PMP11399 APEC Board

Test Results

TEXAS INSTRUMENTS

3/1/2016

The PMP11399 board was developed for demonstration purposes at APEC. It is used in
conjunction with TI’s Fusion Power GUI and the PMBUS interface for control. The following
measurements were taken with an input voltage of 12V.
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1 Startup, No load
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1.5 TPS544C25: 1V
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1.7 TPS53647: 1V (VCORE)

b i
A
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value =19my
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2 Shutdown, 1A Load
2.1 TPS548D22: 5V
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2.3 TPS53513: 1.5V

! \m

Measure P1:pkpk(C3) A P2--- P3--- P4:- - - P5:- - - PE:- - -
2.4 TPS53515: 1.2V

c1 H
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2.5 TPS544C25: 1V

Measure P1:pkpk(C3) P2--- P3:--- P4- - - P&~ - - PE:- - -
value =19my
status 4
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2.6 TPS544C25: 0.85V
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status 4
LeCroy 201912016 11:52:31 AM
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2.7 TPS53647: 1V (VCORE)

Measure P1:pkpk(C3) P2 P3: P4:- P5: PE:
value =19my
4

2.8 TPS53317: 0.6V
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Measure P1:pkpk(C3) P2--- P3i--- P4:- - - P& -- PE:- - -
value =25my
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3 Output Ripple, Full Load

3.1 TPS548D22: 5V@10A

imebase 0.00 ps] [T ci]pC

200 psidiv|Stop 100 v
400kS 20GSis e Negative
2/19/2016 2:43:47 PM

3.2 TPS549A20: 3.3V@14A
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3.3 TPS53513: 1.5V@8A

10.0 miidiy o
0.00 mY ofst ge

LeCroy 2019/2016 3:48:27 PM

3.4 TPS53515: 1.2V@12A
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3.5 TPS544C25: 1ZV@15A

e F'l:lSiti'-.-:E:
21192016 4:53:31 PM

3.6 TPS544C25: 0.85V@15A
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3.7 TPS53647: 1V@30A (VCORE)

3.8 TPS53317: 0.6V@6A
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4 Efficiency

The graphs below approximate the efficiency of each rail. In order to obtain a more accurate depiction of
individual rail efficiency, the current draw at no load (“Actual lin” at Iout = 0A) was subtracted from each
“Actual Iin” measurement point to produce an adjusted input current “Iin (adj)”. Rails are individually

loaded and all rails were enabled.

4.1 TPS548D22: 5V@10A

99%

98% -\‘* i‘ i =
—N
97%
96%
oy
©  95%
o
B 94%
w
93%
92%
91%
90%
0.00 2.00 4.00 6.00 8.00 10.00
Load Current (Amps)
-5\ TP5548D22
5V@10A - TPS548D22
Actual
lout Vout Vin lin (adj) lin Pin Pout Losses | Efficiency
0.000 5.010 12.3 0.74900 0.00 0.0%
1.000 5.010 12.2 0.4150 1.1640 5.074 5.01 0.06 98.7%
2.000 5.010 12.2 0.8370 1.586 10.193 10.02 0.17 98.3%
4.000 5.010 12.1 1.6890 2.438 20.400 20.04 0.36 98.2%
6.000 5.010 12.0 2.5600 3.309 30.656 30.06 0.60 98.1%
8.000 5.010 11.9 3.4500 4.199 40.952 40.08 0.87 97.9%
10.000 5.010 11.8 4.3630 5.112 51.300 50.10 1.20 97.7%
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4.2 TPS549A20: 3.3V@14A

99%

.\
98% T
97% \.‘-..._:\
96%
95% T~

94%

Efficiency

93%

92%

91%

90%
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

Load Current (Amps)

—m—13.3V TPS549A20

3.3V@14A - TPS549A20

Actual
lout Vout Vin lin (adj) lin Pin Pout Losses | Efficiency
0.000 3.311 12.3 0.74900 0.00 0.0%
1.400 3.311 12.2 0.3840 1.1330 4.698 4.64 0.06 98.7%
2.800 3.311 12.2 0.7760 1.525 9.460 9.27 0.19 98.0%

5.600 3.310 12.1 1.5740 2.323 19.044 18.54 0.51 97.3%

8.400 3.309 12.0 2.3990 3.148 28.800 27.80 1.00 96.5%

11.200 3.307 11.9 3.2540 4.003 38.745 37.04 1.71 95.6%

14.000 3.305 11.8 4.1430 4.892 48.887 46.27 2.62 94.6%
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4.3 TPS53513: 1.5V@8A
99%
98%
97%
96% \
g 95% \.\ﬂ.\.\
B 94%
R \\.\
92% T
91%
90%

0.00 2.00 4.00 6.00 8.00
Load Current (Amps)
—=—1.5V TPS53513 |
1.5V@8A - TPS53513
Vout Actual Pout
lout AC/DC Vin lin (adj) lin Pin AC/DC Losses | Efficiency

0.000 1.499 12.3 0.74800 0.00 0.0%
0.800 1.499 12.3 0.1010 0.8490 1.239 1.20 0.04 96.8%
1.600 1.499 12.3 0.2040 0.952 2.500 2.40 0.10 95.9%
3.200 1.498 12.2 0.4110 1.159 5.027 4.79 0.23 95.4%
4.800 1.498 12.2 0.6240 1.372 7.617 7.19 0.43 94.4%
6.400 1.497 12.2 0.8430 1.591 10.269 9.58 0.69 93.3%
8.000 1.497 12.2 1.0670 1.815 12.969 11.98 0.99 92.3%

Page 15 of 38

Power Management Solutions




212412016 i
PMP11399 (APEC) Test Results m{;%lﬁgNTS

4.4 TPS53515: 1.2V@12A

96%
T/ —

94% \\
93% \K
92% \\.\
91% N
90% \
89% \.\
88% \
87% \-

0.00 2.00 4.00 6.00 8.00 10.00 12.00

Efficiency

Load Current (Amps)

—=—1.2V TPS53515

1.2V@12A - TPS53515

Actual
lout Vout Vin lin (adj) lin Pin Pout Losses | Efficiency
0.000 1.196 12.3 0.75000 0.00 0.0%
1.200 1.196 12.3 0.1230 0.8730 1.508 1.44 0.07 95.2%
2.400 1.196 12.2 0.2470 0.997 3.025 2.87 0.15 94.9%
4.800 1.195 12.2 0.5030 1.253 6.146 5.74 0.41 93.3%
7.200 1.195 12.2 0.7720 1.522 9.408 8.60 0.80 91.5%
9.600 1.194 12.2 1.0540 1.804 12.809 11.46 1.35 89.5%
12.000 1.193 12.1 1.3530 2.103 16.396 14.32 2.08 87.3%
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4.5 TPS544C25: IV@15A

Efficiency

1IV@15A - TPS544C25

98%

97%
96%

95%

94%

93%

92%
91%

~—

90%

\‘\

89%

‘T

88%

0.00

5.00

10.00 15.00

Load Current (Amps)

—m— 1V TPS544C25

Actual
lout Vout Vin lin (adj) lin Pin Pout Losses | Efficiency
0.000 1.001 12.3 0.74900 0.00 0.0%
1.500 1.001 12.3 0.1260 0.8750 1.545 1.50 0.04 97.2%
3.000 1.001 12.2 0.2650 1.014 3.245 3.00 0.24 92.5%
6.000 1.001 12.2 0.5340 1.283 6.523 6.01 0.52 92.1%
9.000 1.001 12.2 0.8120 1.561 9.893 9.01 0.88 91.1%
12.000 1.001 12.2 1.0980 1.847 13.342 12.01 1.33 90.0%
15.000 1.001 12.1 1.3960 2.145 16.914 15.02 1.90 88.8%
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4.6 TPS544C25: 0.85V@15A

Efficiency

92%

-/l\

91%
90%

89%

88%

87%

86%
85%

84%

83%

82%

0.00 5.00 10.00 15.00
Load Current (Amps)
—@—(0.85V TPS544C25
0.85V@15A - TPS544C25
Actual
lout Vout Vin lin (adj) lin Pin Pout Losses | Efficiency

0.000 0.850 12.0 0.75300 0.00 0.0%
1.500 0.849 12.3 0.1140 0.8670 1.399 1.27 0.13 91.1%
3.000 0.849 12.3 0.227 0.980 2.782 2.55 0.23 91.6%
6.000 0.849 12.2 0.458 1.211 5.601 5.09 0.51 90.9%
9.000 0.848 12.2 0.696 1.449 8.494 7.63 0.86 89.9%
12.000 0.848 12.2 0.948 1.701 11.543 10.18 1.37 88.2%
15.000 0.848 12.1 1.212 1.965 14.712 12.72 1.99 86.5%
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4.7 TPS53647: 1ZV@30A (VCORE)

99%

B—
98% k“l\

97% —

96% \l

95%

94%

Efficiency

93%

92%

91%

90%
0.00 5.00 10.00 15.00 20.00 25.00 30.00

Load Current (Amps)

—&— 1V TPS53647

1V@30A - TPS53647

Actual
lout Vout Vin lin (adj) lin Pin Pout Losses | Efficiency
0.000 0.999 12.3 0.74900 0.00 0.0%
3.000 0.999 12.3 0.2480 0.9970 3.038 3.00 0.04 98.7%
6.000 0.999 12.2 0.4980 1.247 6.087 5.99 0.09 98.5%

12.000 0.998 12.2 1.0050 1.754 12.224 11.98 0.25 98.0%

18.000 0.998 12.1 1.5220 2.271 18.422 17.96 0.46 97.5%

24.000 0.998 12.0 2.0520 2.801 24.712 23.95 0.76 96.9%

30.000 0.998 12.0 2.6060 3.355 31.217 29.94 1.28 95.9%
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4.8 TPS53317: 0.6V@6A

Efficiency

95%

90%

\

85%

80%

.

—

75%

\T

70%

0.00 1.00 2.00 3.00 4.00 5.00 6.00
Load Current (Amps)
—8—0.6V TPS53317
0.6V@6A - TPS53317
Actual
lout Vout Vin lin (adj) lin Pin Pout Losses | Efficiency

0.000 0.600 12.3 0.74900 0.00 0.0%
0.600 0.599 12.3 0.0310 0.7800 0.380 0.36 0.02 94.5%
1.200 0.598 12.3 0.0650 0.814 0.797 0.72 0.08 90.0%
2.400 0.596 12.3 0.1380 0.887 1.692 1.43 0.26 84.5%
3.600 0.595 12.3 0.2170 0.966 2.658 2.14 0.52 80.6%
4.800 0.593 12.2 0.3030 1.052 3.709 2.85 0.86 76.7%
6.000 0.592 12.2 0.3990 1.148 4.880 3.55 1.33 72.8%
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5 Load Transients, 50% to 100% load step

5.1 TPS548D22: 5V@10A

A

c3

imebase -180 ps] [Trigger C3[DC

100 psidiv | Auto 9304

2.0 GSJs JEdge Positive
2119/2016 2:48:23 PM

2.00 MS

5.2 TPS549A20: 3.3V@14A

5.00 Ajdiv
-20.00 & ofst 2. S 2.0 GS/s |Edge MNegative

21192016 2:29:28 PM
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5.3 TPS53513: 1.5V@8A

c3

5.00 Ajdiv
-20.00 A ofst

LeCroy

5.4 TPS53515: 1.2V@12A

C3)

100 p:
2.00 MS 2.0 GS/s JEdge Positive

2/19/2016 4:26:19 PM
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5.5 TPS544C25: 1ZV@15A

C3)

100 myidiv
0.00 mV ofst

LeCroy 201812016 4:54:43 PM

5.6 TPS544C25: 0.85V@15A

I lllIIII

C3
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5.7 TPS53647: 1V@30A (VCORE)

o
&

Ul e ¥ g Il |l||l e e e

e [ o AN UL M P B ORI

10:0 midiv 10.0 Afdiv

0.00mV ofst 100 mA offset
LeCroy

5.8 TPS53317: 0.6V@6A

mm-m-* au
c3
- —E0 i
2000 m¥idiy 2.00 Ajdiv
0.00mY ofst -8.000 A ofst

LeCroy

Page 24 of 38 Power Management Solutions



212412016 i
PMP11399 (APEC) Test Results m*é&%‘ﬁzm

6 Switching Waveforms, Full Load

6.1 TPS548D22: 5V@10A

|{mewmmwm g

sttty i A Ao

2005k |Edge Postive

2/19/2016 5:34:24 PM

6.2 TPS549A20: 3.3V@14A
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6.3 TPS53513: 1.5V@8A

| i S S b
R i |

6.4 TPS53515: 1.2V@12A
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6.5 TPS544C25: 1ZV@15A
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6.6 TPS544C25: 0.85V@15A
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6.7 TPS53647: 1V@30A (VCORE)

‘ ’]v\\an\,AJ.,a‘ﬁM el Srm il s N L!.bz‘.....l.{‘ iy ,",,“.4“4“1“«‘:'»)/4‘.1“:\"1'M1

I 1
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6.8 TPS53317: 0.6V@6A
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7 Loop Response, Full Load
7.1 TPS548D22: 5V@10A
3
\ 80 de
- 1-'r'aTI__\ \ 3
8 N I —— S | I | 7- g
_‘“—“1“‘———‘* .80 de
oz E: 18
@ el g A3
10k Frequency 300k
7.2 TPS549A20: 3.3V@14A
3 8
‘®© | 3 ©
O [ O s o &
1o
Sl 2
10k Frequency 300 k
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7.3 TPS53513: 1.5V@8A

o
8 I -

180
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7.5 TPS544C25: IZV@15A
2 T E
%ﬁiﬁ?ﬁ”’”’ i
= = || I I I
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_ I I P~ [ 1o
£1, e 2
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7.6 TPS544C25: 0.85V@15A
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7.7 TPS53317: 0.6V@6A

(@] o
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8 Photo

The photo below shows the PMP11399 board.

w
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m
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m
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13 TEXAS

INSTRUMENTS
PMP11399A

For evaluation only; not FCC approved for resale. @
RULLARARLRARAN
I i .
90 1 § 120 130 140
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9 Thermal Images, Full Load
The measurements below were taken with rails individually fully loaded at room temperature, with airflow.

9.1 TPS548D22: 5V@10A

U16 Temperature 39.7°C

9.2 TPS549A20: 3.3V@14A

NO.7
50.0 2

- 48
- 46

- 42
- 40
- 38
- 36

- 32
- 30
- 28
- 26

- 24

235
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9.3 TPS53513: 1.5V@8A

36.1

Spotanalysis
IU 14 Temperzse 142.1°C

NO.5
36

35

33
32
31
30
29
28
27
26
25
24

9.4 TPS53515: 1.2V@12A

U13 Temperaturs 538°C "'h e
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9.5 TPS544C25: 1ZV@15A

Spotanalysis
U1l Temperztue

9.6 TPS544C25: 0.85V@15A

Spotanalysis

U 12 Temperztue
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9.7 TPS53647: 1V@30A (VCORE)

Spot analysis

L3Temperatur 144 3°C
L2Temparzture 140.2°C
L1Temparzturz 37.5°C
L4 Temperaturs 37.7°C

9.8 TPS53317: 0.6V@6A
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, 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 (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI 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 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.

TI does not warrant or represent that any license, either express or implied, is granted under 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.

Reproduction of significant portions of Tl information in Tl data books or data sheets 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.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

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 which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in 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 Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which 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
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI 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.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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