Test Report: PMP41085

100W Automotive Infotainment Display Module Reference
Design With Functional Safety Capabilities

Description

This reference design demonstrates a power supply

system for infotainment display modules with common

system requirements like cold crank, load dump,
and Automotive Safety Integrity Level (ASIL). The
LM74900-Q1 is the first stage of the design
playing a role of protection for negative input

voltage, undervoltage, locked output, and overcurrent

protection. The LM5152-Q1 is the second stage to
function as pre-boost controller which can boost up
to a specific voltage if battery voltage is low when
starting up. The device supports battery voltages
down to 4.2V and 100W power output. At the third
stage, the design uses LMQ644A2-Q1, TPS62813-
Q1, and TPS745-Q1 to provide the desired voltage

to the subsystem like local dimming backlight, TCON,

and SerDes. Lastly the design uses voltage monitors
to monitor each rail and to aid ISO 26262 system
design to achieve the targeted ASIL.
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Features

LM74900-Q1 is the automotive ideal diode with
circuit breaker, undervoltage (UV), and overvoltage
(OV) protection with fault output

LM5152-Q1 is the automotive low-lq synchronous
boost controller for start-stop and backup battery
power supply

LMQ644A2-Q1 is the 3V to 36V, low-Iq, dual 6A
automotive buck converter optimized for power
density and low EMI

TPS37-Q1 is the wide V|, 65V dual channel OV
and UV detector with programmable sense and
reset delay function for automotive

TPS3704-Q1 is the low V,y automotive quad
window or standard voltage supervisor

Total 100W power rating with 4.2V battery voltage
input

Reference design aids ISO 26262 system design
to achieve the targeted ASIL

Applications

Automotive display module
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1 Test Prerequisites
1.1 Voltage and Current Requirements
Table 1-1. Key System Specifications
Device Parameter Value (MIN) Value (TYP) Value (MAX) Unit
Input voltage 4.2 13.5 18 Volt
LM74900-Q1 Output voltage 4.2 135 18 Volt
Output current 24 7.4 5.55 Amp
Input voltage 4.2 13.5 18 Volt
Output voltage 8.5 135 18 Volt
LM5152-Q1 Output current 11.76 74 5.55 Amp
fsrxhcgr'g 440 KHz
Input voltage 4.2 13.5 18 Volt
TPS7B8133-Q1 Output voltage 3.3 Volt
Output current 0.15 Amp
Input voltage 8.5 13.5 18 Volt
Output voltage_1 3.3 Volt
Qutput current_1 Amp
LMQ644A2-Q1 Output voltage_2 Volt
Output current_2 Amp
ﬁ;‘:}'ﬁ’;‘g 440 kHz
Input voltage 3.3 Volt
Output voltage 1.15 Volt
TPS628503-Q1 Output current 3 Amp
fsr;;f::‘rég 2200 KHz
Input voltage 3.3 Volt
TPS745-Q1 Output voltage 1.8 Volt
Output current 0.5 Amp

1.2 Required Equipment

* DC Source: Chroma 62006P-100-50

» DC electronic load: Chroma 6314A

» Oscilloscope: Tektronix DPO3054

» Electrical thermography: Fluke TiS55

» Digital Power meter: Yokogama WT310E
* Vector Network Analyzer: OMICRON Bode100
* Multimeter: Fluke 287C
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1.3 Dimensions
The board dimensions are 137mm (length) x 90.7mm (width) x 15mm (height).
7N
For evaluation only: not FCC approved for resale.
&2
™~
o
()]
Figure 1-1. Board Dimension
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2 Testing and Results

2.1 Thermal Images

LM5152-Q1 thermal images are shown in the following figures. The test conditions include room temperature
with no airflow.

Figure 2-1. Thermal Image at 13.5 V|, 13.5 Vouyt, Figure 2-2. Thermal Image at 18 V|y, 18 Voyr, 5.55A
7.4A loyt lout

Figure 2-3. Thermal Image at 4.2 V|, 8.5 VoyT, 11.76A loyt
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LM74900-Q1 thermal images are shown in the following figures. The test conditions include room temperature,
no airflow.

Figure 2-4. Thermal Image at 4.2 V|\, 4.2 Voy1, 24A  Figure 2-5. Thermal Image at 13.5 V|, 13.5 Vour,
IOUT 7.48A IOUT

Figure 2-6. Thermal Image at 18 V|y, 18 Voyr, 5.55A loyt
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LMQ644A2-Q1 thermal images are shown in the following figures. The test conditions include room temperature,
output1 3.3V, 4A, output2 6V, 6A with no airflow.

~67.6 ~82.7 °C

Figure 2-9. Thermal Image at 18 V|
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Thermal images of TPS7B81-Q1 are shown in the following figure. The test conditions include room
temperature, no airflow.

~34.5 ~66.1

Figure 2-10. Thermal Image at 4.2 Vy, 3.3 Vour, Figure 2-11. Thermal Image at 13.5 V|y, 3.3 Vour,
0.15A oyt 0.15A oyt

Figure 2-12. Thermal Image at 18 V|, 3.3 Voyr, 0.15A lgyt
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Thermal images of TPS628503-Q1 are shown in the following figure. The test conditions include room
temperature, no airflow.

Figure 2-13. Thermal Image at 3.3 V), 1.15 Vour, 3A lout
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2.2 Bode Plots
Bode plots of LMQ644A2-Q1 are shown in the following figures.
Figure 2-14. Bode Plot at 8.5 VIN’ 3.3 VOUT; 0A IOUT
Figure 2-15. Bode Plot at 8.5 VIN, 3.3 VOUT: 4A IOUT
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Figure 2-16. Bode Plot at 13.5 V|, 3.3 VOUT! 4A IOUT
Figure 2-17. Bode Plot at 18 V|, 3.3 Vour, 4A lout
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Figure 2-18. Bode Plot at 8.5 V|y, 6 Voyr, 6A loyt
Figure 2-19. Bode Plot at 13.5 V), 6 VouT, 6A lout
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Figure 2-20. Bode Plot at 18 V |y, 6 VouT, 6A lout

Bode plots of TPS628503-Q1 are shown in the following figures.

Figure 2-21. Bode Plot at 3.3 V|y, 1.15 VoyT, 0A loyt
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Figure 2-22. Bode Plot at 3.3 V|y, 1.15 VoyT, 3A lout
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3 Waveforms
3.1 Cold Crank

The cold crank waveform of the board is shown in the following figure by setting appropriate UVLO circuit.

3.2 Start-up

Figure 3-1. Cold Crank at 2.8V|N, 8'5VOUT! 3A IOUT

Start-up behaviors of the LM5152-Q1 are shown in the following figures.

lout
h

B 2.0vidiv 1MQ By:20.0M [~ Lo WKLY 2.0msidiv 5.0MS/s 200.0ns/pt
@ 3.0vidiv 1MQ §y:20.0M Single Seq
T 9.0vidiv MO By:20.0M 1acgs RL:100.0k
@D 6.0A/div 500 Hy:20.0M Auto
Value Mean Min Max St Dev Count  Info
@&» max 4.96v 4.9600001 [4.96 [4.96 [o.0 1.0
Max B.76V 8.76 l8.76 l8.76 0.0 1.0
T Max 9.72v 9.72 l9.72 l9.72 0.0 1.0
T Min -720.0mV  |-720.0m -720.0m  |-720.0m  [0.0 1.0
@» Max 12.48A 12.479999 [12.48 12.48 0.0 1.0

Figure 3-2. Start-up at 4.2 V|N, 8.5 VOUT: 11.76A IOUT
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10.0Vidiv 1MQ §y:20.0M [~ Lci WAk 1.0ms/div 500kS/s 2.0psipt
5.0V/div 1MQ By:20.0M Single Seq
AT 20.0Vidiv 1MQ By:20.0M 1 acgs RL:5.0k
6.25A/div 5000 §y:20.0M Auto
Value Mean Min Max St Dev Count  Info
Max 14.4V 14.4 14.4 14.4 0.0 1.0
T Max 13.7v 13.7 13.7 13.7 0.0 1.0
D Max 3.8V 23.599998  [23.6 23.6 0.0 1.0
T Max 13.25A  [13.25 13.25 13.25 0.0 1.0
Figure 3-3. Start-up at 13.5 V|, 13.5 Vour, 7.48A loyut
T ‘ T ‘ T T T T | T T T | T T | T ‘ T T T T ]
s e
-+
1
" -
ol , , , . T N T SN TN L]
10.0Vidiv 1MQ By:20.0M [ Lo MR 2.0ms/div 5.0MSls 200.0nsipt
10.0V/div 1MQ By:20.0m Single Seq
T 9.0V/idiv 1MQ By:20.0M 1acgs RL:100.0k
3.0A/div 5000 By:20.0M Auto
Value Mean Min Max St Dev Count Info
Max 19.2v 19.199998 [19.2 19.2 0.0 1.0
T® max 18.0V 18.0 18.0 18.0 0.0 1.0
@ Max 18.72V 18.72 18.72 18.72 0.0 1.0
@ Min -360.0mV  [-360.0m -360.0m  [-360.0m [0.0 1.0
Max 5.88A 5.8799999 [s.88 5.88 0.0 1.0

Figure 3-4. Start-up at 18 V,y, 18 Voyr, 5.55A loyt
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Start-up behaviors of LM74900-Q1 are shown in the following figures.

T T T T ™ T L LI Y LI PP S P Y T PP P T
e I =
Vout ]
i i i i : : : : -
Hgate ]
L —
) ]
TR ! PRI [ | [ | | PR T T N R S NN SO ST B RN
10.0Vidiv MO By:20.0M EE® /15y 1.0ms/div 500kS/s 2.0psipt
@D 10.0V/idiv MO B,:20.0M Preview Single Seq
T 20.0Vidiv MO B,:20.0M 0 acqgs RL:5.0k
AT 6.25A/div 500 By:z0.0m Auto
Value Mean Min Max St Dev Count  Info
Max 19.2v 19.2 19.2 19.2 [0.0 1.0
Max 18.1V 18.1 18.1 18.1 0.0 1.0
O Max 26.0v 25999998  [26.0 126.0 0.0 1.0
T Mmax 11.25A  [11.25 1.25 11.25 0.0 1.0
Figure 3-5. Start-up at 18 V|, 18 Vour, 5.78A gyt
T T T T T T T T T T T T T T T T T T T |
. I .
e i 1
-
L b in 5 i
I I A I I - \r N
L L [ | | P IR N R [ PR B .
5.0V/div M0 By:20.0M A /24y 1.0ms/div 500kS/s 2.0psipt
5.0V/div 1MO By:20.0M Single Seq
AT 20.0Vidiv 1MQ By:20.0m 1 acqgs RL:5.0k
6.25A/div 500 Hy:20.0M Auto
Value Mean Min Max StDev Count  Info
Max 4.8V 4.8 4.8 4.8 [o.0 1.0
Max 4.5V 45000004 |4.5 4.5 l0.0 1.0
T Max 16.4V 16.399998  [16.4 16.4 0.0 1.0
T Max 20.75A4  [29.75 29.75 29.75 l0.0 1.0

Figure 3-6. Start-up at4.2V, 4.2 VOUT! 24A IOUT
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Start-up behaviors of LMQ644A2-Q1 are shown in the following figures.

e

T TR T

B 5.0vidiv 1MQ By:20.0M AT [17.46A EE® /45 5.0ms/div 2.0MS/s 500.0ns/pt
AT 4.0V/div 1MQ By:20.0M &7 [s.08v Stopped Single Seq
T 10.0Vidiv 1MQ By:20.0m @B |-11.3787 1 acgs RL:100.0k
T 4.0A/div 5000 §y:20.0M Auto
Value Mean Min Max StDev Count  Info
©» max 8.8V [6.8000002 8.8 [ 0.0 1.0
T max 6.56V 6.5600002 [6.56 6.56 0.0 1.0
T Max 9.2v 91999985 9.2 9.2 0.0 1.0
T Max 6.4A 6.3999991 6.4 6.4 0.0 1.0
Figure 3-7. Start-up at 8.5 V|, 6 Vour, 6A lout
T T T T T T | T T T T T T T T T T | T T ‘ T T T | T T T T

[ |\||.\||\||\ |1IH| .||\||_

T 9.0V/div 1MQ By:20.0m 17.46A EHE» /45 5.0ms/div 2.0MS/s 500.0ns/pt
@ 4.0Vidiv 1MQ By:20.0M &7 [6.08v Stopped Single Seq
T 10.0Vidiv MO By:20.0M B[ -11.3787 1acgs RL:100.0k
T 4.0A/div 500 By:20.0Mm Auto
Value Mean Min Max StDev Count  Info
Max 14.4V 14.4 14.4 14.4 0.0 1.0
B Max 6.56V 6.5600002 .56 6.56 0.0 1.0
T Max 14.4V 14.399998 |14.4 14.4 0.0 1.0
T Max 6.56A 6.5509991 [6.56 6.56 0.0 1.0

Figure 3-8. Start-up at 13.5 V|, 6 Voyr, 6A lout
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@B 2.0V/div MO By:20.0M T [17.468 HE® 4.5V 5.0msfdiv 2.0MS/s 500.0nsipt

&TH 4.0V/div M0 By:20.0M T .ov Preview Single Seq

a7 10.0Vidiv MO By:20.0M & [11.4587 0 acgs RL:100.0k

T 4.0Aldiv 500 By:z0.0m Auto

Value Mean Min Max St Dev Count  Info

@@ Max 18.72V 18.72 18.72 18.72 0.0 1.0

T Max 6.56V 6.5599999  [6.56 6.56 0.0 1.0

@ Max 18.8V 18.799998 |18.8 18.8 0.0 1.0

T max 6.4 6.3900091 |64 6.4 0.0 1.0

Figure 3-9. Start-up at 18 Vy, 6 VouT, 6A lout
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Figure 3-10. Start-up at 8.5 V|, 3.3 Vour; 3A lout
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Figure 3-11. Start-up at 13.5 V|, 3.3 VouT; 3A lout

3 30V
VOouT :
- | 40 v
c3 sl
: £y
3 60V
| 70V,
4ms 0 4ms 8ms 12 ms
dd

Results

ms
Add || Add || Add
Newe | New  New
Math | Ref || Bus

Figure 3-12. Start-up at 18 V|, 3.3 VouT, 3A lout
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Start-up behaviors of TPS7B81-Q1 are shown in the following figures.
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Figure 3-13. Start-up at 4.2 V|, 6 Voyr, 0.15A gyt
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Figure 3-14. Start-up at13.5 AT 6 VouT 0.15A lout
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Figure 3-15. Start-up at 18 VIN! 6 VOUT! 0.15A IOUT
Start-up behaviors of TPS745-Q1 are shown in the following figures.

Figure 3-16. Start-up at 3.3 V|\, 1.8 VoyT, 0.5A lout

22

100W Automotive Infotainment Display Module Reference Design With TIDT380 — FEBRUARY 2024
Functional Safety Capabilities

Submit Document Feedback
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDT380
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDT380&partnum=PMP41085

13 TEXAS
INSTRUMENTS

www.ti.com Waveforms

Start-up behaviors of the TPS628503-Q1 are shown in the following figures.

Figure 3-17. Start-up at3.3 VIN! 1.8 VOUT’ 3A IOUT
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3.3 Steady State

Steady state waveforms of LM5152-Q1 are shown in the following figures.

fout
T S S I T

e

i

ey

an
i

IO

2.0V/div 1MQ §y:20.0M @™ Se1v 2.0psidiv  50.0MSis 20.0ns/pt
@7 400.0m Offset:8.4V 1MQ §y:20.0m
T 5.0V/div MO By:250M 223 acqs RL:1.0k
@D 5.0A/div 500 §y:20.0M Auto
Value Mean Min Max St Dev Count  Info
Mean 4.186V [4.2120791 [3.034 5.192 233.6m  [223.0
@F® Mean  [8.350V  [8.4790025 [8.275 8.732 126.2m  [223.0
m Pk-Pk 384.0mV  (388.76767m |48.0m 448.0m 65.97m 1223.0
T Max 11.4v 12.494737 (8.8 16.4 1.753 [223.0
@ Min -400.0mV [-2.0734859 [-7.8 -200.0m  [2.482 223.0
@™ Mean  [11.88A  [11.483015 [141.9m  [11.9 216 [223.0
T Freq 390.2kHz [390.69801k [390.1k 392.5k 285.7 [223.0 ©

Figure 3-18. Steady State at 4.2 Vy, 8.5 Voyr, 11.76A loyt

«
lout T
P T T T T S S Y A T T ST S S O A N T AR S T N SN SO W SR W
B 10.0V/div MO §,:20.0M AT fsa2v 2.0psidiv  50.0MSls 20.0ns/pt
T 1.0v Offset:18.0v  1MQ By:20.0m
AT 10.0Vidiv MO By:250M 265 acqs RL:1.0k
AT 5.04/div 500 By:20.0M Auto
Value Mean Min Max StDev Count  Info
Mean  [18.09v  [18.068875 |[17.84 18.1 16.89m  [264.0
@ Mean  [17.82v 17.81682  [17.72 17.82 10.47Tm  [264.0
@ Pk-Pk  [120.0mV  [127.94126m [80.0m 160.0m  [16.09m  [264.0
D Max 18.8V 18.811812 [18.4 19.6 82.61m  [264.0
T Min 16.8V 16.749081 [16.4 16.8 134.4m  [264.0
@™ Mean  [5.703A  [5.7028046 |5.685 5718 5.182m  [264.0

Figure 3-19. steady State at 18 VIN: 18 VOUT: 5.5A IOUT
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T T T T T T v T T LN LN LIS B R E N B B T
e
P R R B T R T R R
1.0V Offset:13.5V  1MQ By:20.0M Qe S 13.62v 2.0ms/div 50.0kS/s 20.0ps/pt
@® 1.0V Offset:13.5V  1MQ §y:20.0M Preview
T 20.0Vidiv MO §,:20.0M 0 acqgs RL:1.0k
T 5.0A/div 500 By:20.0M Auto
Value Mean Min Max St Dev Count  Info
Mean  [13.54v  [13.537538 [13.54 13.54 0.0 1.0
T Max 13.56V 13.56 13.56 13.56 0.0 1.0
@ Min 13.44V 13.44 13.44 13.44 0.0 1.0
@ Mean  [13.5V 13.49958  [13.5 13.5 0.0 1.0
T Mean  [24.86V 24.862061 [24.86 [24.86 0.0 1.0
@D Mean  [7.48A 7.4803789 |[7.48 7.48 0.0 1.0
Figure 3-20. Steady State at 13.5 V|, 13.5 Vour, 7.48A loyt
Steady state waveforms of LM74900-Q1 are shown in the following figures.
T T I T T T I T T I T T ‘ T T T T
: =

5

1.0V Offset:d.2v MO By:20.0M [A L ci Wkl 2.0ms/div 50.0kS/s 20.0ps/pt
@@ 1.0V Offset:d.2v M0 By:20.0m Preview
T 20.0Vidiv MO By:20.0M 0acqgs RL:1.0k
@D 6.25A/div 500 By:20.0M Auto
Value Mean Min Max St Dev Count  Info
Mean  [4211v  [42110711  [4.211 4.211 0.0 1.0
Max 4. 14v l4.14 4.14 4.14 0.0 1.0
Min 4.02v .02 4.02 4.02 0.0 1.0
Mean  [4.085V  [4.085045  |4.085 4.085 0.0 1.0
@7 Mean  [15.29V 15.294493 [15.29 15.29 0.0 1.0
Mean  [24.12A  [24.115114 |24.12 24.12 0.0 1.0

Figure 3-21. Steady State at 4.2 Vy, 4.2 Vour, 24A lout
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1.0V Offset:13.5V  1MQ By:20.0M Qe S 13.62v 2.0ms/div 50.0kS/s 20.0ps/pt

@® 1.0V Offset:13.5V  1MQ §y:20.0M Preview

T 20.0Vidiv MO §,:20.0M 0 acqgs RL:1.0k
T 5.0A/div 500 By:20.0M Auto
Value Mean Min Max St Dev Count  Info

Mean  [13.54v  [13.537538 [13.54 13.54 0.0 1.0

T Max 13.56V 13.56 13.56 13.56 0.0 1.0

@ Min 13.44V 13.44 13.44 13.44 0.0 1.0

@ Mean  [13.5V 13.49958  [13.5 13.5 0.0 1.0

T Mean  [24.86V 24.862061 [24.86 [24.86 0.0 1.0

@D Mean  [7.48A 7.4803789 |[7.48 7.48 0.0 1.0

Figure 3-22. Steady State at 13.5 V|, 13.5 Vour, 7.48A loyt

1.0V Offset:18.0V  1MQ §y:20.0M Qe 1798V 2.0msidiv 50.0kS/s 20.0ps/pt

T 1.0v Offset:18.0v  1MQ By:20.0m Preview
T 20.0Vidiv 1MQ By:20.0M 0 acgs RL:1.0k
5.0A/div 5000 By:20.0M Auto
Value Mean Min Max StDev Count  Info
Mean  [17.95V 17.947528 [17.95 17.95 0.0 1.0
T® Max 18.02V 18.02 18.02 18.02 0.0 1.0
&» Min 17.86V 17.86 17.86 17.86 0.0 1.0
@® Mean  [17.94V 17.043644 [17.84 17.84 0.0 1.0
T Mean  [20.19V 20.186785 [29.19 [29.19 0.0 1.0
@™ Mean  [5.728A 5.7281266 |5.728 [5.728 0.0 1.0

Figure 3-23. Steady State at 18 V|, 18 Voyr, 5.5A loyut
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Steady state waveforms of LMQ644A2-Q1 are shown in the following figures.

lout
TR -

T 6.0Vidiv 1MQ By:20.0M A Lacanl &Y 1.0psidiv  100MS/s 10.0ns/pt
@ 100.0m Offset:3.3V 1MQ By:20.0m
T 6.0V/div 1MQ By:20.0M 10 acqs RL:1.0k
AT 5.0A/div 500 By:20.0m Auto
Value Mean Min Max St Dev Count  Info
@® Mean  [8.399V  [8.3805702 [8.375 8.4 7.859m  [10.0
@F® Mean  [3.293V  [3.2805366 |3.287 [3.294 2.404m  [10.0
TT® Max 3304V [33 3.296 [3.304 3.266m  [10.0
&I Min 3.28v 3.2804 3.276 [3.284 2951m  [10.0
T Max 9.12v 9.1199984 [9.12 l0.12 0.0 10.0
@ Min -960.0mV  [-984.00076m |-1.2 960.0m  [75.89m  [10.0
@7 Freq 429.3kHz [416.76934k |378.0k [440.3k 21.34k 10.0 )
Mean  [3.033A  [3.035164  [3.027 [3.046 6.302m  [10.0

Figure 3-24. Steady State at 8.5 V), 3.3 VouT, 3A lout

]
.

T 9.0V/div

T 10.0Vidiv
@TH 5.0Aldiv

TP 100.0m Offset:3.3V

!

@ Mean
T Mean
T max
@® min
@ Max
@ Min
@ Freq
Mean

MO §,:20.0M 1.0psldiv 100MS/s 10.0ns/pt
1MQ By:20.0M
1M By:20.0m 256 acqs RL:1.0k
500 By:20.0M Auto
Value Mean Min Max St Dev Count Info

13.48V 14.997988 13.46 17.99 12.141 256.0

3.286V 3.2897165 (3.284 13.293 [2.05m 256.0

3.296V 3.3000933  |3.292 |3.308 2.821m 256.0

3.2T6V 3.2788457  (3.272 13.284 2.616m 256.0

14.8V 16.480577 14.4 20.4 2.34 256.0

-1.6V -1.5357345 |-2.4 -400.0m |266.3m 256.0

388.3kHz  |411.41983k |3T4.1k 449.8k 19.64k 256.0 @

3.046A 3.0927222 3.019 6.094 1398.5m 256.0

Figure 3-25. Steady State at 13.5 V|, 3.3 Vour; 3A lout
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out .
T T T T T T T T T [ T T A T T T[S T TN T AT T T T T T S Y SO NN N

9.0V/div 1M By:20.0M @A™ ey 1.0psidiv  100MS/s 10.0ns/pt
@ 100.0m Offset:3.3V 1MQ By:20.0M
T 10.0Vidiv MO §,:20.0M 222 acqs RL:1.0k
T 5.0A/iv 500 By:20.0Mm Auto
Value Mean Min Max StDev Count  Info
&P Mean 17.97V 17.958219 [17.94 17.99 [8.726m  [222.0
@ Mmean  [3.289V  [3.2893619 [3.284 3.293 1.904m  [222.0
T® max 3.3v 33001916  [3.292 3.308 2.605m  [222.0
T Min 3.28v 3.2780069 [3.272 3.284 2647m  [222.0
@ Max 19.6V 19.704273  [18.4 20.4 307.8m  [222.0
@ Min 1.6V -1.6901405 |[-2.4 -400.0m  [315.2m  (222.0
T Freq 410.5kHz  [412.29806k [374.1k 449.6k 22,5k [222.0 [}
@™ Mean  [3.042A  [3.1935853 [3.019 6.084. 672.0m  [222.0

Figure 3-26. Steady State at 18 V), 3.3 Vour, 3A lout

out . .
T T T T T T T T T SN T T T TN AN IN N T T T T T[S T T T T Y SO N1

B 5.0Vidiv 1MQ §y:20.0M BT /a4v 1.0psidiv - 100MS/s 10.0ns/pt
@TH 50.0mV Offset:6.1V 1MQ §y:20.0M
T 5.0Vidiv 1MQ By:20.0M 8 acqs RL:1.0k
4.0A/div 500 By:20.0M Auto
Value Mean Min Max St Dev Count  Info
Mean  [8.391V  [8.3991622 |8.391 8.411 6.31m [2.0
Mean  [6.105V  [6.1012436 |6.085 6.109 8.447m  [8.0
Max 6114V [6.1114998 |6.096 6.122 9.055m  [8.0
T Min 6.094V  [6.0912498 [6.074 6.1 9.736m  [8.0
D Max B.4v [8.475 8.4 8.6 103.5m (8.0
T Min -400.0mV  [425.0m £00.0m  [400.0m [70.71m |80
7 Freq 405.7kHz  |414.50268k |379.9k 439.4k 2241k 8.0 [
@ Mean  [6.135A  [6.1292483 |6.124 6.135 3.321m |80

Figure 3-27. Steady State at 8.5 V|y, 6 VoyT, 6.13A loyt
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out . . .
S I T T T T T T T S [ T N '

100MS/s 10.0ns/pt

RL:1.0k

9.0V/div 1MO By:20.0Mm [T S 448y 1.0ps/div

TP 50.0mV Offset:6.1V M0 By:20.0Mm

AT 8.0V/div 1MO By:20.0M 98 acqgs

TH 4.0A/iv 500 By:20.0Mm Auto
Value Mean Min Max StDev Count  Info

@&» Mean 13.42V 13.414421 [13.38 13.43 9.305m  [95.0

@™ Mean  [6.097V  |6.0935004 [6.083 6.108 6.595m  [98.0

T» Max B.114V 6.1063112 [6.002 6.12 6.8689m  [95.0

&» Min 6.084V 6.0821964  (6.068 6.096 7.154m  [98.0

@ Max 13.76V 13.812636 [13.76 14.08 119.7m  [98.0

@ Min -640.0mV  |-689.23162m [-1.28 640.0m  [1327m  [98.0

T Freq 430.5kHz  [410.03003k [373.2k 447.0k 2005k 98.0 @

@ Mean  [6.133A 6.1303468 [6.121 6.144 [4.639m 9.0

Figure 3-28. Steady State at

13.5 Vi, 6 Vour, 6.13A oyt

lout
|

100MS/s 10.0ns/pt

RL:1.0k

&I 9.0V/div M0 By:20.0Mm am a6V 1.0ps/idiv

@T® 50.0mV Offset:6.1V 1M By:20.0m

T 10.0V/div AMQ By:20.0M 71 acqs

AT 4.0A/div 500 B,:20.0M Auto
Value Mean Min Max St Dev Count  Info

@® mean  [17.92V  [17.905394 [17.88 17.93 11.25m  [71.0

@ Mmean  [6.098V  [6.0940226 [6.084 6.103 5321m  [71.0

TH Max B.112v 6.1071841 [6.006 6.118 6.01m [71.0

@® Min 6.082v  [6.0809241 |6.068 l6.082 5.655m  [71.0

D Max 18.4V 18.524767 [18.4 18.8 187.3m  [71.0

T Min -800.0mV  [-811.62264m [-1.2 -400.0m  [92.47m  [71.0

T Freq 398.6kHz |411.22576k |378.3k 14475k 18.91k 71.0 ]

@ Mean  [6.133A  [6.1274706 [6.115 6.138 4.251m  [71.0

Figure 3-29. Steady State at 18 Vy, 6 VoyT, 6.13A loyt
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Steady state waveforms of TPS7B81-Q1 are shown in the following figures.
Waveform View al = 3 Add New...
¥l M y]
VIN
B v

570 us 580 s

Figure 3-30.
Waveform View aE — 3 Add New...
@ v ,
3.55Vv
e
Table

3s0v

345V

340V

Vou
3 330V
325V
320v
10UT !
315V
51

570 us 580 ps 500 ps 600 us

550 ps 560 us

-l

Figure 3-31. Steady State at 13.5 V}y, 3.3 Vour, 0.15A loyt
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Waveform View Lulls —

in

& v

VIN

<25V
1OUT 30V,
35V
550 ps 560 s 570 s 580 ps 500 s 600 s 610 ps 620 s 630 s
—_— e e - ] Piriager
Add || Add || Add
2 New || New || New
Math | Ref || Bus

Figure 3-32. Steady State at 4.2 V|N, 3.3 VOUT: 0.15A IOUT

Steady state waveforms of TPS745-Q1 are shown in the following figure.

Figure 3-33. Steady State at 3.3 V), 1.8 Vour, 0.5A loyt

Waveform View E ) =
v
@ b
4v
VIN
35V
: 3v
VOUT : 2v
; L
D m i S Y oA
3 15V
! 1v
| 500 mv
10UT !
[ i
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 ov
1 ms -800 ps -600 ps -400 ps -200 ps 0is 200 ps 400 ps 600 ps 800 ps
—\[—\[— orizontal " rigger " 'Acquisition )
Add || Add || Add
2 || [New||New || New
Math | Ref | Bus
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Steady state waveforms of TPS628503-Q1 are shown in the following figure.
Waveform View E or 3 _ AddNew...
e ‘Curxou‘ ‘ Callout‘
VIN Er 12V
>

L0V

L1V

-800 ns 600 ns <400 ns -200 ns 0's 200 ns 400 ns

600 ns

800 ns

Liov

108V

Newy
Bus

Add || Add
New | | New
Math | Ref

Add

Horizontal

Figure 3-34. Steady State at 3.3 V), 1.15 Vour, 3A lout

~ Trigger

@ -
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3.4 Short-Circuit Protection
Short-circuit protection waveforms of LM74900-Q1 are shown in the following figure.
T T | T T T | T T ‘ A A T ‘ T T T T T | T T T | T T | T T T T T T
Vin \ " " .
. = e L } e
Vout __... ;
Tout .
[ R | T R N R T R TR [ | I T T T T T T T [ T N T TR N SN :
@3B 50.0V/div 1MQ By:20.0Mm EEeEm O\ 20v 1.0ms/div 500kS/s 2.0psipt
@ 5.0V/div 1MQ §y:20.0M Preview Single Seq
T 20.0Vidiv MO By:20.0M 0 acgs RL:5.0k
@D 6.25A/div 500 By:20.0M Auto
Value Mean Min Max St Dev Count  Info
@B Max [s8.0v [58.0 s8.0 58.0 0.0 1.0
©» Max l4.5v [4.5000004  |4.5 4.5 0.0 1.0
T Max 17.2v 17.199998 [17.2 17.2 0.0 1.0
T Max [40.0A l40.0 40.0 40.0 0.0 1.0
Figure 3-35. Short-Circuit Protection at 4.2 V|
Short-circuit protection waveforms of LMQ644A2-Q1 are shown in the following figures.
Waveform View E i 3 Add New...
3 ¥
@ 35 A

SW2

30A!

VOouT

©

4ms
A Add || Add
Mew || New || New
Math | Ref || Bus

Figure 3-36. Short-Circuit Protection at 8.5 Vy, 3.3 Vout
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Add New...

Waveform View )
. v
3 ,
o
|

80 A

)

T
q
i

(2}
i
cos] | TERPE

@
Maximum
y': 3418

s0A Meas 4

.

40 Al

VOouT
@

Figure 3-37. Short-Circuit Protection at 13.5 V|, 3.3 Vourt

Add New...

. v
v " N
! Results.
Table

80 A

M
1
L

Waveform View

50 A

40 Al

VOUT
&

Figure 3-38. Short-Circuit Protection at 18 V|y, 3.3 Vourt
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Waveforms

L0

-

I “3
out . . -1
| | | | T | | T T I TN TR TN T N N N 1 | T T R |
@B 7.0v/div 1m0 By:20.0m T [.274A ET» S 38A 200.0psidiv. - 50.0MS/s 20.0ns.
T A.0V/div 1MQ By:20.0m &7 [6.08v Stopped Single Seq
T 10.0Vidiv MO By:20.0M 31947 1 acgs RL:100.0k
T 10.0A/div 500 By:20.0Mm Auto
Value Mean Min Max StDev Count  Info
Max 8.96v 8.9599997 [8.96 8.96 0.0 1.0
T max 6.56v 6.5600002 [6.56 6.56 0.0 1.0
T Mmax 9.6V 9.5999985 (9.6 9.6 0.0 1.0
T max 42.4A 42.399998 [42.4 42.4 0.0 1.0
T Freq 388.2kHz  [388.17364k |[388.2k 388.2k 0.0 1.0 @

Figure 3-39. Short-Circuit Protection at 8.5 V|\, 6 Vout

out -1
T T R TR | TR | L | T TR TN TR [N Y SO NN N A R N | | ;|
B 7.0Vidiv M0 By:20.0M T 02724 S 38A 200.0ps/div 50.0MS/s  20.0ns
&TH 4.0V/div MO By:20.0M 5.08V Stopped Single Seq
AT 10.0V/div 1m0 By:20.0m @ -3.1947 1acqgs RL:100.0k
@TH 10.0A/div 500 By:20.0M Auto
Value Mean Min Max St Dev Count  Info
Max 14.0V 14.0 14.0 14.0 0.0 1.0
@ max 6.56V 6.5600002 [6.56 6.56 0.0 1.0
T Max 14.4V 14.399998 [14.4 14.4 0.0 1.0
T Mmax 43.6A 43.599998  [43.6 43.6 0.0 1.0
T Freq 381.7kHz |381.71898k |381.7k 381.7k 0.0 1.0 )

Figure 3-40. Short-Circuit Protection at 13.5 V|, 6 Vour
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7.0V/idiv MO By:20.0M 9.274A ET® /38A 200.0ps/div 50.0MS/s 20.0ns
T 4.0V/div 1MQ By:20.0m &7 [6.08v Stopped Single Seq
T 10.0vidiv 1MQ By:20.0M @ |-3.1947 1acqgs RL:100.0k
@TH 10.0A/div 500 §,:20.0M Auto
Value Mean Min Max St Dev Count  Info
Max 1876V [18.76 18.76 18.76 0.0 1.0
Max 6.56V 6.5600002  [6.56 6.56 0.0 1.0
T Max 19.2V 19.199998  [19.2 19.2 0.0 1.0
Max 43.6A [43.599998 [43.6 43.6 0.0 1.0
@ Freq 393.2kHz  (393.16787k [393.2k 393.2k 0.0 1.0 5]

Figure 3-41. Short-Circuit Protection at 18 V|, 6 VouTt

Short-circuit protection waveforms of TPS745-Q1 are shown in the following figure.

Figure 3-42. Short-Circuit Protection at 3.3 V|, 1.8 Vour
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Short-circuit protection waveforms of TPS7B81-Q1 are shown in the following figures.

Figure 3-43. Short-Circuit Protection at 8.5 Vy, 3.3 Vout

Figure 3-44. Short-Circuit Protection at 13.5 V|, 3.3 Vout
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Figure 3-45. Short-Circuit Protection at 18 V|, 3.3 Vour
Short-circuit protection waveforms of TPS628503-Q1 are shown in the following figure.
Figure 3-46. Short-Circuit Protection at 3.3 V|5, 1.15 Vout
38 100W Automotive Infotainment Display Module Reference Design With TIDT380 — FEBRUARY 2024
Functional Safety Capabilities Submit Document Feedback

Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDT380
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDT380&partnum=PMP41085

13 TEXAS
INSTRUMENTS

www.ti.com Waveforms

3.5 Load Transients

Load transient response waveforms of the LM5152-Q1 are shown in the following figures.

Figure 3-47. Load Transient at 4.2 V|, 8.5 Voyt, 0A-5.88A

Figure 3-48. Load Transient at 4.2 V|, 8.5 Voyr, 5.88A-11.48A

TIDT380 — FEBRUARY 2024 100W Automotive Infotainment Display Module Reference Design With 39
Submit Document Feedback Functional Safety Capabilities
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDT380
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDT380&partnum=PMP41085

13 TEXAS

INSTRUMENTS
Waveforms www.ti.com
Figure 3-49. Load Transient at 13.5 V|\, 13.5 VouT, 0A-3.74A
Figure 3-50. Load Transient at 13.5 V|, 13.5 Vgur, 3.74A-7.48A
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Figure 3-51. Load Transient at 18 V|, 18 VoyT, 0A-2.78A
Figure 3-52. Load Transient at 18 V|, 18 Voyr, 2.78A-5.55A
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Load transient response waveforms of LM74900-Q1 are shown in the following figures.

| L L | L
1.0V Offsel:4.2V 1M0 By:20.0M ETm N\ 2258 5.0ms/div 500kS/s 2.0ps/pt
1.0V Offset:4.2v 1m0 By:20.0m Preview
TP 20.0vidiv 1M By:20.0M 0acgs RL:25.0k
@TH 6.25A/div 500 By:20.0M Auto
Value Mean Min Max St Dev Count  Info
Mean  [4.338V  |4.3878903 [4.398 4.398 0.0 1.0
PkPk  [3.08V 3.08 3.08 3.08 0.0 1.0
Mean  [4.334V  [4.3342316 [4.334 4.334 0.0 1.0
Pk-Pk  [3.04V 3.04 3.04 3.04 0.0 1.0
T Mean  [15.58V 15.581278 [15.58 15.58 0.0 1.0
T Max 23.524  |23.52 23.52 23.52 0.0 1.0
T Min -160.0mA |-160.0005m [-160.0m  |-160.0m (0.0 1.0

Figure 3-53. Load Transient at 4.2 V|, 4.2 VouT, 0A-24A

2.0psipt

RL:25.0k

1.0V Offset:13.5V  1MO By:20.0M ETT® O\ z.24A 5.0ms/div 500kS/s

@ 1.0V Offset:13.5V  1M0 By:20.0M

T 20.0Vidiv 1MD §,:20.0M 116 acqs

@D 4.0Aidiv 500 By:20.0M Auto
Value Mean Min Max St Dev Count  Info

Mean  [13.49v 13.488151  [13.49 13.49 1.064m  [115.0

Pk-Pk  [1.16V 1169742 [1.12 124 2221m  [115.0

@ Mean  [13.47V  [13.474096 |13.47 13.48 812.6p 115.0

Pk-Pk  [1.16V 1.1584806 [1.12 12 2384m  [115.0

@ Mean  [24.89V 24.875376  (24.84 249 14.01m 115.0

Max 8.0A 7993132  [1.34 8.0 32.73m  [115.0

@® Min 160.0mA |-140.04078m |-160.0m  |-495.9n  [53.3Zm  [115.0

Figure 3-54. Load Transient at 13.5 V|, 13.5 Vour, 0A-7.48A
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1.0V Offset:18.0v  1MQ By:20.0Mm ETT® N\ 2.24A 5.0ms/div 500kS/s 2.0usipt
@@® 1.0V Offset:18.0V  1MO By:20.0M
T 20.0Vidiv 1MQ B,:20.0M 38 acqs RL:25.0k
4.0Aldiv 500 B§,:20.0M Auto
Value Mean Min Max StDev Count  Info
Mean  [18.0V 17.908132  [17.89 18.0 32.55m  [38.0
@& Pk-Pk  [1.64V 1.6724656 [1.56 1.88 103.1m  [38.0
@® Mean  [18.0V 17.915222 [17.9 18.0 32.27m  [38.0
@ Pk-Pk 1BV 1.6454992 [1.56 1.8 103.2m  [38.0
@7 Mean  [29.33V 29.262164 [29.23 29.34 29.71m  [38.0
Max 6.08A 6.0469374 [5.92 6.08 65.79m  [38.0
Min 160.0mA |-160.0005m |-160.0m  [-160.0m [0.0 38.0

Figure 3-55. Load Transient at 18 V|, 18 Vout, 0A-6A

TIDT380 — FEBRUARY 2024 100W Automotive Infotainment Display Module Reference Design With 43
Submit Document Feedback Functional Safety Capabilities
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDT380
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDT380&partnum=PMP41085

13 TEXAS

INSTRUMENTS
Waveforms www.ti.com
Load transient response waveforms of LMQ644A2-Q1 are shown in the following figures.
Waveform View E : 3 Add New...
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Figure 3-56. Load Transient at 8.5 V|, 3.3 VouTt, 0A-3A

Waveform View E
- l

piil

IouUT

‘ch1

4.8ms
News | |New || New
Math | Ref || Bus

Figure 3-57. Load Transient at 13.5 V|, 3.3 Voyt, 0A-3A
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PR T I T T AT S WA N | TR T [ T T IR S T N N T S L
&TH 9.0V/div MQ By:20.0m ET» /4964 5.0ms/div 2.0MS/s 500.0ns/pt
@ 200.0m Offset:6.1V 1M By:20.0M Stopped
T 10.0Vidiv MO By:20.0M 682 acqs RL:100.0k
ATH 4.0A/div 500 By:20.0Mm Auto
Value Mean Min Max St Dev Count  Info
@I® Mean  [B.463V  [8.5475658 |8.365 17.98 954.7m  [6B1.0
@D Mean  [6.104V  [6.1037745 [6.101 6.104 2707y [6B1.0
» max 6.38V 6.3790214  [6.348 6.388 4.906m  [681.0
T Min 5772V [5.7664966 |5.74 5.844 11.29m  [681.0
T Max 9.6V 9.7082892 [9.6 19.6 966.4m  [6B1.0
T Min 1.2V -903.34375m [-1.2 -800.0m  [176.5m  [6B1.0
T Max 6.4A l6.42909 6.4 6.56 6472m  |11.0
T Min -160.0mA  [-160.00092m |-160.0m  [-160.0m  |0.0 11.0

Figure 3-59. Load Transient at 8.5 V|, 6 Vout, 0A—6A
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@T® 200.0m Offset:6.1V 1MQ By:20.0M Stopped
AT 10.0vidiv 1MQ By:20.0M 709 acqs RL:100.0k
TP 40A/div 500 By:20.0M Auto
Value Mean Min Max St Dev Count  Info
@ Mean  [13.49V  [11.390332 [8.365 17.98 2.538 [708.0
@ Mmean  [6.102V  [6.1029561 [6.101 6.104 739y [708.0
T Max 6372V [6.3740223 [6.348 6.388 6.279m  [708.0
Min 5836V (5802918  [5.74 5.844 32.61m  [708.0
T Max 14.3V 12.570817 9.6 19.6 2.56 [708.0
T Min -800.0mV  [-921.4733Tm |-1.2 -800.0m  [185.4m  [708.0
Max 6.4A 6.4290617 [6.4 6.56 62.6m [38.0
Min -160.0mA [-160.00092m [-160.0m  [-160.0m  [0.0 [38.0
Figure 3-60. Load Transient at 13.5 V|, 6 Voyt, 0A—6A
T T T ‘ T T T | T T T ‘ T T T T T | T T ‘ T T T | T T T T T :I
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lout . .

I T N T AN T T TN T YT RO SN SN N S | L ] TR R -
& 9.0v/div 1MQ §y:20.0M T S 4.96A 5.0ms/div 2.0MS/s 500.0ns/pt
@ 200.0m Offset:6.1V 1MQ By:20.0M Stopped
T 10.0Vidiv 1MQ §y:20.0M 733 acqs RL:100.0k
@TH 4.0A/div 500 By:20.0M Auto

Value Mean Min Max St Dev Count  Info
Mean  [17.96V 14.89556  |8.365 17.98 3.733 [732.0
6102V |6.1021963 |6.101 6.104 sad.zy  [7320
6.372v  |6.3688913 |6.348 6.388 7.26m [732.0
5.836V  |5.8151979 |5.74 5.844 25.61m  [732.0
T Max 19.2v 16.136461 9.6 19.6 3.792 [732.0
@ Min 1.2V -1.0330221 |12 -600.0m  [198.8m  [732.0
T Max 6.4A l6.4265594 6.4 6.56 60.21m  |62.0
T Min -160.0mA  [-160.00092m |-160.0m  [-160.0m  |0.0 62.0
Figure 3-61. Load Transient at 18 V|y, 6 Voyt, 0A-6A
46 100W Automotive Infotainment Display Module Reference Design With TIDT380 — FEBRUARY 2024

Functional Safety Capabilities Submit Document Feedback

Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDT380
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDT380&partnum=PMP41085

13 TEXAS
INSTRUMENTS

www.ti.com Waveforms

Load transient response waveforms of TPS628503-Q1 are shown in the following figure.

Figure 3-62. Load Transient at 3.3 V|, 1.15 Voyt, 0A-3A

Load transient response waveforms of TPS745-Q1 are shown in the following figure.
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Figure 3-63. Load Transient at 3.3 V|, 1.8 Vgut, 0A—-0.5A
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Load transient response waveforms of TPS7B81-Q1 are shown in the following figures.
Figure 3-64. Load Transient at 4.5 V|, 3.3 Voyt, 0A—-0.15A
Figure 3-65. Load Transient at 13.5 V|, 3.3 Vout, 0A-0.15A
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Figure 3-66. Load Transient at 18 V|, 3.3 Voyt, 0A-0.15A
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