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White LED Driver with PWM Brightness Control in Small
Package

FEATURES

2.7V to 5.5V Input Voltage Range

* 3gv Over-voltage Protection for up to 10 LEDs
in Series

®  |nnovative CDC Output Drive Technology,

e Significantly Improve EMI Performance

e 200mV Reference Voltage

e 1% PWM dimming current accuracy +20%

& Support 0.3% PWM dimming(Ves.1vr=0.6mV)

s 1.1MHz Switching Frequency

e Over-current and Over-temperature Protection
Built-in Soft-start Limits Inrush Current
Ultra Small 2mm*2mm TDFN-6L package

APPLICATIONS

]

s Mobile Phones

e Portable Media Players

PDAs

GPS Receivers
L

TYPICAL APPLICATIO[T'@I‘TUIT o
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boost converter. With an internal 40V switch FET,
the AW9962 grives up a string of up to 10 LEDs in
series. The boost converter runs at 1.1MHz fixed
switching frequency to reduce output ripple,
improve conversion efficiency, and allows for the
use of small external components.

The default white LED current is set with the
external sense resistor Rser, and the feedback
voltage is regulated to 200mV, as shown in the
typical application. During the operation, a pulse
width modulation (PWM) signal can be applied to
the CTRL pin through which the duty cycle
determines the feedback reference voltage.

AW9962 integrates built-in soft-start function to
minimize the power supply inrush current.
AW9962 also integrates over-current protection ,
LED open protection and over temperature
protection(OTP) to prevent chip from entering
abnormal operating conditions.
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Figure 1 Typical Application Circuit of AW9962

All trademarks are the property of their respective owners
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PIN CONFIGURATION AND TOP MARK

vIEWw AW9962DNR MARKING
6IVIN ( TDFN2x2-6L )
}_
(5]cTRL
—
4|sw
= AL62
XXXX
®
Top Mark
AL62—AW9962DNR

XXXX—Manufacture Data

Figure 2 Pin Configuration and

NAME
PIN DEFINITION

No. DESCRIPTION

1 FB Feedback pin for current. Connect the sense resistor from FB to GND.

2 COMP Output of the transconductance error amplifier. Connect an external
capacitor to this pin to compensate the regulator.

3 GND Ground.
This is the switching node of the IC. Connect the inductor between the

4 SW VIN and SW pin. This pin is also used to sense the output voltage for
open LED protection.

5 CTRL Control pin of the boost regulator. It is a pin which can be used for
PWM digital dimming.

6 VIN The input supply pin for the IC. Connect VIN to a supply voltage
between 2.7V and 5.5V.

7 GND Exposed pad should be soldered to PCB board and Connected to
GND.
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5 Drive 18 White LEDs for Big Screen Display

Notice for Typical Application Circuits:

1: Recommended device for AW9962:
L: LQH3NPN100NMO
Cini: Murata GRM188R61C106MA73
Cin2: Murata GRM155R61C104K

Ky Ky K Ky Ky Ky
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Cout1: Murata GRM21BR71H105KA

I
[

VIN SW

AW9962DNR
CTRL FB

COMP




Cout2: Murata GRM1555C1H330GA
Schottky Diode: ONsemi MBR0540T1

: Cin2 and Courz are recommended to use in parallel with the input capacitor and output capacitor to
suppress high frequency noise.

: Red lines are high current paths, reference to the section APPLICATION INFORMATION.
: The capacitors (Cin1, Cinz, Coutt, Coutz and Ccowmp) should be placed as close to the pins of the IC as
possible.

: Minimize trace lengths between the IC and the inductor, the Schottky diode and the output capacitor, keep
these traces short, direct, and wide.

: Minimize the length and area of all traces connected to the SW pin and always use a ground plane under
the switching regulator to minimize inter-plane coupling.
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ORDERING INFORMATION

Part Number Temperature Package Marking Delivery Form
AW9962DNR -40°C ~85°C TIDFN2x2-6L AL62 3000 units/
Tape and Reel
AW9962011 [J1 [J
Shipping
R: Tape & Reel

Package Type
DN:TDFN2x2-6L

Figure 6 Package Information

ABSOLUTE MAXIMUM RATINGS(oTE1)

Maximum Junction temperature Tjmax

PARAMETERS RANGE
Supply voltage range VINNoTE 2) -0.3V to 6V
Voltage on FB,CTRL and COMP(oTE 2) -0.3V to 6V
Voltage on SWNOTE 2) -0.3V to 40V
Junction-to-ambient thermal resistance 6,a 65C/W
Operating free-air temperature range -40C to 85C
160°C

Storage temperature Tste

-65°C to 150°C

Lead Temperature (Soldering 10 Seconds) 260°C
ESDNoTE 3)

ALL PINS HBM (human body model) NTE4) +6000V

ALL PINS CDM (charge device model) NOTE® +2500V

ALL PINS MM (machine model) N°TE©) +300V

Latch-up®™°Te ")
+IT: 250mA
Latch-up current maximum rating per JEDEC standard

-IT: -250mA

NOTET1: Conditions out ofthose ranges listed in "absolute maximum ratings" may cause permanent damages

to the device. In spite ofthe limits above, functional operation conditions ofthe device should within the
ranges listed in "recommended operating conditions”. Exposure to absolute-maximum-rated conditions for

prolonged periods may affect device reliability.
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NOTE2: All voltage values are with respect to network ground terminal.

NOTES3: This integrated circuit can be damaged by ESD ifyou don’t pay attention to ESD protection. AWINIC
recommends that all integrated circuits b handled with appropriate precautions. Failure to observe proper
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handling and installation procedures can cause damage. ESD damage can range from subtle performance
degradation to complete device failure. Precision integrated circuits may be more susceptible to damage
because very small parametric changes could cause the device not to meet its published specifications.

NOTE4: The human body model is a 100pF capacitor discharged through a 1.5kQ resistor into each pin. Test
method: MIL-STD-883H Method 3015.8.

NOTES: Test Condition: JEDEC EIA/JESD22-C101E.
NOTES®6: Test Condition: JEDEC EIA/JESD22-A115.
NOTE?Y: Test Condition: JEDEC STANDARD NO.78D NOVEMBER 2011.
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ELECTRICAL CHARACTERISTICS

Test Condition: Ta = 25°C, VIN = 3.6V, VcrrL = VIN (Unless otherwise specified).

limit

PARAMETER TEST CONDITION MIN TYP | MAX UNIT
SUPPLY VOLTAGE AND CURRENT
VIN Input voltage range 2.7 5.5 V
la Operating quiescent current VFB = 1V 1.6 mA
Verre = GND,
Isp Shutdown current VIN=4 2V 0.1 1 nA
UVvVLO Under-voltage lockout threshold VIN falling 2.2 2.39 \%
Viws Under-voltage lockout 100 mvV
Y hysteresis
ENABLE AND REFERENCE CONTROL
V/(CTRLN) CTRL logic high voltage VIN = 2.7V to 5.5V 1.5 \Y
V(CTRLI) CTRL logic low voltage VIN = 2.7V to 5.5V 0.3 \Y
R(cTrL) CTRL pull down resistor 600 kQ
torr CTRL pulse width to shutdown CTRL high to low 2.5 ms
VOLTAGE AND CURRENT CONTROL
VRer Voltage feedback regulation 197 200 203 mv
voltage
fewm = 20 kHz, dut
Voltage feedback regulation PWMCyde = 1% y 1.6 2 24 mV
V(REF_PWM) voltage under brightness
control fewm = 20 kHz, duty 06 mv
cycle = 0.3%
I Voltage feedback input bias 0.1 1 uA
current
fs Oscillator frequency 1100 KHz
Dmax Maximum duty cycle 90% 95%
POWER SWITCH
Roe N-channel MOSFET VIN = 3.6V 0.36 0.65 Q
on on-resistance VIN = 3.0V 0.7 0
lLn_NFET N-channel leakage current Vsw = 35V, Ta = 25°C 1 pA
PARAMETER TEST CONDITION MIN TYP | MAX UNIT
OCP AND OVP
lLm N-channel MOSFET current 2 A
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Open LED overvoltage Measured on the SW
protection threshold pin
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trer VREF filter time constant 480 us
PWM DIMMING TIMING

frwm Frequency of PWM dimming 10 100 kHz
tmin_on Minimum on pulse width 50 ns
THERMAL SHUTDOWN

Tortp Thermal shutdown threshold 165 ‘c
Thys Thermal ﬁ;/l;‘;g(r)(:vsri]sthr%hdd 16 ‘c
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TYPICAL CHARACTERISTICS
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Table 1 TABLE OF FIGURES

INDEX FIGURE No.
Efficiency 1 VIN=3.6V; 4,6,8,10 LEDs; FIGURE 7
L=10uH
Efficiency 2 VIN=4.2/3.6/3.0V; 10 LEDs, FIGURE 8
L=10uH
Efficiency 3 VIN=2.5~5.5V; 1P10S, FIGURE 9
2P8S,3P8S LEDs, L=10pH
Switching frequency VIN=2.5~5.5V, 10 LEDs, FIGURE 10
L=10uH -
PWM dimming linearity PWM Freq = 20 kHz FIGURE 11
Feedback voltage line regulation VIN=2.5~5.5V FIGURE 12
Soft-start waveform VIN=3.8V, 10 LEDs, L=10uH FIGURE 13
Switching waveform VIN=3.8V, 10 LEDs, L=10uH FIGURE 14
EFFICIENCY
Open LED proteggion VIN=3.6V, 10 LEDs, L=10uH FIGURE 15
OUTPUT CURRENT
100
EFFICIENCY
VIN=4.2 "VIN=3.6V| .
90 NT™S,
100 - = Kl
<) -~ 80 ~
& 4LEDs 6 LEDs ) Vs
— 90 « - - VIN=3.0V 1
= 2 70
8 ‘ 3 I
9 80 QL ED. uLE)
= 10 LEPs 5 60
70
50
60 10 LEDs
40
0 10 20 30 40
%0 OQutput Current\gmfé v
Figure 7. |
40 aure
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Figure 8.
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DETAILED FUNCTIONAL DESCRIPTION

The AW9962 is a high efficiency, high output voltage boost converter in small package size. The device is
ideal for driving up to 10 white LED in series. The serial LED connection provides even illumination by
sourcing the same output current through all LEDs. The device integrates 40V/2.0A switch FET and operates
in pulse width modulation (PWM) with 1.1MHz fixed switching frequency. The duty cycle of the converter is
set by gﬁ_xrﬁzi_ _:irﬂglifier output and the current signal applied to the PWM control comparator. The control
architectlre” "Is 'based on traditional current-mode control. Therefore, slope compensation is added to the
current signal to allow stable operation for duty cycle larger than 50%. The feedback loop regulates the FB pin
to a low reference voltage (200mV typical), reducing the power dissipation in the current sense resistor.

SOFT

Soft—star!‘gllgu%y Ellaﬁt\ég(;)rg'lldo”lﬁtg tEeRIngggllQ y high inrush current during start-up. After the device is

enabled, the voltage at FB pin ramps up to the reference voltage. This ensures that the output voltage rises
slowly to reduce the input current.

OPEN

Open LED over-voltage protection circuitry prevents IC damage as the result of white LED disconnection. The
AW9962 monitors the voltage at the SW pin during each switching cycle. The circuitry turns off the switch FET
as soon as the SW voltage exceeds the Vovp threshold for 8 clock cycles.

SHUTDOWN

The CTRL input is used to enable or disable the AW9962. Pulling the CTRL pin higher than 1.5V will enable
the device. The AW9962 has an internal shutdown delay circuitry, when the CTRL pin is held low for an
amount of time longer than 2.5ms, the AW9962 will enter shutdown mode and the input supply current for the
device is less than 1pA. Although the internal FET does not switch in shutdown, there is still a DC current path
between the input and £§Obl.:g8§jough the inductor and Schottky diode. The minimum forward voltage of
the LED array must ex e ximum input voltage to ensure that the LEDs remain off in shutdown.
However, in the typical application with two or more LEDs, the forward voltage is large enough to reverse bias
the Schottky and keep leakage current low.

UNDER-VOLTAGE

An under-voltapg%%gk%l\pglrevents operation of the device at input voltage below typical 2.2V. When the input
voltage is below the under-voltage threshold, the internal switch FET is turned off. If the input voltage rises by
under-voltage lockout hysteresis, the IC restarts.

CURRENT

FB
The FB voltage is regulated by a low 200n4h£wefearce voltage. The LED current is programmed externally
using a current sense resistor in series with the LED string. The value of the Rser can be calculated by the
following equation:

V
=)

SET

Where:
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ILep = output current of LEDs

Vrg = regulated voltage of FB

FB




YND

| e | - LY
F A X
Rset = current sense resistor

PWM BRIGHTNESS DIMMING

When the CTRL pin is constantly high, the FB voltage is regulated to 200mV typically. However, the CTRL pin
allows a PWM signal to reduce this regulation voltage, it achieves LED brightness dimming. The relationship
between the duty cycle and the FB voltage is given by the following equation:

Vrg = Duty x 200mV (2)
Where:
Duty = duty cycle-ofthe PWM signal

200mV = internal reference voltage

As shown in the FIGURE 16, the IC chops up the internal 200mV reference voltage at the duty cycle of the
PWM signal. The pulse signal is then filtered by an internal low pass filter. The output of the filter is connected
to the error amplifier as the reference voltage for the FB pin regulation. Therefore, although a PWM signal is
used for brightness dimming, only the WLED DC current is modulated, which is often referred as analog
dimming. This eliminates the audible noise which often occurs when the LED current is pulsed in replica of the
frequency and duty cycle of PWM control. Unlike other scheme which filters the PWM signal for analog
dimming, AW9662 regulation voltage is independent of the PWM logic voltage level which often has large
variations.

Reference

200mV
— o
CTRL
o— o— »
l —— 3 EAout
o—o1
L FB +
Error
Amp

l -
1

Figure16 Block Diagram of Programmable FB Voltage Using PWM Signal

THERMAL SHUTDOWN

An internal thermal shutdown turns off the device when the typical junction temperature of is exceeded 165°C.
The device is released from shutdown automatically when the junction temperature decreases by 16°C.
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APPLICATION INFORMATION

MAXIMUM OUTPUT CURRENT

The over-current limit in a boost converter limits the maximum input current and thus maximum input power
for a given input voltage. Maximum output power is less than maximum input power due to power conversion
losses. The current limit setting, input voltage, output voltage and efficiency can all change maximum current
output. Therefore, the ripple has {o:be subtracted to derive maximum ®C current. The ripple current is a
function of switching frequency, inductor value_and duty cycle. The following equations take into account of all
the above factors for maximum output current ‘eaictltiody  VIN

1
P 1 1
[L xF x( + )

Where:
Ip = inductor peak to peak ripple
L= inductor value
Ve = Schottky diode forward voltage
Fs = switching frequency
| = (4)

Vour = output voltage of the boost converter. It is equal to the sum of Vrs and the voltage drop across
LEDs.

VINX(lim - 1o / 2)%n
out_max VOU_r

Where:
lout max = mMaximum output current of the boost converter
lim = over—§L|r=r,eﬁtc|:i;pr%'r worst case calculation the minimum value has to be chosen.

n = efficiency
INDUCTOR

The selection of the inductor affects steady state operation as well as transient behavior and loop stability.
These factors make it the most important component in power regulator design. There are three important
inductor specifications, inductor value, DC resistance and saturation current. Considering inductor value
alone is not enough.

The inductor value determines the inductor ripple current. Choose an inductor that can handle the necessary
peak current without saturating. The inductor DC current is given by:

Vour %o
IleDc =_\c;llj;\l xr]t ®)

Inductor values can have #20% tolerance with no current bias. When the inductor current approaches
saturation level, its inductance can decrease 20% to 35% from the OA value depending on how the inductor
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vendor defines saturation current. Using an inductor with a smaller inductance value forces discontinuous

PWM when the inductor current ramps down to zero before the end of each switching cycle. This reduces the

boost converter's maximum output current, causes large input voltage ripple and reduces efficiency. Large
inductance value provides much more output current and higher conversion efficiency. For these reasons, a
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4.7uH to 10pH inductor value range is recommended. A 10uH inductor optimized the efficiency for most
application while maintaining low inductor peak to peak ripple. TABLE 2lists the recommended inductor for

the AW9962. When recommending inductor value, the factory has considered —40% and +20% tolerance
from its nominal value.

Table 2 Recommended Inductors for AW9962

Part L DCR Max | Saturation Current Size Vendor
Number (MH) (R) (mA) (LxW x Hmm)
LQH3NPN100NMO 10 0.3 750 3x3x15 Murata
A997AS-220M 22 0.4 510 4x4x1.8 TOKO

CDH3809/SLD 10 0.3 570 4x4x1.0 Sumida

LPS4018-472ML — S a7~ ' 1~ 10.125 1900 4x4x%18 Coilcraft
The high switching frequency of the AW9962

SCHOTTKY

demands a high-speed rectification for optimum efficiency.
Ensure that the diode average and peak current rating exceeds the average output current and peak inductor

current. In addition, tasA PAECH ORESELFRTJON Voltage must exceed the open LED over-voltage
protection voltage. The ONSemi MBR0540 and the ZETEX ZHCS400 are recommended for AW9962.

COMPENSATION

The compensation capacitor Ccomp (see the application circuit), connected from COMP pin to GND, is used to
stabilize the feedback loop of the AW9962. Use 47nF X5R or X7R ceramic capacitor for Ccowp.

For most applications, ceramic capacitors with X7R or X5R temperature characteristic are preferred for use
with the AW9962.

Capacitors with Y5V or Zg APOCIFORS SEEEGHEN generally not recommended for use with the
AW9962.

INPUT AND OUTPUT

The output capacitor is mainly selected to meet the requirements for the output ripple and loop stability. This
ripple voltage is related to the capacitor(’:s capacitance and its equiv%f)nt series resistance (ESR). Assuming a
capacitor with zero ESR, the minimum capacitance needed for a given ripple can be calculated by:

(VOUT -VI N)X Iout

ouT
VOUT XFS erippIe

Where, Vigple = peak-to-peak output ripple. The additional output ripple component caused by ESR is
calculated using:

Viople_ EsR = lout * Resr (7)
Due to its low ESR, Viigple ESR Can be neglected for ceramic capacitors, but must be considered if tantalum or
electrolytic capacitors are used.

Care must be taken when evaluating a ceramic capacitor’s derating under dc bias, aging and AC signal. For
example, larger form factor capacitors (in 1206 size) have a resonant frequency in the range of the switching
frequency. So the effective capacitance is significantly lower. The DC bias can also significantly reduce
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capacitance. Ceramic capacitors can loss as much as 50% of its capacitance at its rated voltage. Therefore,
leave the margin on the voltage rating to ensure adequate capacitance at the required output voltage.
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An X5R or X7R capacitor of 10uF is recommended for input side. The output requires a X5R or X7R capacitor

in the range of 0.47uF to 4.7uF. A 100nF capacitor and a 33 pF capacitor are recommended to use in parallel
with the input capacitor and the output capacitor to suppress high frequency noise.

The output capacitor affects the loop stability of the boost regulator. If the output capacitor is below the range,
the boost regulator can potentially become unstable. For example, if use the output capacitor of 0.1uF, a
470nF compensation capacitor has to be used for the loop stable.

Note that capacitor degradation increases the ripple much. Select the capacitor with 50V rated voltage to
reduce the degradation at the output voltage. If the output ripple is too large, change a capacitor with less
degradation effect or with higher rated voltage could be helpful.

POWER DISSIPATION

The maximum IC junction temperature should be restricted to 125°C under normal operating conditions. This
restriction limits the power dissipation of the AW9962-.|-CaICL_JIq{e the maximum allowable dissipation, Ppmax),
and keep the actual dissipation less than or equalto Ppmax. The maximum-power-dissipation limit is
determined by using the following equation:

Where, TJmax

The AW9962
is the Maximum Junction Temperature, Ta is the maximum ambient temperature for the

application. 6j, is the thermal resistance junction-to-ambient given in Power Dissipation Table.

comes in a thermally enhanced TDFN package. Compared with the TSOT package, the TDFN
package has better heat dissipation. This package includes a thermal pad that improves the thermal
capabilities of the package. The 6;, of the TDFN package greatly depends on the PCB layout and thermal pad
connection. The thermal pad must be soldered directly to the analog ground on the PCB. After soldering, the
PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane, or alternatively, can be attached to a special heatsink structure
designed into the PCB. This design optimizes the heat transfer from the integrated circuit(IC).

Using thermal vias underneath the thermal pad as illustrated in the layout example.
PCB LAYOUT CONSIDERATION

As for all switching power supplies, especially those high frequency and high current ones, layout is an
important design step. If layout is not carefully done, the regulator could suffer from instability as well as noise
problems. To reduce switching losses, the SW pin rise and fall times are made as short as possible. To
prevent radiation of high frequency resonance problems, proper layout of the high frequency switching path is
essential. Minimizelfie iBRYtCARAGHRSaNGESS tRRicenbbimdacelasatie e/ PN S Aviagisie hiereiHa piare
BFﬂl‘aé'rtQHg%ﬂ?cmﬁglQeWrrfB%nimize inter-plane coupling. The loop including the PWM switch, Schottky
diode, and output capacitor, contains high current rising and falling in nanosecond and should be kept as
short as possible.

Connect the exposed paddle to the PCB ground plane using at least two vias. The input and the output
bypass capacitors should be placed as close to the IC as possible. Minimize trace lengths between the IC and
the inductor, the diode and the output capacitor; keep these traces short, direct, and wide.

A recommended PCB Layout is shown inEIGURE 17. In order to dissipate the package heat, the package
thermal pad must be connected to a large copper area on the ground plane underneath using multiple vias.




vouT

Ccomp
FB

Figure 17 Recommended PCB Layout
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__W_| B8.00+03/-01]

Reel

P2
202008 (1)

P

[I:I Weomured from cenfrelme of sprocks: Raole
e centrdlee of pochet

(N Cumglotlve toleronce af 10 morockel
holes s + 0.30

(M) Wegmgresd torm centralise of agrocked
hois Lo cantreling af pocket.

[I¥y  Dihar mipterial avalobls

(¥} Typicd SR of form tops Mox 10" o fso

ALL MMENSIONS M ML LUWMETRES UHLESS QTHERWSE STATED

8.3040.5

254 0040 8
[ Ak ES]
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PACKAGE DESCRIPTION [ | o
K _LASER MARK _.‘\ !

PIN 16.D.

COMMON DIMENSIIONS
E fﬂ E2 | (UNITS OF MEASURE=MILLIMETER

Symbol| Min | Typ | Max
A 0.70 | 0.75 | 0.80

¥ b
] A1 | 000 | 0.02 | 0.05

D
N>

¥ A3 0.20REF
PN b | 025 | 030 | 035
TOP VIEW L BOTTOM VIEW D | 190 | 200 | 210

E 190 | 200 | 2.10
D2 0.90 | 1.00 | 1.10

T E2 1.50 1.60 1.70
A e 0.55 | 0.65 | 0.75
l :‘:l_:l_:l_i K 0.15 | 0.25 0.35
L 0.20 | 0.25 | 0.30
SIDE VIEW H 0.20REF
A1
4
A3

NOTES:

ALL DIMENSIONS REFER TO JEDEC STANDARD MO-229
DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.




T

LAND PATTERN DATA

Exomple Boord Loyout Exomple Stencil Design
0.125mm Stencil Thickness
(Note E)

I_.._._|_ 165 _; :—-l—l-—'— 0,65

100, 000 ]

(o]
(3=}

J - f %
28 14| O O 0,80 1,45 2,75
|
F— 14 b

JOR Printed solder coverage on cenler pod

| Mon Solder Mosk Defined Pgd Center Pod Lovoul
[ ¥
i (Note D)

|I “\
|! el .\\ lag—— ] .t‘l P
i - ? --"'-.._H q\.
// L EIGD'J_\ +
r, \ Exomple y -H'I ~ i
."'Ill oy _l'-,‘___ Solder .'\1.:54 Opening LT (i) 0
| = b (Note F)
: 0,7 4 | !
(—— = § e — 08 |-
\ Tl 0.07 / (Hote C)
M | all around
k — - o
\ l:..:'. j
e =) J__..-*"z

NOTE A: All linear dimensions are in millimeters.

NOTE B: This drawing is subject to change without notice.

NOTE C: Publication IPC-7351 is recommended for alternate designs.

NOTE D: This land pattern is designed to be soldered to a thermal pad on the board.

NOTE E: Laser cutting aperture with trapezoidal walls and also rounding corners will offer better paste release.
Customers should contact their board assembly site for stencil design recommendations. Refer to IPC-7525

for stencil design considerations.
NOTE F: Customers should contact their board fabrication site for solder mask tolerances.
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Reflow Note

Figure 24
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DISCLAIMER

A X

Information in this document is believed to be accurate and reliable. However, Shanghai AWINIC Technology
Co., Ltd (AWINIC Technology) does not give any representations or warranties, expressed or implied, as to
the accuracy or completeness of such information and shall have no liability for the consequences of use of
such information.

AWINIC Technology reserves the right to make changes to information published in this document, including
without limitation specifications and product descriptions, at any time and without notice. Customers shall
obtain the latest relevant information before placing orders and shall verify that such information is current and

complete. This document supersedes and replaces all information supplied prior to the publication hereof.

AWINIC Technology products are not designed, authorized or warranted to be suitable for use in medical,
military, aircraft, space or life support equipment, nor in applications where failure or malfunction of an
AWINIC Technology product can reasonably be expected to result in personal injury, death or severe property
or environmental damage. AWINIC Technology accepts no liability for inclusion and/or use of AWINIC
Technology products in such equipment or applications and therefore such inclusion and/or use is at the
customer’s own risk.

ArRlicrtipts Hhatsag described herein for any of these products are for illustrative purposes only. AWINIC
Technology makes no representation or warranty that such applications will be suitable for the specified use
without further testing or modification.

subject to the general terms and conditions of commercial sale supplied at the time of
order acknowledgement.
Nothing in this document may be interpreted or construed as an offer to sell products that is open for
Recproﬁuchon o{ AWINICE L . .
acceptance” or the grant, conveyance or implication of any license under any copyrights, patents or other

industrial or intellectual property rights.

information in AWINIC data books or data sheets is permissible only if reproduction
is without alteration and is accompanied by all associated warranties, conditions, limitations, and notices.
R‘&)o iéb‘x\élt'\lrlesponsible or liable for such altered documentation. Information of third parties may be subject
to additional restrictions.

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