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T1 reference design number: PMP9379 Rev A

Input: 18-42V

Output 1: +15Vout @ 0.5A
Output 2: -15Vout @ 0.5A

DC-DC Converter Test Results

Page 1 of 29 Power Management Solutions



Created on: 6/17/2014

PMP9379 Rev A Test Results ¥ Texas

INSTRUMENTS
Table of Contents

1. DeSIGN SPECITICALIONS ....uuiiei e eeeeieee e e e e et e e e e e e e e e eaa e e e e e eeeeeesnnnns 4
P B =Tt ] o 11 [ o RSP PTR 4
G T 1 T3 =T o Vo3 6
3.1 R LY | PSP 6
3.2 2AVIN L 7
3.3 A2 VIN 7
I = 1 0 2 - USSR 8
L0 Y AT PSPPSRI 8
5. SWItChING @nd RIPPIE ... .coeeeeeeeeie e e e e e e e e e e as 9
5.1 18VIN +15Vout @ O0.5A L0Ad .....ccoeieieeeeeeeeeeeee 9
5.2 24VIN +15Vout @ O.5A L0Ad .....coooiiiieiiieeee 9
5.3 42VIN +15Vout @ O0.5A L0Ad .....ccoo e, 10
5.4 18VIN -15Vout @ 0.5A L0AT ......cooiiiiiieeieieeee 10
5.5 24VIN -15Vout @ 0.5A L0Ad ......ccooieieeeeeeeeeee e, 11
5.6 42VIN -15Vout @ O0.5A L0Ad .....ccooiiiiiiieieeee 11
6. TranSIENT RESPONSE ...ttt e e e e e e e e eat e e e e e e e eeeesnnnns 12
6.1 18V Input — 0.250 to 0.5A Step, 50mA/us, 100 Hz. +15Vout.........cceeeeeeeeeveeennnns 12
6.2 24V Input — 0.250 to 0.5A Step, 50mA/us, 100 Hz. +15Vout.........ccccoeiiiiiiiiinnnns 12
6.3 42V Input — 0.250 to 0.5A Step, 50mA/us, 100 Hz. +15Vout.........cccceveeeeeeeveeennnns 13
6.4 18V Input — 0.250 to 0.5A Step, 50mA/ps, 100 Hz. -15VOUt........cvvviieeieeiiiiiiinnns 14
6.5 24V Input — 0.250 to 0.5A Step, 50mA/us, 100 Hz. -15Vout.........cceeeeeeeeeeeeeennnns 14
6.6 42V Input — 0.250 to 0.5A Step, 5S0mA/ps, 100 Hz. -15VOUt........cvvveiieeeeeiiiiiinnnns 15
A = 1o 41T SRR 16
7.1 Without Tracking Circuit ~ With Tracking CirCUIt ..........cccoeeeiiiiiiiiiiiiiee e 16
7.2 18V input A2VINPUL oo e e e e e e e 16
7.3 Load Regulation TraCKiNG ... ... ettt e e e e e eeaeaiea e e e e e e eeeennnne 17
7.4 Line Regulation TracCKiNg .........ciiieeeeeiieiiiiiiee e e e e e e e e e e e e e e e e e e e e e e eeeeennnnns 20
8. PO U et e e e e e e e naa e aeees 22
8.1 Power Up at 18V Input — No Load 18V Input —Dual 0.5A Load.............evvnnnn... 22
8.2 Power Up at 24V Input — No Load 24V Input —Dual 0.5A Load.............cccuuun..... 22
8.3 Power Up at 42V Input — No Load 42V Input —Dual 0.5A Load.............vvvvnnn... 23
S IR [0 O [ o 0 A I =T, ST 24
9.1 18Vin NoLoad 18Vin 0.5A L0Ad.......ccccovmiiiiiiiieieiiiieeiceee e 24
9.2 24Vin NoLoad 24Vin 0.5AL0Ad.......cccooiiiiiiiiiiiieee e 24
9.3 42Vin NoLoad 42Vin 0.5AL0Ad.......cccooviiiiiiiiiiiieieiieeiceee e 25
9.4 18Vin NoLoad 18VIiN 0.5A L0Ad.......cccooiiiiiiiiiiiiieeeeee e 25
9.5 24Vin NoLoad 24Vin 0.5AL0Ad.......cccooeiiiiiiiiiiiiieeieeecee e 25
9.6 42Vin NoLoad 36VIN 0.5A L0Ad.......cccooiiiiiiiiiiiiiiiiiiiei e 26
10. Short CirCUIt RECOVEIY TESES...uuiuiiiiieeeeeeeeietiiiie e e e e e e e eeeeae s e e e e e e e eeaasaaa e e e e eeeeeeannnnns 27
10.1 18Vin +15Vout No Load 18Vin +15Vout 0.5A Load ........cceeevvvvvvivvnnnnnnnnn. 27
10.2 24Vin +15Vout No Load 24Vin +15Vout 0.5A Load .........ccccvvvvviiieeeeeenn, 27
10.3 42Vin +15Vout No Load 36Vin +15Vout 0.5A Load ........ccccceeeeviieiiiiennnnnns 28
10.4 18Vin -15Vout No Load 18Vin -15Vout 0.5A Load........cccceeeeevvvveevinnnnnnnnn. 28
10.5 24Vin -15Vout No Load 24Vin -15Vout 0.5A Load .........ccoeveviivviiiineeeeeee. 29

Page 2 of 29 Power Management Solutions



Created on: 6/17/2014

PMP9379 Rev A Test Results

Q’ TEXAS
INSTRUMENTS

10.6 42Vin -15Vout No Load 36Vin -15Vout 0.5A Load
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1. Design Specifications
Vin Min. 18VDC
Vin Max. 42VVDC
Voutl +15VDC
loutl 0.5A
Vout?2 -15VDC
lout2 0.5A
Switching Frequency 500 kHz

2. Description

PMP9379 is a positive and negative 15V output supply capable of delivering 0.5A per rail. The input
voltage range is 18V to 42V in. PMP9379 uses external circuitry to ensure that the +/-15V output
track each other, i.e. the output voltage above and below 0V are well controlled and accurately bal-
anced. This board has the capability to externally synchronize the regulators to an external clock. It
is recommended that the synchronization clock pulse is AC coupled and is no less that 2V peak re-
spective to the regulators Reference (OV for the Buck, -15V for the Buck boost inverter). The abs
max for the synchronization clock pulse is 5.5V. Please refer to Datasheet for more details regarding
clock synchronization. Synchronization is an option not a recommendation. The PMP9379 is a four
layer board with overall dimensions of 3.1” (78mm) x 3.4” (86mm). The copper weight is 1 0z. on

the outer layers and 0.5 oz. the inner layers.

Top Layer

Al
il

LM46002 Positive and Negative Tracking Bias Supply
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Bottom Layer

LM46002 Positive and Negative Tracking Bias Supply
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3. Efficiency
PMP9379
95%
o, ’—
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& gy &
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g / e 18V
g 80% S
w
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70%
0 0.1 0.2 0.3 0.4 0.5 0.6
10UT (A)
3.1 18VIN
Vin lin Vout- | loutl Vout + lout 2 Pin Pout Efficiency Losses
V) (A) V) (A) V) (A) W) W) (%) W)
18 0.011 | 15.278 | 0.000 | 15.284 0.000 0.201 0.000 0.00% 0.201
18 0.105 | 15.157 | 0.050 | 15.156 0.050 1.890 1.510 79.87% 0.380
18 0.202 | 15.153 | 0.100 | 15.151 0.099 3.636 3.011 82.80% 0.625
18 0.291 | 15.150 | 0.150 | 15.155 0.150 5.238 4.546 86.78% 0.692
18 0.380 | 15.147 | 0.200 | 15.145 0.199 6.840 6.048 88.42% 0.792
18 0.470 | 15.146 | 0.252 | 15.143 0.250 8.460 7.598 89.81% 0.862
18 0.558 | 15.141 | 0.300 | 15.143 0.300 10.044 9.081 90.41% 0.963
18 0.649 | 15.138 | 0.350 | 15.136 0.350 11.685 10.596 90.68% 1.089
18 0.742 | 15.135 | 0.403 | 15.135 0.400 13.356 12.153 91.00% 1.203
18 0.830 | 15.133 | 0.450 | 15.132 0.450 14.940 13.619 91.16% 1.321
18 0.922 | 15.132 | 0.499 | 15.128 0.500 16.598 15.115 91.06% 1.483
18 1.015 | 15.130 | 0.550 | 15.129 0.550 18.263 16.642 91.13% 1.620
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3.2 24VIN
Vin lin Vout- | loutl Vout + lout 2 Pin Pout Efficiency Losses
V) (A) () (A) () (A) (W) (W) (%) (W)
24 0.011 | 15.332 | 0.000 | 15.312 0.000 0.263 0.000 0.00% 0.263
24 0.078 | 15.159 | 0.050 | 15.157 0.050 1.881 1.510 80.25% 0.372
24 0.157 | 15.153 | 0.100 | 15.150 0.100 3.767 3.030 80.44% 0.737
24 0.223 | 15.153 | 0.150 | 15.147 0.150 5.354 4.542 84.84% 0.812
24 0.290 | 15.148 | 0.200 | 15.145 0.200 6.955 6.059 87.11% 0.896
24 0.357 | 15.145 | 0.249 15.141 0.251 8.557 7.564 88.39% 0.993
24 0.424 | 15.144 | 0.299 15.140 0.300 10.165 9.070 89.23% 1.095
24 0.492 | 15.138 | 0.350 | 15.141 0.350 11.802 10.598 89.79% 1.205
24 0.558 | 15.138 | 0.399 15.132 0.400 13.389 12.093 90.32% 1.296
24 0.626 | 15.134 | 0.450 | 15.130 0.450 15.021 13.619 90.67% 1.402
24 0.695 | 15.132 | 0.499 15.127 0.502 16.677 15.145 90.81% 1.532
24 0.764 | 15.128 | 0.550 | 15.125 0.550 18.327 16.639 90.79% 1.688
3.3 42 VIN
Vin lin Vout- | loutl Vout + lout 2 Pin Pout Efficiency Losses
V) (A) M) (A) M) (A) (W) (W) (%) (W)
42 0.004 | 15.345 | 0.000 | 15.343 0.000 0.176 0.000 0.00% 0.176
42 0.055 | 15.149 | 0.050 | 15.144 0.050 2.330 1.515 65.02% 0.815
42 0.095 | 15.154 | 0.099 15.150 0.099 3.486 3.000 75.20% 0.486
42 0.136 | 15.146 | 0.150 | 15.144 0.150 5.691 4.544 79.84% 1.147
42 0.175 | 15.144 | 0.200 | 15.139 0.200 7.354 6.057 82.36% 1.298
42 0.214 | 15.140 | 0.250 | 15.134 0.251 8.988 7.579 84.32% 1.409
42 0.252 | 15.136 | 0.299 15.132 0.300 10.583 9.065 85.65% 1.518
42 0.290 | 15.133 | 0.349 15.129 0.350 12.179 10.577 86.84% 1.603
42 0.330 | 15.132 | 0.399 15.126 0.400 13.859 12.088 87.22% 1.771
42 0.370 | 15.129 | 0.450 | 15.123 0.450 15.539 13.613 87.61% 1.925
42 0.410 | 15.128 | 0.499 15.123 0.500 17.219 15.110 87.76% 2.108
42 0.449 | 15.126 | 0.550 | 15.122 0.550 18.857 16.636 88.23% 2.220
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4. Thermal

4.1 Steady State Temperature, 24Vin and dual 0.5A output.

493

La3n

Top View

The U3 is the warmest component. The image displays a 26°C temperature rise.
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5. Switching and Ripple

Both channels were loaded with 0.5A while these ripple measurements were taken.

5.1 18VIN +15Vout @ 0.5A Load

The cursors indicate less than 4mV ripple.

Channel 3 +15Vout;ippie
Channel 4 Vs

5.2 24VIN +15Vout @ 0.5A Load

The cursors indicate less than 9mV ripple.

Channel 3 +15Vout;ippie
Channel 4 Vsw
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5.3 42VIN +15Vout @ 0.5A Load

The cursors indicate less than 9mV ripple.

Channel 3 +15Vout;ippie
Channel 4 Vsw

5.4 18VIN -15Vout @ 0.5A Load

The cursors indicate less than 31mV ripple.

Channel 2 -15Vout;ippie
Channel 4 Vsw
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5.5 24VIN -15Vout @ 0.5A Load

The cursors indicate less than 23mV ripple.

Channel 2 -15Vout;ippie
Channel 4 Vsw

5.6 42VIN -15Vout @ 0.5A Load

The cursors indicate less than 27mV ripple.

Channel 2 -15Vout;ippie
Channel 4 Vsw

Page 11 of 29 Power Management Solutions



Created on: 6/17/2014

PMP9379 Rev A Test Results

Q’ TEXAS
INSTRUMENTS

6. Transient Response

6.1 18V Input — 0.250 to 0.5A Step, 50mA/us, 100 Hz. +15Vout

Otput Deviation = 15.8mV

Output Deviation = 15.8mV

Channel 3 +15V
Channel 4 IOUT

6.2 24V Input — 0.250 to 0.5A Step, 50mA/us, 100 Hz. +15Vout

l tput Deviation = 15.8mV

utput Deviation = 9.8mV

Channel 3 +15V
Channel 4 IOUT
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6.3 42V Input — 0.250 to 0.5A Step, 50mA/us, 100 Hz. +15Vout

Output Deviation = 25.8mV Output Deviation = 17.2mV

Channel 3 +15V
Channel 4 IOUT
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6.4 18V Input — 0.250 to 0.5A Step, 50mA/us, 100 Hz. -15Vout

utput Deviation = 41.8mV utput Deviation = 53.8mV

Channel 3 -15V
Channel 4 IOUT

6.5 24V Input — 0.250 to 0.5A Step, 50mA/us, 100 Hz. -15Vout

Output Deviation = 36.6mV Output Deviation = 38.4mV

Channel 3 -15Vv
Channel 4 IOUT
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6.6 42V Input — 0.250 to 0.5A Step, 50mA/us, 100 Hz. -15Vout

Output Deviation = 29.8mV Output Deviation = 36.4mV

Channel 3 -15V
Channel 4 IOUT
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7. Tracking

7.1 Without Tracking Circuit With Tracking Circuit

Channel 2 15.1VOUT (Blue) Channel 2 15.1Vout (Blue)
Channel 3 15.15VOUT (Red) Channel 3 15.1Vout (Red)
Channel 4 1IN Channel 4 1IN

Channel 3(RED) is inverted to better highlight tracking circuit.

7.2 18V input 42Vinput

A load step was applied and both loop responses were observed, as one can see, one channel
compensates for the other during the step on and off, indicative of tracking.

| ) . | | -
R e e o IR AT e e e T

Channel 2 +15.1VOUT (Blue)
Channel 3 -15.1VOUT (Red)
Channel 4 IOUT
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7.3 Load Regulation Tracking

These graphs display the percent error between channels from no load to full load.

— 1 8\/

18V

0.025%

0.020%

0.015% \ N

0.010% \ / \ / \

0.005% \ / / \/\-’\ / \
S / \

% Error

0.00 0.10 0.20 0.30 0.40 0.50 0.60
IOUT (A)
Measure | VIN [IN -15V IOUT1 | +15V IOUT 2
1 18 0.0112 | 15.278 | 0.000 15.284 0.000
2 18 0.105 | 15.157 | 0.050 15.156 0.050
3 18 0.202 | 15.153 | 0.100 15.151 0.099
4 18 0.291 | 15.150 | 0.150 15.155 0.150
5 18 0.38 | 15.147 | 0.200 15.145 0.199
6 18 0.47 | 15.146 | 0.252 15.143 0.250
7 18 0.558 | 15.141 | 0.300 15.143 0.300
8 18 0.6491 | 15.138 | 0.350 15.136 0.350
9 18 0.742 | 15.135 | 0.403 15.135 0.400
10 18 0.83 | 15.133 | 0.450 15.132 0.450
11 18 0.9221 | 15.132 | 0.499 15.128 0.500
12 18 1.0146 | 15.130 | 0.550 15.129 0.550
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24\/ — ) 4\/
0.09%
0.08% \\
0.07% 1\
- 0.06% \
g 0.05:& \
2 oone |\ 7\ Py
0.02% \ — ~ — | N
0.01% \v
0.00%
0.00 0.10 0.20 0.30 0.40 0.50 0.60
IOUT (A)
Measure VIN IIN -15Vv IOUT 1 +15V IOUT 2
1 23.996 0.011 15.325 0.000 15.312 0.000
2 23.995 | 0.0784 15.159 0.050 15.157 0.050
3 23.996 0.157 15.153 0.100 15.150 0.100
4 23.996 0.2231 15.153 0.150 15.147 0.150
5 23.996 | 0.2898 15.148 0.200 15.145 0.200
6 23.996 | 0.3566 15.145 0.249 15.141 0.251
7 23.996 | 0.4236 15.144 0.299 15.140 0.300
8 23.996 | 0.4919 15.138 0.350 15.141 0.350
9 23.995 0.558 15.138 0.399 15.132 0.400
10 23.995 0.626 15.134 0.450 15.130 0.450
11 23.995 0.695 15.132 0.499 15.127 0.502
12 23.995 | 0.7638 15.128 0.550 15.125 0.550
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42\/ — )\
0.045%
0.040%
A m— S
S 0.025% // \\ // NS ~
;; 0.020% / \ /
0.015% =
0.010%
0.005%
0.000%
0.00 0.10 0.20 0.30 0.40 0.50 0.60
IOUT (A)
Measure | VIN IIN -15V IOUT 1 +15V IOUT 2
1 42 0.0042 15.345 0.000 15.343 0.000
2 41.998 0.0555 15.149 0.050 15.144 0.050
3 41.997 0.095 15.154 0.099 15.150 0.099
4 41.998 0.1355 15.146 0.150 15.144 0.150
5 41.998 0.1751 15.144 0.200 15.139 0.200
6 41.998 0.214 15.140 0.249 15.134 0.251
7 41.998 0.252 15.136 0.299 15.132 0.300
8 41.997 0.29 15.133 0.349 15.129 0.350
9 41.997 0.33 15.132 0.399 15.126 0.400
10 41.997 0.37 15.129 0.450 15.123 0.450
11 41.997 0.41 15.128 0.499 15.123 0.500
12 41.997 0.449 15.126 0.550 15.122 0.550
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7.4 Line Regulation Tracking

This graph displays the percent error between channels over a range of voltages in.

No Load Line Reg No Load Line Reg
0.03%
0.02%
0.01% \\
0.00% \
5 -0.01% N\ //
L -0.02% N —
R -0.03% N —
-0.04% \ /
-0.05% \ /
-0.06% N’
-0.07%
18V 24V 42V
VIN
Half Load Line Reg ——Half Load Line Reg
0.00%
-0.01%
5 -0.01%
o \
R -0.02% \
-0.02%
-0.03%
18v 24V 42V
VIN
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% Error

0.00%

-0.01%

-0.01%

-0.02%

-0.02%

-0.03%

Full Load Line Reg ——Full Load Line Reg

\

\

18V 24V 42V
VIN
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8. Power Up

8.1 Power Up at 18V Input — No Load 18V Input —Dual 0.5A Load

Channel 1 VIN
Channel 2 -15Vout
Channel 3 +15Vout

Channel 4 1IN

8.2 Power Up at 24V Input — No Load 24V Input —Dual 0.5A Load

Channel 1 VIN
Channel 2 -15Vout
Channel 3 +15Vout

Channel 4 IIN
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8.3 Power Up at 42V Input — No Load 42V Input —Dual 0.5A Load

Channel 1 VIN
Channel 2 -15Vout
Channel 3 +15Vout

Channel 4 1IN
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9 Short Circuit Tests
A short circuit was applied to each of the outputs using an electronic load.

9.1 18Vin No Load 18Vin 0.5A Load

”HHW HHH\H

Channel 3 +15Vout
Channel 4 IOUT

9.2 24Vin No Load 24Vin 0.5A Load

Ll e

l ‘HH;IIIIIIIIH‘I ‘

]llllillilllll|||IJJHH||||HHHH|||- r_, ]I LU

Channel 3 +15Vout
Channel 4 IOUT
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9.3 42Vin No Load 42Vin 0.5A Load

e | R

Channel 3 +15Vout
Channel 4 IOUT

9.4 18Vin No Load 18Vin 0.5A Load

T | AL AR AR

.Lnl _. L

Trigger  EEH|
T e B0V 200 AR
t Positiv) 6340 A ofst

Channel 3 -15Vout
Channel 4 IOUT

9.5 24Vin No Load 24Vin 0.5A Load
[T | (WRRAARRARRARA
.Lnl _. Hl
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Channel 3 -15Vout
Channel 4 IOUT

9.6 42Vin No Load 36Vin 0.5A Load

T

T, | | T,

i

|

Hl

- et Tier G
50,0 mrsian] Stop 10V

Channel 3 -15Vout
Channel 4 IOUT
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10. Short Circuit Recovery Tests

A short circuit was applied to each of the outputs using an electronic load and then allowed to restart.

10.1 18Vin +15Vout No Load 18Vin +15Vout 0.5A Load

i

W IR

Channel 3 +15Vout
Channel 4 IOUT

10.2 24Vin +15Vout No Load 24Vin +15Vout 0.5A Load

."‘m .""'H?-."""H}ﬁ"””‘ "“U IHH i-””“ """H

Il |

J
L

Channel 3 +15Vout
Channel 4 IOUT
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10.3 42Vin +15Vout No Load 36Vin +15Vout 0.5A Load

W

[

Channel 3 +15Vout
Channel 4 IOUT

10.4 18Vin -15Vout No Load

18Vin -15Vout 0.5A Load

T

\

T

}1 ‘

Wl

Channel 3 -15Vout
Channel 4 IOUT
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10.5 24Vin -15Vout No Load 24Vin -15Vout 0.5A Load

e

T TTITTETT

T

\

i

Wi

il

Channel 3 -15Vout
Channel 4 IOUT

0.5A Load

10.6 42Vin -15Vout No Load 36Vin -15Vout
R IINIRRIER
m m ‘

Channel 3 -15Vout
Channel 4 IOUT
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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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