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LLM25119-Q1 Dual-Phase Synchronous Buck
Converter

T1 reference design number: PMP20659 Rev B

Input: 4.5V to 40V
Output: 5V @ 45A

DC — DC Test Results
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1 Circuit Description

PMP20659 is a dual-phase synchronous buck converter utilizing the LM25119-Q1 dual synchronous buck controller I.C. The

design accepts an input voltage of 4.5V to 40V and provides a 5V output capable of supplying 45A of current to the load. This
represents a power density design of 225W in a quarter brick footprint. The maximum component height is set by the Coilcraft
XAL1510-472 inductors at 0.394 in.

At tests were performed at room temperature on an open bench. A 100uF 100V aluminum electrolytic capacitor was used for
damping at the input.

2 Photos

The photographs below show the PMP20659 Rev B assembly as built on the PMP7819 Rev C printed circuit board. This is a 4-
layer PCB with 3 0z. copper on the external layers and 1 oz. copper on the inner layers. Board dimensions are the standard
quarter brick footprint of 2.30 in. x 1.45 in.
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3 Efficiency
The efficiency data is shown in the tables and graph below.
PMP20659 Efficiency
100
9 95 ’ — -
> / s—\/in = 4.5V
& ) I / == |e==Vin=7V
‘0
E 85 Vin = 12V
’ —\/in = 40V
80
0 5 10 15 20 25 30 35 40 45
lout (A)
Vin lin Vout lout Pin Pout Losses Efficiency
V) (A) V) (A) W) W) (W) (%)
4.5003 0.0160 4.3891 -0.0080 0.072 -0.035 0.107 -48.76
4.5001 1.0180 4.3303 1.0240 4.581 4.434 0.147 96.79
4.5002 1.9840 4.3160 2.0240 8.928 8.736 0.193 97.84
4.4999 4.8820 4.2877 5.0220 21.968 21.533 0.435 98.02
4.4996 9.7120 4.2494 10.0240 43.700 42.596 1.104 97.47
4.4992 14.5440 4.2206 15.0220 65.436 63.401 2.035 96.89
4.4986 19.5000 4.1939 20.1500 87.722 84.507 3.214 96.34
4.4980 24.3280 4.1672 25.1440 109.428 104.779 4.649 95.75
4.4975 29.1520 4.1386 30.1340 131.111 124.711 6.400 95.12
4.4969 33.9840 4.1093 35.1380 152.824 144.392 8.432 94.48
4.4960 38.8220 4.0781 40.1420 174.545 163.702 10.843 93.79
4.4953 43.6480 4.0456 45.1400 196.209 182.619 13.590 93.07
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Vin lin Vout lout Pin Pout Losses Efficiency
V) (A) V) (A) (W) (W) (W) (%)
7.0025 0.0500 5.0175 -0.0060 0.350 -0.030 0.380 -8.60
7.0025 0.7900 5.0165 1.0220 5.532 5.127 0.405 92.68
7.0025 1.5120 5.0157 2.0220 10.588 10.142 0.446 95.79
7.0020 3.6860 5.0128 5.0240 25.809 25.184 0.625 97.58
7.0016 7.3500 5.0081 10.0220 51.462 50.192 1.270 97.53
7.0015 11.0520 5.0035 15.0220 77.380 75.162 2.218 97.13
7.0006 14.8900 4.9988 20.1500 104.239 100.725 3.515 96.63
7.0002 18.6700 4.9940 25.1440 130.694 125.569 5.125 96.08
6.9996 22.4880 4.9893 30.1360 157.407 150.358 7.049 95.52
6.9988 26.3540 4.9845 35.1340 184.446 175.125 9.321 94.95
6.9979 30.2720 4.9795 40.1400 211.840 199.878 11.962 94.35
6.9971 34.2260 4.9745 45.1400 239.483 224.547 14.936 93.76
Vin lin Vout lout Pin Pout Losses Efficiency
V) (A) V) (A) W) W) (W) (%)
12.0069 0.1000 5.0179 -0.0060 1.201 -0.030 1.231 -2.51
12.0070 0.5300 5.0170 1.0200 6.364 5.117 1.246 80.41
12.0066 0.9500 5.0160 2.0220 11.406 10.142 1.264 88.92
12.0067 2.2220 5.0131 5.0220 26.679 25.176 1.503 94.37
12.0063 4.3640 5.0085 10.0200 52.396 50.185 2.211 95.78
12.0062 6.5260 5.0039 15.0220 78.353 75.169 3.184 95.94
12.0058 8.7740 4.9990 20.1480 105.339 100.720 4.619 95.62
12.0058 10.9880 4.9943 25.1440 131.920 125.577 6.343 95.19
12.0056 13.2260 4.9897 30.1340 158.786 150.359 8.427 94.69
12.0057 15.4960 4.9848 35.1360 186.040 175.146 10.894 94.14
12.0053 17.7940 4.9800 40.1420 213.622 199.908 13.715 93.58
12.0050 20.1180 4.9750 45.1400 241.517 224.573 16.945 92.98
Vin lin Vout lout Pin Pout Losses Efficiency
V) (A) V) (A) W) (W) (W) (%)
40.0149 0.0880 5.0186 -0.0060 3.521 -0.030 3.551 -0.86
40.0143 0.2180 5.0176 1.0220 8.723 5.128 3.595 58.79
40.0145 0.3440 5.0167 2.0220 13.765 10.144 3.621 73.69
40.0145 0.7300 5.0139 5.0200 29.211 25.170 4.041 86.17
40.0139 1.3980 5.0093 10.0200 55.939 50.193 5.746 89.73
40.0133 2.0640 5.0046 15.0220 82.587 75.179 7.408 91.03
40.0128 2.7580 4.9999 20.1500 110.355 100.748 9.607 91.29
40.0125 3.4460 4.9951 25.1460 137.883 125.608 12.275 91.10
40.0123 4.1400 4.9904 30.1360 165.651 150.391 15.260 90.79
40.0121 4.8440 4.9857 35.1380 193.819 175.189 18.630 90.39
40.0120 5.5620 4.9810 40.1420 222.547 199.945 22.601 89.84
40.0128 6.2900 4.9761 45.1400 251.680 224.619 27.061 89.25
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4 Output Voltage at Dropout

Output voltage at the minimum input of 4.5V is shown in the graph below.

PMP20659 Dropout
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lout (A)

Vin lin Vout lout
) (A) V) (A)
4,5003 0.0160 4.3891 -0.0080
5001 1.0180 4.3303 1.0240
4,5002 1.9840 4.3160 2.0240
4.4999 4.8820 4.2877 5.0220
4.4996 9.7120 4.2494 10.0240

4.4992 14.5440 4.2206 15.0220
4.4986 19.5000 4.1939 20.1500
4.4980 24.3280 4.1672 25.1440
4.4975 29.1520 4.1386 30.1340
4.4969 33.9840 4.1093 35.1380
4.4960 38.8220 4.0781 40.1420
4.4953 43.6480 4.0456 45.1400
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5 Thermal

5.1 Thermal at 22.5A load, no airflow
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v

12/23/2016
Top View 12Vin 5Vout 22.5A OLFM

12/23f2016
Bottom View 12Vin 5Vout 22p5A OLFM

5.2 Thermal at 45A load, 700 LFM airflow

12/23/2016
Top View 12Vin 5Vout 45A 700LFM

12/23/2016

Bottom View 12Vin 5Vout 45A 700LFM
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6 Startup
6.1 Startup from Vin
Startup was tested using a constant resistance electronic load.
.- I s A
1 1 /L
o e

VIN VOUT IOUT startup 4.5Vin 0A load

VIN VOUT IOUT startup 4.5Vin 45A CR load
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VIN VOUT I0UT startup 7Vin OA load

VIN VOUT I0UT startup 7Vin 45A CR load
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VIN VOUT IOUT startup 40Vin 45A CR load

VIN VOUT IOUT startup 40Vin 0A load
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7 Switching and Ripple

7.1 Switching and Ripple
Switching and ripple were measured at full bandwidth using 500 MHz probes and 350 MHz oscilloscope.

LeCroy/| LeCroy/|

SW1 SW2 VOUT Witching 4.5Vin 45A load

LeCroy| LeCroy|

YOLT VOLT

SW1 SW2 VOUT switching 7Vin OA load B SW1 SW2 VOUT switching 7Vin 45A load
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SW1 SW2 VOUT switching 12Vin OA load N SW1 SW2 VOUT switching 12Vin 45A load

LeCroy/| LeCroy|

=

SW1 SW2 VOUT switching 40Vin OA load N | SW1 SW2 VOUT switching 40Vin 45A load
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8 Load Transient Response

8.1 Load Transient Response

LeCroy!| LeCroy!|

WOUT wouT m

1out

fout

VOUT IOUT transient 5Vin 0A to 20A load step ] VOUT IOUT transient 5Vin 20A to 0A load step

LeCroy/| LeCroy|

vﬁom vour A =

1out

1out

VOUT IOUT transient 5Vin 20A to 40A load step

HOUT
mv

10Ut

[

VOUT IOUT transient 7Vin 0A to 20A load step - VOUT IOUT transient 7Vin 20A to 0A load step
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VOUT IOUT transient 7Vin 20A to 40A load step

VOUT IOUT transient 7Vin 40A to 20A load step
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VOT IOUT transient 12Vin 20A to 40A load step
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VOUT IOUT transient 12Vin 40A to 20A load step
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VOUT IOUT transient 40Vin 20A to 40A load step

VOUT IOUT transient 40Vin 40A to 20A load step

8.2 Inductor Current

LeCroy/|

LeCroy|

N PP
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=

VO 2 transient 5Vin 20A to 40A load step
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9 Frequency Response

9.1 Frequency Response

A constant current electronic load was used for frequency response tests.

Mag [B/A] (dB) [ PMP20859 Control Loop 7Vin 0A CC load Phase [B-A] (deg)
200.000

1| 160.000

120.000

80.000

Mag [B/A] (dB) | PMP20659 Control Loop 7Vin 45A CC load

Data [ra [ [ne- I
Frequency Ty %696 Cory Frequency Ty S1AL W 25t
0005 &8 -51.297 68 -51.292 68 Magnitude 000 98 18492 48 18488 dB
Phase 50362 deg 0312 deg 10450 deg Phase 5638 deg 119 deg 40508 deg

Control Loop 7Vin 0A CC load

Control Loop 7Vin 45A CC load

Mag [B/A] (dB) [ PMP20659 Control Loop 12Vin 0A CC load Phase [B-A] (deg)

Mag [B/A] (dB) | PMP20659 Control Loop 12Vin 45A CC load

Data T De T | Data [ra [ The-m I
Frequency e e 57k Frequency 988 87 S8k

) T 7% 8 Magniude 00% 68 2257 48 2218
Phase 03 deg 205 deg. 98 ceg Phase 5722 dey 0138 deg 350 dey

Control Loop 12Vin 0A CC load

Control Loop 12Vin 45A CC load

Mag [B/A] (dB) [ PPMP20859 Control Loop 40Vin 0A CC load Phase [B-A] (deg)

M(BlA](dB)' PPMP20659 Control Loop 40Vin 45A CC load

Data o De T | Data [ra [re [he-m I
Frequency T30 ErTe BT s Sesi £y
Magnitude 00058 2746 68 B0 8 0004 68 015348 7348 68
Phase 7014 deg 251 deg 5705 deg Phase 61384 deg 1360 deg 052 dey

Control Loop 40Vin 0A CC load

Control Loop 40Vin 45A CC load
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10 Short Circuit

10.1 Short Circuit
A constant resistance electronic load was used to test output short circuit protection.

LeCroy/| LeCroy/|

WOUT

10T

IoUT

VOUT IOUT short circuit 4.5Vin 45A CR load ] ~ | VOUT IOUT short circuit recovery 4 5Vin 45A CR load

LeCroy LeCroy,
" Yout
l
%L-
m // 'ﬂ ﬂ_./ﬁ s
—
] | all N

VOUT I0UT short circuit 7Vin 45A CR load ] VOUT IOUT short circuit recovery 7Vin 45A CR load
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LeCroy/| LeCroy!|
B
- Paan T .
| —]
VOUT IOUT short circuit 12Vin 45A CR load ) VOUT IOUT short circuit recovery 12Vin 45A CR load
LeCroy| LeCroy|

woUT

wout

10T

o

VOUT IOUT short circuit 40Vin 45A CR load ] VOUT IOUT short circuit recovery 40Vin 45A CR load ]
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