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AN-1502 LP5526 Evaluation Kit

1 General Description

The LP5526 is a Lighting Management Unit for portable applications. It can be used to drive display
backlight, keypad LEDs, color LEDs and Flash LEDs. The device can drive 2 separately connected strings
of LEDs with high voltage boost converter. The RGB driver allows driving either individual color LEDs or
RGB LED from separate supply voltage, or it can be used to drive FLASH LEDs.

The MAIN and SUB outputs are high-resolution current mode drivers. RGB outputs can be used in switch
mode and current mode. PWM control can be used for any selected outputs.

The device is controlled through 2-wire low voltage 1°C compatible interface that reduces the number of
required connections.

LP5526 is offered in a tiny DSBGA-25 package (2.54 mm x 2.54 mm).

2 Evaluation Kit Overview

LP5526 Evaluation Kit is based on a modular system, where the actual evaluation board is plugged on top
of the PC interface board, see Figure 1. The interface operates through the USB port.
The kit supports complete functional evaluation of the circuit. The evaluation kit consists of:
» LP5526 evaluation board
» USB interface board
» USB interface cable
e CD including:
— Evaluation software for PC
— LP5526 datasheet
— LP5526 application note
— MicroSMD package application note AN1112
— PCB design application note AN1149
— Evaluation kit document (this document)

3 Evaluation Software

LP5526 evaluation software and some support files are supplied on the delivery CD together with all
available documentation regarding the circuit. You can copy the software and the files to your PC’s hard
disk. The program and the support files must be in the same folder. The software is started by double-
clicking its icon. The software does not require any installation.

The evaluation software is organized in tabs according to the main functions of the chip. On the left side of
the tabs is shown the whole register map of LP5526. Below the tabs are shown the registers, which are
affected by the selected tab. Both register displays reflect immediately the changes you make by clicking
the selection boxes or sliders in the tabs. The contents of the tabs should be mostly self-explanatory.
Some example register settings are included in the delivery CD and they can be loaded from the
File/Open menu. You can similarly save your own settings.

All trademarks are the property of their respective owners.
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Figure 1. LP5526 Evaluation Board with USB Interface Board
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Figure 2. LP5526 Evaluation Software User Interface

AN-1502 LP5526 Evaluation Kit

SNVA177B—-January 2007 —Revised April 2013

Copyright © 2007-2013, Texas Instruments Incorporated

Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVA177B

I

TEXAS
INSTRUMENTS

www.ti.com Evaluation Software

3.1

3.2

Common Tab

Only one bit of the Enables register is controlled in the Common tab. The NSTBY bit controls the chip
on/off state.

The Common Tab contains also evaluation board control functions. Automatic writing (Update registers
immediately) is enabled by default. It means that a write operation is done after every mouse click. If you
want to change several settings in one or more tabs and write the register(s) after making all the changes,
you can disable automatic writing. Then after the changes you have to initiate the register write by clicking
the right mouse key with the cursor in the Register Map area. From the pop-up menu you can choose to
write all registers or just a selected register. The same pop-up lets you write default values to one or all
registers and read one or all registers.

After clicking the “Hardware reset” button, all register values will be reset to default value, and a pop-up
window appears where user can accept reading all the registers (this is recommended). Another way to
reset the chip is to disconnect the USB cable (or external power if it is used) for a few seconds, plug it in
again and read all registers to see that they have the default values after the power-on-reset. USB setup
button will restore default setting for USB interface board.

USB board can measure voltages from the evaluation board. On the LP5526 board the circuit Vpp,o and
the converter output voltage Vgoosr are measured. Measurements are enabled, when the Polling interval in
the Common tab is set. Measurement results are shown on top of the window.

The software can demonstrate external PWM brightness control using the GPIO[0]/PWM input. PWM
signal is generated by the software. External PWM can only reduce the brightness set by internal controls.
All the LEDs have enable bits (en_ext_X_pwm, en_main_pwm, en_sub_pwm) for allowing external PWM
control. These bits are controlled in corresponding LED control Tabs (Color LEDs and Backlight). External
PWM control has no effect to the outputs that do not have enable bit set. You must also set ‘en_pwm_pin’
bit in GPIO tab to set GPIO[0]/PWM pin act as an external PWM input pin.

Note that when Flash button (in Color LEDs Tab) is used and released, it resets the PWM pulse ratio. In
the Common Tab, the External PWM slider controls the duty cycle of the GPIO[0)/PWM input pin.
Measurement polling disturbs the External PWM control and it should be turned off when External PWM is
used.

Boost Tab

In this tab, Figure 3, the LP5526 boost converter can be enabled, and the output voltage can be set from
the pull-down menu. The internal active load can be enabled to eliminate pulse skipping of the boost
converter. Active load will consume some power when the boost output current is small. It will decrease
efficiency at very light load conditions. See datasheet for boost converter typical performance graphs.

[ vDD_I0=333 Vhoost=18.00 12C US8 0K
Common  Boost | Color LEDs | GPIO | Backiight | History |

W §

Default 1.00 MHz
Rt = 82k0hms

Boost Qutput YYoltage Control
I 18.0Volts - I
Default 8.0 Volts

¥ Internal active load enabled

Figure 3. Boost Tab
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3.3 Color LEDs Tab
In this tab, Figure 4, are all RGB LED controls. RGB outputs are enabled with 'RGB' selection box, every
color output has also individual enable. 'RGB PWM' enables the internal PWM generation and color
selection. RGB outputs' mode can be selected either 'Current sink’, or 'Switch mode'. Default is 'Switch
mode'. In 'Switch mode' the outputs are low ohmic switches. 'Switch mode' should be used only when
external ballast resistors are used in series with the LEDs.
With 'RGB color and bright' section it is possible to control the RGB LED color with PWM. In overlapping
mode color cannot be selected. In the diagram the LED on/off times are presented.
'RGB maximum' current can be selected for each output from 25% to 100%. Evaluation board resistor R23
and R27 limits the maximum RGB current; default value 2.4 kQ or 2.4 + 3.3 = 5.7 kQ when jumper J26 is
disconnected. Current limiting function is active only if 'Current Sinks' is selected.
Remember that with Flash LED, only the Current Sink mode should be used, NOT Switch mode since
there is no current limiting resistor in series with Flash LEDs. Switch mode should be used only when
RGB led is used and current limiting resistors are not bypassed (jumpers J6-J8 off).
External PWM control can be enabled to each output. These must be enabled, when the Flash function is
used. Flash button forces GPIO[0]/PWM pin to high. It is active only when it is kept pressed down, and will
be low only after release the Flash button. Remember to set USB PortA GPIO[0] as output and set 'en
pwm pin' from GPIO tab.
'‘Check bit' button can be used any time to read back the 'safety_set' bit value. The bit is set when safety
function has switched LED's off due to 1s timeout. 'safety_set' bit is read automatically always when user
pushes Flash button down and also when it is released.
The 'Rggg calculator' selection can be used to estimate required Rxgg resistor value for the specific current.
It is for calculation purposes only and does not control the current in any way.
M vDD_I0=335 Vboost=18.00 12C USE 0K
Common | Boost | Color LEDs IGPID | Backiight | History |
—RGE enable
” RGB Pwh [ RGB [¥ Red ¥ Green |V Blue
* Curent sinks " Switch mode
Switch mode requires an external ballast resistor to limit the LED! current!
—RGE color and bright
R/G/B color Brightness
[5/50/25 lght green =] [IEE .| I Overlapping
—RGE maximum (for current sink mode}
Red Green Blue
[o2s 5] [os =] [os =]
Esternal PwWM control RGB S afety bit control
I~ Red [~ Greer | Blue | | JT safety_set Check bit |
I | Flash enable ?agzdsaf;eg fgri::;h[imgm Flash |
Rrgb calculator
!» Max current for RGB, mé I22 ﬂv Rrgb = 5540 Ohms |
Figure 4. Color LEDs Tab
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3.4 GPIO Tab

In this tab, Figure 5, it is possible to control GPIO bits and configure USB board for reading/writing. Port A,
B and L refer to USB interface boards ports. Direction of the LP5526 GPIO pins can be set with ‘'oenx’
controls. With the 'datax’ controls it is possible to set the state of the GPIO pins, when they are set as
output (oenx = 1 / pressed down). When the GPIO pins are set as input, these 'datax’ buttons work as an
indicator, and you can read the state of the pins with the read-button.

With the USB interface 1/0 section it is possible to set/read the GPIO pins state.

It is possible to configure port A of USB board as output or input. If you want to use LP5526's GPIOO0...2
as output, you have to configure port A as input.

It is important that ‘en_pwm_pin’ bit is set and GPIOO0 (in USB interface 1/O) is set as output, if you want to
use GPIO0 as PWM input for any purpose (RGB, WLED or FLASH triggering).

W vDD_I0=3.35 Vboost=18.00 12C USE OK
Cummnnl Boost | Color LEDs = GFIO |Backlighl| Hislol_v]

—LMU bit
|en pwm pin o0eh2 ] oenl | oenl |
data2 datal | datall

Read I

—USB interface 1/0

Direction for GPIO2 GPIO1 GPIOO
USB Port& input input output
Wiiting GPID I GPIO GPIO
USB PortA write2 write write0

Reading GPIO GPIO | GPID
USB Portl. read2 read1 read 0

Figure 5. GPIO Tab

3.5 Backlight Tab

In this tab, Figure 6, the backlight LEDs can be controlled. Main and Sub outputs can be enabled
individually. If you select Large display mode, all LEDs are controlled by the main WLEDs controls (also
fading).

Current setting for the outputs are done with the sliders. You can move the slides with arrow keys for more
precise control, or write values directly. Pressing ‘Write’ button writes adjusted values to registers.

You can enable fade function by setting ‘Automatic fade enabled’. When new current value is set, the
WLED currents will automatically fade smoothly to new value. You can select which LEDs fade effects.
When ‘Large’ display mode is on, set ‘Fade control switch’ to Main WLEDSs to enable fading of all WLEDs.

‘Fade execution time’ refers to the time to execute full range current change in WLEDSs.

External PWM control can be enabled to both Main and Sub individually. External PWM input pin is
GPIO[0].
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W vDD_ID=333

3.6 History Tab

Vboost=18.00 12C
Common | Boast | Color LEDs | GPIO Backlight I History |

& Hain and sub

Displ
’((’" ,Large - common LCD main and sub control

¥ Main WLEDs enabled ¥ SubWLEDs enablec

Pt

Main WLEDs curent I_8_2 |_ ]_ Wiite

e d

Sub WLEDs curent Iﬁ l'— ]— Write

—Automatic fade in and out
[~ Automatic fade enabled
Fade control switch |

{* MainWLEDs " SubWLEDs
Fade execution time
" 0.65s * 13 |

External PWM control WLED

I~ MainWLEDs [~ SubWLEDs

Figure 6. Backlight Tab

USE OK

The History Tab, Figure 7, records the command sequence of your session. I°C address is on square
brackets [], then register address and last is the data in hex format. You can copy-paste this information to

another application.

W vDD_I0=3.33

Vboost=18.00 12
Common | Boost | Color LEDs | GRIO | Backlight - History

Clear I

USE OK

Read [2C[59]) 00- 00
Read 12C[59] 01- 00
Read 12C[59] 02- 00
Read [2C[59) 03 - 00
Read [2C[59] 04 - 00
Read 12C[59] 05- 00
Read 12C[59] 06 - 00
Read [2C[59] 07 - 00
Read 12C[59) 0B - 00
Read [2C[59) 0D - 00
Read 12C[59] 2B - 00
Write 12C[59H] 0B - 40
Wirite 12C[59H] 0B - 60
Wirite I2C[59H] 0D - 13
Write 12C[59H] 0D - 12
Write 12C[59H] 0B - 64
Read 12C[59) 00- 00
Read [2C[59]) 01- 00

Figure 7. History Tab
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4 Evaluation Hardware
The evaluation board has the LP5526 circuit with the necessary external components placed around it.
Test points for the circuit pins are on the board edges. PCB connectors make the connection to the USB
interface board or some other controller if needed.
The supply voltage Vgarr, ground GND and 1/O-voltage Vo can be connected in the green power
connector. When the USB interface is used, the Vgt Can be either external power or supplied from the
USB board, but the Vpp,0 supply is recommended coming from the USB board (Jumper J21 set to USB).
When USB power for Vgt is used, set also the J1 jumper in USB board to 5V to ensure sufficient input
power from USB. Vg,rr jumper J17 sets Vg, between external power or USB power (5V). LP5526's Vpp
voltage can be set with J19 jumper to be same as Vg,;7 Voltage (external power or 5V from USB) or
regulated 3.3V from USB board. Latter is recommended.
The RGB output has current limiting resistors, which can be shorted with jumpers J6 — J8. If you short the
resistors, make sure that you use the RGB drivers in the constant current mode. The default after power-
on-reset is switch mode. When constant current mode is used, resistors R23 and R27 limits RGB current;
when jumper J26 is disconnected Rrgb is set to 2.4k + 3.3k = 5.7 kQ, and when J26 is set, R27 is
bypassed and resistance is 2.4 kQ. By disconnecting J26 jumper it is possible to use lower RGB currents
and therefore USB-power is not overloaded even if Flash is used.
- VDD
E,,?mo'm select
VDDIO select
VDDIO
MAIN
GND LEDs
VBATT [ -
VBATT select
LP5526 g SUB
LEDs
RRGE
select FLASH
LED
RGB/ 1~ 12e R a4
FLASH ' .
select - — | | —
— BB 4 RGB
RGB ballast LI || e LED
bypass T -
jumpers +5V for
- " 3z RGB LED
GPIO
indicator
LEDs
®O0 00O
GPIOL® GPIO.1 NRST GPIO2
Figure 8. LP5526 Evaluation Board
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6.1

Jumpers and Settings

Table 1. Jumpers and Proper Settings

Jumper

Purpose

Note

J6-J8

Shorting jumpers for current limiting resistors

If jumpers J6-J8 are set, current sink mode for RGB must
be set in LP5526.

J17

Choose power supply Vgarr = USB or External

USB has very limited current capability. External power
connection to X1 connector recommended when high
loads are used.

J19

Choose Vpp, voltage = Vgurr Or regulated 3.3V from USB

USB recommended.

J21

Choose Vpp o Voltage = External voltage or USB interface
board

USB unless external 10 voltage connected to X1
connector.

J25

Power for RGB LED

RGB led uses voltage (5V) from USB interface board.

J22-324

Choose FLASH or RGB LED use

J26

Choose RGB current

If jumper is set, the maximum RGB current is 50
mA/output (Rrgb = 2.4 kQ). If jumper is off, the maximum
RGB current is 21 mA/output (Rrgb = 5.7 kQ)

Table 2. Recommended Settings for Power Supply Selecting Jumpers

Jumper Name

Jumper # Power Connection

VBATT

J17 EXT position. Use with USB only is not recommended when high loads are used.

VDD

J19 USB position

VDDIO

J21 0 USB position

- EXT position only if external 1/0O power connected

USB Interface

The USB interface, Figure 9, forms the connection between the PC and the evaluation system. It converts
the commands from PC to I°C or SPI format. It also provides for adjustable supply voltage (for the
evaluation board (if jumper J1 is set to ADJ) and makes possible to measure selected voltages and the
input current in the evaluation board. When LP5526 is used with USB board and USB power is used,
jumper J1 must be set to 5V setting to ensure sufficient power LP5526 boost converter. However
maximum boost output current is not achievable when using USB power because of the limited current

from USB.

USB Interface Firmware

The USB interface checks for the firmware version of the USB board when the evaluation software is
started. If the firmware needs updating, the software prompts you to allow automatic update.
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Getting Started

Figure 9. USB Interface Board

7 Getting Started

The following instructions show how to use the LP5526 evaluation kit in default conditions with the USB
interface board. Please use the ESD protection (ground cable) to prevent any unwanted damaging ESD
events.

1.

4,
5.
6.

Check the jumpers and switches on the board according to Figure 8. NOTE especially the power
connection jumpers: Vgarr iS connected to external voltage source; USB power should NOT be used
unless you are sure that you are not overloading USB supply. Using FLASH LEDs can overload USB
supply. Vpp and Vppo are connected to USB.

Plug in the evaluation board to the USB board. Connect the USB cable to the evaluation board and the
USB port of your PC. When you plug in the USB board for the first time, your operating system
prompts you about “New hardware found” and installs the USB driver automatically. With Win95 and
Win98 operating systems you have to accept the installation and click “Next” several times as the
installation proceeds.

Copy the evaluation software and the support files to your PC’s hard disk. Start the software by
double-clicking its icon.

Press Hardware Reset and USB Setup buttons to reset the chip and the USB interface board.
Turn on the chip and the boost converter by clicking stand-by and boost enable.
The Evaluation Kit is now ready to use and the chip can be controlled through the PC-software.

If you start the software first and then connect the USB cable, the software may assume, that LPT
interface is used. In that case you can select the USB interface manually or close and restart the software.
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You should disconnect the USB cable from the computer always, when plugging in or removing the
evaluation board from the interface board and also when changing the supply jumper settings. Otherwise
the USB board may stop responding.

If the USB board is not responding or the software hangs up, press the reset button on the USB board, or
disconnect the USB cable for 5 seconds.

If the evaluation software notices that the firmware on the USB board needs to be updated, the software
can propose automatic firmware updating. The new firmware will be included in the evaluation kit
software.

7.1 Easy Start with Backlight Driving
1. Attach the USB cable.
2. Attach external voltage source for Vg,rr (3.60V, 1.5A max current).
3. Launch the SW (LP5526eval.exe). You should get a control window up.
4. Press USB Setup.
5. Go to the File open menu and select the "LP5526wled_on.nsc" file and open it; this will light up the sub
and main backlight LEDs.
6. Go to the ‘Backlight’ tab.
7. Try to adjust brightness of main and sub backlight LEDs, together and separately.
7.2 Easy Start with Flash Driving
1. Attach USB cable.
2. Attach external voltage source for VBATT (3.60V, 1.5A max current).
3. Ensure all jumpers are in right position for Flash LED driving.
4. Launch the SW (LP5526eval.exe).
5. Press USB Setup.
6. Go to File open menu and select the ‘LP5526flash_enabled.nsc’ file and open it; this will light up the
Flash LED in Pre-Flash/Torch mode.
7. Go to ‘Color LEDs' tab.
8. Press Flash button to trigger flash.
9. To initiate new flash:
« Disable ‘Flash enable’ bit, and all safety bits.
« Enable first ‘Flash enable’ bit and then all safety bits.
e Flash LED should be now on Pre-Flash/Torch mode with safety function on, and ready for Flash
triggering by pressing the ‘Flash’ button.
7.3 Special Notes
IRGB resistor has set to 2,4 kQ by default (when J26 is set), which limits the Flash current to 150 mA
max. Typically boost can provide 150 mA (Vgarr = 3.6V, Vgoost = 20V).
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8 Board Layout
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Figure 10. LP5526 Evaluation Board and Layout

The evaluation board layers are:

1. Top, component side (Figure 11)

2. Signal layer (Figure 12)

3. GND plane (Figure 13)

4. Bottom, solder side, V5 ysg (Figure 14)

For the good performance of the circuit, it is essential to place the input, output capacitors, the inductor

and the Schottky diode very close to the circuit and use wide routing for those components. Sensitive

components should be placed far from those components with fast changing current. Decoupling
capacitors should be close to circuit’'s Vyp pins.

Good design practices for switching mode power supplies should be used. See AN-1149 Layout
Guidelines for Switching Power Supplies Application Report (SNVA021).
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Figure 11. LP5526 Evaluation Board Layer 1 Figure 12. LP5526 Evaluation Board Layer 2
(Top, Signal) (Signal)
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Figure 13. LP5526 Evaluation Board Layer 3 Figure 14. LP5526 Evaluation Board Layer 4
(GND) (Bottom, Vo, yse)
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9 Bill of Materials

Part number Qty Value, Size, Tolerance Description Vendor / Type
R1 1 100k 1% 0603
R2 1 150k 1% 0603
R3, R4 2 27k 1% 0603
R9, R10 2 1k5 1% 0603
R14 1 82k 1% 0603
R18 1 100R 1% 0603
R19 1 47R 1% 0603
R20 1 2R2 1% 0603
R21, R22 2 OR 1% 0603
R23 1 2k4 1% 0603 RGB current limitation resistor
R24,R25 2 330R 1% 0603
R26 1 390R 1% 0603 Optional resistor for SW pin EMI filter.
R27 1 3k3 1% 0603 RGB current limitation resistor (bypassed
with jumper)
R28 1 OR 1% 0603
Cl1,C2, C11 1p —20%+80% 16V 0805 X7R, X5R, multilayer ceramic
C13, C14, C15, 100n 10% 16V 0603 X7R, multilayer ceramic
C16
C19 10u 10% 10V 0805
C20,C21 4u7 10% 25V 1206 X5R, multilayer ceramic, boost output TDK C3216X5R1E475K,
capacitors Panasonic
ECJ3YB1EA475K,
ECJ4YB1E475K
Cc22 1 330p 10% 50V 0603 Optional capacitor for FB pin.
Cc23 1 100p 10% 50V 0603 Optional capacitor for SW pin EMI
filter.
D2, D13, D16 4 BAT760-SOD323 Schottky Barrier Diode, Philips
D4 1 LNJOF3C5FRA1-SMD Flash LED, Panasonic Panasonic
D5 1 GM5WA06270A-SMD RGB 3-Color SHARP
D7...D12 6 LW M67C white LED LW M67C white Osram
D14, D15 2 LED LS L296-N1Q2-1-Red- | LED LS L296-N1Q2-1, 0603, Red Osram
SMD
D17 CMMSH1-40 Schottky Barrier Diode for boost Central Semiconductor
J... PINHEADER2 Pin Header 1 x 2 pins, pitch 0.1”
J... 6 JUMP3 3-pin jumper
10 Jumper block
X1 1 TERMINAL BLOCK FOR Terminal Block for PCB, Miniature
PCB3
X2,X3 2 EURO16-UPPER PCB Mounting Header (Upper Board)
Ul 1 LP5526 LMU Texas Instruments
u3 1 GM5BWO05340AC Flash LED SHARP
L1 1 Power Inductor 10 pH Shielded, > 1.5A sat. current TDK SLF6028T-
100M1R3, Coilcraft
MSS6122-103MLB
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Figure 15. LP5526 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 JESDA48, 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.

Tl 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 Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl 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.

Tl 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 Tl under the patents or other intellectual property of TI.

Reproduction of significant portions 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. Tl 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 Tl 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.
Tl 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 Tl 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 Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl 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 Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl 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.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
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
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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