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1. Design Specifications
Vin Minimum 7VDC
Vin Maximum 25VDC
Voutl 5VvDC
lout 1 21A
Approximate Switching Frequency 2.1MHz for Voutl

2. Circuit Description and PCB details

PMP9496 is a conducted EMI optimized (CISPR 25 Class 5) 10 W Design for Efficient Automotive USB
Charger application utilizing LM53603 regulator IC (2.1MHz fully integrated Synchronous Buck for
Automotive application ) and TPS2549 USB Switch(TPS2549-Q1 Automotive USB Charging Port
Controller with Integrated Power Switch & Cable Compensation). The design accepts Wide input voltage
range of 7Vin to 25Vin and provides the outputs of 5V@2.1A . It features a small size and is an
inexpensive and more efficient solution customized for automotive USB Charger application. The Board
dimension of PMP9496 PCB is 2800mil * 4000mil. Four layer PCB was used for the design.

4. 5V-20V

| ‘H EMI Filter LM536803-01 TP52549-Q1

o SV@3A 2.54 Switch +USB controller
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3. PMP9496 Board Photos

Status - pyg o
DL

€ = =X

| PMP9496 E1-
¥ © 2014 TI L"--J For evaluation anly; not FCC approved &

Board Photo (Top)

MADE IN U.S.

® 371314-INTJ-1
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Board Photo (Bottom)

4. Thermal Data

IR thermal image taken at steady state with 12Vin and the output at full load (no airflow)

19.0

03/12/2015 18:13:11
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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 Data

Efficiency of System Vs Load Current

Vin(V) lin(A) Vout(V) | lout(A) | Efficiency
(%)

7.003 0.025 4.933 0 0
7.003 0.175 4.94 0.2 80.619
7.003 0.365 4.949 0.44 85.191
7.003 0.555 4.957 0.7 89.277
7.003 0.75 4.965 0.94 88.859
7.003 0.95 4974 1.2 89.718
7.003 1.155 4.982 1.44 88.695
7.003 1.365 4.989 1.7 88.725
7.003 1.575 4.997 1.94 87.891
7.003 1.79 5.003 2.2 87.804
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7003 [057 [0.027 |0.64 0.433
vin() |lin(A) | Vout(vV) | lout(A) | Efficiency(%)
10.002 | 0.02 4952 |0 0
10.002 |0.135 4939 |0.2 73.156
10.002 | 0.27 4948 | 0.44 80.618
10.002 | 0.405 |4.956 |0.7 85.642
10.002 | 0.545 |4.965 | 0.94 85.618
10.002 | 0.685 |4.973 |1.2 87.101
10.002 | 0.83 4981 | 1.44 86.4
10.002 | 0975 |4.988 |1.7 86.953
10.002 | 1.125 |4.995 | 1.94 86.119
10.002 | 1.28 5.001 |22 85.938
10.002 |0.385 |0.027 | 0.64 0.449
Vin(V) lin(A) Vout(V) | lout(A) | Efficiency(%)
12.001 |0 4991 |0 0
12.001 |0.12 4939 0.2 68.592
12.001 |0.23 4948 | 0.44 78.875
12.001 | 0.35 495 | 0.7 82.593
12.001 |0.465 |4.965 |0.94 83.633
12.001 | 0.58 4973 |12 85.734
12.001 |0.705 |4.981 |1.44 84.776
12.001 |0.825 |4.988 |1.7 85.645
12.001 |0.955 |4.995 |1.94 84.551
12.001 | 1.08 5 2.2 84.869
12.001 |0.325 |0.026 |0.64 0.427
Vin(V) lin(A) Vout(V) | lout(A) | Efficiency(%)
15.007 |0 4991 |0 0
15.007 | 0.1 4939 0.2 65.823
15.007 |0.195 |4.947 | 0.44 74.382
15.007 | 0.29 4956 | 0.68 77.437
15.007 |0.385 |4.964 | 0.94 80.762
15.007 | 0.48 4972 |12 82.828
15.007 | 0.58 4.98 1.44 82.389
15.007 | 0.68 4988 |17 83.095
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15.007 | 0.78 4.995 1.94 82.784

15.007 | 0.885 5 2.2 82.824

15.007 | 0.265 0.026 0.64 0.418

Vin(v) [ lin(A) | Vout(V) | lout(A) | Efficiency(%)
18.009 |0 4991 |0 0
18.009 |0.095 |[4.939 [0.2 57.737
18.009 [0.175 |4.947 |0.44 69.066
18.009 |0.255 |4.956 |[0.7 75.544
18.009 |[0.335 |4.964 |0.94 77.344
18.009 |0.415 [4.972 [1.2 79.832
18.009 |0.5 4.98 1.44 79.64
18.009 |0.585 |[4.988 |[1.7 80.488
18.009 | 0.67 4994 |1.94 80.295
18.009 |0.755 |5 2.2 80.901

18.009 | 0.225 0.026 0.62 0.398

Vin(V) lin(A) Vout(V) | lout(A) | Efficiency(%)

22.008 |0 4.977 0 0

22.008 | 0.07 4,94 0.2 64.133

22.008 | 0.145 4.947 0.44 68.21

22.008 |0.21 4.955 0.68 72.904

22.008 | 0.275 4.963 0.94 77.083

22.008 | 0.345 4,971 1.2 78.564
22.008 | 0.415 4.98 1.44 78.517
22.008 | 0.485 4.987 1.7 79.427
22.008 | 0.555 4.994 1.94 79.319
22.008 | 0.63 4.999 2.2 79.32

22.008 |0.19 0.026 0.62 0.386

Vin(V) lin(A) Vout(V) | lout(A) | Efficiency(%)

25.007 |0 4.97 0 0

25.007 | 0.075 4.944 0.2 52.721

25.007 |0.13 4.947 0.44 66.956

25.007 |0.19 4.955 0.7 73.001

25.007 |0.25 4.963 0.94 74.623

25.007 | 0.305 4,971 1.2 78.21

25.007 | 0.37 4.979 1.44 77.489

25.007 |0.43 4.986 1.7 78.826
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25.007 0.495 4.993 1.94 78.252
25.007 0.56 4.999 2.2 78.534
25.007 0.16 0.026 0.6 0.39

6. Cable Compensations

When a load draws current through a long or thin wire, wire resistance causes an IR drop that
reduces the voltage delivered to the load. In the vehicle from DC-DC 5V output to the Vro_iN
(input voltage of portable device), Rds,on of power switch, long wire from 5V to USB port,
charging cable existed in the charging path. The charging current of most portable device is less
than their expected maximum charging current due to the IR drop.

TPS2549-Q1 detects the load currents and sets a proportional sink current at an output that can
be used to control output voltage of the LM53603 adjustable regulator to compensate the drop
in the charging path.

5.14

Droop Compensation(100mV/1A)

5.12

5.1

5.08

5.06

—12Vin

5.04
5.02

18Vin

7Vin

4.98
4.96

4,94

4.92
0

0.5 1 1.5 2 2.5

In this particular design, 100mV /1A drop across the cable is compensated. Vout mentioned below is
LM53603 Output while load is connected at USB Switch Output.

Vout(V) | lout(A)
4.933 0
4.951 0.2
4.974 0.44
4.997 0.68
5.02 0.94
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5.044 1.2
5.066 1.44
5.089 1.68
5.111 1.94

7. Waveforms

7.1 Load Transient Response

ot

[
C4
cZ “Wout

F

Measure F1:rms{C3 P2ampliC4) P3--- Pa--- Fa--- FPE---
walue 285 my 989 ma
status v W'

imebase  0.0msg|[Trigger

i 2.00m Auto 1.48 A

0 mA offse 500 k3 10 MSisjEdge  Po E:Itl'-.-'E;

Load Transient Response at 7 Vin and 50%-t0-100% Load Step(1A-2A) on 5V Output Vout( Load was
connected to regulator output)

Ch2 —Voutl (AC coupled)

Ch4 - lout 1
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 lout

4

Measure F1:rms{C3 P2ampliC4) P3--- Pa--- Fa--- FPE---
walue 273 my 952 ma
status v W'

1.00 Adiv
0 mA offget

Load Transient Response at 12 Vin and 50%-to-100% Load Step(1A-2A) on 5V Output Vout( Load was
connected to regulator output)

Ch2 —Voutl (AC coupled)

Ch4 - lout 1
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© o lout
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Measure F1:rms{C3 P2ampliC4) P3--- Pa--- Fa--- FPE---
walue 270 my 951 ma
status v W'

1.00 Adiv
0 mA offget

Load Transient Response at 20 Vin and 50%-to-100% Load Step(1A-2A) on 5V Output Vout( Load was
connected to regulator output)

Ch2 —Voutl (AC coupled)

Ch4 - lout 1
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7.2 Startup
Wout . f
c2
Win
| el
N _ / S
Measure F1:rms{C3 P2ampliC4) ° P3--- Pa--- Fa--- FPE---
walue 327 my 101 mw
status W i

Startup into No Load at 7 Vin
Ch1-Vin

Ch2-Vout 1
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Measure F1:rms{C3 P2ampliC4) ° P3--- Pa--- Fa--- FPE---
walue 343 my a9 s
status W i

Startup into full Load (Load was connected at USB switch output) at 7 Vin

Ch1-Vin

Ch2-Vout 1

14

03/13/15



13 TEXAS

INSTRUMENTS Test Report PMP9496

“out
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Measure F1:rms{C3 P2ampliC4) ) P3--- Pa--- Fa--- FPE---

walue 333 my 109 my

status W i

Startup into No Load at 12 Vin
Ch1-Vin

Ch2-Vout 1
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i
out
c2 f
WIM
i
Measure F1:rms{C3 P2ampliC4) ° P3--- Pa--- Fa--- FPE---
walue 338 mY 101 mw
status W i

Startup into full Load (Load was connected at USB switch output) at 12 Vin

Ch1-Vin

Ch2-Vout 1
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vout
A
c2 ‘
WIM
i
Measure F1:rms{C3 P2ampliC4) P3--- Pa--- Fa--- FPE---
walue 292 my 104 mv
status W i

Startup into No Load at 20 Vin
Ch1-Vin

Ch2-Vout 1

17

03/13/15



13 TEXAS

INSTRUMENTS Test Report PMP9496
vout
c2 I
WIM /_/—"-_
. . : o o
Measure F1:rms{C3 P2ampliC4) ° P3--- Pa--- Fa--- FPE---
walue 344 v 101 mw

g i

imehase

0.0mgl [Trigger

Startup into full Load (Load was connected at USB switch output) at 20 Vin
Ch1-Vin

Ch2-Vout 1

7.3 Output Voltage Ripple and Switch Node Voltage
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| | | | wout | | | |
- I I - Vo g0 1 L 1T |
Measure F1:rms{C3 P2ampliC4) ° P3--- Pa--- Fa--- FPE---
walue 1.88 my 93 mv
status v R

Switch Node Voltage and Output Voltage Ripple at 7 Vin and Full Load was connected at USB switch
output

Ch2-Voutl (AC Coupled)- On USB Switch Output

Ch1-Switching Waveform
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Measure F1:rms{C3 P2ampliC4) P3--- Pa--- Fa--- FPE---
walue 414 my 91 mv
status v R

Switch Node Voltage and Output Voltage Ripple at 12 Vin and Full Load was connected at USB switch

output

Ch2-Voutl (AC Coupled)- On USB Switch Output

Ch1-Switching Waveform
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Measure F1:rms{C3 P2ampliC4) P3--- Pa--- Fa--- FPE---
walue 4.05 my E
W i

20.0 mvidiv
0.00 rm' ofst]

Switch Node Voltage and Output Voltage Ripple at 20 Vin and Full Load was connected at USB switch
output

Ch2-Voutl (AC Coupled)- On USB Switch Output

Ch1-Switching Waveform
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8. Enable into Short — USB switch thermal Cycling

The device operates in constant-current mode after the current-limit circuit has responded. Complete
Shutdown occurs only if the fault is presented long enough to activate thermal limiting. The device
remains off until the junction temperature cools to approximately 20°C and then restarts. The device
continues to cycle on and off until the overcurrent condition is removed.

USBE_Switch
] -

I 1% I O | B A

c2

imebase  0.0msg|[Trigger

5.00m Auto 1.48 A
500 k3 10 MSis]Edge  Positive

CH2-LM53603 Output
CH3-USB Switch Output
CH4-Output Current during Short condition at output .
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9. Conducted EMI

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 was conducted by connecting two phones at the output (Each Fast Charging at 5V@ 1A) to
replicate the real case scenario.

Conducted EMI Test Set up
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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.
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RBW 10 kHz RF Att 10 dB

Ref Lvi VBW 30 kHz

70 dByV SWT 10 s unit dByV
70

1 MHz 10 MHz

LW_PK5

60
MYV Rk SWLPKS

50 LW-AV5

CB| PK5—
40
MYV =AM, SWLAVS
30
cBLAVs
20—

Jne S

O it oodl L L L

-10
-20
-30
Start 150 kHz Stop 30 MHz
Date: 4_MAR.2015 18:50:42

Test result — Upto 30MHz Conducted Emission —Peak and Average Detection
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RBW 100 kHz RF Attt O dB
Ref LvI VBW 300 kHz
50 dByV SWT 10 s unit dByVv
50 ™
100 MHz
VHE1-PK5
40
VHF24RPKEM-_PKS
TV I1=-RPKS
30
20 | | | . I\ S R S T A
10
6]
-10
-20
Start 30 MHz Stop 108 MHz
Date: 4_MAR.2015 19:01:31

Test result -30MHz to 108MHz Conducted Emission —Peak Detection
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RBW 100 kHz RF Attt 0O dB
Ref LvIi VBW 300 kHz
50 dByV SWT 10 s unit dBaV
50
100 MHz
VHE1-PK5
40
VHF24RPKEM-PKIS
TV I1=RPK5
30
VHE1-AVS5 NVI=-AVS5 2AV
20
VHF24AVEM-AVS
NMWMMUMMM ll‘“l | |J]M'J|‘u | |MHI

-10
-20
Start 30 MHz Stop 108 MHz
Date: 4_MAR.2015 18:59:56

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

27 03/13/15



IMPORTANT NOTICE FOR TI REFERENCE DESIGNS
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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.
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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
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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
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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.
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