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9-LINE MULTIMODE SCSI TERMINATOR
WITH SPI-3 MODE DELAY, DISCONNECT, AND STATUS LINES

FEATURES

® Auto Selection Single Ended (SE) or Low
Voltage Differential (LVD) Termination

® Meets SCSI-1, SCSI-2, SCSI-3 SPI, Ultra

(Fast-20), Ultra2 (SPI-2 LVD), Ultra3/Ultra160

(SPI-3) and Ultra320 (SPI-4) Standards
® 2.7-Vto5.25-V TERMPWR Operation
Differential Fail-Safe Bias

® Pin Compatible With UCC5630A With Digital
SPI-3 Mode Change/Filter Delay
® Thermal Packaging for Low Junction
Temperature and Better MTBF

AVAILABLE OPTIONS

DESCRIPTION

The UCC5670 SCSI multimode terminator, comprises
both single-ended (SE) and low-voltage differential
(LVD) termination and is intended to bridge the
transition from single ended to LVD SCSI parallel
interface (SPI-2), (SPI-3), and (SPI-4). The low voltage
differential signaling configuration is required to meet
the higher SCSI speeds and smaller skew budgets. LVD
is specified for Ultra2, (Fast-40), Ultra3/Ultral60
(Fast-80), Ultra320 (Fast-160) and meets the
requirements for speeds up to Fast-320. The UCC5670
can not be used with High Power Differential
(HIPD)—-(EIA485) devices. When it detects high power
differential devices, the terminator lines switch to a high
impedance state.

The UCC5670 is offered in a 36-pin MWP package.

Packaged
Disconnect Device
A Status
MWP
0°C to 70°C Regular UCC5670MWP

T The MWP package is available taped and reeled. Add R suffix to device
type (e.g. UCC5670MWPR) to order quantities of 1000 devices per reel.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. P
testing of all parameters.
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MWP PACKAGE

(TOP VIEW)
REG [|1© 36 || TERMPWR
NC []2 35 || HIPD
NC []3 34 |] LVD

LINE1+ [ 4 33 || SE

LINE1- [| 5 32 [] LINE9-

LINE2+ []6 31 || LINE9+

LINE2- [] 7 30 |] LINES-

HSGND [| s 29 ] LINE8+

HSGND [ 9 28 |l HSGND

HSGND [] 10 27 [l HSGND

LINE3+ [J12 26 || HSGND

LINE3- []12 25 I LINE7-

LINE4+ []13 24 [} LINE7+

LINE4- [| 14 23 | LINE6-

LINE5+ [| 15 22 [l LINE6+

LINE5- [| 16 21 [l DIFFB

DISCNCT [ 17 20 DIFSENS
GND [] 18 19  MSTR/SLV
NC - No internal connection

absolute maximum ratings over operating free-air temperature (unless otherwise noted) TF
TERMPWR VO AQGE . . .o o it e e ettt e e e e et e e et e e ettt 6V
Signal INe VOItage . . ... OVto6V
Package power diSSiPation . . ... ...t e 2W
Operating junction temperature, T . ... -55°C to 150°C
Storage temperature, Tgpg . ... ovovvnee —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

A voltages are with respect to GND. Currents are positive into, negative out of the specified terminal.
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electrical characteristics, T a =0°C to 70°C, TERMPWR =2.7 V to 5.25 V, (unless otherwise stated)

supply current (TERMPWR)

PARAMETER TEST CONDITION MIN TYP  MAX | UNITS
LVD mode (No Load) 35 50 mA
TERMPWR supply current SE mode (No Load) 21 35 mA
Disabled terminator 0.65 1 mA
regulator (REG)
PARAMETER TEST CONDITION MIN TYP  MAX | UNITS
LVD mode 1.15 1.25 1.35 \%
REG output voltage -
Single ended mode 25 2.7 3.0 Vv
Short circuit source current VREG =0V -800 -420 -225 mA
Short circuit sink current VREG =3.3V 100 180 420 mA
differential sense regulator (DIFSENS)
PARAMETER TEST CONDITION MIN TYP  MAX | UNITS
Output voltage -5 MA < Ip|ESENS <50 UA 1.2 1.3 1.4 \%
1.3-V regulator source current Differential sense =0 V -15 -8 -5 mA
1.3-V regulator sink current Differential sense = 2.75V 50 80 200 LA
differential termination (LINE+,LINE-) or (LINE(n)+,LINE(n)-)
PARAMETER TEST CONDITION MIN TYP  MAX | UNITS
Differential impedance 100 105 110 Q
Common mode impedance L+ and L- shorted together, See Note 2 110 150 165 Q
Differential bias voltage 100 113 125 mV
Common mode bias L+ and L- shorted together 1.15 1.25 1.35 \%
Output capacitance Single ended measurement to ground, See Note 1 3 pF
single ended termination
PARAMETER TEST CONDITION MIN TYP  MAX | UNITS
Impedance See Note 3 100 108 116 Q
Signal level 0.2 V -25.4 -23 -20 mA
Termination current
rmination eurren Signal level 0.5 V 224 20 17| mA
Output capacitance Single ended measurement to ground, See Note 1 3 pF
Single ended GND sw impedance +/- 5 mA 20 60 Q

NOTES: 1. Ensured by design and engineering test, but not 100% production tested.

2. Common mode impedance =

(20V -0.5V)

pair when forced to 2.0-V and then 0.5-V.

(105 - 021)

3. Z=
'Lix)

VL (x) = Output voltage for each terminator minus output pin (L1- through L9-) with each pin unloaded.

; where

|L(X) = Qutput current for each terminator minus output pin (L1- through L9-) with the output pin forced to 0.2 V.

. i it ) B ) )
@2.0v) —1@o05Vv) Short each L+ to its’ corresponding L-. Measure the current into each line
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electrical characteristics, T a =0°C to 70°C, TERMPWR =2.7 V to 5.25 V, (unless otherwise stated)

disconnected termination (applies to each line pair, 1-9, in DISCNCT or HIPD mode)

PARAMETER TEST CONDITION MIN TYP MAX | UNITS
Output leakage Disabled, TERMPWR 0 <5.25 V 400 nA
Output capacitance Single ended measurement to ground, See Note 1 3 pF
disconnect & diff sense input
PARAMETER TEST CONDITION MIN TYP MAX | UNITS
DISCNCT threshold 0.8 2.0 Y,
DISCNCT input current VDpISCNCT =0V -30 -10 A
DIFFB SE (single ended) to LVD threshold 0.5 0.7 \Y
DIFFB LVD to HIPD threshold 1.9 2.4 \Y
time delay/filter
PARAMETER TEST CONDITION MIN TYP MAX | UNITS
A new mode change can start any time after a previous
Mode change delay mode has been detected, 100 180 300 ms
status bits (SE, LVD, HIPD)
PARAMETER TEST CONDITION MIN TYP MAX | UNITS
ISOURCE VLoAD =24V -8.7 -4 mA
VLoaD =05V 6 mA
|
SINK VLOAD = 0.4V 5 mA
master/slave (MSTR/SLV) input
PARAMETER TEST CONDITION MIN TYP MAX | UNITS
MSTR/SLV input current VMSTR/SLV = 0V to VTERMPWR -1 1 A
VTERMPWR = 2.7V 0.8 1.9 \%
MSTR/SLYV threshold VTERMPWR = 3.3V 1 2.4 V
VTERMPWR = 5.25V 15 3.7 \Y

NOTES: 1. Ensured by design and engineering test, but not 100% production tested.

2. Common mode impedance =

(20V - 0.5V)

pair when forced to 2.0-V and then 0.5-V.

(- 021)

3. Z=
%)

VI (x) = Output voltage for each terminator minus output pin (L1- through L9-) with each pin unloaded.

; where

||_(x) = Output current for each terminator minus output pin (L1- through L9-) with the output pin forced to 0.2 V.

. o its’ . _ . .
@ 2.0V) — (@ 05V) Short each L+ to its’ corresponding L-. Measure the current into each line
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pin description

TERMPWR

2.7-V to 5.25-V power input pin. TERMPWR must be connected to a 4.7-uF capacitor to ground.

DIFFB

Input pin for the comparators that select SE, LVD, or HIPD modes of operation. This pin should be decoupled
with a 0.1-uF capacitor to ground and then connected to the DIFSENS pin through a 20-kQ resistor.

DIFSENS

Output pin that supplies a regulated, current limited, 1.3 V to the DIFFSENS line of the SCSI bus.

DISCNCT

Input pin used to shut down the terminator if the terminator is not connected at the end of the bus. Connecting
this pin to ground on the UCC5670 activates the terminator or open disables the terminator.

REG

Regulator output bypass pin, this pin must be connected to a 4.7-uF capacitor to ground.

MSTR/SLV

If the terminator is enabled, this input pin enables/disables the DIFFSENS driver, when connected to
TERMPWR or ground respectively. When the terminator is disabled, the DIFFSENS driver is off, independent
of this input.

LINE1- to LINES-

Termination lines. These are the active lines for SE mode or negative lines for LVD mode. In HIPD mode, these
lines are high impedance.

LINE1+ to LINE9+

Termination lines. These lines switch to ground in SE mode, and are the positive lines for LVD mode. In HIPD
mode these lines are high impedance.

SE

TTL compatible status line. This output is high in SE mode.

LVD

TTL compatible status line. This output is high in LVD mode.
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pin description (continued)

HIPD

TTL compatible status line. This output is high in HIPD mode.

GND

Ground reference.

HSGND

Heat sink ground pins. These should be connected to a large PC board trace to lower the thermal impedance.

block diagram

r---r—r——+—"""~""™""™""™""™"/"™"™"™"™"™"™"/'"™"™"™"™™'"™'"/'"/¥"~™"/ T TTTTTTTTTT Tttt
|
OPEN CIRCUIT WHEN: 1) POWER OFF
TERMPWR| 36 27Vt05.25V 2) DISCONNECT MODE |
3) SLAVE MODE |
: REF 1.3V
! 20| DIFSENS
MSTR/SLV| 19 HIGH POWER DIFFERENTIAL !
FILTER |
I [::)e | 35| HIPD
: 2.1 v—3
| LOW VOLTAGE DIFFERENTIAL :
DIFFB| 21 IS 34| LVD
HIGH IMPEDANCE RECEIVER L
: EVEN WITH POWER OFF + SINGLE ENDED :
| 0.6 V—{= |
| | 33| SE
| I
| I
! I
I I
| 108Q |
| SOURCE/SINK REGULATOR |
: REF 2.7V o o——I__JVVV I
|
| 124Q v
| ) 560m o 5250 |
! - o—/\/\/\,— LINE1-
: REF 1.25 V °
6 mv ° 550 Los
Yoo LINE1+
SWITCHES ARE UP IN SINGLE ENDED MODE |
SWITCHES ARE DOWN IN LOW VOLTAGE DIFFERENTIAL Mooil__o_ |
° |
1080 — !
O__r——A¢V\ |
|
—o——
ENABLE 1240
DISCNCT b e °_|_,\N\’ i 560'“\/ © 550 I
- + o—’\N\,— LINE9-
| [ ]
v
sem © 250 .
- o LINE9+
]
|
|
|

6
L L o
B (e - OB C-OF BT
HS HS HS HS  HS

GND REG HS
GND GND GND GND GND GND UDG-01019

NOTE: Pinout is for the 36-pin MWP package.
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APPLICATION INFORMATION

____________________ hl Pt |
Termpower UCC5670 ! ! UCC5670 ! Termpower
——a TERMPWR LINE1+ [4 LINEL+ TERMPWR
LNEl- [5 LINEL-
- MSTR/SLV . = | o MSTR/SLV
! . CONTROL LINES (9) [ 7
I ° ] | . |
1 LINE9+ |31 31| LINE9+ :
DISCNCT LINES- [32 32| LINE9- DISCNCT
= I DIFFSENS ! =
H DIFSENS |20 ' DIFSENS |
: REG GND HS GND DIFFB : |DIFFB HS GND D REG :
L 8,9,10,26,27,28 21| 20k 20K |- 21 8910262728 }{18}{1}"
- N 0.1 uF - I 0.01 uF
Io .01 qu:“ WF I 0.1 uF I I
____________________ i____________________'|
UCC5670 i UCCs670 !
—H TERMPWR LNEL+ [4 2] LNEL+ TERMPWR -—
! Lnel- [s 5| LINEL- I
| ! < L . ; .
0.01uF [4.70F | s DATA LINES (9) I : | __'T_LD owF
[19] msTRISLY e MSTR/SLV
LINE9+ [31 3] Uneor
L L DISCNCT LiNEo- [32 32] LINES- piscneT [17] = =
i
| | o=
| |
! REG GND HS GND DIFFB: |DIFFB HS GND GND REG |
1] [T89.102627.28 |{21] LTzl s 9,10,26,27.28 ! i
. 7;1F | | = = _[anF oo1ur
Too T T
I_ ___________________ hl I_ ___________________ h)
UCC5670 | UCCE670 i
TERMPWR LNEL+ [4 4| UNEL+ TERMPWR
| LNEL- [5 5| LiNEL- I
H ° ; . :
L] L]
!
MSTRISLY L DATALINES (9) : MSTRISLY
LINE9+ [31 3] Uneor |
DISCNCT LNES- [32 32] LINEO- DISCNCT -
= ! 1 1
| i =
| REG GND HS GND DiFFa | 'DIFFB HS GND GND REG |
L1 8.9.10,26,27,28 LT21 [(89.1026.2728 | ﬁ!l
Iomui T 47uF 0.011F
UDG-01018

Figure 1. Typical Application

All SCSI buses require a termination network at each end of the bus segment. The UCC5670 is used in
multimode active termination applications, where single ended (SE) and low voltage differential (LVD) might
coexist. The UCC5670 has both SE and LVD termination networks integrated into a single monolithic
component.

The UCC5670 senses what kinds of devices are present on the bus segment by detecting the voltage on the
SCSI bus control line, DIFFSENS (See Note 1), which is monitored by the DIFFB input pin. The DIFSENS (See
Note 2) output pin on the UCC5670 attempts to drive the DIFFSENS control line to 1.3 V. If only LVD devices
are present, the DIFSENS line will be successfully driven to that voltage. If HIPD devices are present, they will
pull the DIFFSENS line high. If any single ended devices are present, they will pull the DIFFSENS line to ground.

NOTES: 1 DIFFSENS isthe SCSI bus line that is used to signal the bus mode.
NOTES: 2 DIFSENS is the IC pin for driving the SCSI line, DIFFSENS.
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APPLICATION INFORMATION

Three UCC5670 ICs are required at each end of the SCSI bus segment to terminate 27 lines (18 data, 9 control).
Every UCC5670 contains a DIFFSENS driver, but only one at each end of the bus segment is used to drive the
DIFFSENS line. Only the two UCC5670 that are driving the DIFFSENS line are connected to that line.

Only the UCC5670 and the UCC5630A devices that are used to drive the DIFFSENS line have the MSTR/SLV
input pin pulled high to termpower. This enables the DIFFSENS driver. All the other terminators have the
MSTR/SLV input pins connected to ground. This turns the DIFFSENS driver off.

The DIFFSENS line is monitored by the DIFFB input pin. All the DIFFB inputs at each end of the bus must be
connected. Any DIFFSENS signal below 0.5 V is interpreted as single ended, SE. Any DIFFSENS signal
between 0.7 V and 1.9 V is interpreted as low voltage differential, LVD. Any DIFFSENS signal above 2.4 V is
interpreted as high powered differential, HIPD. Operation of the mode change delay filter is tolerant of noise
on the DIFFB input. This is due to a forgiving digital implementation of the delay. Like most digital circuits an
anti-aliasing filter is required. The anti-aliasing filter is implemented with a 20-kQ resistor connecting the
DIFFSENS line to the DIFFB input pin, and a 0.1-uF capacitor from the DIFFB input to ground.

On power up, the UCC5670 assumes the HIPD mode. If the voltage on DIFFB indicates another mode the chip
will wait between 100-ms to 300-ms before changing the bus terminator mode. If the voltage on the DIFFB input
changes later the UCC5670 again waits between 100 ms to 300 ms before changing the bus terminator mode.
The time delay is the same when changing between any bus modes, DIFFB input detection, mode change delay,
and status outputs are active in all modes.

All Texas Instruments multimode terminators are designed to operate in both 5-V and 3.3-V systems. This
means that the terminator operates within SCSI specifications with the termpower voltage as low as 2.7 V and
as high as 5.25 V. An on chip termination regulator supplies a stable termination voltage for the terminator
networks.

In single ended mode, the UCC5670 termination regulator is set to 2.7 V. The LINE- pins are connected to the
regulator through a 108-Q termination. The LINE+ pins are connected to ground through a low impedance
switch.

In low voltage differential mode, the UCC5670 termination regulator is set to 1.25 V. A Y-termination network
is presented to each line pair. This provides a common-mode impedance of 150 Q and a differential impedance
of 105-Q. The lines in each differential pair are biased so that when not driven, LINE(n)+ and LINE(n)— are 56 mV
below and 56 mV above the common-modes bias voltage (1.25 V) respectively.

In high power differential mode, the UCC5670 termination regulator is set to 1.25 V. Every LINE+ and LINE-
is set to high impedance. The DIFFSENS regulator is on in high power differential mode.

Three status lines are provided by the UCC5670. The SE line is high in single ended mode. The LVD line is high
in the low voltage differential mode. The HIPD line is high in high power differential mode.

When the DISCNCT input is pulled to ground the UCC5670 switches to connect mode. When the disconnect
input (DISCNCT) is pulled high or left open the UCC5670 switches to the disconnect mode.

In connect mode, the UCC5670 functions as a terminator as described. In disconnect mode the termination
regulator and the DIFFSENS drivers are turned off and the lines are switched to high impedance. The DIFFB
input, mode change delay, and status outputs are still active. The connect mode is used for terminators that are
at the end of the bus. The disconnect mode is used for terminators that are not at the end of the SCSI bus
segment.
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APPLICATION INFORMATION

The UCC5670 operates down to a TERMPWR voltage of 2.7 V. This accommodates a 3.3-V system with
allowance for supply tolerance (£10%), a unidirectional fusing device, and cable drop. The UCC3912 is
recommended in place of a fuse and diode implementation, as its lower voltage drop provides additional voltage
margin for the system.The UCC3916 is recommended for 5-V systems.

Balanced signal layout is important in all SCSI implementations and even more critical in SPI-3 and SPI-4
systems, which have more stringent requirements on both the absolute value of capacitance on different signal
lines, and the balancing of capacitance between the paired lines and from pair to pair.

Feedthroughs, through-hole connections, and etch lengths need to be carefully balanced. Standard multilayer
power and ground plane spacing adds about 1 pF to each plane. Each feed-through will add 2.5 pF to 3.5 pF.
Enlarging the clearance holes on both power and ground planes reduces capacitance. Opening up the power
and ground planes under a through-hole connector reduces added capacitance in those applications.
Capacitance is also affected by components in close proximity on both sides of the board.

maximum capacitance

Trace to GND: ’ Trace to Trace: . Trace to GND: Trace to Trace:
SCSI Class REQ, ACPI§CDRACT2, Parity, REQ, ACPiiCDRACTﬁ' Parity, Other signals Other Signals
Ultral 25 pF N/A 25 pF N/A
Ultra2 20 pF 10 pF 25 pF 13 pF
Ultra3/Ultra160 15 pF 8 pF 25 pF 13 pF
Ultra320 13 pF 6.5 pF 21 pF (est.) 10 pF (est.)

Tl terminators are designed with very tightly controlled capacitances on their signal lines. Between the positive
and negative lines in a differential pair, the difference is typically no more than 0.1 pF, and only 0.3 pF between
pairs.

Multilayer boards need to adhere to the 120-Q impedance standard, including the connector and feedthroughs.
Bus traces are normally run on the outer layers of the board with 4-mil etch and 4-mil spacing between the two
lines in each differential pair, and a minimum of 8-mil spacing to adjacent pairs to minimize crosstalk. Microstrip
technology is normally too low in impedance and should not be used, it is designed for 50 Q rather than 120-Q
differential systems. Microstrip can only be used with thicker dielectric between layers.

Decoupling capacitors should be installed as close as possible to the following input pins of the UCC5670:
TERMPWR: 4.7-uF capacitor to ground, 0.01-uF capacitor to ground (high-frequency, low ESR)
REG: 4.7-uF capacitor to ground, 0.01-uF capacitor to ground (high-frequency, low ESR)

{5‘ TEXAS
INSTRUMENTS

www.ti.com 9



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers pmplifier.ti.com Audio [vww.1r.com/audid

Data Converters Automotive [vww Tr.com/automofiv
DLP® Products [vww .dIp.comn] Broadband [pww i.com/broadband
DSP Fspicom Digital Control [pww ir-com/digitalcontrol
Clocks and Timers [yww Ti.com/cloc Medical [pww Ti.com/medical
Interface [nferfacedico Military [pww ir-com/military
Logic [oaicTiconi Optical Networking [xww Ti.com/opficalnetwor
Power Mgmt powerfr.com Security vww Tr.com/securt
Microcontrollers nicrocontroller.fi.conj Telephony lvww.tr.com/telephony
RFID [wWwiiirfid-co Video & Imaging [pww i-com/vided

RF/IF and ZigBee® Solutions | {r.com/prl Wireless [vww fi.com/wirelesy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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