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A 12-V Input, 3.3-V Output, 20-A Synchronous Buck
Converter

1 INTRODUCTION

The TPS40195EVM evaluation module (EVM) is a synchronous buck converter providing a fixed 3.3-V
output at up to 20 A from a 12-V input bus. The EVM is designed to start up from a single supply, so no
additional bias voltage is required for start up. The module uses the TPS40195 Mid-Voltage Synchronous
Buck Controller (Tl Literature Number SLUS720).

2 DESCRIPTION

TPS40195EVM is designed to use a regulated 12-V bus (8 V to 20 V) to produce a regulated 3.3-V output
at up to 20 A of load current. TPS40195EVM is designed to demonstrate the TPS40195 in a typical 12-V
bus to low-voltage application while providing a number of test points to evaluate the performance of the
TPS40195 in a given application.

2.1 Applications
* Non-Isolated Medium Current Point-of-Load and Low-Voltage Bus Converters
* Networking Equipment
e Telecommunications Equipment
» Computer Peripherals
» Digital Set-Top Box

2.2 Features
e 8-V to 20-V Input Range
e 3.3-V Fixed Output
e 20-Apc Steady State Output Current
» 300-kHz Switching Frequency
e 2-Layer PCB with all Components on Top Side
» Convenient Test Points for Probing Switching Waveforms and Non-Invasive Loop Response Testing
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3 TPS40195EVM ELECTRICAL PERFORMANCE SPECIFICATIONS

Table 1. TPS40195EVM Electrical and Performance Specifications

PARAMETER \ CONDITIONS | MIN | NOM | MAX |UNITS
INPUT CHARACTERSTICS
VN Input voltage 8 12 20 Y
N Input current ViNn=8V,lout=20 A - 9 A
No load input current ViN=12V, lgyt=0A - 60 mA
VIN_ON Input turn-on voltage lout=0Ato20 A 6.3 7.2 8 v
Vin_Hys | Input hysteresis lout=0At020 A 1.12
OUTPUT CHARACTERSTICS
Vour Output voltage ViN=12V, loyt1 =20 A 3.23 3.3 3.36 Y
Line regulation ViN=81t020V, lgyt =20 A - - 0.5%
Load regulation ViN=12V, lgyt=0t0 20 A - - 0.5%
Voutpp | Output voltage ripple ViN=12V, loyt =20 A - - 50| mVpp
lout Output current Vin=8Vto20V 20 20 A
locp Output over current inception point Viy=12V 20.5 - -
TRANSIENT RESPONSE
Al Load step 20At04Ato 20 A - 16 - A
Load slew rate - 1 -| Alusec
Over shoot - 300 - mV
Settling time - 20 - ps
SYSTEMS CHARACTERSTICS
Fsw Switching frequency 240 300 360 kHz
Npk Peak efficiency ViN=12V, lgyt=01t0 20 A - 95% -
n Full load efficiency ViN=12V, loyt =20 A - 92% -
Top Operating temperature range vVvli?h:faBnto 20V, loyr =010 20 A, - 25 -l °C

SLUU297A—-December 2007 —Revised July 2008

Bubmit Documentafion FeedbacK

A 12-V Input, 3.3-V Output, 20-A Synchronous Buck Converter

3


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum= SLUU297A

www.ti.com

Jl} TEXAS
INSTRUMENTS

SCHEMATIC

SCHEMATIC

4

OIS YOS POOY Jamog
cdl 6alL
<
80d uo patoINdog 1oN Jusuodwo) 10uoNd0 7 | vV W i.NNW é.ﬁ%
81y viy 9
cldL z1y
ano E 1001 ]
9dL > 8
614 £
aNo 4deoLy 9
g e
(Y2
or ¢
asl . .
voz@ Age AL AN ze8L4u1 ol :
) 812 O 8y z19 T o1
oL oL ¥20
1NOA 2 vy
9Ly A6°6Y
6
s LidL
NOA = HNG'L H P oL
3 1282341
1 ydl 10 ¥ NA—t 318vsI0
SPON UIHMS ™ £
I Gunsosp | * [+ 1] oL zdL
“ puo uonoalul _ - o
Kjouy doo S1y
| Siskiouy dooT | o
! L | sLe ,
I 8H) —+—¢ o
I I \ ST g, N i
L L L el | anel NiA
! = 120 |* dnege LD %) S = = =
! oldL | ! ¥ )
“ aNo > _ wwulﬂ Ldl
1 | y NIA
b A0Z 0108
| VHO }
-

ocumentation Feedbac

mi

u

SLUU297A—-December 2007 —Revised July 2008

Figure 1. TPS40195EVM Schematic for Reference Only,
See List of Materials for Specific Values
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4.1 Test Points

Table 2. Test Points Available on theTPS40195EVM

TEST POINT NAME DESCRIPTION
TP1 VIN Measure the input voltage here
TP2 GND Ground connection for input voltage measurements
TP3 Soft Start Monitor the soft start capacitor voltage
TP4 Switch Node Monitor switch node voltage
TP5 VOUT Measure the output voltage and ripple here, see
TP6 GND Ground connection for output voltage measurements
TP7 CHA Input A for loop analysis, see
TPS8 CHB Input B for loop analysis, see
TP9 Power Good Monitor power good signal here, see
TP10 GND General ground connection
TP11 DISABLE Short TP11 to TP2 to disable the TPS40195 controller, see
TP12 SYNC Inject square wave synchronizing pulse here, see
TP13 GND Used for output ripple test with TP5, see
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5 TEST SET UP
5.1 Equipment
5.1.1 Voltage Source
V\n: The input voltage source (V)y) should be a 0-V to 20-V variable dc source capable of 20 Apc.
5.1.2 Meters
Al: 0 Apc to 20 Apc, ammeter
V1: V|\, 0 V to 20 V voltmeter
V2: Vout 0 V to 5 V voltmeter
5.1.3 Loads
LOADZ1: The output load (LOAD1) should be an electronic constant current mode load capable of 0 Apc to
20 Apc at 3.3V
5.1.4 Oscilloscope
Oscilloscope: A digital or analog oscilloscope can be used to measure the ripple voltage on Vgyr. It is
also used to monitor various test points around the EVM. describes test procedure for these
measurements. For ripple measurements it is not recommended to use the leaded ground connection
supplied with the oscilloscope. This may induce additional noise due to the large ground loop area.
5.15 Signal Generator
A signal genitor can be used to synchronous the EVM to a higher switching frequency. See for
details on doing this.
5.1.6 Recommended Wire Gauge
V| to J1: The connection between the source voltage, V,y and J1 of the EVM can carry as much as 20
Apc. The minimum recommended wire size is 2x AWG #16 with the total length of wire less than 4 feet (2
feet input, 2 feet return).
J3 and J4 to LOAD1 (Power): The power connection between J2 of the EVM and LOAD1 can carry as
much as 20 Apc. The minimum recommended wire size is 2x AWG #16, with the total length of wire less
than 2 feet (1 feet output, 1 feet return).
5.1.7 Other

Fan: This evaluation module includes components that can get hot to the touch, because this EVM is not
enclosed to allow probing of circuit nodes, a small fan capable of 200 LFM to 400 LFM is required to
reduce component surface temperatures to prevent user injury. The EVM should not be left unattended
while powered. The EVM should not be probed while the fan is not running.
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5.2 Equipment Setup

Shown in is the basic test set up recommended to evaluate the TPS40195EVM. Please note that
although the return for J1 and J4 are the same, the connections should remain separate as shown in
Figure 4.

1. Working at an ESD workstation, make sure that any wrist straps, bootstraps or mats are connected
referencing the user to earth ground before power is applied to the EVM. Electrostatic smock and
safety glasses should also be worn.

2. Prior to connecting the dc input source, Vy, it is advisable to limit the source current from Vy to 20 A
maximum. Make sure V) is initially set to 0 V and connected as shown in Figure 2.

3. Connect the ammeter Al (0 A to 20 A range) between V,y and J1 as shown in Eigure 2.
4. Connect voltmeter V1 to TP1 and TP2 as shown in Figure 2.

5. Connect LOAD1 to J3 and J4 as shown in Figure 2. Set LOAD1 to constant current mode to sink 0 Apc
before V,y is applied.

6. Connect voltmeter, V2 across TP5 and TP6 as shown in Figure 2.
7. Place Fan as shown in and turn on, making sure air is flowing across the EVM.

Oscilloscop

e
Q + -
an EA (O

See figure 3 for tip LOADT
l i l i l and barrel 3.3V
measurement 0to 20A
c27 = Texas Instfuments @ ©
v \D r26 TPS40[1 9SEVM
IN ) m‘
0to 20V Vin
¥ [e.]
O ® H |
4.5v-20V
Cnd.” ez 25 lrinlelrly
P11 c1 04 18’ O 00 O O

c1n
c7

o P4

338825833
L
18

Figure 2. TPS40195EVM Recommended Test Set-Up
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6 TEST PROCEDURE

6.1 Line and Load Regulation

o gk wdhE

Increase V| from 0 Vto 8 V.

Step LOAD1 from 0 A to 20 A.

Record, V|, Iiny Vout and lgyt for each LOADL step.
Step V,y from 8 Vto 20 V.

Repeat 2 to 4 above for each V,y step.

See for equipment shut down.

See Bection 7.7 and Bection 7.2 for typical line and load regulation curves and efficiency results.

6.2 Output Ripple Measurement (TP5, TP13)

1.
2.

3.

Set up EVM as described in Bection 5.2 and Eigure 4.
Set Oscilloscope to 1-MQ input impedance, 20-MHz Bandwidth, ac coupling, 1-ps/div. horizontal
resolution, 10-mV/div. vertical resolution.

Place the oscilloscope probe tip through TP5 and hold the ground barrel to TP13 as shown in Eigure 3.
For a hands free approach, the loop in TP13 can be cut and opened to cradle the probe barrel. V2
may have to be removed from these test points to allow the oscilloscope to be connected.

4. Increase V|yto 8 V.
5.
6
7

Vary LOADL1 from 0 A to 20 A and observe oscilloscope waveform.

. Repeat 5 above for various V,y values up to 20 V.
. See for equipment shut down.

See for typical ripple voltage results

Metal Ground Barrel \

TP5 TP13

Figure 3. Output Ripple Measurement - Tip and Barrel Using TP5 and TP13
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6.3 Loop Analysis (TP7, TP8, TP10)

TPS40195EVM contains a 1.30-kQ series resistor in the feedback loop to allow for matched impedance

signal injection into the feedback for loop response analysis.
1. Set up EVM as described in Eection 5.9 and Eigure 2

© o NGO A~WN

injection into feedback may interfere with accuracy of other measurements).

10. See for equipment shutdown.

See for typical bode plots and transient performance of this EVM

Connect input signal amplitude measurement probe (Channel A) to TP7 as shown in
Connect output signal amplitude measurement probe (Channel B) to TP8 as shown in
Connect ground lead of Channel A and Channel B to TP10 as shown in

Inject 30 mV or less signal across R11 (TP7 and TP8) through an isolation transformer.
Sweep frequency from 100 Hz to 1 MHz with 10 Hz or lower post filter.

Control loop gain can be measured by 20 x Log (ChannelB/ChannelA).

Control loop phase is measured by the phase difference between Channel A and Channel B.
Disconnect Isolation transformer from TP7 and TP8 before making other measurements (signal

AR

FAN
LOAD1
A
0 to 20A
e 3 Texas Instruments © O
v \E\ r26 TPS40195EVM
. . 1 HPA236ES
0to 20V Vin 7
0g [
4.5V-20V I:lj %:""//
)
P5 V
i 1 Loy
711 (3] or ! 5 6656 &
BTl |
1 6 -
L]
-3
o
™
Network
Analyzer
N 0@ @B@
Figure 4. Control Loop Measurement Setup
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6.4 Disable (TP11) and Power Good (TP9)
TPS40195EVM defaults to the Enabled state.
1. Set up EVM as described in Eection 5.9 and Eigure 4
2. Using a four channel oscilloscope monitor TP11, TP9 and TP5.
3. Increase V)yto 8 V.
4. Set LOAD1to 10 A.
5. Short TP11 to TP2, output should drop to zero.
6. Remove short, output should return to regulation.
7. Repeat 4 and 5 above for various V| and LOAD1 combinations.
8. See for equipment shut down.
See for typical disable and power good performance.
6.5 Switch Node (TP4) and SYNC (TP12)
1. Set up EVM as described in Eection 5.4 and Eigure 2
2. Use the oscilloscope to monitor TP4. Set Oscilloscope to 1-MQ input impedance, 20-MHz Bandwidth,
ac coupling, 1-ps/div. horizontal resolution, 5-V/div. vertical resolution.
3. Increase Vjyto 12 V.
4. Set LOADL1 to 10 A.
5. Vary LOAD1 and observe oscilloscope.
6. Vary V)y and observe oscilloscope.
7. Set signal generator to 360 kHz and pulse shape per Figure 3.
8. Connect the signal generator to TP12.
9. Monitor TP12 and TP4 with the oscilloscope
10. Vary signal generator frequency from 360 kHz to 400 kHz.
11. See B g for equipment shutdown.
Volts
A T- <100ns
_> 1—
2.5V <V, <6.0V
V. < 0.5V -
T<1/(1.2xFg,) Time
Figure 5. Typical TPS40195EVM SYNC Signal. The TPS40195 Synchronizes on the Falling Edge
6.6 Equipment SHUTDOWN
1. Shut down oscilloscope.
2. Shut down LOADL1.
3. Shut down V.
4. Shut down fan.
10 A 12-V Input, 3.3-V Output, 20-A Synchronous Buck Converter SLUU297A—-December 2007 —Revised July 2008
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through present typical performance curves for the TPS40195EVM. Since actual
performance data can be affected by measurement techniques and environmental variables, these curves
are presented for reference and may differ from actual field measurements.

7.1 Line and Load Regulation

OUTPUT VOLTAGE
vs
LOAD CURRENT
3.33
3.32 12v
8Vv
P
z Qa
o 3.31 I
2 -y
5 3.30
g 20V
=1
o
|5 3.29
o
>
3.28
3.27

0 2 4 6 8 10 12 14 16 18 20

loyr - Load Current - A
Figure 6. TPS40195EVM Line and Load Regulation Viy =8V to 20V,
VOUT =33V IOUT =0Ato20A
7.2 Efficiency

EFFICIENCY
vs
LOAD CURRENT
100

80/<
wl/

12V
8V

n - Efficiency - %

40

0
1 25 4 55 7 85 10 11.5 13 14.5 16 17.5 19

loyr - Load Current - A

Figure 7. TPS40195EVM Efficiency V|y =8 Vto 20 V,
VOUT =33V IOUT =1Ato20A
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7.3 Output Voltage Ripple
TPE401HSEYM
Win = 12%, Yout = 3.3V, lout = 204
W -‘WJ.“.—-,J.'- \‘\l"'\m\-’\"'hi\hlu‘ ] _J\ﬁhwf\‘w
N M,_M W
Ch1 Z0.0m¥ M1 1.0ps 50.0MSE 20.0nzipt
Figure 8. TPS40195EVM Output Voltage Ripple
(Vin=12V, loyr =20 A)
7.4 Transient Response
TPS40195EYM F“MP2491 T . . TPS*I16195EVN;PMP2‘491
Yin = 12%, Yout = 3.3Y, lout = 20-44 Yin = 12%, Yout = 3.3Y, lout = 4-204
Transient Responnse Tranzient Responnse
[ 2+ ‘f\ ; = .,v . s iy AR
+ +
- Chz 200mY N B Ml 100ps 5.0MSs 200zt - Chz 200mY e B I 100ps 50035/ 200zt
Ch4 1004 @ Bw & Chd o 904 Ch4 1004 & Bw & Chd 904
Figure 9. TPS40195EVM Transient Response, Figure 10. TPS40195EVM Transient
VlN =12 V, IOUT =20Ato 4 A, Response, VlN =12 V, IOUT =4 Ato 20 A,
Ch1: lOUTv Ch2: VOUT Chil: lOUTv Ch2: VOUT
12 A 12-V Input, 3.3-V Output, 20-A Synchronous Buck Converter SLUU297A—-December 2007 —Revised July 2008
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7.5 Bode Plots

Gain/Phase
Vs
Frequency
60 180
45 \m’m\
N
30 T 2 135
T ik Gain
g | AN |
© Q
N AR RS = % 8
‘© \ \\\J o
© 45 AN
~—— ~N
//'\\\‘\ \
-30 Phase ‘\\ 45
-45 A\
-60 0
100 1000 10000 100000 1000000
Frequency - Hz
Figure 11. TPS40195EVM Bode Plot V| =12V, lgyr = 20 A,
Crossover Frequency = 48 kHz, Phase Margin = 57.5°
Gain/Phase
vs
Frequency
60 180
N
45 m\_\\\
30 A Gain 135
— ol
o 15 T \\ °
o w«"’*""’"’/ \\1 .
g O = N 0 o
$ s >\ | ™ &
Phase | SN \\I
-30 ht T 45
-45
-60 0
100 1000 10000 100000 1000000
Frequency - Hz

Figure 12. TPS40195EVM

Bode Plot V|N =12 V, IOUT =0 A,

Crossover Frequency = 46 kHz, Phase Margin = 62°
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7.6 Test Point Waveforms
TPS4D195EVI\;I PMPé491 ¥ TPS4D¥ISEVN:I PRPZ451
Win= 12Y%, Yout = 3.3Y, lout = 11 Vin = 12Y, Yout = 3.3%, lout = 10
Dizable & Power Good Enable & Power Good
in Yin
i phpiary rinikelely b ! I ans & 3 "',,‘,,'..' s ! ¥ ""I_'I
ok ot
14 14
3 bbbk ol I
) " Enable I Enable
| +=
E | i J‘_‘ A : I| s I'r L
| -
Power Good E-I Power Good ]
4 e J
Chi 10.0% Chz 2o By I 200ps 2 5M5/s 400Nt Chi 10.0% Chz 20v By Il 400ps 1.25M5E S00nsmt
Ch3 20 iy Cha 1004 By & Ch3 o 7EOmY Ch3 20 Eiy Ch4 1004 By & Ch3 o TEOmY
Figure 13. TPS40195EVM Disable and Power Figure 14. TPS40195EVM Enable and Power
GOOd, VlN =12 V, IOUT =10 A, Chl: TP1 (VlN)! GOOd, VIN =12 V, IOUT =10 A, Chl: TP1 (VlN)!
Ch2: TP5 (Vout), Ch3: TP11 (ENABLE); Ch2: TP5 (Vour), Ch3: TP11 (ENABLE);
Ch4: TP9 (Power Good) Ch4: TP9 (Power Good)
TPS;&WQSEVM PI\KZ‘2491
Vi = 12%, Vout = 3.3V, lout = 104
Syncronization
"1 S TP4 LT LT L«
\\ f | | f
o0y ¥ [ag Y
Sync TRP1Z
Chi 5.0 Tl 1.0ps SO0MSSE 2 Onsdat
Ch3 5.0 By & Chl o 48Y
Figure 15. TPS40195EVM Switching
Waveform (Chl: TP4) and Synchronization
(Ch2: TP12) Viy =12 V, IgyT = 10 A,
fSYNC =400 kHz
14 A 12-V Input, 3.3-V Output, 20-A Synchronous Buck Converter SLUU297A—-December 2007 —Revised July 2008
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8 EVM ASSEMBLY DRAWINGS AND LAYOUT

The following figures through show the design of the TPS40195EVM printed circuit
board. The EVM has been designed using a 2-Layer, 2-0z copper-clad circuit board with all components
on the top side. Moving components to both sides of the PCB or using additional internal layers can offer
additional size reduction for space constrained systems.

c27| c1 | c2
1 RZ6
+ + +
4 0
|| y ca|cslcie 26 ‘
e
co|c3
o Q2 c14|c15/c16/C17|C18|C25| |TPS
EEN
m R15
R9 i
= »
[c24) + + + + J3
gLy
13 |~ 1 L1
C21
(¢8| Y | [Rig] a3 cii| ce | ¢7 | cio
RZ [Rzo] g
e
R7 | |®
Com—c N "
@x o
6

Figure 16. TPS40195EVM Component Placement (viewed from top)

Figure 17. TPS40195EVM Top Copper (viewed from top)
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Figure 18. TPS40195EVM Bottom Copper (x-ray viewed from top)
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lists the EVM components as configured according to the schematic shown in Eigure 7.

Table 3. TPS40195EVM List of Materials

COUNT REF DES DESCRIPTION MFR PART NUMBER

0 gilcélg7c(2:78 Capacitor, aluminum, 20% (UE Series) Panasonic EEF-UEvvxxxR
C12 Capacitor, ceramic, 1.0 pF, 6.3 V, X7R, 10%, 0603 Std Std
C13 Capacitor, ceramic, OPEN Std Std

6 21‘7‘: gig: o Capacitor, ceramic, 47 yF, 6.3 V, X5R, 20%, 1210 | Std Std

1 C20 Capacitor, ceramic, 4700 pF, 50 V, [X7R, 10%, 0603 | Std Std

1 c21 Capacitor, ceramic, 10 pF, 6.3 V, X5R, 10%, 0603 Std Std

1 Cc22 Capacitor, ceramic, 680 pF, 50 V, X7R, 10%, 0603 Std Std

1 Cc23 Capacitor, ceramic, 100 pF, 50 V, COG, 5%, 0603 Std Std

1 Cc24 Capacitor, ceramic, 10 pF, 50 V, NPO, 5%, 0603 Std Std

1 C26 Capacitor, aluminum, 25 V, 20%, 160 mQ Panasonic EEVFK1E331P

5 |00 Capacitor, ceramic, 10 uF, 25 V, X7R, 20%, 1210 | Std std

1 C6 Capacitor, ceramic, 1.0 pF, 25 V, X7R, 10%, 0805 Std Std

1 L1 Inductor, SMT, 27 A, 3.0 mQ Vishay IHLP5050FDER1R5M01

2 Q1, Q2 MOSFET, N-channel, 30 V, 11 A, 9.1 mQ IR IRF7821

2 Q3,04 MOSFET, N-channel, 30 V, 16 A, 4.0 mQ IR IRF7832

3 R1, R10, R12 Resistor, chip, 100 kQ, 1/16 W, 1% Std Std

1 R11 Resistor, chip, 1.30 kQ, 1/16 W, 1% Std Std

1 R13 Resistor, chip, 3.01 kQ, 1/16 W, 1% Std Std

1 R14 Resistor, chip, 22.1 kQ, 1/16 W, 1% Std Std

1 R17 Resistor, chip, 10.0 kQ, 1/16 W, 1% Std Std

0 R18, R19, R20, R21 | Resistor, chip, xxx Q, 1/16 W, 1% Std Std

1 R2 Resistor, chip, 200 kQ, 1/16 W, 1% Std Std

1 R22 Resistor, chip, 0 Q, 1/16 W Std Std

1 R26 Resistor, chip, 0.15 Q, 1/8 W, 5% Std Std

4 R3, R8, R15, R16 Resistor, chip, 1.0 Q, 1/16 W, 5% Std Std

1 R4 Resistor, chip, 2.0 Q, 1/16 W, 5% Std Std

1 R5 Resistor, chip, 1.0 Q, 1210, 5% Std Std

1 R6 Resistor, chip, 42.2 kQ, 1/16 W, 1% Std Std

1 R7 Resistor, chip, 82.5 kQ, 1/16 W, 1% Std Std

1 R9 Resistor, chip, 49.9 kQ, 1/16 W, 1% Std Std

1 Ul l’;nsct(l):gsp,gig)év to 20-V Sync buck controller with T TPS40195RGY
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and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

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

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

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

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

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

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

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

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

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

Products Applications

Amplifiers Emplifier-i.com Audio [pww Ti.com/audid

Data Converters Fataconverterir.com Automotive [vww Tr.com/automofiv

DSP Esp-ii.con Broadband [pww i.com/broadband

Clocks and Timers [www i-com/clocky Digital Control [pww ir-com/digitalcontrol

Interface [nierface-fi.com Medical [pww Ti.com/medical

Logic [ogicircon Military [vww i-com/militany

Power Mgmt power-i.com Optical Networking [xww Ti.com/opficalnetwor
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RFID ‘ i .CO Telephony lvww.tr.com/telephony
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Wireless [vww T.com/wirelesy
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