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1. Design Specifications
Vin Minimum 4.5VDC
Vin Maximum 20vDC
Voutl 3.3vDC
lout1 1.0A
Vout?2 2.5VDC
lout 2 1.0A
Vout3 1.8vDC
lout 3 1.0A
Vout4 5
lout 4 0.1A
Approximate Switching Frequency 2.1MHz for Vout1,2&3 and 1.5MHz for Vout4

2. Circuit Description and PCB details
PMP9492 is a conducted EMI optimized (CISPR 25 Class 5)9 W Multi output Design for Wide Range Vin
automotive ADAS application that supports Cold —Cranking Conditions . The design uses LM53603
regulator IC (Used as Buck), LM26420 (used as dual Buck) and TPS60150 regulator IC (used as Charge
pump for 5V output). The design accepts an input voltage of 4.5Vin to 20Vin and provides the outputs
of 3.3V@1.0A, 2.5V @ 1.0A, 1.8V @ 1.0A and 5V@ 100mA . It features a small size and is an
inexpensive and more efficient solution customized for ADAS and other Automotive related
applications. The Board dimension of PMP9492 PCB is 2600mil * 4000mil. Four layer PCB was used for
the design.
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3. PMP9492 Board Photos
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4. Thermal Data

IR thermal image taken at steady state with 12Vin and all the outputs at full load (no airflow)
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1272172014 05:59:47PM
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5. Efficiency

5.1 Efficiency Chart — Input Voltage Vs Efficiency with all output fully Loaded
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5.2 Efficiency Chart — 3.3Vout Efficiency Vs Load Current
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5.3 Efficiency Chart — 2.5V Vout2 and 1.8V Vout3 Efficiency
2.5V Vout2 and 1.8V Vout 3 Efficiency
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5.3 Efficiency Data
Efficiency of total System Vs Input Voltage
Vin(V) | lin(A) |Vout1(V)| lout 1(A) [Vout 2(V)| lout2(A) | Vout3(V) | lout3(A) Vout 4(V) lout 4(A) | Pin (W) | Pout (W) [ Efficiency (%)
4.566 2.28 3.31 1 2.47 1 1.8 1 5.02 0.1 10.41048| 8.082 71.6
6.507 1.6 3.31 1 2.47 1 1.8 1 5.02 0.1 10.4112 | 8.082 71.6
8.563 1.19 3.31 1 2.47 1 1.8 1 5.02 0.1 10.1507 | 8.082 79.6
10.54 1 3.31 1 2.47 1 1.8 1 5.02 0.1 10.54 8.082 76.7
12.04 0.883 3.31 1 2.47 1 1.8 1 5.02 0.1 10.63132| 8.082 76.0
15.058 0.729 3.31 1 2.47 1 1.8 1 5.02 0.1 10.97728| 8.082 73.6
18.06 0.629 3.31 1 2.47 1 1.8 1 5.02 0.1 11.35974| 8.082 71.1
20.06 0.582 3.31 1 2.47 1 1.8 1 5.02 0.1 11.67492| 8.082 69.2
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Efficiency of 3.3V Vs Load Current

Vin (V) | lin (A) \i‘(’\b’)t '1?;; Pin (W) FES\;‘; Eff'g,zncy
45 | 0798 | 331 1 3501 | 331 92.2
451 | 0716 | 331 | 09 |322916 | 2.979 923
452 | 0635 | 33L | 08 | 28702 | 2.648 923
453 | 0555 | 331 | 07 |251415| 2.317 922
455 | 0476 | 33L | 06 | 21658 | 1.986 917
455 | 0399 | 331 | 05 |181545| 1655 912
456 | 0321 | 331 | 04 |146376| 1324 905
457 | 0245 | 331 | 03 |111965| 0.993 88.7
458 | 0169 | 331 | 02 |077402 | 0.662 855
459 | 0095 | 33L | 01 |043605| 0331 75.9
459 | 0056 | 331 | 005 |025704 | 0.1655 64.2

Vin (V) | lin (A) \i‘(’\b’)t '1?;; Pin (W) FES\;‘; Eff'g,zncy
121 | 0022 | 331 | 005 | 0.2662 | 0.1655 62.2
121 | 0045 | 331 | 01 | 05445 | 0331 60.8

1209 | 0071 | 331 | 02 |085839| 0662 771
1209 | 0105 | 331 | 03 |126945| 0993 78.2
1209 | 0136 | 331 | 04 | 164424 | 1324 80.5
1208 | 0167 | 331 | 05 |201736| 1655 82.0
1208 | 0198 | 331 | 06 |239184| 1.986 83.0
1207 | 0228| 331 | 07 |27519 | 2.317 84.2
1207 | 0258 | 331 | 08 |311406| 2.648 85.0
1207 | 0287 | 331 | 09 |346409| 2.979 86.0
1206 | 0318 | 331 1 |383508 | 331 86.3
Vin (V) | lin (A) \i‘(’\b’)t '1?;; Pin (W) FES\;‘; Eff'g,zncy
1997 | 0209 | 331 1 |417373 | 331 79.3
1998 | 019 | 331 | 09 | 3792 | 2.979 785
1998 | 0171 | 331 | 08 |341658| 2.648 775
1998 | 0151 | 331 | 07 |301698| 2317 76.8
1998 | 0132 | 331 | 06 |263736| 1.986 753
1998 | 0113 | 331 | 05 |225774| 1655 733
1999 | 0094 | 331 | 04 |187906| 1.324 705
1999 | 0074 | 331 | 03 | 147926 0993 67.1
20 005 | 331 | 02 1 0.662 66.2
20 | 0023 | 331 | 01 | 046 | 0331 72.0
20 | 0012 | 331 | 005 | 024 | 0.1655 69.0
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Efficiency Data of 2.5V and 1.8V

Vin (V) | lin (A) \;‘(’\L/’)t '2%;; \é‘(’\b’)t '3%;; Pin (W) FES\;‘; Efficiency (%)
1096 | 0202 | 247 1 18 1 582832 | 427 733
1097 | 0263 | 247 0.9 18 0.9 525211 | 3.843 732
1097 | 0232 | 247 0.8 18 0.8 463304 | 3.416 737
1098 | 0205 | 247 0.7 18 0.7 40059 | 2.989 73.0
1098 | 0476 | 247 0.6 18 0.6 351648 | 2.562 72.9
10.99 015 | 247 05 18 05 2.0985 | 2135 712
1099 | 0122 | 247 0.4 18 0.4 243878 | 1.708 70.0
1099 | 0096 | 247 0.3 18 0.3 101904 | 1.281 66.8
1099 | 0068 | 247 0.2 18 0.2 135932 | 0.854 62.8
20 | 0035 | 247 0.1 18 0.1 0.7 0.427 61.0
20 | 0018 | 247 | 005 18 0.05 0.36 0.2135 5.3

Vin (V) | lin (A) \;‘(’\L/’)t '2%;; \é‘(’\b’)t '3%;; Pin (W) FES\;‘; Efficiency (%)
121 | 0036 | 247 | 005 18 0.05 04356 | 0.2135 29.0
121 | 0051 | 247 0.1 18 0.1 06171 | 0427 69.2
1209 | 0099 | 247 0.2 18 0.2 119691 | 0.854 714
12085 | 014 | 247 0.3 18 0.3 16910 | 1.281 757
1208 | 0182 | 247 0.4 18 0.4 219856 | 1.708 777
1207 | 0225 | 247 05 18 05 271575 | 2.135 786
1207 | 0267 | 247 0.6 18 0.6 322260 | 2.562 795
12064 | 0312 | 247 0.7 18 0.7 | 3763968 | 2.989 794
12057 | 0357 | 247 0.8 18 08 | 4304349 | 3.416 794
1205 | 0404 | 247 0.9 18 0.9 48682 | 3.843 78.9
1204 | 0452 | 247 1 18 1 544208 | 427 785

Vin (V) | lin (A) \;‘(’\L/’)t '2%;; \é‘(’\b’)t '3%;; Pin (W) FES\;‘; Efficiency (%)
445 | 1155 | 2.47 1 18 1 513975 | 427 83.1
447 | 1026 | 247 0.9 18 0.9 458622 | 3.843 83.8
4.49 0.9 2.47 0.8 18 0.8 4.041 3.416 845
45 078 | 247 0.7 18 0.7 3.51 2.989 852
451 | 0662 | 247 0.6 18 0.6 2.08562 | 2.562 858
453 | 0548 | 247 05 18 05 248244 | 2.135 86.0
455 | 044 | 247 0.4 18 0.4 2.002 1.708 853
456 | 0333 | 247 0.3 18 0.3 151848 | 1.281 84.4
457 | 023 | 247 0.2 18 0.2 10511 | 0.854 812
458 | 0129 | 247 0.1 18 0.1 0.59082 | 0.427 723
459 | 0079 | 247 | 005 18 005 | 036261 | 02135 58.9
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6. Waveforms

6.1 Load Transient Response

1

Load Transient Response at 4.5Vin and 50%-to-100% Load Step(0.5A-1A) on 3.3V Output Vout1(Full
Load were connected to all other outputs)

Ch2 —Voutl (AC coupled)

Chl-lout 1
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1

imebase  0.0msg|[Trigger C
5.00msrdiv 2
00 KS 10 MSi=] Edge

Load Transient Response at 12 Vin and 50%-t0-100% Load Step(0.5A-1A) on 3.3V Output Vout1(Full
Load were connected to all other outputs)

Ch2 —Voutl (AC coupled)

Chl-lout 1

11 12/21/14



I3 TEXAS
INSTRUMENTS Test Report PMP9492

— O N

1

imebase  0.0msg|[Trigger
5.00msrdiv
00 KS 10 MSi=] Edge

15

Load Transient Response at 4.5 Vin and 50%-to-100% Load Step(0.5A-1A) on 2.5V Output Vout2(Full
Load were connected to all other outputs)

Ch3 - Vout2 (AC coupled)

Ch1- lout2
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| egmiiobinin P ool m ‘mppiyiomnhipieiiny
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15

Load Transient Response at 4.5 Vin and 50%-to-100% Load Step(0.5A-1A) on 1.8V Output Vout3(Full
Load were connected to all other outputs)

Ch4 - Vout3 (AC coupled)

Ch1l- lout3
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0.0 mA ofst

Load Transient Response at 4.5Vin and 50%-t0-100% Load Step on 5V Output Vout4 (Full Load were
connected to all other outputs)

Ch4 — Vout4 (AC coupled)

Ch4- lout 4
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6.2 Startup

Win

1

2.5Y

1.8

Startup into full Load (all the output was connected to full Load) at 4.5 Vin
Ch1-Vin

Ch2-Vout 1

Ch3-Vout 2

Ch4-Vout3
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Win

1

3.3 J

29

15
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Startup into full Load (all the output was connected to full Load) at 12 Vin
Ch1-Vin

Ch2-Vout 1

Ch3-Vout 2

Ch4-Vout3
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Vinf‘
c1

imehase

0.0mgl [Trigger

Startup into full Load (all the output was connected to full Load) at 20 Vin
Ch1-Vin

Ch2-Vout 1

Ch3-Vout 2

Ch4-Vout3
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imebase  0.0msg|[Trigger C
10.0msrdiv
00 KS 5.0 MSiz ) Edge

Positiw

Startup into No Load (all the output was connected to No Load) at 4.5 Vin
Ch1-Vin

Ch2-Vout 1

Ch3-Vout 2

Ch4-Vout3
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imebase  0.0msg|[Trigger C

Startup into No Load (all the output was connected to No Load) at 12 Vin
Ch1-Vin

Ch2-Vout 1

Ch3-Vout 2

Ch4-Vout3
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Vin/
c1

25

imehase

0.0mgl [Trigger

Startup into No Load (all the output was connected to No Load) at 20 Vin
Ch1-Vin

Ch2-Vout 1

Ch3-Vout 2

Ch4-Vout3
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6.3 Output Voltage Ripple and Switch Node Voltage

- m T =

Switch Node Voltage and Output Voltage Ripple at 4.5 Vin and Full Load on all the outputs
Ch2-Voutl (AC Coupled)

Ch1-Switching Waveform
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1

imebase 0.00 ps| [Trigger

2000 miidiv
-40.00 mi|

Switch Node Voltage and Output Voltage Ripple at 12 Vin and Full Load on all the outputs
Ch2-Voutl (AC Coupled)

Ch1-Switching Waveform
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L il

imebase 0.00 ps| [Trigger

2.00Widiy Auto 148

0 m offget i) Edoe  Positive

Switch Node Voltage and Output Voltage Ripple at 12 Vin and Full Load on all the outputs (Vripple <
10mVp-p)

Ch2-Vout2 (AC Coupled)

Ch1-Switching Waveform
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UL
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E

2.00 Yidiv
0 m offget

Switch Node Voltage and Output Voltage Ripple at 12 Vin and Full Load on all the outputs (Vripple <
60mVp-p)

Ch2-Vout3 (AC Coupled)

Ch1-Switching Waveform
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7. Conducted Emissions

The conducted emissions is tested followed the of CISPR 25 standards. The frequency band examined
spans from 150 kHz to 108 MHz covering the AM, FM radio bands, VHF band, and TV band specified in
the CISPR 25.

The test results are shown in below three Figures. The first Figure show the test result using peak
detector and Average detector measurement up to 30MHz , and the last two Figure show the test result
using average detector and Peak Detector measurement from 30MHz to 108MHz. The limit lines shown
in red are the Class 5 limits for conducted disturbances specified in the CISPR 25 Class 5 ; the
yellow(Peak Detector measurement) and blue(Average detector measurement) traces is the test result.
It can be seen that the power supply operates quietly and the noise is below the stringent Class 5 limits
too.

RBW 10 kHz RF Att 10 dB

Ref Lvi VBW 30 kHz

80 dBwV SWT 10 s unit dByV
80

1 MHz 10 MHz
70| LW_PKS
60
MWV Rk SWEPKS
50l LW—_AVE
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40
MYV =AM, SWLAVS
30
CBlAvs_
20 | |
l ! { L l} | ) II_L
W] - V|

-10
_20

Start 150 kHz Stop 30 MHz

Date: 20.DEC.2014 22:23:18
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Test result — Upto 30MHz Conducted Emission —Peak and Average Detection

RBW 100 kHz RF Att O dB
Ref LvI VvVBW 300 kHz
50 dBy:V SWT 10 s unit dByV
50

100 MHz

VHE1-PK5

40

VHF24RPKEM-_PKS

TVI1=RPK5

30

20— L || A A T I | 1 o PR AT (Ll

10

-10

-20

Start 30 MHz Stop 108 MHz

Date: 20_.DEC.2014 22:24:22

Test result -30MHz to 108MHz Conducted Emission —Peak Detection
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RBW 100 kHz RF ATt 0 dB
Ref Lvl VBW 300 kHz
50 dByV SWT 10 s unit dByV
50
100 MHz
40
30
VHEL1-AV5S T-5AV 2AV
20
VHF2{AVEM-AVS
i

i

Lol MDA L

-10

-20

Start 30 MHz

Date: 20_.DEC.2014 22:18:14

Test result -30MHz to 108MHz Conducted Emission —Average Detection

Stop 108 MHz
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