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AN-1632 LP5521TM Evaluation Kit

1 General Description

The LP5521 is a three channel LED driver designed to produce variety of lighting effects for mobile
devices. High efficiency charge pump enables LED driving over full Li-Ion battery voltage range. The
device has a program memory for creating variety of lighting sequences. When program memory has
been loaded, LP5521 can operate independently without processor control.

LP5521 maintains excellent efficiency over a wide operating range by automatically selecting proper
charge pump gain based on LED forward voltage requirements. LP5521 is able to automatically enter
power-save mode, when LED outputs are not active and thus lowering current consumption.

Three independent LED channels have accurate programmable current sources and PWM control. Each
channel has program memory for creating desired lighting sequences with PWM control.

LP5521 has a flexible digital interface. Trigger I/O and 32 kHz clock input allow synchronization between
multiple devices. Interrupt output can be used to notify processor, when LED sequence has ended.
LP5521 has four pin selectable I2C addresses. This allows connecting up to four parallel devices in one
I2C bus. GPO and INT pins can be used as a digital control pin for other devices.

LP5521 requires only four small ceramic capacitors.

LP5521 is available in tiny 2.1 × 1.7 × 0.6 mm DSBGA-20 package and in 4.0 × 5.0 × 0.8 mm bumped
QFN-24 package.

Figure 1. LP5521 Evaluation Board

All trademarks are the property of their respective owners.
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2 Evaluation Kit Overview

LP5521 Evaluation Kit is based on computer controlled system, where the actual LP5521 devices are
controlled and powered through USB interface. Also external power can be used if wanted. Two different
sets of LEDs can be selected, either white LEDs or RGB LEDs. Four LP5521TM devices are assembled
on one board to be able to evaluate the triggering/sequencing of multiple devices in one application. The
kit supports complete functional evaluation of the circuit. The evaluation kit consists of:

• LP5521 evaluation board

• USB interface cable

• CD-ROM including:

– Evaluation software

– Command compiler software

– Demo sequences

– LP5521 datasheet

– LP5521 power saving application note

– LP5521 programming application note

– Evaluation kit document (this doc.)

– DSBGA-20 PCB layout guidelines

3 Evaluation Software, Full Access

Two versions of the LP5521 evaluation software and some support files are supplied on the delivery CD
together with all available documentation regarding the circuit. Full access software allows control of all of
the LP5521 features, and easy software is intended for users needing control only for the basic features.
The program and the support files must be in the same folder. The software can be run by double clicking
its icon. The software does not require any installation.

In the middle of the control panel, see Figure 2, is shown the register map of LP5521. There are separate
tabs for all four LP5521. By default registers reflect immediately the changes you make by clicking the
buttons or sliders. When Auto Write is disabled Enable and Op Mode registers can be written by clicking
Write button. In the upper part of the control panel there is Direct Access and SRAM Memory Data
controls.

3.1 Direct Access

In the upper left side there is register data store control and in the right side register read control. User
can store data to LP5521 registers by clicking Data selection buttons, typing address in hexadecimal to
Addr (HEX) column. Data will be stored to register when Store button is clicked. User can read data by
typing address to Addr (HEX) column. Register data will be read when Read button is pressed. Register
addresses can be seen on the left side of the Control Panel. For example, 00: Enable is enable register
and the hexadecimal address is 00.

3.2 SRAM Memory Data

LP5521 has program memory for storing LED commands. LP5521 can store 16 commands for each
channel (R, G, B). LED patterns can be written to memory by browsing memory file (*.bin) and clicking
then Upload button. Pressing the Upload button sets the chip automatically to Load SRAM mode, and
back to it's previous state. The evaluation kit CD includes example memory files. User can write own
memory files by using Command compiler, which translates ASCII commands in to memory file. After file
is selected, it must me send to LP5521 SRAM memory by pressing the Upload button.
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Figure 2. LP5521 Evaluation Software User Interface

3.3 External Control Pins

On bottom left corner there are external pin controls:

• ENABLE button sets the EN pin high or low

• CLK_32K button enables external clock generation from USB

• TRIG button sends external trigger signal to TRIG pin. Same effect can be achieved with the TRIG
button on the evaluation board.

3.4 Execution Control Buttons

Hold, Step, and Run buttons can be used for controlling the execution of the program. By default the state
is Hold, and to be able to start the program Run button must be pressed. With Step button program can
be executed one command at a time.
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4 Evaluation Software, Easy

Easy software (LP5521x4easy.exe) is intended for users needing control only for the basic features, see
Figure 3. With the General Control all LP5521 chips can be enabled at the same time and charge pump
set to for example 1.5x mode. There are separate tabs for each chip. Program file can be selected for
each chip, and after file is selected the Upload button send the program to LP5521 SRAM memory. With
Run button the LP5521 is set to run mode, and it starts executing the program. It is good practice to use
“wait for external trigger” as the first command on each chips’ program, then it is possible to start all
sequences at the same time with external trigger signal.

With Current and PWM control sliders it is possible to control RGB LEDs brightness manually, without
programming sequences.

Logarithmic brightness enables logarithmic PWM brightness control to make visual effect of some ramps
more pleasing to the eye.

Figure 3. LP5521 Easy Evaluation Software User Interface
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5 Command Compiler

Command compiler is used to write LED sequences for the LP5521. Command compiler is a simple to use
Windows program with graphic user interface.

User can write own memory files by using command compiler's editor or any text editor (file must have
.src extension). Command compiler translates ASCII memory files in to binary file (.bin), or hex file (.hex).
In the Format menu user can select between .bin and .hex formats. Evaluation software uses .bin format,
but .hex format can be used for user own applications. To start command compiler, double click the
compiler icon (compiler.exe). Source file can be opened from File/Open menu. Source files have .src
extension. When source tab has been selected source code is visible and it can be modified, compiled
and saved. File must be created first to be able to edit it, for example open some demo sequence, and
save it with another name. Command compiler does not have "New" option on File menu. Below is syntax
and explanation for Command compiler commands. Program can be compiled to binary or hex formats
with compile menu. After compilation, command list can be seen by clicking List tab. Compilation
generates binary/hex file and list file. Compiled file has 16 commands for each channel which is total of 48
commands. File represents the whole SRAM program memory content.

Figure 4. LP5521 Command Compiler User Interface

6 Syntax

Comment – Line starting with “#” symbol.

Example: # red LED section start

Sections – Red, green or blue LED section starts with: .RED, .GREEN or .BLUE.

Example: .RED

Labels – Any words with colon (:) as ending symbol.

Example: label1:
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7 Commands

Ramp

Ramp command generates a PWM ramp from current value. Ramp command has two parameters – first
is time in milliseconds (floating point format, maximum execution time tMAX = (1000 ms x number of steps)
- 1 ms) and second is number of steps (positive or negative, integer 2-128) separated with comma.

Example: ramp 20.5,6

Wait

With wait command program execution stops for time defined. Command has one parameter, time in
milliseconds (floating point format, maximum 999).

Example: wait 50.5

Branch

Branch command loads step number to program counter. Branch command has two parameters, loop
counter (integer 0-63, 0 means infinite loop) and label separated with comma. Label must be predefined
before using in a branch command. The following example loops 5 times commands between label1 and
branch command:

Example: label1: … branch 5,label1

Set_PWM

Set_pwm command sets PWM output value. Command has one parameter, PWM value (integer 0-255).

Example: set_pwm 23

Start

(Go to) Start command resets program counter and continues executing from the beginning of section. No
parameters used.

Example: start

Trigger

Trigger command sets wait or send trigger. Command has two parameters, wait trigger channel and send
trigger channel. Channels are defined as: r = red, g = green, b = blue, e = external.

Examples:

trigger sr => (Send trigger to red channel)

trigger sg => (Send trigger to green channel)

trigger sb => (Send trigger to blue channel)

trigger se => (Send trigger to external channel)

trigger sgb => (Send trigger to green and blue channel)

trigger wr => (Wait trigger from red channel)

trigger sr,wb => (Send trigger to red channel and wait trigger from blue channel)
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End

End command ends program execution. Also interrupt signal can be send or program counter can be
reset. Command can have up to two parameters. I = interrupt send, R = reset program counter.

Examples:

end I

end R

end R,I

end I,R (same as earlier)

end

8 Errors

If there is an error during compilation error message is generated. Error messages are as follows:

1 = color section error

2 = syntax error

3 = ramp parameter error

4 = SRAM memory overflow

6 = ramp step error

7 = branch error

9 = set_pwm parameter error

11 = wait parameter error

9 Files

Source file has .src extension. During compilation listing file with .lst extension and binary with .bin or hex
file with .hex extension will be generated. File name is the same as for source file name.

10 Example command file

# red LED section start

.RED

ramp 20.5,6

ramp 10,-15

wait 10

# green LED section start

.GREEN

ramp 10,-15

start

# blue LED section start

.BLUE

ramp 10,15

end R
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11 Evaluation Hardware

The evaluation board, Figure 5, has four LP5521 circuits with the necessary external components placed
around them. Test points for the signals are on the board edges. INT and TRIG lines for the four chips are
tied together to make it possible to synchronize four LP5521 and make interesting lighting effects. GPO
and INT pins has indicator LEDs. Each chip has own I2C address.

Jumper P2 on the evaluation board selects supply voltage VBATT between external power or USB power.
If external power supply is used, the VBATT and ground GND can be connected in the green power
connector X1. Possible supply voltage range is from 2.8V to 5.5V. When the USB powering is used, the
supply voltage is 3.3V.

There are red indicator LEDs connected to the INT and GPO pins to visualize the functionality of the pins.
With INT LED it is possible to see when external interrupt is sent. You can clear the interrupt by reading
the Status/INT register, or by simply pressing the Read All button on the evaluation software when the
chip which has sent the interrupt is selected. Note that if INT pin is set to work as a CMOS output
(EN_GPO_INT bit high) then the functionality of the LED is reverse, that is, when GPO_INT is high then
the LED is off and when GPO_INT is low, then the LED is on. See evaluation board schematic for
reference.

Figure 5. LP5521 Evaluation Board Jumper Settings
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12 Getting Started
1. Connect the USB cable from the evaluation Kit to the USB port of your PC. When you plug in the USB

cable for the first time, your operating system prompts you about “New hardware found” and installs
the USB driver automatically.

2. Make sure that the jumpers on evaluation boards are set as wanted.

3. Start the software lp5521x4.exe by double-clicking its icon.

4. Press ENABLE button on the lower left corner.

5. Press CLK_32K button on the lower left corner. ENABLE and CLK_32K should now be pressed
down.

6. Press Read All button, to read the current state of the control bits.

7. Enable chip and charge pump 1.5x mode by enabling the chip_en and cpmode[1] register bits.

8. Browse for bouncing_light_4xnjoy_chip1.bin file on SRAM memory data and press Upload button.

9. Then press Run button to start the sequence. First command on is "wait for external" trigger, so LEDs
do not light yet.

10. Change to Chip #X, repeat steps 6 - 9 for all chips, but select bouncing_light_4xnjoy_chipX.bin
11. Press TRIG button on evaluation software or evaluation board to start the sequence.

12. If you want to change sequence, press browse button and select different demo program and press
Upload button to write the program to chip SRAM.

13. To change the device under control press one of the Chip # tabs. Software is uploaded to each device
individually.

12.1 Easy Start with Direct PWM Control
1. Start the Evaluation Software.

2. Press ENABLE button on the lower left corner.

3. Press CLK_32K button on the lower left corner. ENABLE and CLK_32K should now be pressed
down.

4. Press Read All button, to read the current state of the control bits.

5. Enable chip and charge pump 1.5x mode by enabling the chip_en and cpmode[1] register bits.

6. Set to register map: R_MODE[1:0] = 11, G_MODE[1:0] = 11, B_MODE[1:0] = 11.
7. Adjust RED, GREEN and BLUE PWM values/sliders for LED brightness control. Cur[7:0] control bits

can be used to adjust the maximum current. See Figure 2 for correct software settings.

8. To change the device under control press one of the Chip # tabs.

13 Evaluation Board Layout

The evaluation board layers are:

1. Top, component side, signal (Figure 6)

2. GND plane (Figure 7)

3. Power plane (Figure 8)

4. Bottom, solder side, signal (Figure 9)
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Figure 6. LP5521 Evaluation Board Layer 1 Figure 7. LP5521 Evaluation Board Layer 2
(Top, Signal) (GND)

Figure 8. LP5521 Evaluation Board Layer 3 Figure 9. LP5521 Evaluation Board Layer 4
(Power) (Bottom, Signal)

14 List of Main Components

Model Type Vendor Voltage Rating Size

Capacitor 1μF for COUT and CIN (two alternatives)

C1005X5R1A105K Ceramic X5R TDK 10V 0402 (1005)

ECJ0EB1A105M Ceramic X5R Panasonic 10V 0402 (1005)

Capacitor for 470nF for CFLY1–2 (two alternatives)

C1005X5R1A474K Ceramic X5R TDK 10V 0402 (1005)

ECJ0EB0J474K Ceramic X5R Panasonic 10V 0402(1005)

LEDs

LATB R98G RGB chip LED Osram – 1.6 x 1.6mm

LW Q38G White LED Osram - 0603 (1608)
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15 Evaluation Board Schematic

Figure 10. LP5521 Evaluation Board Schematic
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

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

Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.
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Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive

Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications

Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers

DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security
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Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com
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