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1 Photo

The photographs below show the PMP10822 Rev A assembly. This circuit was built on a PMP10822 Rev A
PCB.
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2 Converter Efficiency
The efficiency data of PMP10822Rev A was tested stage by stage.

2.1 12V & 24V Flyback converter efficiency:

During this test, AC source is applied to connector J1 with J2 shorted and J3, J4, J5 opened. In other words,
only 12V & 24V Flyback is energized. The efficiency data is shown in the tables and graph below.

90%
Pl |
> pass = ul ~~—
Q
c
2 35% /
S /
E == \/in:120VAC/60Hz
80%
0 10 20 30 40 50 60 70
Output Current (A)
Vin(ac) lin(A) Pin(W) Vol(V) lo1(A) | Vo2(V) 102(A) | Vo3(V) 103(A) Pout(W) Eff. (%)
120.00 | 1.00000 75.010 24.210 1.90 11.840 1.45 17.42 | 0.1073 65.03617 86.70%
120.17 | 0.86100 63.830 24.260 1.50 11.820 1.45 17.02 | 0.1049 | 55.24286 86.55%
120.38 | 0.70100 51.120 24.250 1.20 11.860 1.14 16.57 | 0.1021 | 44.33645 86.73%
120.55 | 0.55050 39.300 24.240 0.90 11.890 0.90 16.32 | 0.1073 34.2686 87.20%
120.22 | 0.39340 27.140 24.230 0.60 11.920 0.62 16.1 | 0.0992 23.54897 86.77%
120.48 | 0.22590 14.474 24.210 0.30 11.960 0.31 15.77 | 0.0972 12.47952 86.22%
120.19 | 0.13983 8.372 24.200 0.15 11.980 0.15 15.37 | 0.1018 | 7.039586 84.08%
120.39 | 0.02700 0.209 24.190 0.00 11.990 0.00 15.79 0 0 0.00%
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2.2 36V Flyback converter efficiency:

During this test, AC source is applied to connector J1 with J3 shorted and J2, J4, J5 opened. In other words,
only 36V Flyback is energized. The efficiency data is shown in the tables and graph below.

87%

82%

Efficiency

= \/in: 120VAC/60Hz
77%

72%

0.00 0.20 0.40 0.60 0.80 1.00
Output Current (A)

Vin(ac) | lin(A) Pin(W) | Vout(V) lout(A) Pout(W) | Eff. (%)
119.99 | 0.53400 38.170 36.010 0.90 32.445 85.00%
120.07 | 0.47990 33.830 36.020 0.80 28.780 85.07%
120.15 | 0.42600 29.610 36.020 0.70 25.214 85.15%
120.23 | 0.37150 25.410 36.020 0.60 21.612 85.05%
120.31 | 0.31640 21.190 36.020 0.50 18.010 84.99%
120.37 | 0.26110 17.052 36.020 0.40 14.444 84.71%
120.03 | 0.20410 12.876 36.020 0.30 10.806 83.92%
120.11 | 0.14588 8.684 36.020 0.20 7.168 82.54%
120.20 | 0.08675 4.604 36.020 0.10 3.638 79.02%
120.25 | 0.05407 2.423 36.020 0.05 1.765 72.84%
120.30 | 0.02713 0.214 36.020 0.00 0.000 0.00%
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2.3 16V Buck converter efficiency:

During this test, DC source is applied to the input of U1 with J5 opened. In other words, only the 16V Buck converter is
energized. The efficiency data is shown in the tables and graph below.

90%

85%

80%

75% /

70%
0.000 0.050 0.100 0.150 0.200 0.250 0.300

= \fin: 24V

Efficiency

Output Current (A)
Vin(DC) | lin(A) Pin(W) | Vout(V) lout(A) Pout(W) | Eff. (%)
24.14 | 0.22460 | 5.422 15.990 0.302 | 4.827 89.04%
24.21 | 0.18800 | 4.551 16.000 0.250 |  4.003 87.95%
24.04 | 0.15320 | 3.683 15.990 0.200 | 3.200 86.88%
24.12 | 0.11700 |  2.822 15.990 0.150 |  2.400 85.05%
23.95 | 0.08110 1.942 15.990 0.100 1.602 82.49%
24.02 | 0.04340 1.042 15.990 0.050 |  0.802 76.95%
24.06 | 0.02234 | 0.538 15.980 0.024 | 0.391 72.66%
24.10 | 0.00036 | 0.009 15.970 0.000 |  0.000 0.00%
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3 Startup

The output voltages at startup are shown in the images below.

3.1 24V, 16V, and 12V startup @ 120Vac: 120Vac/60Hz: 24V/1.9A, 12V/1.45A,
16Vpr/0.1A outputs.

File Vertical Timebase Trigger Display Cursors Measure Math A Utilities  Help

rigger (L)

20.0 msidiv | Stop 1850 ¥
200 kS 1.0 MSis | Edge Positive

1/12i2015 8:43:41 AM

5.00 Yidiv || 5.00 Vidiv
-10.00 ¥ ofst

File Vertical Timehase Trigger Disg Cursors Measure Math A Utilities  Help

20.0 msidiv | Nor

5.00 Yidiv
-10.00 ¥ ofst

200 kS 3
Iaiting for Trigger  1/12/2015 8:44:31 AM
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3.3 36V startup @ 120Vc: full load.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis

Utilities  Help

c3

Tigger GG
50.0 ms/div | Stop. 1789Y
500 kS 1.0 MSis | Edge Posttive

11912015 8:05:00 AM

LeCroy

3.4 36V startup @ 120Vac: no load.

Utilities  Help

File Verical Timehase Trigger Display Cursors Measure Math Analy

Tigger GG
50.0 ms/div |Normal 179¥
500 kS 1.0 MSis | Edge Posttive

11972015 8:05:25 AM
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3.5 16V startup @ 24Vpcon Ul input: full load.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help

c3

!
I
t
:
A

imebase  0.00 ms] (Trigger  COEH

2.00 ms/div | Stop. 795Y

500 kS 25 MSis | Edge Posttive

LeCroy 11912015 3:12:39 AM

3.6 16V startup @ 24Vpcon Ul input: no load.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

c3

[N PN SN

imebase  0.00 ms] [Trigger  GOE
2.00 ms/div |Normal 795¥
500 kS 25 MSis | Edge Posttive

LeCroy I Tricger  1/9/2015 3:13:25 AM
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3.7 5.7V startup @ 12Vpcinput: full load.

File Vertical Timehase Trigger Display Cursors Analysis  Utilities Help

S

imebase 0.00 ms| [Trigger

1.00 msidiv | Stop 3.06 Y
500 kS 50 MSis |Edge Positive

LeCroy 11212015 8:18:14 AM

3.8 5.7V startup @ 12Vpcinput: no load.

File Vertical Timehase Trigger Disg Cursors Measure Math A i Utilities  Help

imehase 0.00 ms|
1.00 msidiv

500 kS 50 MSis | Edge

D r 1/12/2015 9:18:
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3.9 5.1V startup @ 12Vpcinput: full load

lay  Cursors  Measure Math A

File Verical Timebase Trigger Displa

P4:- - -

i
Measure P1:pkpk(C1) P2--- P3i---
value 525V
status v
200 ivv | Normal 301¥
500 kS 25 MSis |Edge Positive
laitingforTrigger 1122015 10:27:57 AM

.LeC-r y

3.10 5.1V startup @ 12VDC|nput no load.

Vertical Timebase Trigger Display

File

— 111212015 10:28:37 AM
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4 Cross regulation
Output voltage cross regulation is tested at 120V 5c/60Hz input with J4 and J5 open.

Cross Reguiation: Change on 12v Cross Regulation: Change on 24 current
current
Current [A) woltage[v) Current [A) Wioltage[v)

12 12 24y 12y 240 12y 240
0.0D0 12.280 23,600 1.010 0.000 10,970 26,310
0.050 12.080 24.050 1010 0.100 11. 700 24. 680
0.191 12040 24,100 1010 0.200 11700 24 510
0. 200 0. 12010 24.130 1010 0.300 11.E1D 24440
0.351 0.7 11,950 24.180 1.010 0.400 11,830 24.350
0.420 o 11570 24.1ED0 L1010 0.500 11,540 24.350
0.520 0.7 11950 24.200 1010 0600 11.E5D 24.320
0669 0.7 11230 24.220 1010 0.700 11. B850 24.300
0. 750 0.755 11910 24.240 1.010 050D 11.E7D 24280
0.BED 0.7e9 11,820 24.280 L1010 0.500 11,870 24.270
0.5989 0.7e9 11,870 24.270 L010 1.000 11.EED 24.250
1000 0. 728 11 B30 24280 1010 1.100 11 EBD 24240
119 0,728 11 830 24.310 1010 1200 11 820 24.230
1250 o 11,820 24.320 L1010 1.300 11,820 24.220
1380 0.7 11.8DD 24 340 1010 1.400 11 B0 24.210
1.500 0.7 11700 24,330 1010 1.500 11 E=0 24200
0.0D0 12.380 23.360 1.010 1.600 11500 24.1%0
0.0%0 12,020 23.990 L1010 1700 11,900 24,180
0.191 12,050 24040 1010 1.800 11900 24 180
0.280 12.030 24.070 1.010 1.500 11900 24.170
0.351 12.010 24.100 1.50%9 0.000 10,730 26,590
0.420 11,920 24.120 1509 0.100 11.570 24,540
0.520 11270 24.130 1.500 0.200 11680 24,620
0. 520 11930 24,130 1.500 0.300 11700 24.530
0. 750 11.530 24.170 1.50%9 0.400 11.720 24480
0.BED 11520 24.1ED0 1509 0.500 11740 24.440
0.260 11200 24,120 1.500 0600 11. 730 24.410
1000 11 EBD 24.200 1.500 0.700 11760 24 380
119 11 870 24.210 1.509 050D 11.770 24.350
1250 11,850 24.220 1509 0.500 11.7ED 24.340
1380 11. 83D 24.230 1.500 1.000 11.7ED 24.320
1.509 11 810 24.250 1.50%9 1.100 11. 720 24.310
0.0D0 12.400 23.290 1.50%9 1.200 11. 720 24.250
0.021 12020 23.570 1.500 1.300 11.BDD 24 2RO
0.191 12,080 24020 1.500 1.400 11.BDD 24270
0.250 12.030 24.050 1.50%9 1.500 11,500 24.260
0.351 12.010 24080 1.50%9 1.600 11 510 24.250
0.420 11,920 24.100 L1509 100 11,510 24.230
0,550 11270 24.120 1.500 1.800 11.E1D 24.220
0. 520 11930 24.130 1.500 1200 11820 24.220
0. 720 11240 24,130
0.BE3 11520 24.180
098D 11900 24,170 12 max 12.400 L)
1000 11 B0 24.1E0 12 min 10,720 L)
119 11 870 24.120 412 1.610 W
1.250 11 850 24.200 244 max 26.5820 W
L3B9 11,840 24.210 24Wimin 23.220 W
1.500 11.E1D 24.220 A2 3.300 L)
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5 Output Ripple Voltages

The output ripple voltages are shown in the plots below with full load.

5.1 36Vr|pp|e @ O.gA

File Verical Timebase Triguer Display Cursors Measure Math Analysis Utilities Help

[ SAENEFENS S

Measwre P1:pkpk(C3) P2i--- P3--- P4:- - - P5--- P6E:- - -

value 86.3mv
imebase 0 ps] [Trigger [C3[DC)
50.0 psidiv § Stop 100.0 my
S00 kS 1.0 GSis |Edge Posttive

status v
1/9/2015 8:41:03 AM

5.2 24Viipple @ 120Vac/60HZ: 24V/1.9A, 12V/1.45A, 16Vpr/0.1A outputs.

File Verical Timebase Triguer Display Cursors Measure Math Analysis Utilities Help

[ NI SPEPEPENS SN S

P1:pkpk(C3) P2--- P3i--- P4i- - - P5:--- PB:- - -
200 my
v

imehase 0.0 ps| [Trigger [C3[DC)
10.0 ps/div | Stop 55 my
200 kS 2.0 GS/s |Edge Positive

111212015 8:30:48 AM
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5.3 12Viipple @ 120Vac/60HZ: 24V/1.9A, 12V/1.45A, 16Vpr/0.1A outputs.

File Verical Timebase Trigger Display Cursors Measure Math Analysi

]
!
]
I
1
I
C3|
= - & | &
la
!
1
I
i
I
: Y
Measwre P1:pkpk(C3) P2--- P3i--- P4 - - P&i- - - PE:- - -
value 456 mv

status v

figger GO
100 psidiv | Stop -5.0my
500 kS 500 MSis JEdge Posttive

1/12i2015 8:17:25 AM

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help
|
i
]
[
!
I
[
c3|
[
i
1
I
I
1
e
Measwre P1:pkpk(C3) P2--- P3i--- P4 - - P&i- - - PE:- - -
value 156 my
status v

imebase  0.00 ms]

2.00 ms/div | Stop

500 kS 25 MSs | Edge Posttive
11972015 3:09:
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Measure P1:pkpk(C1) P2--- P3i--- P4:- - - P&~ - - PE:- - -

value 108 my

Measure P1:pkpk(C1) P2--- P3i--- P4:- - - P&~ - - PE:- - -
value M7 my
v

fs JE e
1/12/2015 10:25:53 AM
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6 Loop Response

The frequency responses of Flyback and Buck converters are shown in the images below.

6.1 24V, 16V, and 12V Flyback converter @ 120Vac/60Hz: 24V/1.9A, 12V/1.45A,
16Vpr/0.1A outputs.

60

—| 2 Siide Bar:

180

2-Gain =

1335k Frequency (Hz)
-473.9 u Gain (dB)
__|s212  Pnase (deg)

Y
-1.05  Slope (20dB/decade)

-180

c [FPese] ey \
£ [ie
o - \
| T
| T
|
| |

3L | | E %

100 Frequency 20 k
6.2 36V Flyback converter @ 120Vac/60Hz: full load.

8. | o i L
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N | / 0
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6.3 16V Buck converter @ 24Vpcon Ul input: full load.

o [11] [1] o
8| . N e
- —| 11 Slide Bar: =

173.9 k Frequency (Hz) ‘ ‘
-40.1  Gain (dB) 120 de
oo S odmecaser 11
L——
T1-Phase | — i 90 deg
T\ [
11-Gain \ ‘ .‘";;
c iR
O - | &
11 Side Bar: - A
27.03k Frequency (Hz) ‘ ‘
26.32m Gain (dB) 3 S
1046  Phase (deg) 60 de
0.408  Slope (20dB/decade) \ \ [ ‘
I | ‘ de
N 50 deef
o = ‘ @
O |- = =
1 1
1k Frequency 1™
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7 Switching Waveforms

The images below show key switching waveforms of PMP10822RevA. The waveforms are measured at full
load.

7.1 Voltage at Q1 Drain @ 90Vac/60Hz input and 24V/1.9A, 12V/1.45A, 16Vpr/0.1A
outputs

e Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulilities

Measure P1:max(C1) P2--- P3i--- P4 - - P&~ - - PE:- - -
value 541V
status v

imebase 0.0 ps] (Trigger
10.0 psidiv | Stop 515 %
200 kS 2.0 GSis jEdge Posttive

LeCroy 1412/2015 6:50:19 AM

7.2 Voltage at Q1 Drain @ 140Vac/60Hz and 24V/1.9A, 12V/1.45A, 16Vpr/0.1A
outputs

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help

Measure P1:max(C1) P2 - - P3- - - P4 - - PS5 - - PG:- - -
value 688V
status v

111212015 6:49:22 AM
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7.3 Voltage at Q2 Drain @ 90Vac/60Hz

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

n \”'_Tnm HM \F-Mn \(’__-lﬂﬁﬂm. |
| Wi |

=
i i

Measure P1:max(C2) P2--- P3i--- P4 - - P&~ - - PE:- - -

value 456V

status v

imebase 0.0 ps] (Trigger
10.0 psidiv | Stop
200 kS 2.0 GSis |Edge

11912015 7:58:57 AM

7.4 Voltage at Q2 Drain @ 140Vac/60Hz

e \Verical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

| 18 Y 3 S 11 e

Measure P1:max(C2) P2--- P3i--- P4 - - P&~ - - PE:- - -

value 606 V
status v

imebase 0.0 pg]
10.0 psidiv | Stop
2.0 GS/s |Edge

1/9/2015 8:00:23 AM

200 kS
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7.5 Voltage at U1 SW pin @ 24Vpc input on Ul

e Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help

Pty e Fo P"J
| | ’ | | ’ |
‘ ‘ ‘ ‘ |
W il
‘ | ‘ ‘ | ‘ ‘
=] ——n | serensast it (et RS J—
Measure P1:freq(C1) P2--- P3i--- P4 - - P&i- - - PE:- - -
value 12488840 kHz
status ES

imebase 0.0 ps] (Trigger
5.00 psidiv | Stop
100 kS 2.0 GSis JEdge Posttive
LeCroy 11912015 3:10:42 AM
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