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1 Photo

The photographs below show the PMP20421 Rev A assembly. This circuit was built on a PMP20315 Rev A
PCB.

Top side
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2 Converter efficiency

The efficiency data is shown in the table and graph below
102V/60Hz

Efficiency
Vin(V) | lin(mA) | P.F. Pin(W) | Vout(V) lout(A) Pout(W) | Losses(W) | (%)
102.06 | 241.62 0.57 14.13 12.65 0.85 10.75 3.38 76.10%
102.07 | 215.34 0.58 12.75 12.66 0.77 9.68 3.06 75.97%
102.10 | 189.20 0.58 11.26 12.67 0.68 8.62 2.65 76.50%
102.12 | 166.81 0.58 9.88 12.67 0.60 7.54 2.34 76.30%
102.15 | 143.86 0.57 8.41 12.67 0.51 6.46 1.94 76.87%
102.18 | 123.99 0.56 7.10 12.67 0.43 5.38 1.71 75.89%
102.20 | 102.14 0.54 5.64 12.68 0.34 4.31 1.33 76.48%
102.23 82.36 0.52 4.34 12.67 0.26 3.23 1.11 74.51%
102.27 58.85 0.48 2.87 12.66 0.17 2.15 0.71 75.12%
102.29 36.96 0.42 1.59 12.65 0.09 1.08 0.51 67.71%
102.33 4.83 0.32 0.16 12.69 0.00 0.00 0.16 0.00%
120V/60Hz
Efficiency

Vin(V) | lin(mA) | P.F. Pin(W) | Vout(V) lout(A) Pout(W) | Losses(W) | (%)
120.09 | 200.67 0.59 14.12 12.69 0.85 10.79 3.34 76.38%
120.11 | 183.74 0.58 12.80 12.70 0.77 9.72 3.08 75.90%
120.13 | 164.28 0.57 11.31 12.69 0.68 8.63 2.68 76.31%
120.16 | 146.96 0.56 9.94 12.68 0.60 7.54 2.40 75.89%
120.18 | 128.83 0.55 8.50 12.68 0.51 6.47 2.03 76.08%
120.21 | 112.13 0.53 7.20 12.69 0.43 5.39 1.80 74.93%
120.23 93.25 0.51 5.73 12.68 0.34 4.31 1.42 75.25%
120.25 76.42 0.49 4.47 12.67 0.26 3.23 1.24 72.34%
120.30 55.87 0.45 3.01 12.66 0.17 2.15 0.86 71.48%
120.31 35.55 0.40 1.71 12.65 0.09 1.08 0.64 62.84%
120.33 4.68 0.31 0.17 12.68 0.00 0.00 0.17 0.00%
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138V/60Hz
Efficiency
Vin(V) | lin(mA) | P.F. Pin(W) | Vout(V) lout(A) Pout(W) | Losses(W) | (%)
138.01 | 178.97 0.57 14.05 12.71 0.85 10.80 3.25 76.87%
138.03 | 164.94 0.56 12.77 12.71 0.77 9.72 3.05 76.13%
138.06 | 148.64 0.55 11.29 12.70 0.68 8.64 2.65 76.51%
138.08 | 133.83 0.54 9.94 12.69 0.60 7.55 2.39 75.95%
138.11| 117.75 0.52 8.51 12.69 0.51 6.47 2.03 76.10%
138.11| 103.16 0.51 7.21 12.69 0.43 5.39 1.82 74.81%
138.14 86.13 0.48 5.75 12.69 0.34 4.31 1.43 75.08%
138.16 71.02 0.46 4.49 12.68 0.26 3.23 1.26 71.95%
138.20 52.17 0.42 3.05 12.66 0.17 2.15 0.90 70.56%
138.22 33.07 0.38 1.76 12.65 0.09 1.08 0.68 61.27%
138.24 8.44 0.15 0.18 13.42 0.00 0.00 0.18 0.00%
80%
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3 Thermal Images

The thermal images below show a top view and bottom view of the board. The ambient temperature was
20°C with no forced air flow. The outputs were at 12V/0.85A loads.

- Top side Vin : 102Vac

NO.1

757

237

Spot analysis Value

Amb Temperature 24.5°C
Area analysis Value

D1Max 75.5°C
Q1Max 70.4°C
UlMax 62.6°C
T1Max 69.8°C
R6Max 73.8°C
D6Max 78.0°C
D4Max 84.5°C
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- Top side Vin : 120Vac
NO.1

735 o

- 70

- 60

- 50

- 40

- 30

233

Spot analysis Value
Amb Temperature 23.7°C
Area analysis Value
D1Max 74.4°C
Q1Max 65.6°C
UlMax 65.1°C
T1Max 65.9°C
R6Max 72.8°C
D6Max 74.6°C
D4Max 81.4°C
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- Top side Vin : 138Vac
78.3 NO.1
~ 70
- 60
- 50
- 40
- 30
246
Spot analysis Value
Amb Temperature 25.1°C
Area analysis Value
D1Max 76.4°C
Q1Max 65.8°C
UlMax 64.0°C
T1Max 65.1°C
R6Max 78.2°C
D6Max 77.6°C
D4Max 84.8°C
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4 Startup
The output voltages at startup are shown in the images below.
4.1.1 Start Up @ 102Vac: 12V/0A
PP T

)

.

pd

rd

/'

2
ry
Measure P1:max(C2)
value 13.07 V
status
se-11.6 ms
2.00 Vidiv 5.00 ms/div Normal 6.00V
-8.00 V offset 500kS 10.0MS/s Edge Positive
4.1.2 Start Up @ 102 Vac: 12V/0.85A
AW TELEDYNE LECROY
Everywhereyoulook
/— S
/
£2
i
Measure P1:max(C2)
value 12.80 V
status
2.00 V/div 200 ms/div Normal 6.00V
-8.00 V offset 500kS 250kS/s Edge Positive
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4.1.3 Start Up @ 120Vac: 12V/0A

" MW TELEDYNE LECROY
Everywhereyoulook™
/ i
/ /
2
i
Measure P1:max(C2)
value 13.07 V
status
Timebase-11.7 msj Trigger DC

2.00 Vidiv

-8.00 V offset

4.1.4 Start Up @ 120Vac: 12V/0.85A

5.00 ms/div Normal 6.00V

500kS 10.0 MS/s Edge

Positive

” MW TELEDYNE LECROY
Everywhereyoulook

/

4

02

Fy
Measure P1:max(C2)
value 12.80 V

status

Timebase -688 msj Trigger

[c2]oc

200 ms/div Normal 6.00V

500kS 250 kSfs Edge

Positive

Page 8 of 29

Power Management Solutions




08/12/2016 {y T
EXAS
PMP20421 Rev A Test Results INSTRUMENTS
415 Start Up @ 138Vac: 12V/0A
g by

¥ 4

B

2
i
Measure P1:max(C2)
value 13.07 V
status

4.1.6 Start Up @ 138Vac: 12V/0.85A

Timebase-11.7 msf] Trigger [CBES
5.00 ms/div Normal 6.00V
500kS 10.0MS/s Edge Positive

"\‘ TELEDYNE LECROY

Everywhereyoulook™

o2

i
Measure P1:max(C2)
value 12.87 V

Timebase -688 msf Trigger [C3ES
200 ms/div Normal 6.00V
500kS 250kS/s Edge Positive
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5 Turnoff
The output voltages at turnoff are shown in the images below.
5.1.1 Turnoff @ 102Vac: 12V/0.85A
AP T

; A

ry
Measure P1:max(C2)
value 1273V

5.1.2 Turnoff @ 120Vac: 12V/0.85A

Timebase -584 ms
200 ms/div Normal 6.00V
500kS 250kS/s Edge Negative

" N TELEDYNE LECROY

Everywhereyoulook

s he

i
Measure P1:max(C2)
value 12.80 V
status

200 ms/div Normal 6.00V
500kS 250kS/s Edge Negative
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5.1.3 Turnoff @ 138Vac: 12V/0.85A

" MW TELEDYNE LECROY
Everywhereyoulook

s b

i
Measure P1:max(C2)
value 12.80 V
status

mebase -584 ms g
2.00 Vidiv 200 ms/div Normal 6.00V
-8.00 V offset 500kS 250kS/s Edge Negative
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6 Output Ripple Voltage

6.1.1 Output

Ripple 12V @ 102Vac: 12V/0.85A

"‘\ TELEDYNE LECROY
Everywhereyoulook

ﬁ

ANAAAK KA KR AKRAARNRARAARKE AR AR DAL

HHMH
b e

L e e e e S e W e e e e W e e S e e e T S W e e e R Ty

Measure P1:max(C2)

value 12.7 mV
4
6.1.2 Output

se -143 us| Triga
50.0 usldw Stop 3mv
500kS 1.00GS/s Edge Negative

Ripple 12V @ 102Vac: 12V/0A

"\‘ TELEDYNE LECROY

Everywhereyoulook

Measure P1:max(C2)
value 9.3 mv
status 4

A

200psidiv Stop 26 mV
500kS 250 MSIs Edge Negative
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6.1.3 Output Ripple 12V @ 120Vac: 12V/0.85A

" MW TELEDYNE LECROY
Everywhereyoulook™

A A

4
uwuﬂ\_ﬂ,quuu*&.;\wwum‘M.Jw‘»,qzﬁquwuuulumwmaJ'wwaqwkwm

A
Measure P1:max(C2)
value 17.3 mV

Timebase -143 psfTrigger [CBES
50.0 ps/div Stop 3mv
500kS 1.00GS/s Edge Negative

6.1.4 Output Ripple 12V @ 120Vac: 12V/0A

"‘\ TELEDYNE LECROY
Everywhereyoulook

B i U O S P

18

A
Measure P1:max(C2)
value 13.3 mv

200 ps/div Stop 26 mVY
500kS 250 MS/s Edge Negative

0 mV offset
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6.1.5 Output Ripple 12V@138Vac. 12V/0.85A

" MW TELEDYNE LECROY
Everywhereyoulook™

AN AAAMARA A AR A A LA ARAANAAAD

e o v i oy e e R N U R A e

A

Measure P1:max(C2)
value 12.7 mV

status 4
"(E@’ ebase -143us =

100 div 50.0 ps/div Stop 3Imv
500kS 1.00GS/s Edge Negative

d
0 mV offset

6.1.6 Output Ripple 12V@138Vac: 12V/0A

4"~\ TELEDYNE LECROY
Everywhereyoulook

o i P o

A
Measure P1:max(C2)
value 10.0 mvV
4

200 ps/div Stop 26 mv
500kS 250 MS/s Edge Negative
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7 Switching Waveforms

7.1.1 Switching Waveform @ 102Vac: 12V/0.85A

I“\ TELEDYNE LECROY
Everywhereyoulook

Measure P1:max(C2)

7.1.2 Switching Waveform @ 120Vac: 12V/0.85A

]

. %

1

P1:max(C2)
7V
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7.1.3 Switching Waveform @ 138Vac: 12V/0.85A
(PR ey

-l

T
Tl

]
N

Uy U yr g U

‘L:
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8 Conducted EMI:

The following curves show the scan results using peak detector with maximum hold. 12V Output is loaded
with 0.83A. A 0.1uF/275V c X-cap is added across L1 pin 1 and pin 4.

8.1 120Vac/60Hz: Line

100

90

80

70

‘\ Class B QP limit
60 4 ~—_ [
i |
>0 WH‘WVV‘—— Peak|scan
40 % "TRL
30 l\'J M };\
20 —

10 N

0
1.50E+05 1.50E+06 1.50E+07

8.2 120Vac/60Hz: Neutral

100

90

80

70

Class B QP limit
M '
50 - 1

o e
- ‘inmw

10

0
1.50E+05 1.50E+06 1.50E+07
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9 Additional tests

In these tests, transformers from different vendors are applied to T1.

9.1 T1=RL-11313 (Renco)
e BJT(Q1) voltage stresses at 120VAC, 12V/850mA

"\‘ TELEDYNE LECROY
Everywhereyoulook™

P1:max(C1)

300.0 V ofst]
e BJT(Q1) voltage stresses at 138VAC, 12V/850mA

"~‘ TELEDYNE LECROY
Everywhereyoulgok

|
A T LR LA W T \MM

i

|
T
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e Thermal at 120VAC, 12V/850mA

Amb Temperature 24.0°C
Area analysis Value
Q1Max 53.1°C
T1Max 54.6°C
D6Max 48.0°C
D1Max 74.4°C
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9.2 T1=750316499 Rev3 (Wurth)
e BIJT (Q1) voltage stresses at 120VAC, 12V/850mA

"~‘ TELEDYNE LECROY
Everywhereyoulook

lem k"?nm Lm HLHM L‘“‘m "Hn l”“”‘
il UW 11 N U\U

p_—

P1:max(C4)
val 647 V

P1:max(C4)
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e Thermal at 120VAC, 12V/850mA

Spot analysis Value
Amb Temperature 23.0°C
Area analysis Value
D1Max 74.9°C
T1Max 59.6°C
D6Max 60.0°C
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9.3 T1=73P-16002 (Kar Ming)
e BIJT (Q1) voltage stresses at 120VAC, 12V/850mA

”~‘ TELEDYNE LECROY
Everywhereyouldok

P1:max(C1)

"“ TELEDYNE LECROY
Everywhereyoulook™

. W"“u - M, A s RN 9 Wf folpesc i B rop h‘w1 - »»
AL LU U AR AR T A

P1:max(C1)
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e Thermal at 120VAC, 12V/850mA

NO.1

r 65

r 60

I 55

- 50

L 45

L 40

I 35

F 30

r 25

Spot analysis Value
Amb Temperature 23.3°C
Area analysis Value
D1Max 74.7°C
T1Max 64.1°C
D6Max 76.7°C
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9.4 T1=XF0174-EF16 (XFMRS)
e BIJT (Q1) voltage stresses at 120VAC, 12V/850mA

"~‘ TELEDYNE LECROY
Everywhereyoulook

oo W""‘m. ook *hhf #’"—'Ma *
F o g 1 K 4

———
SRR
T —
R ——
-
| ———=
o
[ —=
|
.
[
g
"
f———
I —
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e Thermal at 120VAC, 12V/850mA

Spot analysis Value
Amb Temperature 24.6°C
Area analysis Value
D1Max 76.8°C
T1Max 54.8°C
D6Max 43.4°C

NO.1

L 58
L 56
L 54
L 52
L 50
L 43
L 46
L a4
L 42
L 40
L 33
L 36
L 34
L 32
L 30
L 28
L 26
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9.5 T1=YA7-1473R (Alltronics)
e BIJT (Q1) voltage stresses at 120VAC, 12V/850mA

"~‘ TELEDYNE LECROY
Everywhereyoulo

| | |L

i aaa

|

> m»k
SR 0 0.0 10 O e H[In\/ﬁ

Rk v i Rk A Ik
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e Thermal at 120VAC, 12V/850mA

NO.1

- 60

- 55

- 50

- 45

- 40

- 35

- 30

25

Spot analysis

Amb Temperature 24.8°C
Area analysis Value
D1Max 77.0°C
T1Max 55.5°C
D6Max 52.9°C
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9.6 T1=O0OWTR-A0381-1 (Ole Wolff)
e BIJT (Q1) voltage stresses at 120VAC, 12V/850mA

"~‘ TELEDYNE LECROY
Everywhereyoulook

4
T

&
|

AR 1

R " 1™

— = ‘
amli Wf\

| - ey
h (\Uﬂ\{n ‘h»ﬂ»ﬂ FMM hfm »LN\MM %!n\/\wﬂ\/f\
[

|
e
|
o
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s
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-
s
-
[
-
[
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S
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PR
=
[
—
[

Page 28 of 29 Power Management Solutions



08/12/2016 i
PMP20421 Rev A Test Results #{_:,TEG‘QENTS

e Thermal at 120VAC, 12V/850mA

NO.1
62.6
- 60
- 55
- 50
- 45
L 40
- 35
- 30
- 25
229
Spot analysis Value
Amb Temperature 23.4°C
Area analysis Value
D1Max 73.9°C
T1Max 51.8°C
D6Max 41.8°C
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