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1 Photos

The photographs below show the PMP11180 Rev A prototype assembly.

2 No Load Input Power

Supply Input Power Test Setup

All Supplies Enabled 69mW No modifications

5V Flyback Only 61mW R23, R24, R31, and R35 removed

3.3V Buck Only 8mW R1, R15, R24, R31, and R35 removed;
Ul-pin 6 lifted; External 5V input supply

2.5V Buck Only TmW R1, R15, R23, R24, and R35 removed;
Ul-pin 6 lifted; External 5V input supply

1.5V Buck Only 6mW R1, R15, R23, R31, and R35 removed;
Ul-pin 6 lifted; External 5V input supply

1.0V Buck Only SmW R1, R15, R23, R24, and R31 removed;

Ul-pin 6 lifted; External 5V input supply
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3 Efficiency

3.1 5V Flyback
All other supplies were disabled during this test.

86%
=
T ———t—
85% /
)
;
(%]
E
84%
83%
00 05 10 15 20 25 30 35 40 45 50
Load Current (Amps)
120VAC/60Hz
lout Vout Vin lin Pin PF Pout Losses | Efficiency
0.000 4.98 120.1 0.0108 | 0.06112 0.00 0.061
0.00100 4.98 120.1 0.0108 | 0.06767 0.00 0.063 7.4%
0.00996 4.98 120.1 0.0114 | 0.12655 0.05 0.077 39.2%
0.100 4.97 119.9 0.0224 0.673 0.251 0.50 0.18 73.8%
0.500 4.97 119.9 0.075 2.96 0.327 2.49 0.48 84.0%
1.250 4.97 119.9 0.150 7.25 0.403 6.21 1.04 85.7%
1.875 4.97 119.9 0.205 10.88 0.442 9.32 1.56 85.7%
2.500 4.97 119.9 0.257 14.53 0.471 12.43 2.11 85.5%
3.125 4.97 119.9 0.307 18.16 0.494 15.53 2.63 85.5%
3.750 4.97 119.9 0.355 21.80 0.513 18.64 3.16 85.5%
4.375 4.97 119.9 0.402 25.45 0.528 21.74 3.71 85.4%
4.989 4.97 119.9 0.449 29.05 0.540 24.80 4.25 85.4%
Vin Pin Vout lout Load |[Efficiency| Awg. Eff.
120VAC/60Hz 2.96 4.97 0.500 10% 83.95%
7.25 4,97 1.250 25% 85.69% | 85.51%
14.53 4.97 2.500 50% 85.51%
21.80 4.97 3.750 75% 85.49%
29.05 4.97 4.989 100% 85.35%
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3.2 3.3V Buck
All other supplies were disabled during this test.
3.3V TPS562210
95% T
93% —*\
91% "u.__\
89%
g 87% I ™
§ 0 ’ \
E 85% ’
Y 83% I
81% ’
79% ’
77% ’
75%
00 02 04 06 08 10 12 14 16 18 20
Load Current(Amps)
lout Vout Vin lin Pin Pout Losses | Efficiency
0.000 3.315 4,98 0.00160 0.008 0.00 0.008
0.00100 3.314 4,98 0.00230 0.011 0.00 0.008 28.9%
0.00999 3.313 4.97 0.00889 0.044 0.03 0.011 74.9%
0.099 3.310 5.00 0.073 0.365 0.33 0.037 89.8%
0.500 3.305 5.02 0.350 1.757 1.65 0.10 94.1%
0.750 3.296 4,99 0.529 2.640 2.47 0.17 93.6%
1.000 3.288 4,99 0.711 3.548 3.29 0.26 92.7%
1.250 3.281 4.99 0.899 4.486 4.10 0.38 91.4%
1.500 3.272 4.99 1.094 5.459 4,91 0.55 89.9%
1.750 3.266 4,99 1.305 6.512 5.72 0.80 87.8%
2.000 3.255 5.01 1.519 7.610 6.51 1.10 85.5%
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3.3 2.5V Buck
All other supplies were disabled during this test.
2.5V TPS562210
95%
93%
91% o "'""—\’\
.. 8% » A
o 0 \
e 87% T/ e
g 85% I \\’
Y os3% l
81% ’
79% l
77% ’
75%
00 02 04 06 08 10 12 14 16 18 20
Load Current(Amps)
lout Vout Vin lin Pin Pout Losses | Efficiency
0.000 2.497 5.01 0.00142 0.007 0.00 0.007
0.00100 2.497 5.01 0.00196 0.010 0.00 0.007 25.4%
0.01002 2.497 5.00 0.00693 0.035 0.03 0.010 72.2%
0.100 2.495 5.01 0.057 0.286 0.25 0.036 87.4%
0.499 2.504 4.97 0.273 1.357 1.25 0.11 92.1%
0.750 2.503 4.98 0.412 2.052 1.88 0.17 91.5%
1.000 2.495 4.98 0.554 2.759 2.50 0.26 90.4%
1.250 2.493 5.02 0.696 3.494 3.12 0.38 89.2%
1.500 2.489 5.00 0.854 4.270 3.73 0.54 87.4%
1.750 2.497 4.97 1.023 5.084 4.37 0.71 85.9%
2.000 2.494 5.00 1.192 5.960 4.99 0.97 83.7%
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3.4 1.5V Buck
All other supplies were disabled during this test.

1.5V TPS563210
90%

88% '/,.. \
86% //
0 pd 9
a 84% -‘\
c 82% \‘
o \
E 80%
w R
78%
76%
74%
72%
70%
00 03 06 09 12 15 18 21 24 27 30
Load Current(Amps)
lout Vout Vin lin Pin Pout Losses | Efficiency
0.000 1.505 4,98 0.00115 0.006 0.00 0.006
0.00101 1.505 4.98 0.00148 0.007 0.00 0.006 20.6%
0.01004 1.505 4,98 0.00454 0.023 0.02 0.007 66.8%
0.100 1.503 5.01 0.036 0.180 0.15 0.030 83.3%
0.750 1.486 5.01 0.250 1.253 1.11 0.14 89.0%
1.125 1.483 5.01 0.377 1.889 1.67 0.22 88.3%
1.500 1.481 4,99 0.510 2.545 2.22 0.32 87.3%
1.875 1.478 5.00 0.648 3.240 2.77 0.47 85.5%
2.250 1.476 5.01 0.793 3.973 3.32 0.65 83.6%
2.625 1.479 5.01 0.949 4.754 3.88 0.87 81.7%
3.000 1.476 5.01 1.116 5.591 4.43 1.16 79.2%
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3.5 1.0V Buck

All other supplies were disabled during this test.

90%

1.0V TPS56528

85%

80%

-
e 75%
s e
g 0% e
65% \
60% \
55% ¥
50%
00 05 10 15 20 25 30 35 40 45 50
Load Current(Amps)
lout Vout Vin lin Pin Pout Losses | Efficiency
0.000 1.019 4.98 0.00154 0.008 0.00 0.008
0.00102 1.016 4.98 0.00147 0.007 0.00 0.006 14.2%
0.01013 1.016 4.98 0.00367 0.018 0.01 0.008 56.3%
0.101 1.019 5.01 0.026 0.130 0.10 0.027 79.0%
0.502 1.013 5.00 0.120 0.600 0.51 0.09 84.8%
1.248 1.011 5.00 0.299 1.495 1.26 0.23 84.4%
1.877 1.010 5.00 0.465 2.325 1.90 0.43 81.5%
2.496 1.010 5.00 0.645 3.225 2.52 0.70 78.2%
3.125 1.009 5.00 0.847 4.235 3.15 1.08 74.5%
3.748 1.010 4.99 1.077 5.374 3.79 1.59 70.4%
4.373 1.010 5.01 1.350 6.764 4.42 2.35 65.3%
5.001 1.013 5.01 1.690 8.467 5.07 3.40 59.8%
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4 Load Regulation

4.1 5V Flyback

5.00

4.99

4.98
4.97L ]

4.96

Output Voltage (Volts)

4.95
0.00 1.00 2.00 3.00 4.00 5.00 6.00

Load Current(Amps)

4.2 3.3V Buck

3.32
3.31 g\
3.30

3.29 o~

3.28 \
3.27 A

3.26 AN

\

00 02 04 06 08 10 12 14 16 18 20

Voltage (Volts)

Load Current(Amps)
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4.3 2.5V Buck
2.52
g 2.51
3
§ 250 < /‘.—ﬂ\
>

N \\\V/‘\

249

2.48

00 02 04 06 08 10 12 14 16 18 20
Load Current(Amps)

4.4 1.5V Buck

1.52

1.51

1.50 \

1.49

1.48 N\*hﬁ.._

Voltage (Volts)

1.47

1.46

00 03 06 09 12 15 18 21 24 27 30
Load Current(Amps)
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4.5 1.0V Buck
1.03
§ 1.02
s

o S|

1.01

1.00

00 05 10 15 20 25 30 35 40 45 50
Load Current(Amps)

5 5V Flyback Current Regulation

6

(4]
R
4
L 2
L 2
>

'S

Output Voltage (Volts)
N w

—

o

1.0 20 3.0 4.0 5.0 6.0 7.0

o
o

Load Current (Amps)
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6 Thermal Images

6.1 S5V Flyback

All other supplies were disabled during this test. The 5V output was loaded with 5A. The ambient temperature was 25°C with no
forced air flow. The input was 120VAC/60Hz.

NO.1

Area analysis

T1 Max

Area analysis

D2Max 81.9°C

D3Max 89.3°C
Q2Max 73.2°C
Q1 Max 82.1°C
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6.2 3.3V Buck

All other supplies were disabled during this test. The 3.3V output was loaded with 2A. The ambient temperature was 25°C with no
forced air flow. The input was 5VDC.
NO.1

Area analysis
USMax
L4 Max

30.3

6.3 2.5V Buck

All other supplies were disabled during this test. The 2.5V output was loaded with 2A. The ambient temperature was 25°C with no
forced air flow. The input was SVDC.

NO.1
73.3

29.2
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6.4 1.5V Buck

All other supplies were disabled during this test. The 1.5V output was loaded with 3A. The ambient temperature was 25°C with no
forced air flow. The input was 5VDC.
NO.1

80.0

U6Max
L3 Max

26.4

6.5 1.0V Buck

All other supplies were disabled during this test. The 1.0V output was loaded with 3.8A. The ambient temperature was 25°C with
no forced air flow. The input was SVDC.

922 NO.1

26.4

Page 14 of 29 Power Management Solutions



10/26/2015 i
PMP11180 Rev A Test Results m@%&ﬁém

7 Startup
7.1 5V Flyback; 120VAC/60Hz — No Load

LeCroy

7.2 5V Flyback; 120VAC/60Hz — 1Q Load

LeCroy

2.00 Widiv
0 mt offset]
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7.3 3.3V Buck; 5V Input — No Load

7.4 3.3V Buck; 5V Input - 2Q Load

-,

1.00 Widi]
0 mt offset]
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7.5 2.5V Buck; 5V Input — No Load

LeCroy

7.6 2.5V Buck; 5V Input - 2Q Load

LeCroy

—M’ 4

1.00 Widi]
0 mt offset]
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7.7 1.5V Buck; 5V Input — No Load

LeCroy

7.8 1.5V Buck; 5V Input - 1Q Load

LeCroy

500 mYidiv
0 m offsed
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7.9 1.0V Buck; 5V Input — No Load

LeCroy

7.10 1.0V Buck; 5V Input - 1Q Load

LeCroy

500 mYidiv
0 m offsed
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8 Output Ripple Voltage
8.1 5V Flyback; 5A Load

LeCroy

8.2 3.3V Buck; 2A Load

LeCroy

20.0 mrdiv
i ofs
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8.3 3.3V Buck; 0A Load

LeCroy

500MS 1

8.4 2.5V Buck; 2A Load

LeCroy

20.0 mvidiv
0.00 mY ofsf
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8.5 2.5V Buck; 0A Load

LeCroy

8.6 1.5V Buck; 3A Load

LeCroy
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8.7 1.5V Buck; 0A Load

LeCroy

8.8 1.0V Buck; 5A Load

LeCroy

20.0 mvidiv
0.00 mY ofsf
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8.9 1.0V Buck; 0A Load

LeCroy

AN

9 5V Flyback Loop Response
Output was loaded with SA. The input was 120VAC/60Hz.

(=] 1]
(o]
dB 150 deg]
120 de
90 deg
60 deg
Mo -___.____h___.
-\ \
10dB B — deg|
c \
a 0dB 0 deg
()] T
-10dB — -3 deg}
1 Slide Bar: ——
T
2248k Frequency (Hz) =
-20dB 0 Gain (dB) 60 de
6255 Phase (deg)
-088  Slops (20dBidecade)
dB \‘QC deg
40dB -120 deg
-50 dB -150 deg
QL ¥ s
© |- - =
100 Frequency 30k

180

Phase

-180
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10 Load Transients

10.1 5V Flyback

LeCroy

100 iy
200.0 rm

10.2 3.3V Buck

LeCroy

50.0 midivg 1.00 Ardiv
100.0 ' -4.000 A ofst
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10.3 2.5V Buck
BAMAMAN
RARRRRAR

10.4 1.5V Buck
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10.5 1.0V Buck

LeCroy

11 5V Flyback Switching Waveforms
The input was 132VAC/60Hz, and the output was loaded with 5A.

11.1 Drain of Primary FET — Q2

LeCroy

™ T Ay i

e I IR

100 Widi
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11.2 Drain of Sync FET - Q1
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12 Conducted Emissions
The 5V flyback was loaded with a 5A resistive load. All buck regulators were unloaded.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
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.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
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
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
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.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated



