LP5526 Evaluation Kit

General Description

LP5526 is a Lighting Management Unit for portable applica-
tions. It can be used to drive display backlight, keypad LEDs,
color LEDs and Flash LEDs. The device can drive 2 sepa-
rately connected strings of LEDs with high voltage boost
converter. The RGB driver allows driving either individual col-
or 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 12C com-
patible interface that reduces the number of required connec-
tions.

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

Figure 1. LP5526 Evaluation board with USB interface board
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Evaluation Kit Overview

LP5526 Evaluation Kit is based on a modular system, where
the actual evaluation board is plugged on top of the PC inter-
face board. 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
e USB interface cable
* 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 doc.)
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Evaluation Software

LP5526 evaluation software and some support files are sup-
plied on the delivery CD together with all available documen-
tation 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 installa-
tion.

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 con-
tents 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 simi-
larly save your own settings.

[RJnational Semiconductor - LP5526 evaluation -10] x|
File View Help
ADR Register Value B VDD_ID=3.35 Vboost=18.00 12c USB OK
ooH B3 0100 0000 = =
Pt e Rt Common | Boost | Color LEDs | GRIO | Backlight | History |
02H RGBmax cumert 0000 000D Standby made
03H  WLED control 0000 0011 IV Active { Hardware lesetl
04H  Msin cument 0101 0010 E——— -
05H  Sub cument 0111 0100 el Bl USB setup
084 GRIO control 2000 0000 ¥ Update registers immediately
07H  GPIO data 0000 0000 Interface port:
0BH  Enables 0110 0100 UsB -
0OH  Boost output 0001 0010 External Pw|
2BH  PUWM enable 0000 0000 (oooonf
Paolling interval for voltage and
curent measurement (sec)
[ADR]Register [Defaur  Jo7 [ |os |04 [ |02 |oi |00 Jawe | ]
|oBH [Enables |xo0x 01 nstby " en_boost ! Yen_flash Yen_autoload | 9 %0110 0100
20198202
Figure 2. LP5526 Evaluation Software User Interface
COMMON TAB

Only one bit of the Enables register is controlled in the Com-
mon 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 reg-
isters.

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 rec-
ommended). Another way to reset the chip is to disconnect
the USB cable (or external power if it is used) for a few sec-
onds, 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, and the converter out-
put voltage Vgoogr are measured. Measurements are en-
abled, 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 con-
trol using the GPIO[0}/PWM input. PWM signal is generated
by the software. External PWM can only reduce the bright-
ness 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 corre-
sponding LED control Tabs (Color LEDs and Backlight). Ex-
ternal 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.
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BOOST TAB
B vDD_I0=333 Vboost=18.00 12C USE OK

Common Boost. | Color LEDs | GPIO | Backiight | History |

Vv

Default 1.00 MH=
Rt = 82k0hms

Boost Output Yoltage Control
18.0 Volts -
Default 8.0 Volts

¥ Intemal active load enabled
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Figure 3. Boost Tab
COLOR LEDS TAB

W VDD_I0=3.35 Yhoost=18.00 12C USE 0K
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Figure 4. Color LEDs Tab

In this tab LP5526 boost converter can be enabled, and the
output voltage can be set from the pull-down menu. The in-
ternal 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 effi-
ciency at very light load conditions. See datasheet for boost
converter typical performance graphs.

In this tab are all RGB LED controls. RGB outputs are enabled
with 'RGB' selection box, every color output has also individ-
ual enable. 'RGB PWM' enables the internal PWM generation
and color selection. RGB outputs' mode can be selected ei-
ther '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 present-
ed.

'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 lim-
iting 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 but-
ton 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 'Rrgp calculator' selection can be used to estimate re-
quired Rpgg resistor value for the specific current. It is for
calculation purposes only and does not control the current in
any way.
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GPIO TAB
M VvDD_I0=335 Vboost=18.00 12C USE OK
Cnmmonl Boost | Color LEDs GFIO |Backlighl| Histaly]

—LMU bit
[er pwn pin oen? | oenl || oend |
Read I
data2 datal | datal |

—USB interface 170

Direction for GPIO2 GPIOT GPIO0
USB Porta input input output
‘whiting GPIO GPIO GPIO

USE Port&, wiite2 wiitel wiite0

Reading GPIO GPID GPIO
USB Portl read2 read] tead 0

Figure 5. GPIO Tab
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BACKLIGHT TAB
M vDD_ID=333 Yboost=18.00 12C USB OK
Common | Boost | Color LEDs | GPIO  Backlight I History |

’((" Large - common LCD main and sub control
[V Main WLEDs enabled ¥ SubWLEDs enablec

tain WLEDs current ,_8—2 |_ ]_ Wite |
Sub WLEDs cument lﬁ ]& {l;” Wite I

—Automatic fade in and out
™ Automatic fade enabled
Fade control switch |

(& Main WLEDs {" SubWLEDs

Fade execution time |

" 0.65s 1.3

External PwM control WLED

I~ MainWLEDs [~ SubWLEDs
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Figure 6. Backlight Tab

HISTORY TAB
W vDD_I0=233 Vboost=18.00 2c USB OK
Common | Boost || Color LEDs | GPIO | Backlight| History

Clear I

Read [2C[59) 00 - 00
Read 12C[59] 01 - 00
Read 12C[58] 02 - 00
Read 12C[59] 03 - 00
Read 12C[59) 04 - 00
Read 12C[59) 05- 00
Read [2C[59] 06 - 00
Read 12C[59] 07 - 00
Read 12C[59] 0B - 00
Read 12C[58] 0D - 00
Read 12C[59] 2B - 00
Write I2C[59H] 0B - 40
Write I2C[59H] 0B - 60
Write I2C[59H] 0D - 13
Write I2C[59H] 0D - 12
Write I2C[59H] 0B - 64
Read 12C[59) 00- 00
Read 12C[59) 01 - 00
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Figure 7. History Tab

In this tab it is possible to control GPIO bits and configure USB
board for reading/writing. Port A, B and L refer to USB inter-
face 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 I/O 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 GPIO0...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 1/0) is set as output, if you want to use GPIOO as
PWM input for any purpose (RGB, WLED or FLASH trigger-
ing).

In this tab the backlight LEDs can be controlled. Main and Sub
outputs can be enabled individually. If you select Large dis-
play mode, all LEDs are controlled by the main WLEDs con-
trols (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 en-
abled’. 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 WLEDs to enable fading of
all WLEDs.

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

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

The History Tab records the command sequence of your ses-
sion. 12C address is on square brackets [], then register ad-
dress and last is the data in hex format. You can copy-paste
this information to another application.
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Evaluation Hardware

The evaluation board has the LP5526 circuit with the neces-
sary 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 con-
troller if needed.

The supply voltage Vgar, ground GND and I/O-voltage
Vppio €an be connected in the green power connector. When
the USB interface is used, the Vg1t can be either external
power or supplied from the USB board, but the V5,5 supply
is recommended coming from the USB board (Jumper J21
set to USB). When USB power for Vg, 17 is used, set also the
J1 jumperin USB board to 5V to ensure sufficient input power
from USB. Vgarr jumper J17 sets Vg between external
power or USB power (5V). LP5526’s V voltage can be set
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with J19 jumper to be same as Vg7t 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.
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Figure 8. LP5526 Evaluation Board
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Jumpers and Settings

The following tables summarize the jumpers and proper settings.

AN-1502

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 Vp, voltage = Vgaqt OF regulated 3.3V |USB recommended.
from USB

Ja21 Choose Vo voltage = External voltage or USB | USB unless external 10 voltage connected to X1
interface board connector.

J25 Power for RGB LED RGB led uses voltage (5V) from USB interface

board.
J22-J24 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)
Recommended settings for power supply selecting jumpers
Jumper Name | Jumper # Power Connection
VeaTT Ji17 EXT position. Use with USB only is not recommended when high loads are used.
Voo J19 USB position
Voo Ja21 0 USB position
- EXT position only if external I/O power connected

www.national.com 6
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USB Interface

The USB interface forms the connection between the PC and
the evaluation system. It converts the commands from PC to
12C or SPI format. It also provides for adjustable supply volt-
age (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.

THE 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.

R
ML_1 S4V004 26

20198208

Figure 9. USB interface board
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Getting Started

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

1. Check the jumpers and switches on the board according
to Figure 8. NOTE especially the power connection
jumpers: Vgar7 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 Vpp,o are connected
to USB.

2. 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.

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

4. Press Hardware Reset and USB Setup buttons to reset
the chip and the USB interface board.

5. Turn on the chip and the boost converter by clicking
stand-by and boost enable.

6. 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.

You should disconnect the USB cable from the computer al-

ways, 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 respond-
ing.

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 in-
cluded in the evaluation kit software.

EASY START WITH BACKLIGHT DRIVING
1. Attach the USB cable.

2. Attach external voltage source for Vg1t (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 LED’s.

6. Go to the ‘Backlight’ tab.

7. Try to adjust brightness of main and sub backlight LEDs,
together and separately.

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. Goto ‘Color LEDs’ tab.
Press Flash button to trigger flash.
9. Toinitiate new flash:
— Disable ‘Flash enable’ bit, and all safety bits.
— Enable first ‘Flash enable’ bit and then all safety bits.

— Flash LED should be now on Pre-Flash/Torch mode
with safety function on, and ready for Flash triggering
by pressing the ‘Flash’ button.

©

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 (Vgart = 3.6V, Vgopgt = 20V).

www.national.com
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Figure 10. Lp5526 Evaluation Board Schematic
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Board Layout

AN-1502

o National *@O

Semiconductor

20198210

20198216

Figure 11. LP5526 Evaluation board and layout picture
The evaluation board layers are:

1.  Top, component side

2. Signal layer

3. GND plane

4. Bottom, solder side, Vpp ;55

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 com-
ponents with fast changing current. Decoupling capacitors should be close to circuit's V pins.

Good design practices for switching mode power supplies should be used. See Application Note AN 1149, Layout Guidelines for
Switching Mode Power Supplies.

www.national.com 10
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Fig. 12 Lp5526 Evaluation Board Layer 1 (Top, Signal).
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Fig. 13 LP5526 evaluation board layer 2 (signal).
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Fig. 14 Lp5526 Evaluation Board Layer 3 (GND).
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Fig. 15 LP5526 evaluation board layer 4 (bottom, Vpp sp)-
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List of Main Components
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 3k3 1% 0603 RGB current limitation resistor
(bypassed with jumper)
R28 1 OR 1% 0603
C1,C2, C11 3 1y —20%+80% 16V 0805 [ X7R, X5R, multilayer ceramic
C13,C14,C15, (4 100n 10% 16V 0603 X7R, multilayer ceramic
C16
C19 1 10u 10% 10V 0805
C20,C21 2 4u7 10% 25V 1206 X5R, multilayer ceramic, boost output | TDK C3216X5R1E475K,
capacitors Panasonic
ECJ3YB1E475K,
ECJ4YB1E475K
c22 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 1 CMMSH1-40 Schottky Barrier Diode for boost Central Semiconductor
J... 4 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)
U1 1 LP5526TL LMU NSC
us 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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AN-1502LP5526 Evaluation Ki

THE CONTENTS OF THIS DOCUMENT ARE PROVIDED IN CONNECTION WITH NATIONAL SEMICONDUCTOR CORPORATION
(“NATIONAL”) PRODUCTS. NATIONAL MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY
OR COMPLETENESS OF THE CONTENTS OF THIS PUBLICATION AND RESERVES THE RIGHT TO MAKE CHANGES TO
SPECIFICATIONS AND PRODUCT DESCRIPTIONS AT ANY TIME WITHOUT NOTICE. NO LICENSE, WHETHER EXPRESS,
IMPLIED, ARISING BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT.

TESTING AND OTHER QUALITY CONTROLS ARE USED TO THE EXTENT NATIONAL DEEMS NECESSARY TO SUPPORT
NATIONAL’S PRODUCT WARRANTY. EXCEPT WHERE MANDATED BY GOVERNMENT REQUIREMENTS, TESTING OF ALL
PARAMETERS OF EACH PRODUCT IS NOT NECESSARILY PERFORMED. NATIONAL ASSUMES NO LIABILITY FOR
APPLICATIONS ASSISTANCE OR BUYER PRODUCT DESIGN. BUYERS ARE RESPONSIBLE FOR THEIR PRODUCTS AND
APPLICATIONS USING NATIONAL COMPONENTS. PRIOR TO USING OR DISTRIBUTING ANY PRODUCTS THAT INCLUDE
NATIONAL COMPONENTS, BUYERS SHOULD PROVIDE ADEQUATE DESIGN, TESTING AND OPERATING SAFEGUARDS.

EXCEPT AS PROVIDED IN NATIONAL'S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, NATIONAL ASSUMES NO
LIABILITY WHATSOEVER, AND NATIONAL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY RELATING TO THE SALE
AND/OR USE OF NATIONAL PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR
PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY
RIGHT.

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF THE CHIEF EXECUTIVE OFFICER AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b) support or sustain life and
whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected
to result in a significant injury to the user. A critical component is any component in a life support device or system whose failure to perform
can be reasonably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.

National Semiconductor and the National Semiconductor logo are registered trademarks of National Semiconductor Corporation. All other
brand or product names may be trademarks or registered trademarks of their respective holders.
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