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1. Design Specifications

Vin Minimum 9.8VDC
Vin Maximum 15.1vDC
Vout 3.3vDC
lout 6.5A & 4A
Approximate Switching Frequency ~750KHz

2. Circuit Description and PCB details
PMP10664 is a 35W dual-output synchronous buck converter using the LM25119 controller IC. The
design accepts an input voltage of 9.8Vin to 15.1Vin, provides one output of 3.3V capable of supplying
6.5A of current and one output of 3.3V capable of supplying 4A of current to the load. It features a small

size and is an inexpensive and more efficient solution. The design is capable of using a 3.3V, 1.5MHz
external clock on the sync pin to drive the device. A Schottky diode is implemented in parallel with the
low side sync FET’s body diode in each channel to improve efficiency.

Dimension of PMP10664 PCB is 75mm * 40mm. Four layer PCB was used for the design.
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3. PMP10664 Board Photos

Board Dimensions: 75mm x 40mm
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4. Thermal Data

25.0

06/15/2015 14:57:25

IR thermal image taken at steady state with 9.8Vin and 6.5A at Voutl, 4A at Vout2 (no airflow)

06/15/20015

IR thermal image taken at steady state with 12Vin and 6.5A at Vout1, 4A at Vout2 (no airflow)
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25.0

06/15/2015 14:52:43

IR thermal image taken at steady state with 15.1Vin and 6.5A at Voutl, 4A at Vout2 (no airflow)

5. Efficiency

5.1 Efficiency Chart

PMP10664 Voutl Efficiency

95.00

90.00 -
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75.00 == 12Vin

Efficiency (%
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PMP10664 Vout2 Efficiency

95.00

90.00
__85.00 :
&\; 80.00 / ==@==9 .8Vin
§ 75.00 - —8—12Vin
S 20.00 15Vin

65.00

60-00 T T T 1

0.00 1.00 2.00 3.00 4.00
lout (A)

5.2 Efficiency Data

Vin(V) lin(A) Pin(W) | Vout1(V) | lout(A) | Pout(W) | Losses(W) | Efficiency(%)
9.80 0.06 0.55 3.29 0.00 0.00 0.55 0.00
9.80 0.21 2.05 3.29 0.46 1.50 0.54 73.43
9.80 0.39 3.77 3.29 0.96 3.15 0.63 83.39
9.80 0.56 5.48 3.29 1.45 4.79 0.69 87.36
9.80 0.73 7.19 3.29 1.95 6.43 0.76 89.42
9.80 0.91 8.92 3.29 2.45 8.07 0.85 90.51
9.80 1.09 10.66 3.29 2.95 9.71 0.95 91.09
9.80 1.27 12.42 3.29 3.45 11.36 1.07 91.43
9.80 1.45 14.21 3.29 3.95 13.01 1.20 91.56
9.79 1.64 16.01 3.29 4.45 14.66 1.35 91.56
9.79 1.82 17.82 3.29 4.95 16.31 1.51 91.54
9.79 2.01 19.63 3.29 5.45 17.94 1.69 91.41
9.78 2.20 21.47 3.29 5.95 19.59 1.88 91.23
9.78 2.39 23.34 3.29 6.45 21.23 2.10 90.99
9.78 2.58 25.20 3.29 6.95 22.88 2.32 90.78
9.77 2.77 27.11 3.29 7.45 24.53 2.58 90.49
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12.00 0.06 0.66 3.29 0.00 0.00 0.66 0.00
12.00 0.18 2.16 3.29 0.45 1.50 0.67 69.20
12.00 0.32 3.88 3.29 0.95 3.13 0.74 80.86
12.00 0.47 5.63 3.29 1.45 4.78 0.84 85.00
12.00 0.61 7.34 3.29 1.95 6.42 0.92 87.48
12.00 0.76 9.07 3.29 2.45 8.07 1.00 88.94
12.00 090 | 10.82 3.29 2.95 9.71 1.11 89.74
12.00 1.05| 1258 3.29 3.45| 11.36 1.23 90.26
11.99 120 1437 3.29 395 13.02 1.35 90.60
11.99 135| 16.17 329 | 445| 14.66 1.51 90.64
11.99 150 | 17.99 329 496 1632 1.67 90.69
11.98 165| 19.81 3.29 5.45| 17.95 1.85 90.64
11.98 181 2166 3.29 595| 19.60 2.06 90.48
11.98 196 | 2351 3.29 6.45| 21.24 2.27 90.34
11.97 212 | 2539 3.29 695 | 22.88 251 90.11
11.97 228 | 27.29 3.29 7.45 | 2453 2.76 89.88
15.11 0.05 0.82 3.29 0.00 0.00 0.82 0.00
15.11 0.15 231 3.29 0.46 1.50 0.81 64.96
15.11 027| 403 3.29 0.96 3.15 0.88 78.12
15.11 0.39 5.85 3.29 1.46 4.79 1.05 82.01
15.11 0.50 7.57 3.29 1.95 6.43 1.14 84.98
15.10 0.62 9.30 3.29 2.45 8.08 1.22 86.86
15.10 073 | 11.05 3.29 2.95 9.72 1.33 87.94
15.10 0.85| 12.82 3.29 345 | 1137 1.45 88.70
15.10 097 | 1461 3.29 396 | 13.02 1.59 89.13
15.09 1.09| 16.41 329 | 446 1467 1.73 89.43
15.09 121 1823 329 495| 1630 1.92 89.45
15.08 133| 2005 3.29 5.45| 17.96 2.09 89.59
15.08 145 | 21.89 3.29 595| 19.60 2.29 89.52
15.07 158 | 23.76 3.29 6.45| 21.25 2.51 89.43
15.07 170 | 25.65 3.29 6.95| 22.89 2.75 89.26
15.06 1.83| 27.55 3.29 7.45 | 2454 3.01 89.06
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Vin(V) lin(A) Pin(W) | Vout2(V) | lout(A) | Pout(W) | Losses(W) | Efficiency(%)
9.80 0.06 0.55 3.29 0.00 0.00 0.55 0.00
9.80 0.21 2.05 3.29 0.46 1.50 0.55 73.22
9.80 0.39 3.80 3.29 0.96 3.15 0.66 82.69
9.80 0.56 5.52 3.29 1.46 4.79 0.72 86.86
9.80 0.74 7.24 3.29 1.96 6.44 0.80 88.89
9.80 0.92 8.99 3.29 2.46 8.09 0.90 89.99
9.80 1.10 | 10.74 3.29 2.96 9.73 1.01 90.56
9.80 1.28 12.51 3.29 3.46 11.37 1.14 90.87
9.79 1.46 | 14.32 3.29 3.96 13.03 1.29 90.97
9.79 1.65 16.13 3.29 4.46 14.67 1.46 90.95
9.79 1.84 | 17.96 3.29 4.96 16.31 1.65 90.81
12.00 0.06 0.67 3.29 0.00 0.00 0.67 0.00
12.00 0.18 2.18 3.29 0.46 1.51 0.67 69.28
12.00 0.33 3.96 3.29 0.96 3.16 0.81 79.66
12.00 0.47 5.66 3.29 1.46 4.80 0.87 84.68
12.00 0.62 7.40 3.29 1.96 6.44 0.96 87.01
12.00 0.76 9.14 3.29 2.46 8.08 1.06 88.41
12.00 0.91 10.91 3.29 2.96 9.73 1.18 89.18
12.00 1.06 12.68 3.29 3.46 11.37 1.31 89.68
11.99 1.21 14.50 3.29 3.96 13.03 1.47 89.86
11.99 1.36 16.31 3.29 4.46 14.67 1.63 89.99
11.99 1.51 18.13 3.29 4.96 16.31 1.83 89.93
15.11 0.05 0.82 3.29 0.00 0.00 0.82 0.00
15.11 0.15 2.31 3.29 0.45 1.49 0.82 64.64
15.11 0.27 4.14 3.29 0.95 3.14 1.00 75.77
15.11 0.39 5.86 3.29 1.45 4.79 1.08 81.64
15.11 0.50 7.60 3.29 1.95 6.43 1.17 84.64
15.10 0.62 9.35 3.29 2.45 8.08 1.27 86.38
15.10 0.74 11.11 3.29 2.95 9.72 1.40 87.41
15.10 0.85 12.89 3.29 3.45 11.36 1.53 88.10
15.10 0.97 14.70 3.29 3.96 13.02 1.69 88.52
15.09 1.10 16.53 3.29 4.45 14.66 1.87 88.70
15.09 1.22 18.36 3.29 4.95 16.30 2.06 88.79
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6 Waveforms

6.1 Load Transient Response

LeCroy

C4

FY
Measure P1:freqiz1) P2 fregC2) Pty P4:- - - PSi- - - PE:- - -
walue 34550017 kHz 759.88 kHx 96.52 %
EEY A

Load Transient Response at 9.8Vin and 50%-t0-100% Load Step on Voutl, Vout2 Fully Loaded at 4A,
Ch1 - Voutl (AC coupled), Ch4- lout.

LeCroy

lowst

/ \. ‘

C4

Y
Measure P1:freciiC1) P2:ifreqiC2) P23ty C1) Pa:- - - PSi- - - PEi- - -
walue 16 87186702 kHz 75998 kHz 57 BB %%
Y Ei

Load Transient Response at 9.8Vin and 50%-to-100% Load Step on Vout2, Vout1 Fully Loaded at 6.5A,
Chl - Voutl (AC coupled), Ch4- lout.
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LeCroy

4

Fy
Measure P1:freqicl) P2 freqiC2) P3dduty(C10 Pd:- - - Poi- - - PE:- - -
walue 413019828 kHz 753.95 kHz 54.89 %
i, i

Load Transient Response at 12Vin and 50%-t0-100% Load Step on Voutl, Vout2 Fully Loaded at 4A,
Ch1 - Voutl (AC coupled), Ch4- lout.

LeCroy

lowst

- o ‘

C

Fy
Measwure P1:frecqiz1) P2 freqglC2) P3cdutyi(iC1 Pd:- - - P5i- - - PG:- - -
walue 1356271531 kHz 75960 kHx 8573 %
EEY A

Load Transient Response at 12Vin and 50%-to-100% Load Step on Vout2, Voutl Fully Loaded at 6.5A,
Ch1 - Voutl (AC coupled), Ch4- lout.
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LeCroy

CH

A
Measure P freqicl) P2 freqiC2) P2ty 10 Pd:- - - Poi- - - PE:- - -
walue 51699532 kHz 75363 kHz 10.75 %

iy ks

[C4]CC)

Load Transient Response at 15.1Vin and 50%-t0-100% Load Step on Voutl, Vout2 Fully Loaded at 4A,
Ch1 - Voutl (AC coupled), Ch4- lout.

LeCroy

lowt

[ o *'

Ca

Y
Measwre P1:freqiZ1) PZfreqlCz) PSicutyiiZ1 ) Pd.- - - P5i- - - PEi- - -
walue 151.391359 kHz ¥58.50 kHz 79893 %
iy, A,

Load Transient Response at 15.1Vin and 50%-to0-100% Load Step on Vout2, Voutl Fully Loaded at 6.5A,
Chl - Voutl (AC coupled), Ch4- lout.
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6.2 Startup

LeCroy

SN

C1

-, - ’V/

. - ~

imebaze =200 m=| [Trigger [Ci]DC]

1.00 Stop

Startup into Full Load at 9.8Vin, Ch1-Vin, Ch2-Vout1, Ch3-Vout2

MH-_
. Woutl ’___.-c"'f“.‘
el
_,...-,‘;-'-""""""."--_M.M.II

imebaze

Startup into Full Load at 12Vin, Ch1-Vin, Ch2-Vout1, Ch3-Vout2
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LeCroy
- o e
-v-"'"—'m' -
} ot - ’L/
-d.“'-.-’——

S I R
o . o~

10
10.00

Startup into Full Load at 15.1Vin, Ch1-Vin, Ch2-Voutl, Ch3-Vout2

6.3 Output Voltage Ripple and Switch Node Voltage

LeCroy

Voutl Switch Node Voltage and Voutl Output Ripple at 9.8Vin and Full (6.5A) Load, Vout2 Fully
Loaded at 4A. Ch1-Voutl (AC Coupled), Ch3-Voutl Switching Waveform.
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LeCroy

Wout2

Vout2 Switch Node Voltage and Vout2 Output Ripple at 9.8Vin and Full (4A) Load, Vout1 Fully Loaded
at 6.5A. Ch1-Voutl (AC Coupled), Ch2-Vout2 Switching Waveform.

LeCroy

imebase [Ca]C

Voutl Switch Node Voltage and Voutl Output Ripple at 12Vin and Full (6.5A) Load, Vout2 Fully
Loaded at 4A. Ch1-Voutl (AC Coupled), Ch3-Voutl Switching Waveform.
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LeCroy

m !

Vout2 Switch Node Voltage and Vout2 Output Ripple at 12Vin and Full (4A) Load, Vout1 Fully Loaded
at 6.5A. Ch1-Voutl (AC Coupled), Ch2-Vout2 Switching Waveform.

LeCroy

Voutl Switch Node Voltage and Voutl Output Ripple at 15.1Vin and Full (6.5A) Load, Vout2 Fully
Loaded at 4A. Ch1-Voutl (AC Coupled), Ch3-Voutl Switching Waveform.
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LeCroy

wout2 sy

Vout2 Switch Node Voltage and Vout2 Output Ripple at 15.1Vin and Full (4A) Load, Vout1 Fully
Loaded at 6.5A. Ch1-Voutl (AC Coupled), Ch2-Vout2 Switching Waveform.

6.4 Short Circuit
LeCroy
outt \ | B | "
2 \-—-‘" " \l_-i e — T
AP N
I \

9.8Vin, Voutl Short Circuit at No Load. Ch2-Voutl, Ch3-Vout2, Ch4-lout.

18 06/15/2015



I3 TEXAS
INSTRUMENTS Test Report PMP10664

oot

I \

LeCroy

m | \

outt

LeCroy

loLt

m |

ut2

12Vin, Voutl Short Circuit at No Load. Ch2-Vout1, Ch3-Vout2, Ch4-lout.
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LeCroy

L]

A »

e

12Vin, Vout2 Short Circuit at No Load. Ch2-Vout1, Ch3-Vout2, Ch4-lout.

LeCroy

'/‘s
i

\
| \v/ﬂ =
m | \

ut2

1

15.1Vin, Voutl Short Circuit at No Load. Ch2-Vout1, Ch3-Vout2, Ch4-lout.
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LeCroy

o

Ca

outt

Ta0 my

15.1Vin, Vout2 Short Circuit at No Load. Ch2-Vout1, Ch3-Vout2, Ch4-lout.

6.5 Short Circuit Recovery

LeCroy
wout ===
r
cz f—.‘
1n]
| sl B
C4| i
oLt
3
Y
Measure P1:fregiC1) P2 freqiC2) P33 freqiic3) Pdi- - - P5- - - PE:- - -
walue FO5175 Hz -— —
status F FiY i,
imebase (2] D]

0.00 m=| |Trigger
] ap
Qe

12Vin, Vout1 Short Circuit Recovery at No Load. Ch2-Vout1, Ch3-Vout2, Ch4-lin.
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LeCroy
ot -‘#‘#Fﬂd—
> "
e el
J " ' ‘ iy, -
4 i
R ik o -
cz
Measure P1ifreg(C1) P2 freqiC2) F“;:freq(CSJ P4:- - - P&i- - - PEi- - -
value 243532342 kHz -— —
statuz R iy EY

12Vin, Vout2 Short Circuit Recovery at No Load. Ch2-Vout1, Ch3-Vout2, Ch4-lin.

6.6 Frequency Response

Mag [B/A] (dB) ’ PMP10664 Control Loop 9.8Vin Vout1/6.5A CC load Phase [B-A] (deg)
80.000 200.000 -
64.000 - 160.000
48.000 T 120,000
32,000 AN R S 80.000
I T
16.000 40.000
0.000 L 0000
-16.000 -40.000
32,000 80.000
48.000 120,000
64.000 -160.000
80.000 -200.000 =
10 100 1k
I 1
Data ML [m2 M2- ML

Frequency T
Magnitude 0.007 dB8
Phase 70.061 deg

17855 kHz
30616 dB
0005 deg

16438 kHz
20623 dB
70,066 deg

9.8Vin, Voutl Frequency Response at Full Load, Vout2 Full Load. 70 Degree Phase Margin.
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Mag [B/A] (dB) ’ PMP10664 Control Loop 9.8Vin Vout2/4A CC load Phase [B-A] (deg)

99000 A
s TW—WW—WWWW o

0.000 s = 0,000

-16.000 -40.000

-32.000 < | -80.000

-48.000 -120.000

-64.000 -160.000

-80.000 , -200.000 =

Datz ML [m2 M2- ML

Frequency BIH: 0711k BTk
Magnitude 00248 44471 cB 44419 dB
Phase 70816 deg 21082 deg 19834 deg

9.8Vin, Vout2 Frequency Response at Full Load, Voutl Full Load. 71 Degree Phase Margin.

Mag [B/A] (dB) ’ PMP10664 Control Loop 12Vin Vout1/6.5A CC load Phase [B-A] (deg)

. HH\H R

64.000

160.000
R 1 e e e S
S = N R N

0.000
-16.000 -40.000
32.000 -80.000
-48.000 -120.000
64.000 -160.000
-80.000 1 > -200.000 -
10 100 1k 10k 100k
[I 1
Data [ [me M2 L

Frequency 176k 17593 kz 16218 Ktz
Magnitude -0.012 dB -30327 d8 -30314 d8
Phase 6636 deg 0033 deg 60,66 deg

12Vin, Voutl Frequency Response at Full Load, Vout2 Full Load. 69 Degree Phase Margin.
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Mag [B/A] (dB) ’ PMP10664 Control Loop 12Vin Vout2/4A CC load Phase [B-A] (deg)
80.000

200.000

. V =
48.000 | o W—WW 120.000
32.000 ‘ 1 B £ 80.000
16.000 H‘ } ‘ ‘ ‘ ‘HH ‘ e 40_000

0.000 i ‘ 0.000

-16.000 -40.000

-32.000 -80.000

-48.000 -120.000

-160.000

, 200,000

Frequency 13.69 kHz 207.1 kHz 28352 kHz
Magnitude -0.012 dB 44621 dB -44610 dB
Phase 70.541 deg 20624 deg -49.916 deg

12Vin, Vout2 Frequency Response at Full Load, Vout1 Full Load. 70.5 Degree Phase Margin.

Mag [B/A] (dB) ’ PMP10664 Control Loop 15.1Vin Vout1/6.5A CC load Phase [B-A] (deg)

O s
N e S | S R oo
HH\M

120.000

0 ! B 80.000
== 1,

H‘Hm H\ 0.000

-40.000
-80.000
-120.000
-160.000

-200.000

Data [ [m2 M2 ML

Frequency BI5k Bk 16050 ki
Magnitude 00128 30083 dB 30081 dB
Phase 69278 deg 0052 deg £33 deg

15.1Vin, Voutl Frequency Response at Full Load, Vout2 Full Load. 69 Degree Phase Margin.
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Mag [B/A] (dB) ’ PMP10664 Control Loop 15.1Vin Vout2/4A CC load Phase [B-A] (deg)

S 11 1
64.000 | 160.000

48,000 ‘ it 120000

32,000 [ B 80.000
16_000 I el -

40.000
0.000 st —1 0,000
16,000 40,000
32,000 < 80.000
48,000 -120.000

-160.000

, -200.000

Data [m [m2 M2-ML

Frequency 1364 kHz 20721 kHz 28358 kHz
Magnitude 0011 d8 45023 dB 4501248
Phase 70,191 deg 19622 deg -50.569 deg

15.1Vin, Vout2 Frequency Response at Full Load, Vout1 Full Load. 70.5 Degree Phase Margin.
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