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1. Design Specifications

Vin Minimum 3.8V

Vin Maximum 36V

Vin Nominal 12V (automotive design)

Vout 1 (pre boost) 10V @ 5A (supply to dual buck controller)
lout 1 5A

Switching Frequency(Pre Boost ) 220 KHz

Vout 2 5V

lout 2 5A

Vout 3 3.3V

lout 3 5A

Switching Frequency(Dual Buck Controller)

2.2MHz (act as sync for Boost controller through
freq divider)

Protection

Reverse polarity , Short Circuit protections at
Outputs, Load Dump protection

2. Circuit Description

PMP10709 is a 50 W System level SMPS design for mid power automotive infotainment system.

The design has protections such as Load dump through TVS (ISO pulse testing) as well as Reverse
Voltage (Innovative Smart diode with very low Ig) Protection. Further all the Controllers (boost and dual
bucks) are in SYNC for EMI optimized design.

The design is divided into four major blocks:

1. Protection: Reverse Battery protection through efficient smart diode and automotive transient
protections through TVSs.

2. EMI Filter: A differential filter for Conducted EMI suppression.

3. Pre boost: Efficient Low cost Non-synchronous pre boost design for 50 W applications. The output is
maintained at 10V and when Vin > Vout(programmed Boost Out) , the output follows the input and
bypass operation is achieved (through a conducting PFET when VIN> programmed 10V boost output).

4. Dual Buck Controller: 2.2 MHZ switching for AM band avoidance as well as small size solution
.Supports two output 5V@5 A as well as 3.3V@5 A . The Syncout of Controller is used to Sync Boost at
F/9 frequency.
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3. TIDA-00744 Block Diagram

Bypass VIN==VOUT —> 5V 5A
3.5V-20V
LM7461
Start up at 4.5V Smart
diode
L3481 LM5140
22MHZ Dual

— - Boost
=_)I_>;_.:l_1 N EMIFILTER - e

T

Buck

Load Dump Protection

Reverse Battery Protection

Over Voltage Protection SYNC LM3481 WITH
SYNCOUT of LM5140

———> 3.3V 5A
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4. TIDA-00744 Board Photos
Board Dimensions: 4325mil *6550mi

" TiDA-00744 E1- [N
UIN

ls 900005000000, I3 TEXAS
[ INSTRUMENTS

B )

For evaluation only; not FCC approved for resale.

Board Photo (Top)
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4. Thermal Data

IR thermal image taken at steady state with 12 Vin and 5V@5A and 3.3V @ 5A (Boost is Bypassed)
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IR thermal image taken at steady state with 6 Vin and 5V@5A and 3.3V @ 5A (Boost is operational)

23.0

12/15/2015 15:51:55
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5. Efficiency data

5.1 Pre Boost Efficiency — LM3481 only

5.1.1 Efficiency Chart —-Pre boost

Efficency Vs Load Current
(Boost + Smart diode only)

s —
95.000% ; — T ] — | | == Seriesd
— : ' ' - l —
€ 90.000% e —#=Series5
& T .
qs:) =0 Series6
g 85.000% i
& \ et Series’
80.000% = Series8
Series9
75-000% T T T T 1 ' SerleSlO
0 1 2 3 4 5
Current(A)
5.1.2 Efficiency Data- Pre Boost
Vin(V) lin(A) Vout(V) lout(A) Efficiency(%)
14.4 0.5 14.38 0.5 99.861%
14.4 1 14.36 1 99.722%
14.4 1.5 14.34 1.5 99.583%
14.4 2 14.31 2 99.375%
14.4 25 14.28 25 99.167%
14.4 3 14.25 3 98.958%
14.4 35 14.21 35 98.681%
14.4 4 14.18 4 98.472%
14.4 4.5 14.15 4.5 98.264%
14.4 5 14.12 5 98.056%
9 12/16/2015



13 TEXAS

INSTRUMENTS Test Report TIDA-00744
Vin(V) lin(A) Vout(V) lout(A) Efficiency(%)
12 0.5 11.95 0.5 99.583%
12 1 11.91 1 99.250%
12 15 11.87 15 98.917%
12 2 11.83 2 98.583%
12 2.5 11.8 2.5 98.333%
12 3 11.75 3 97.917%
12 35 11.72 35 97.667%
12 4 11.68 4 97.333%
12 4.5 11.65 4.5 97.083%
12 5 11.62 5 96.833%
Vin(V) lin(A) Vout(V) lout(A) Efficiency(%)
10.8 0.5 10.69 0.5 98.981%
10.8 1 10.62 1 98.333%
10.8 15 10.59 15 98.056%
10.8 2 10.55 2 97.685%
10.8 2.5 10.51 2.5 97.315%
10.8 3 10.5 3 97.222%
10.8 35 10.46 35 96.852%
10.8 4 10.45 4 96.759%
10.8 4.5 10.41 4.5 96.389%
10.8 5 10.38 5 96.111%
Vin(V) lin(A) Vout(V) lout(A) Efficiency(%)
8 0.6704 9.97 0.5 92.948%
8 1.327 9.97 1 93.915%
8 1.9816 9.96 15 94.242%
8 2.6432 9.95 2 94.109%
8 3.3033 9.95 2.5 94.129%
8 39712 9.95 3 93.958%
8 4.6419 9.94 35 93.685%
8 5.3143 9.94 4 93.521%
8 5.994 9.932 4.5 93.206%
8 6.6715 9.932 5 93.045%
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Vin(V) lin(A) Vout(V) lout(A) Efficiency(%)
6 0.9096 9.97 0.5 91.341%
6 1.8028 9.97 1 92.171%
6 2.6902 9.96 15 92.558%
6 3.5775 9.95 2 92.709%
6  4.4837 9.95 2.5 92.465%
6 5.3981 9.95 3 92.162%
6 6.3433 9.94 35 91.409%
6 7.2645 9.94 4 91.220%
6 8.227 9.932 4.5 90.543%
6 9.1956 9.932 5 90.007%
Vin(V) lin(A) Vout(V) lout(A) Efficiency(%)
4.5 1.235 9.97 0.5 89.699%
45  2.4253 9.97 1 91.352%
45 3.6348 9.96 15 91.339%
45 49731 9.95 2 88.923%
45  6.2485 9.95 2.5 88.466%
45  7.5648 9.95 3 87.687%
45  8.8977 9.94 35 86.889%
4.5 10.2886 9.94 4 85.877%
4.5 11.75 9.932 4.5 84.528%
4.5 13.17 9.932 5 83.793%
Vin(V) lin(A) Vout(V) lout(A) Efficiency(%)
35 1.63 9.97 0.5 87.379%
35 3.19 9.97 1 89.297%
35 4.87 9.96 15 87.650%
35 6.55 9.95 2 86.805%
35 8.32 9.95 2.5 85.422%
35 10.22 9.94 3 83.366%
11 12/16/2015



I3 TEXAS
INSTRUMENTS

Test Report TIDA-00744

5.2 System’s Efficiency ( Smart diode + Pre Boost + Dual Buck)

5.2.1 Efficiency Chart

Smart diode + Pre Boost(10V) + Dual Buck (5V
and 3.3V )- Efficiency Vs Load Current

100.000%
95.000% ——12Vin

g 90.000% —=—14.4Vin

& 85.000% .

5, —e—6.5Vin

3 80.000% _

T 75.000% —=Svin
70.000% —#=4.5Vin
65.000% : : : : . —®—18Vin

0 1 2 3 4 5  ——8Vin
Current (Load 3.3V out & 5V out in Amp
5.2.2 Efficiency data- Complete system’s Efficiency data
Vin(V) lin(A) Voutl(V) loutl(A)  Vout2(V) lout2(A)  Efficiency(%)
12 0.3976 3.295 0.5 5.005 0.5 86.980%
12 0.7684 3.295 1 5.005 1 90.014%
12 1.1481 3.295 1.5 5.005 1.5 90.367%
12 15781 3.295 2 5.005 2 87.658%
12 1.9692 3.295 2.5 5.005 2.5 87.811%
12 2.3638 3.295 3 5.005 3 87.782%
12 2.7688 3.295 3.5 5.005 3.5 87.433%
12 3.1784 3.295 4 5.005 4 87.046%
12 3.5855 3.295 4.5 5.005 4.5 86.808%
12 4.0016 3.295 5 5.005 5 86.424%
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Vin(V) lin(A) Voutl(V) lout1(A) Vout2(V) lout2(A) Efficiency(%)
144 0.3292 3.295 0.5 5.005 0.5 87.544%
144 0.6475 3.295 1 5.005 1 89.018%
14.4 0.958 3.295 15 5.005 15 90.249%
144 1.3452 3.295 2 5.005 2 85.696%
144  1.6738 3.295 2.5 5.005 2.5 86.090%
14.4  2.0045 3.295 3 5.005 3 86.264%
144 2.3376 3.295 35 5.005 35 86.301%
144 2.6909 3.295 4 5.005 4 85.680%
144 3.0313 3.295 4.5 5.005 4.5 85.566%
144 3.3785 3.295 5 5.005 5 85.302%
Vin(V) lin(A) Voutl(V) lout1(A) Vout2(V) lout2(A)  Efficiency(%)
6.5 0.808 3.295 0.5 5.005 0.5 79.018%
6.5 1.5365 3.295 1 5.005 1 83.106%
6.5 2.264 3.295 15 5.005 15 84.602%
6.5 2.9426 3.295 2 5.005 2 86.789%
6.5 3.7164 3.295 2.5 5.005 2.5 85.898%
6.5 4.4543 3.295 3 5.005 3 86.002%
6.5 5.25151 3.295 35 5.005 35 85.104%
6.5 5.9906 3.295 4 5.005 4 85.262%
6.5 6.7682 3.295 4.5 5.005 4.5 84.899%
6.5 7.5772 3.295 5 5.005 5 84.261%

Vin(V) lin(A) Voutl(V) lout1(A) Vout2(V) lout2(A)  Efficiency(%)
5 1.0637 3.295 0.5 5.005 0.5 78.030%
5 2.10073 3.295 1 5.005 1 79.020%
5 2.9466 3.295 15 5.005 15 84.504%
5 3.9003 3.295 2 5.005 2 85.122%
5 4.8644 3.295 2.5 5.005 2.5 85.314%
5 5.8627 3.295 3 5.005 3 84.944%
5 6.898 3.295 35 5.005 35 84.227%
5 7.9419 3.295 4 5.005 4 83.607%
5 9.039 3.295 4.5 5.005 4.5 82.642%
5 10.1611 3.295 5 5.005 5 81.684%
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Vin(V) lin(A) Voutl(V) lout1(A) Vout2(V) lout2(A) Efficiency(%)
45 1.1752 3.295 0.5 5.005 0.5 78.474%
45  2.2504 3.295 1 5.005 1 81.961%
45 3.3285 3.295 15 5.005 15 83.121%
45  4.4256 3.295 2 5.005 2 83.353%
45 55568 3.295 2.5 5.005 2.5 82.981%
Vin(V) lin(A) Voutl(V) loutl(A)  Vout2(V) lout2(A) Efficiency(%)
18 0.271 3.295 0.5 5.005 0.5 85.076%
18 0.53 3.295 1 5.005 1 87.002%
18 0.7878 3.295 15 5.005 15 87.797%
18 11174 3.295 2 5.005 2 82.533%
18 1.3821 3.295 2.5 5.005 2.5 83.408%
18  1.6486 3.295 3 5.005 3 83.910%
18 1.91888 3.295 35 5.005 35 84.106%
18  2.1919 3.295 4 5.005 4 84.148%
18 24744 3.295 4.5 5.005 4.5 83.859%
18  2.7899 3.295 5 5.005 5 82.639%
Vin(V) lin(A) Voutl(V) loutl(A)  Vout2(V) lout2(A) Efficiency(%)
8 0.6408 3.295 0.5 5.005 0.5 80.953%
8 1.2098 3.295 1 5.005 1 85.758%
8 1.792 3.295 15 5.005 15 86.844%
8 2.401 3.295 2 5.005 2 86.422%
8 29872 3.295 2.5 5.005 2.5 86.829%
8 3.5797 3.295 3 5.005 3 86.949%
8 4.1923 3.295 35 5.005 35 86.617%
8 438121 3.295 4 5.005 4 86.241%
8 5.44 3.295 4.5 5.005 4.5 85.823%
8 6.065 3.295 5 5.005 5 85.532%
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6. Waveforms

6.1 System’s Transient performance

6.1.1 Pre Boost — Transient performance

1.00 Addiv 2.00 ms/div) Stop 3.78A
-2.990 A ofst] 500 kS 25 MS/s|Edge  Positive

Transient performance of 10V_Boost at Low Vin (4V) and 2.5A to 5A Current transient (Load on Boost
output only)

C2- 10V_AC coupled

C4- 10V Load
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' LeCroy

2.00 ms/div] Stop 378A
500 kS 25 MS/s|Edge  Positive

Transient performance of 10V_Boost at 5V and 2.5A to 5A Current transient (Load on Boost output
only)

C2- 10V_AC coupled

C4- 10V Load
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' LeCroy

2.00 ms/div] Stop 378A
500 kS 25 MS/s|Edge  Positive

Transient performance of 10V_Boost at 6V and 2.5A to 5A Current transient (Load on Boost output
only)

C2- 10V_AC coupled

C4- 10V Load

17 12/16/2015
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' LeCroy

2.00 ms/div] Stop 378A
500 kS 25 MS/s|Edge  Positive

Transient performance of 10V_Boost at 8V and 2.5A to 5A Current transient (Load on Boost output
only)

C2- 10V_AC coupled

C4- 10V Load
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6.1.2 Dual Buck — Transient performance

3T78A
Positive

100 mVidiv) 2.00 ms/div] Stop
-122.0 mV| 500 kS 25 MS/s| Edge

Transient performance of 3.3V_Buck at Low Vin (5V) and 2.5A to 5A Current transient (No Load on
Other buck output)

C2- 3.3V_AC coupled

C4- 3.3V Load
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' LeCroy

100 m\V/div 2.00 ms/div] S
-122.0 mV| 500 kS 25 MS/s

Transient performance of 3.3V_Buck at 6V and 2.5A to 5A Current transient (No Load on Other buck
output)

C2- 3.3V_AC coupled

C4- 3.3V Load
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Transient performance of 3.3V_Buck at 8V and 2.5A to 5A Current transient (No Load on Other buck
output)

C2- 3.3V_AC coupled

C4- 3.3V Load
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' LeCroy
=
&S

100 m\V/div 2.00 ms/div] S
-122.0 mV| 500 kS 25 MS/s

Transient performance of 3.3V_Buck at 12V and 2.5A to 5A Current transient (No Load on Other buck
output)

C2- 3.3V_AC coupled

C4- 3.3V Load
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' LeCroy

100 m\V/div 2.00 ms/div] S
-122.0 mV| 500 kS 25 MS/s

Transient performance of 3.3V_Buck at 18V and 2.5A to 5A Current transient (No Load on Other buck
output)

C2- 3.3V_AC coupled

C4- 3.3V Load
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- LeCroy

1.00 Addiv

-2.990 A ofst]

Transient performance of 5V_Buck at 12V and 2.5A to 5A Current transient (No Load on Other buck
output)

C2-5V_AC coupled

C4-5V Load
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' LeCroy

1.00 Aldiv] 2.00 ms/div
-2.990 A of st 500 kS 25MSis

Transient performance of 5V_Buck at 18V and 2.5A to 5A Current transient (No Load on Other buck
output)

C2-5V_AC coupled

C4-5V Load
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' LeCroy

1.00 Addiv |
-2.990 A ofst]

2.00 ms/div
500 kS 25 M5S/s

Transient performance of 5V_Buck at 8V and 2.5A to 5A Current transient (No Load on Other buck
output)

C2-5V_AC coupled

C4-5V Load
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' LeCroy

1.00 Addiv |
-2.990 A ofst]

2.00 ms/div
500 kS 25 M5S/s

Transient performance of 5V_Buck at 6V and 2.5A to 5A Current transient (No Load on Other buck
output)

C2-5V_AC coupled

C4-5V Load
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' LeCroy

1.00 Aldiv] 2.00 ms/div
-2.990 A of st 500 kS 25MSis

Transient performance of 5V_Buck at 4.5V and 2.5A to 5A Current transient (No Load on Other buck
output)

C2-5V_AC coupled

C4-5V Load

28 12/16/2015



I3 TEXAS
INSTRUMENTS Test Report TIDA-00744

' LeCroy

1.00 Aldiv] 2.00 ms/div
-2.990 A of st 500 kS 25MSis

Transient performance of 5V_Buck at 3.5V and 2.5A to 5A Current transient (No Load on Other buck
output)

C2-5V_AC coupled

C4-5V Load
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6.2 Output Voltage ripple Waveforms

6.2.1 Boost-Output Voltage ripple

10.0 Vidiv|
0.00 V offset

Ch2- 10V Ripple at 3.5Vin and 5A Load

Ch1-Switch Node 10V Boost

30 12/16/2015



13 TEXAS

INSTRUMENTS Test Report TIDA-00744
—— LeCroy
- ——
I oSl s

10.0 Vidiv|

0.00 V offset

Ch2- 10V Ripple at 5Vin and 5A Load

Ch1-Switch Node 10V Boost

[
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LeCroy

10.0 Vidiv|
0.00 V offset

Ch2- 10V Ripple at 6.8Vin and 5A Load

Ch1-Switch Node 10V Boost

5.00 psidivl S

250655

32
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LeCroy

10.0 Vidiv|
0.00 V offset

Ch2- 10V Ripple at 8Vin and 5A Load

Ch1-Switch Node 10V Boost

5.00 psidivl S

250655

33
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6.2.

2 Dual Buck -Output Voltage ripple

ki

10.0 Vidiv|

Ch2

0.00 V offset

-5V Ripple at 3.5 Vin and 5A Load

Ch1-Switch Node 5V Buck

34
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' LeCroy

u

"

==
=

—

[

——

S

.t.l

10.0 Vidiv|
0.00 V offset

Ch2- 5V Ripple at 8 Vin and 5A Load

Ch1-Switch Node 5V Buck
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LeCroy
ot et [T s manttin i Fimme

14

10.0 Vidiv|
0.00 V offset

Ch2- 5V Ripple at 12 Vin and 5A Load

Ch1-Switch Node 5V Buck

5.00 kS

200 ns/div] S

250655

36
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' LeCroy

-
i
]
§

0 ns|[Trigger

10.0 Vidiv|

0.00 V offset

Ch2- 5V Ripple at 18 Vin and 5A Load

Ch1-Switch Node 5V Buck
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—— LeCroy
L l\ |
- = P =
: L s = ot Lane e
=il

100 m\/div,

-122.0 mV|

Ch2- 3.3V Ripple at 4.5 Vin and 5A Load

Ch1-Switch Node 3.3V Buck

38
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' LeCroy

B i IS roness . WWEL & powes o G o
e

Ch2- 3.3V Ripple at 6Vin and 5A Load

Ch1-Switch Node 3.3V Buck

39
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' LeCroy

Ch2- 3.3V Ripple at 8 Vin and 5A Load

Ch1-Switch Node 3.3V Buck
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LeCroy

- J

10.0 Vidiv|
0.00 V offset

Ch2- 3.3V Ripple at 12 Vin and 5A Load

Ch

1-Switch Node 3.3V Buck

5.00 kS

200 ns/divj Auto

2.5 G5/s5) Edge Positive

41
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LeCroy

P
Wy rapiakiy

-
[

Ch2- 3.3V Ripple at 18 Vin and 5A Load

Ch1-Switch Node 3.3V Buck

42
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7. Synchronization — Boost and Buck Controllers

Bypass VIN==VOUT

L3481
Boost
10V@5A

L5140
2 2MHZ Dual
Buck

SYNC LM3481 WITH
SYNCOUT of LM5140

U3 c15
VouT2 Boost 5
R15 1 e

- My VCC 0
J?N%'OUT SYNC_OUT® 14 i
== CP F.
3
13 = -
pp— 5
GHND 15 &
——+ MR T
g
g
WOoUT2 12 TC GND
CD74HCADTTPWR

C16

0.01pF
GND

Buck SYNC_OUT used to synchronize Boost controller at Freq/9 (divide/9through counter)
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X1= 492ns AX= 40692 s
X2= 41184 us 1AX= 24575 kHz

C2 -5V Switch node at 8Vin and 5A Load
C3- 3.3V Switch node at 8Vin and 5A Load

C1- 10V Pre Boost Switch Node at 8Vin
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8. Smart diode -Front End Reverse Protection

J7

L4

o8
5754 o 42 P s - - -
hEIINE 3}
-
b7 SQU422EP-T1-GE3
C60 SMBJ2BA-13-F 0.AUF | 4.7uF | 47uF [10pF
IATDOpF 28V
C61 D8 ce2
4700pF SMBJ1A13- i

-

Ja

575-4 L

GHD

14v

us

VCAPL CATHODE
GT PULL DN VCAPH

AMODE1 GATEDRIVE

AMODE NC

|mmﬂ‘m

LM74610

l l l 7447709002
C56 ——C57 ——C58 ——C50 1F

It is designed to drive an external MOSFET to emulate an ideal diode when connected in series with a
power source. A unique advantage of this scheme is that it is not referenced to ground and thus has

Zerolg.
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9. Boost Bypass- PFET
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So When Vin>10.5V, Boost is bypassed through PFET .
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to 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.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products 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 for TI components 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.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs 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.

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

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

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

Only those Tl components that 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 that
have not been so designated is solely at Buyer's risk, and 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.
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