alternative Setting StatUs rEQISEN ... ...coueiiiiiiiiie ettt eneeea 319
UFOBC: USB function 0 buffer control register..............ooiiii e 348
(80T O L o1 | T B B =T ] (=] TP PUPT PP 332
UFOBOT: UFO DUIK QUL T FEOISTET ...ttt ettt sttt sttt sae e st e e sae e e s he e e be e e saneesae e e saeeenneeenbeeeaneeaas 328
UFOBO1L: UFO bulk out 1 1ength reGiSter.......cccuiiiiie e e 331
UFOCIEO to UFOCIE255: UFO0 configuration/interface/endpoint descriptor registers 0 10 255........ccccceevveeniieneernenne 346
UFOCLR: UFO CLR reQUESE FEOISTEN .....eitiiiiiieitii ettt ettt ettt ettt ettt st esab e e s st e e s be e e saeeesae e e smeeenbeeenbeeenneeans 289
UFOCNF : UFO configuration FegiSTer..........ocuei it 341
UFODDO to UFODD17: UFO device descriptor registers 0 10 17 ........eoii ittt 345
UFODEND: UFO data €N FEQISTEN ......eeiiiiieeeiiiiie et e st e st e s e s et e s e e s s e e e s amnn e e e s emne e e e anre e e sannneeennnnes 313
UFODSCL: UFO descriptor 1ength regiStEr ...........ooiiiiiii e e 344
UFODSTL: UFO device STatUS FEGISTET L .....ooe ittt ettt e et e e st e e s st e e e st e e e nnnee e e ennes 336
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