Test Report: PMP21007
HV AC-DC buck converter reference design with ultra wide

input voltage range

Q[i TEXAS INSTRUMENTS

Description

The PMP21007 reference design is an AC-DC Buck converter reference design with ultra-wide input range (20.4-
Vac to 276-Vac). Using UCC28881 controller, we only need minimum number of discrete components as the
controller has integrated the main switch and high voltage startup with low quiescent current needed. To allow
sufficient supply current to the UCC28881 controller, a depletion MOSFET circuit is added as a low power
dissipation current source. This design is able to provide 12-V/50-mA output.
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2 An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.
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1 System Specification

1.1 Board Dimension:

1"x3.4"x0.85”

1.2 Input/output Characteristics

The power supply unit should be able to supply 12V/50mA output with 20.4VAC to 276VAC input.
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2 Testing and Results

2.1 Board Photos
The photographs below show the top and bottom view of the PMP21007Rev A board. This circuit was built on a

PMP20654 Rev A.

2.1.1 Top Side
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2.1.2 Bottom Side
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2.2 No-Load Regulation

Vin (Vac) | lout (mA) Vout (V)
20.4 0 12.34
150 0 13.03
270 0 13.08
2.3 Converter Efficiency
80%
755 S
70% /
65% v _a—"
£ 55% 4—20.4VAC
;.E 50% / == 150VAC
45% 270VAC
40%
35%
30% T T T T T )
0 10 20 30 40 50 60
Output Current (mA)

Vin(Vac) lin(mA) Pin(W) Vout(V) lout(mA) Pout(W) Efficiency (%)
20.4 57.15 0.764 11.86 50 0.593 77.62%
204 51.47 0.624 12.05 40 0.482 77.24%
20.4 41.85 0.474 12.09 30 0.3627 76.52%
20.4 30.53 0.326 12.12 20 0.2424 74.36%
204 18.5 0.179 12.15 10 0.1215 67.88%
150 19.6 0.86 11.92 50 0.596 69.30%
150 16.47 0.71 11.95 40 0.478 67.32%
150 12.89 0.542 11.99 30 0.3597 66.37%
150 9.6 0.392 12.03 20 0.2406 61.38%
150 6.11 0.244 12.14 10 0.1214 49.75%
270 15.5 0.977 11.91 50 0.5955 60.95%
270 13.17 0.796 11.95 40 0.478 60.05%
270 10.8 0.637 11.98 30 0.3594 56.42%
270 8.27 0.49 12.03 20 0.2406 49.10%
270 5.43 0.34 12.15 10 0.1215 35.74%
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2.4 Thermal Images
The thermal images below show a top view of the board. The ambient temperature was 20°C with no forced air
flow. The output was at full load: 12V/50mA.

2.4.1 Vi,=20.4V,c/60Hz

NO.1

Parameters Value
Ambient 22.0°C
Area analysis Value
UlMax 31.4°C
D3Max 27.7°C
L1 Max 27.8°C
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2.4.2 V=270V c/60Hz
NO.1
346
- 34
- 33
- 32
- 31
~ 30
- 29
‘ - 28
- 27
-~ 26
- 25
245
Parameters Value
Ambient 25.0°C
Area analysis Value
UlMax 33.0°C
L1 Max 38.6°C
D3 Max 31.3°C
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2.5 Startup

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

2.5.1 Start Up @ 20.4Vac: 12V/50mA.
! I | LeCroy]

c2

A
Measwre P1:rise(C2) P2:max(C2) P3--- P4:- - - P&- - - PE:- - -
value 2507135 ms 181V
status v v

imebase  -15.0 ms| [Trigger CBEB)
10.0 msidiv | Stop 402
250 kS 2.5 M3Js |Edge Positive

= -7747ms A¥= 47.746ms
¥2= 39.999ms 1/AX= 209442Hz

A
Measwre P1:rise(C2) P2:max(C2) P3i--- P4:- - - P&i- - - PE:- - -
value 25.083000 ms 1225V
status v v

imebase  -15.2 ms| [Trigger CBEB
5.00 msidiv | Stop 402Y
250 kS 5.0 MS/s |Edge Positive

X1= -22862ms AX= 29.9960ms
X2= 276998 ms 1/AX= 33.3376Hz
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2.5.3 Start Up @ 150VAC: 12V/50mA.

LeCroy

Fy
Measuwre P1:rise(C2) P2:max(C2) P3--- P4:- - - P5i- - - PE:- - -
value 10.779509 ms 1194V
status v v

imebase  -2.92 ms] [Tri
2.00 msidiv | Stop
200 kS 10 MS/#s | Edge

X1= -39576ms AX= 134676ms
¥2= 95100ms 1/AX= 742523Hz

2.5.4 Start Up @ 150VAC: 12V/50mA.

| LeCroy

B T e e R A S

= Y
|
|
' i
Measuwre P1:rise(C2) P2:max(C2) P3- - - P4:- - - P5i- - - PE:- - -
value 9.999140 ms 1206 Y
status v v
imebase  -2.92 ms| [Tri
200 kS 10 MSis | Edge
XK1= -38576ms AX= 125816ms
¥2= B86240ms 1/AX= 794811 Hz
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2.5.5 Start Up @ 270VAC: 12V/50mA.

! | LeCroy|
| | |
I e
|
| |
: |
j I
: |
| j + / + } ' } ' i
| ] |
! - «
: |
! =
; |
c N
: |
: I
A
Measuwre P1:rise(C2) P2:max(C2) P3- - - P4 - - PS- - - PE:- - -
value 10.837321 ms 1184 Y
status v v

imebase  -2.92 ms] [Tri
2.00 msidiv | Stop
200 kS 10 MSss | Edge

¥1= -43510ms  AX= 136289 ms
X2= 892779ms 1AX= 73.3735Hz

2.5.6 Start Up @ 270VAC: no load.

] [  LeCroy

I
|
I
|
I
|
|
|
1
|
|
|
|
|

&
Measure P1:rise(C2) P2:max(C2) P3:--- P4:- - - P5i- - - P6:- - -
value 10317411 ms 12068V
status 4 v

imebase  -2.92 ms| [Trigger [C2[DC]
2.00 msidiv § Stop 402%
200 kS 10 MSis | Edge Posttive

X1= -43510ms AX= 12.8585ms
X2= 85075ms 1/AX= 77.7696 Hz
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2.6 Turn Off
The output voltage at turn off transient is shown in the image below at full load (12V/50mA).
2.6.1 Turn off @ 20.4Vc: 12V/50mA.
! l LeCroy]|
| |
| |
| l
| l
| |
| |
| |
| —
| |
| N
| |
| |
: | l
I ) |
| '; ¥ |
| : " il | I
Measwre P1:fall(C2) P2:max(C2) P3i--- P4:- - - P5i--- PEB:- - -
value 24599571 ms 1200%
status v v
imebase -146 ms| [Trigger [c2[DC)
100 msidiv | Stop 402¥
250 kS 250 kS/s |Edge Negative
XK1= -134284ms  AX= 622484 ms
¥2= 488.200ms 1/AX= 160847 Hz
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2.6.2 Turn off @ 150Vac: 12V/50mA.

LeCroy

=
FY

Measuwre P1:fall(C2) P2:max(C2) P3i- - - P4:- - - P5i- - - PB:- - -

value 258.44947 ms 1243V

status v v

imehase -146 ms| [Tri
100 msidiv | Stop
250 kS 250 kS/fs JEdge

K1= -134284ms AX= 622484ms
X2= 483.200ms 1/AX= 160647 Hz

2.6.3 Turn off @ 270Vac: 12V/50mA.

LeCroy

|
|
|
|
|
|
|
|
|
|
|
|

¥
|

c2 Wemmagelt S
=
FY
Measure P1:fall{C2) P2:max(C2) P3i- - - P4:- - - P5i- - - PE:- - -
value 26516166 ms 1206 Y
status 4 v

imebase -146 ms] [Tri
100 msidiv § Stop
250 kS 250 kSfs

X1= -134284ms AX= 622484 ms
X2= 488200ms 1/AX= 1.60647 Hz
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2.7 Output Ripple Voltages
The output ripple voltages are shown in the plots below.
2.7.1 20.4Vpc: 12V/50mA:
T LeCroy|*
&
I
i
I
. !
I
Cc2 i o if 1 HE
1 ‘
I
1
}
I
Measwre P1:pkpk(C2) P2:--- P3--- P4:- - - P5i- - - PE:- - -
value 225 my
status v
imebase -7.3 ms| [Trigger
250 kS 5.0 MSis JEdge Posttive
2.7.2 20.4Vxc: no load:
LeCroy|"
Cc2
2o Jiiid A1 b L i bid) Lkl i
Measure P1:pkpk(C2) P2:--- P3i- - - P4i-- - P5i- - - PE:- - -
value 425my
status v
imebase -292 ps| [Trigger
200 kS 100 MSis
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2.7.3 150Vac: 12V/50mA:

»
LeCroy
N I\ \
czy
Measuwre P1:pkpk(C1) P2--- P3--- P4:- - - P5:- - - PE:- - -
value 538 mY
status v
imehase -328 ps
100 psidiv

250 kS 250 MS/s fEdge

2.7.4 150Vac: no load:

LeCroy

Cc2

-
Measure P1:pkpk(C2) P2--- P3:--- P4.- - P5:- - - PE:- -
value =106.9 my
status U

49.0 my

Edge Positive
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2.7.5 270Vac: 12V/50mA:
3 l’ LeCroy
11 I 1 2
cz
I
Measuwre P1:pkpk(C1) P2:- - - P3--- P4:- - - P5:- - - PE:- - -
value 544 mv
status v
imebase -328 ps| [Trigger [C2][DC)
250 kS 250 MSis |Edge Posttive
2.7.6 270Vac: no load:
LeCroy|"
e
Measwre P1:pkpk(C1) P2--- P3i--- P4:- - - P5i--- PE:- - -
value 525 my
status v
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2.8 Switching Waveforms

2.8.1 Diode D3 @ 20.4Vxc/60Hz

LeCroy|"

F Y
Measwre P1:max(C2) P2--- P3--- P4:- - - P5i- - - PE:- - -
value 250V
status v
imehase -6.0 ps
10.0 psidiv § Single
100 kS 1.0 GS/s JEdge
2.8.2 Diode D3 @ 270V ,c/60Hz
LeCroy
N
e n‘WﬁMh..
A
Measuwre P1:max(C2) P2:- - - P3i- - - P4:- - - P5:- - - PB:- - -
value 45V
status v

imebase  -12.0 ps| [Trigger [C2][DC)
20.0 ps/fdiv | Stop 132%
200 kS 1.0 GSis |Edge Positive
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2.8.3 L1 current @ 20.4AC (12V/50mA)
LeCroy
A
P1:max(C2) P2--- P3i--- P4:- - - P5:- - - PE:- - -
156 my
v
2.8.4 L1 current @270VAC (12V/50mA)
LeCroy
C4 \ \— \—
A
Measuwre P1:max(C2) P2--- P3i--- P4:- - - P5- - - PE:- - -
value 33ImY
v
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