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1. Design Specifications
Vin Minimum 4.8VDC
Vin Maximum 30 VDC(OVP at 20V)
Voutl 3.3VDC_Slave
lout 1 0.5A
Vout?2 1.2VDC_Slave
lout 2 4A
Vout3 3.3VDC_Master
lout 3 0.500A
Vout4 1.2VDC_Master
lout4 4A
Vout5 1.8V_PLLDVDD
lout5 0.6A
Vout6 1.5V_AVDD
lout6 0.6A
Vout7 5V_CAN
lout7 140mA
Vout8,9,10 Linear Reg for noise sensitive supply
Approximate Switching Frequency 2.1MHz Approx(all the DC/DC converters)
ISO Pulse test TVS diode used for protection
EMI CISPR25 Class 3 (Class 5 upto 30MHz domain)
Protection Input Overvoltage, Reverse polarity , Short Circuit
protections at Outputs, Load Dump protection

2. Circuit Description and PCB details
PMP10652 is a System optimized (CISPR 25 Class 3) 30W design for Surround View ADAS system.

The design has various protections such as Load dump through TVS (ISO pulse testing), Reverse Voltage
(Innovative Smart diode with very low 1q), Battery Disconnect Switch with OVP protection (PFET) and is
EMI optimized to meet Conductive EMI limits of CISPR25 Class3 (overall) and Class5 upto 30MHz Range .

Input voltage range is between 4.5V to 30V with OVP at 20V and hence will operate in Cold Cranking
conditions.

LM74610 is used for Battery reverse protection which utilizes a charge pump to drive an N-channel FET
to provide a resistive path for the bypass current to flow. LM53603QL1 is used as front end DC/DC Buck
converter which is 2.2MHz switching, Synchronous rectified Wide Vin Buck Converter which can take
transient upto 42V .TPS57114Q1 is used to provide power to the cores and it is a high current 2,2MHz
switching buck converter. LM26420 is a dual 2.2MHz switching buck converter which is used for
generating other required supplies.

LIM3880 sequencer is used for all the power up and power down sequencing requirements.
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Emergency Braking
Ada ) &
. ”."mw" Pedestrian Detection
Cruise Control

Collision Avoidange

M Long-Range Radar
M LIDAR

M Camera

M Short-Medium Range Radar
W Ultrasound

LM7461
Smart
diode

4.5V-20V

-

Load Dump Protection
Reverse Battery Protection
Battery Disconnect switch
Over Voltage Protection

EMI FILTER

Blind
Spot
Detection 4

1.5V @ 0.6A_PLLDVDL

o s TPS60150 1.8V @ 0.6A AVDD

e Charge Pump

4 Waming

LM26420Q1
2.2MHZ-
Dual-

LM53603Q1
2.2MHZ
Synchronous

TPS57114Q1
2.2MHZ

3.3V@3A Synchronous

SLAVE

1.2V@4A_Slave_Core

MASTER

LM53603Q1
2.2MHZ

TPS57114Q1
2.2MHZ

Synchronous

Synchronous

LM3880

Sequencers

3.3V@3A 1.2V@4A_Master_Cor

The Board dimension of PMP9487 PCB is 2500mil * 8000mil. Four layer PCB was used for the design.
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3. PMP10652 Board Photos

PrP10652 El- N

Board Photo (Top)

T=FAINI=BLEZHY

"§N NI 30vH O-n#ETIN

Board Photo (Bottom)
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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)

22.0

06/01/2015 15:56:41
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06/01/2015

IR thermal image taken at steady state with 12Vin and Zoomed on protection FETs
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5. Efficiency

5.1 Efficiency Chart - Input Voltage Vs Efficiency with all output fully Loaded

Efficiency with all the outputs fully loaded

75.0%
70.0% wé
65.0%
- 60.0%
2 55.0%
()
£ 50.0%
' 45.0%
40.0%
35.0%
30.0%

=¢—Full Load
Efficiency

5 10 15 20
Input Voltage(V)
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5.3 Efficiency Data

Efficiency of total System Vs Input Voltage

Vin | lin | Vout | lout | Vout | lout | Vout | lout | Vout | lout | Vout | lout | Pin P(zu EEiC;ie
V) 1 A) [ 1V) | 1A) [ 2(V) [ 2(A) | 3(V) | 3(A) | 4(V) | 4(A) | 5(V) | 5(A) | (W) W) | (%)

5 143 3.33 1 1.2 4 1.2 4 1.8 | 0.6 15 | 0.6 211 149 69.4%

8 5 18

6 345 3.833 1 1.2 4 1.2 4 1.8 | 0.6 15 | 0.6 22%1 1fé9 70.2%
7;10 3 3.833 1 1.2 4 1.2 4 1.8 | 0.6 15 | 0.6 212 1fé9 70.6%
9 2i3 3.833 1 1.2 4 1.2 4 1.8 | 0.6 15 | 0.6 27% 1fé9 71.8%
10 2%0 3.833 1 1.2 4 1.2 4 1.8 | 0.6 15 | 0.6 2;)' 1fé9 72.1%
12 1; 3.833 1 1.2 4 1.2 4 1.8 | 0.6 15 | 0.6 27% 1fé9 71.9%
14 %)85 3.833 1 1.2 4 1.2 4 1.8 | 0.6 15 | 0.6 i2112 1fé9 70.7%
16 1é3 3.833 1 1.2 4 1.2 4 1.8 | 0.6 15 | 0.6 212 1fé9 70.6%
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6. Waveforms

6.1 Reverse Protection -Smart diode
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C1- Input
C2- Vin_IC

Continuous Reverse Voltage at Input
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1

L2 pmabon e . . ———_—

aut

C1- Input
C2- Vin_IC

Transition to Reverse Voltage at Input
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6.2 Input Overvoltage Protection — PFET Fault switch
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C1l- Input
C2-Vin_IC
C3-Q2 PFET’s gate

Transition to Overvoltage condition .
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aut

C3

C1- Input
C2- Vin_IC

C3-Q2 PFET’s gate

Transition From Overvoltage to normal condition
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6.3 Power Up and Power Down sequencing - LM3880

33 Master M

e

3.3% _Slave
[y
J— _—

1.2% Slave
C3

1.8V _PLLAYDD [

C1- 3.3V_Master
C2- 3.3V _Slave
C3-1.2V_Slave
C4-1.8V_PLLDVDD

No Load Power up sequencing at 12 Vin as per Controller’s requirements
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33V _Master M
el

3.3% _Slave
[y

1.2%_Slave
C3

1.8V _PLLAYDD [

N L

C1- 3.3V_Master
C2- 3.3V _Slave
C3-1.2V_Slave
C4-1.8V_PLLDVDD

No Load Power up sequencing at 4.5 Vin as per Controller’s requirements
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3.3y Master W
el

3.3% _Slave
[y
ki el i nihsiomiiio—m————— il

1.2% Slave
C3

L1.8%_PLLAYDD [

=y

C1- 3.3V_Master
C2- 3.3V _Slave
C3-1.2V_Slave
C4-1.8V_PLLDVDD

Full Load Power up sequencing at 12 Vin as per Controller’s requirements
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5.3 Master W

3.3%_Slave
[}
1.2%_Slave
C3

1.8v_PLLAVDD [

4

C1- 3.3V_Master
C2- 3.3V _Slave
C3-1.2V_Slave
C4-1.8V_PLLDVDD

Full Load Power up sequencing at 4.5 Vin as per Controller’s requirements
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3 aster
e
C?
i il it P il
C3
!.
1_ PLLANDD

C1- 3.3V_Master
C2- 3.3V _Slave
C3-1.2V_Slave
C4-1.8V_PLLDVDD

Full Load Power down sequencing at 12 Vin as per Controller’s requirements
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:3.3\-’ hlzster
e
C?
L B s LY i £ L
C3
_|

C1- 3.3V_Master
C2- 3.3V _Slave
C3-1.2V_Slave
C4-1.8V_PLLDVDD

Full Load Power down sequencing at 4.5 Vin as per Controller’s requirements

19 06/1/15



I3 TEXAS
INSTRUMENTS Test Report PMP10652

6.4 Output Voltage Ripple and Switch Node Voltage

6.4.1 LM53603Q1 output -3.3Vout

Switch Node Voltage and Output Voltage Ripple at 12 Vin and Full Load on all the outputs (Vripple <
50mVp-p)

Ch2-Voutl (AC Coupled)

Ch1-Switching Waveform
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ol = 1 i -

Switch Node Voltage and Output Voltage Ripple at 4.5 Vin and Full Load on all the outputs (Vripple <
50mVp-p)

Ch2-Voutl (AC Coupled)

Ch1-Switching Waveform
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6.4.2 TPS57114Q1 output — 1.2V

L

2000 miidiv
-40.00 mi|

Switch Node Voltage and Output Voltage Ripple at 12 Vin and Full Load on all the outputs (Vripple <
50mVp-p)

Ch2-Vout2 (AC Coupled)

Ch1-Switching Waveform
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6.4.3 LM26420Q1 Dual output - 1.8V and 1.5V

W\JP“JM\”“T\FF‘“‘F%FW“WI’“T TF’"‘T\F""

I e T T e B e W T s U e T e e S e WO e

I
l
1
I

] Edge P
Switch Node Voltage and Output Voltage Ripple at 12 Vin and Full Load on all the outputs (Vripple <
50mVp-p)

Ch2-Vout5 (AC Coupled)

Ch1-Switching Waveform

23 06/1/15



I3 TEXAS
INSTRUMENTS Test Report PMP10652

6.4.4 TPS60150 Charge Pump output -5V

Lot D

Switch Node Voltage and Output Voltage Ripple at 12 Vin and Full Load on all the outputs (Vripple <
50mVp-p)

Ch2-Vout7 (AC Coupled)

Ch1-Switching Waveform
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6.5 Load Transient Response

6.5.1 TPS57114Q1 outputs

A0.0 rmdidiv
-100.0 my

Load Transient Response at 12 Vin and 50%-t0-100% Load Step on 1.2 V Output Vout2 (Full Load were
connected to all other outputs)

Ch2 —Vout2 (AC coupled)

Ch4- lout 2
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6.5.2 LM53603 outputs

4

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

Ch2 —Voutl (AC coupled)

Ch4-lout 1
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4

imebase a0 p [ Trigger
2.00msidiv il
500 kS 25 MSis | Edge

1.00 Afdiw
1.000 & ofst

Positiw

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

Ch2 —Voutl (AC coupled)

Ch4-lout 1
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6.5.3 LM26420 Output

4

Load Transient Response at 12 Vin and 50%-t0-100% Load Step on 1.8 V Output Vout5 (Full Load were
connected to all other outputs)

Ch2 —Vout5 (AC coupled)

Ch4- lout 5
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6.5.4 TPS60150 -5V

cur

4

S0.0 rmvidie
-100.0

Load Transient Response at 12 Vin and 50%-t0-100% Load Step on 5 V Output Vout5 (Full Load were
connected to all other outputs)

Ch2 —Vout7 (AC coupled)

Ch4-lout 7
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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 two Figures. The first Figure show the test result using peak
detector and Average detector measurement respectively up to 30MHz , and the last 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(up to 30MHz) and Class 3 limits (30MHz to 108MHz) for
conducted disturbances specified in the CISPR 25; 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 Class 3 limits overall.

RBW 10 kHz  RF Att 10 dB

Ref LvI VvVBW 30 kHz

70 dByV SwT 10 s Unit dByV
70

1 WMHz 10 MHz

LW_PK5

60
MRk SWLPKS

50-LW-AVS

CcB| PK5_
40
Mp=AV SWEAYS
30
CBLAVS_
20 || ]

A AN

-10

Start 150 kHz Stop 30 MHz

Date: 28_MAY.2015 21:51:38
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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 dByV SWT 10 s unit dByV
50
100 MHz
VHF1-PK3 TVI=-PK3 VHE2 4PKBM-PK3
40
TVI=-AVZ
30 VHE2 IAVEBM=-AVZ
1IMA
2AV

20—

NJJLLM‘LMMU mm‘uﬁw Lllih 'LU,H'UUM

-10

-20

Start 30 MHz Stop 108 MHz

Date: 28_MAY.2015 21:50:35

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