Test Report: PMP21479

65W Active Clamp Flyback With Si FETs Reference Design
for a High Power Density 5-20V AC/DC Adapter

{ii TEXAS INSTRUMENTS

Description

PMP21479 uses the UCC28780 active clamp flyback controller to generate a 20V/15V/9V/5V adjustable output

voltage. The maximum power rating is 65W at 20V output, and up to 3A at all other output voltage settings. This
design reaches a peak efficiency of over 93% using silicon MOSFETs. The average efficiency and standby power

levels are designed to meet DoE level VI and CoC Tier 2 limits. Board dimensions are 1.9” x 1.9” x 17 (49mm x

49mm x 25mm).

i)

PMP21479PCB-E*®

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 Test Prerequisites

1.1 Voltage and Current Requirements

Table 1. Voltage and Current Requirements
PARAMETER SPECIFICATIONS
Line Input Voltage Range 90VACrms — 265VACrms
Line Input Frequency 50Hz/60Hz
Output Voltage/Current 5V/3A, 9V/3A, 15V/3A, 20V/3.25A
TIDTO96A - March 2019 - Revised April 2020 65W Active Clamp Flyback With Si FETs Reference Design for a High Power Density 3

Copyright © 2020, Texas Instruments Incorporated 5-20V AC/DC Adapter



13 TEXAS
INSTRUMENTS

www.ti.com

2 Testing and Results

2.1 Efficiency

2141
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2.1.2 Efficiency at 10%
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2.1.3 Standby (Output Cable Unplugged)

2.1.5 20V Output

94%

92%

90%

Efficiency
o
o
X

86%

84%

82%

80%

Line Input
Vin RMS Frequency Power
115V 60 24.6 mW
230V 50 33.0 mWwW
21.4 Tiny Load (20V Output at 250mw Load)
Line Input
Vin RMS Frequency Power Efficiency
115V 60 393 mW 63.5%
230V 50 414 mW 60.1%
_AK e
b ——
A%
—
o A /
/
=== 90VAC/50Hz
/ === 115VAC/60Hz
== 230VAC/50Hz [
e 265VAC/50HZ
{
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Load Current(Amps)
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2.1.6 15V Output
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2.1.7 9V Output

92% S
90% % ——-—./

88%

84%

\
)

82% P
l/ —+—90VAC/50Hz
80% H
/ —+—115VAC/60Hz
78% / —@—230VAC/50Hz ||
/ —<—265VAC/50Hz
76% * !
0.0 0.5 1.0 1.5 2.0 25 3.0
Load Current(Amps)
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2.1.8 5V Output

90% //0_
88% / __K /'
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2.2 Thermal Images
All images captured open frame, 25°C ambient, after a 30-minute warm up period.

2.21 90VAC/50Hz Input, 20V/3.25A Output

Bx1 Max 21.9 7C -:]{:
Bx2  Max 875.9°°C}

TIDTO96A - March 2019 - Revised April 2020 65W Active Clamp Flyback With Si FETs Reference Design for a High Power Density 7
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2.2.2 115VAC/60Hz Input, 20V/3.25A Output
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6.7 °C o
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2.2.4 265VAC/50Hz Input, 20V/3.25A Output

12 65W Active Clamp Flyback With Si FETs Reference Design for a High Power Density TIDTO96A - March 2019 - Revised April 2020
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2.3 Switching Waveforms

2.3.1 Primary Switch Node, 265VAC/50Hz Input, 20V/3.25A Output

|
|
|
|
| |
; =:
| |
A : : : : |
! pupis | .
| | |
L |
Measure P1:maxiC1) P2--- P3--- P4--- P&--- PE:---
value 495V
status v

. op
A0.0 kS Edge

TIDTO96A - March 2019 - Revised April 2020 65W Active Clamp Flyback With Si FETs Reference Design for a High Power Density 13
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2.3.2 Primary Switch Node, 265VAC/50Hz Input, 20V/0A Output

S TELEDYNE LECROY
Everywhereyoulook™

Measure P1irmaxiC1) P2--- P3i=s P4--- Pa--- P&:---
value 02

status w

l‘ N\ TELEDYNE LECROY
Everywr?ereyc)ulook"

Measure P1max(C1) P2--- P3--- Pd--- Pa--- PE---
walue 104

status s
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2.3.4 Vds of SRFET (Q7), 265VAC/50Hz Input, 20V/0A Output

AW TELEDYNE LECROY
‘ " Everwa‘;areyoulook"

Measure P1max(C1) P2--- P3--- F4--- Pa--- P&---
walue 138
status s
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2.4 Output Voltage Ripple at Maximum Load Current

2.4.1 5VI3A Output, 120VAC/60Hz Input

I‘: TELEDYNE LECROY
5 Everywhareyoulook™

Measure P1:pkpkiZ1) P2 P3i=e FP4--- Pa--- P&:---
value 358.8 mv
U

status

I‘: TELEDYNE LECROY
N EBverywhereyoulook®

Measure P1ipkpkiC1y P2--- P3--- P4:--- Pa--- PE:---
value 46.1 mv
status g
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2.4.3 9V/3A Output, 120VAC/60Hz Input

": TELEDYNE LECROY
Everywharayoulook”

Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue e my

status v

2.4.4 9VI/3A Output, 230VAC/50Hz Input

J": TELEDYNE LECROY
Everywhareyoulook

Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 41.0 mY

status v

TIDTO96A - March 2019 - Revised April 2020 65W Active Clamp Flyback With Si FETs Reference Design for a High Power Density 17
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2.4.5 15V/3A Output, 120VAC/60Hz Input

": TELEDYNE LECROY
Everywharayoulook”

|
&
Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 403 mY
status v

2.4.6 15V/3A Output, 230VAC/50Hz Input

J": TELEDYNE LECROY
Everywhereyoulook”

&
Measure P1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 39.7 my
status v
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2.4.7 20V/3.25A Output, 120VAC/60Hz Input

": TELEDYNE LECROY
Everywharayoulook”

Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 528 my

status v

2.4.8 20V/3.25A Output, 230VAC/50Hz Input

J": TELEDYNE LECROY
Everywhereyoulook”

Measure P1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 34 my

status v

TIDTO96A - March 2019 - Revised April 2020 65W Active Clamp Flyback With Si FETs Reference Design for a High Power Density 19

Copyright © 2020, Texas Instruments Incorporated 5-20V AC/DC Adapter



13 TEXAS
INSTRUMENTS

www.ti.com

2.5 Output Voltage Ripple during Burst Mode

2.5.1 5V/2A Output, 120VAC/60Hz Input

"‘ IE'ELED\?I\!E LECROY

Measure P1:pkpkiz1) P2 P3i=e FP4--- Pa--- P&:---
value 208 my

status s

Measure P1ipkpki{C1)y P2--- P3--- P4:--- Pa--- PE:---
value 234 mv

status g

1001
0.0

a00 kS i sj Edge Pogitive
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2.5.3 9V/2A Output, 120VAC/60Hz Input

": TELEDYNE LECROY
Everywharayoulook”

I |
&
Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 138 mv
status v

J": TELEDYNE LECROY
Everywhereyoulook”

I |
&
Measure F1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 195 my
status v
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2.5.5 15V/1.6A Output, 120VAC/60Hz Input

": TELEDYNE LECROY
Everywharayoulook”

|
&
Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 176 mv
status v

J": TELEDYNE LECROY
Everywhereyoulook”

&
Measure P1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 202 mv
status v

1
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2.5.7 20V/1.5A Output, 120VAC/60Hz Input

": TELEDYNE LECROY
Everywharayoulook”

|
&
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status v
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i |
&
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1

TIDTO96A - March 2019 - Revised April 2020

65W Active Clamp Flyback With Si FETs Reference Design for a High Power Density

Copyright © 2020, Texas Instruments Incorporated

5-20V AC/DC Adapter

23



13 TEXAS
INSTRUMENTS

www.ti.com

2.6 Bode Plot

2.6.1 5V/3A Output

Q AT o
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2.6.3 15V/3A Output
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2.7 5V Output Load Transients

2.7.1 5V Output, 0A to 750mA Load Step, 120VAC/60Hz Input

7: TELEDYNE LECROY
Everywheareyoulook”

ot n__

Measure P1:pkpkiZ1) P2 P3i=e FP4--- Pa--- P&:---
value 498 my
status s

2.7.2 5V Output, 0A to 750mA Load Step, 230VAC/50Hz Input

qf TELEDYNE LECROY
Everywhereyoulook”

lout

Measure P1pkpki{C1)y P2--- P3--- P4:--- Pa--- PE:---
value 486 mY
status g

a00 ks
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2.7.3 5V Output, 750mA to 1.5A Load Step, 120VAC/60Hz Input

. TELEDYNE LECROY
“out (AC Coupled “ || Everywhereyoulook”
i ! ' TR ‘
|
lout
4|
&
Measure FP1:pkphkiC1) P2--- P3--- Pd--- P&--- PE---
value 78 my

status v

2.7.4 5V Output, 750mA to 1.5A Load Step, 230VAC/50Hz Input

Yout (AC Coupled i Lyl |

q TELEDYNE LECROY
Everywhareyoulook”

lout

a1

i
Measure P1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 307 mv

status v

00 kS
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2.7.5 5V Output, 1.5A to 2.25A Load Step, 120VAC/60Hz Input
wout (4C Coupled) 1 Eé&gﬁ?&yg&g&v
lout
— ;
4
r Y
Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
value 326 mv
v

status

2.7.6 5V Output, 1.5A to 2.25A Load Step, 230VAC/50Hz Input

-1.98ms [Trigger (@

a00

00 kS

ut (A Coupled

A\ TELEDYNE LECROY
EVQWWI’?EIFQyOUlDOk"

“¥

—

lout

a1
i
Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 659 mv
v

status

haze

_-1=:9E!.=m rlgoer

a00 4}

500kS 100 MSis)Edge

p
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2.7.7 5V Output, 2.25A to 3.0A Load Step, 120VAC/60Hz Input

qi TELEDYNE LECROY
Everywharayoulook”

oot (45 Coupled)

o4

Y
Measure P1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 429 mv

status v

-1.98mg |Trigger (3N
if4)

00 kS

AUt T Couplsd)l

q: TELEDYNE LECROY
Everywhercyoulook™

134_

i
Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 410 mv

status v

200 m

A16.0
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2.8 9V Output Load Transients

2.8.1 9V Output, 0A to 750mA Load Step, 120VAC/60Hz Input

7: TELEDYNE LECROY
Everywheareyoulook”

lout
Cal
&
Measure P1:pkpkiC1) P2--- P3--- P4:--- P&.--- Pg:---
value 580 my

status s

2.8.2 9V Output, 0A to 750mA Load Step, 230VAC/50Hz Input

qf TELEDYNE LECROY
Everywhereyoulook”

lout
.:4ﬂ
Y
Measure P1pkphki{C1)y P2--- P3--- P4:--- Pa--- PE:---
value 538 my
g

status

a00 ks
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2.8.3 9V Output, 750mA to 1.5A Load Step, 120VAC/60Hz Input

15 TELEDYNE LECROY
Everywhereyoulook™

out TAC Coupled

o4

Y
Measure FP1:pkphkiC1) P2--- P3--- Pd--- P&--- PE---
walue 474 mv

status

-1.98mg [Trigger
i

qi TELEDYNE LECROY
EVQWWI’?GFQyOUlDOk“

ut (AC Coupled

| "" ”I’ l-ll b .||

a1

i
Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 506 mv

status v

00 kS
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2.8.5 9V Output, 1.5A to 2.25A Load Step, 120VAC/60Hz Input

15 TELEDYNE LECROY
Everywharayoulook”

ut (AC Coupled

4|

Measure FP1:pkpkiC1)
walue 269 my
status v

B2t P3--- P4:---

P Eridas Bl s

out (AC Coupled

qi TELEDYNE LECROY
EVQWWI’?GFQyOUlDOk“

T

lout

4

Measure FP1:pkpkiC1)
walue G599 mv
status v

Rdirns Pz Pd---

P Eridas Hl s

-1.98 me [Trigger

a00 11}

100 M dge P

00 kS
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2.8.7 9V Output, 2.25A to 3.0A Load Step, 120VAC/60Hz Input

qi TELEDYNE LECROY
Everywharayoulook”

12

ut (AC Coupledy

lout
o4
i
Measure P1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 429 mv

status v

q: TELEDYNE LECROY
Everywhereyoulook™

Wout (AC Coupled

I:4..

Y
Measure P1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 442 mv

status v

200 m
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2.9 15V Output Load Transients

2.9.1 15V Output, 0A to 750mA Load Step, 120VAC/60Hz Input

7: TELEDYNE LECROY
Everywheareyoulook”

lout

Measure P1:pkpkiz1) P2 P3i=e FP4--- Pa--- P&:---
value 531 my

status s

2.9.2 15V Output, 0A to 750mA Load Step, 230VAC/50Hz Input

qf TELEDYNE LECROY
Everywhereyoulook”

lout

Measure P1:pkpkiC1)y P2--- P3--- P4:--- Pa--- PE:---
value 831 my

status g
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2.9.3 15V Output, 750mA to 1.5A Load Step, 120VAC/60Hz Input

15 TELEDYNE LECROY
Everywharayoulook”

Wit (AC Coupledly

s

lolk

4|

Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 224 mv
status

-1.898 ms |[Trigger
i p

00 kS

2.9.4 15V Output, 750mA to 1.5A Load Step, 230VAC/50Hz Input

qi TELEDYNE LECROY
EVQWWI’?GFQyOUlDOk“

Wout (AC Coupled i _
! |

lout

= e

4

Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 294 my

00 kS
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2.9.5 15V Output, 1.5A to 2.25A Load Step, 120VAC/60Hz Input

qi TELEDYNE LECROY
Everywharayoulook”

M

Wit (AT Colpkedy

Measure FP1:pkphkiC1) P2--- P3--- Pd--- P&--- PE---
walue 3T my
status v

-1.98mg |Trigger (3N
i

00 kS

2.9.6 15V Output, 1.5A to 2.25A Load Step, 230VAC/50Hz Input

q: TELEDYNE LECROY
Everywhereyoulook™

Sout (AC Coupled

lout

Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 243 mv
status v
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2.9.7 15V Output, 2.25A to 3.0A Load Step, 120VAC/60Hz Input

A TELEDYNE LECROY
‘ Everywharayoulook”

Sout (AC Coupledy

Y
Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 198 mv

status v

&% TELEDYNE LECROY
‘? Everywhareyoulook™

ut (AC Coupled

I:4..

Y
Measure P1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 454 my

status v

haze

-1.88 ms
a00 I

00 kS
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2.10 20V Output Load Transients
2.10.1 20V Output, 0A to 750mA Load Step, 120VAC/60Hz Input

": TELEDYNE LECROY
Everywhareyoulook™

Measure P1:pkpkiZ1) P2 P3i=e FP4--- Pa--- P&:---
value 498 my
U

status

I‘: TELEDYNE LECROY
Everywhereyoulook”

lout W

Measure P1pkpki{C1)y P2--- P3--- P4:--- Pa--- PE:---
value 486 mY
v

status

a00 ks
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2.10.3 20V Output, 750mA to 1.5A Load Step, 120VAC/60Hz Input

qi TELEDYNE LECROY
Everywharayoulook”

Wout (AC Coupled

12
)
+—

o4
Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 243 mv

status v

q: TELEDYNE LECROY
Everywhercyoulook™

lout
i ft
I:4..
i
Measure P1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 237 mv

status v

00 kS
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2.10.5 20V Output, 1.5A to 2.25A Load Step, 120VAC/60Hz Input

qi TELEDYNE LECROY
Everywharayoulook”

Measure P1:pkpkiC1) P2--- P3--- Pd--- P&---
walue 442 mv
status v

Bl s

-2.01 mg Trigger  [E
if4)

00 kS

2.10.6 20V Output, 1.5A to 2.25A Load Step, 230VAC/50Hz Input

q: TELEDYNE LECROY
Everywhereyoulook™

i

Measure P1:pkpkiC1) P2--- P3--- Pd--- P&---
walue 378 mv
status v

Hl s

200 m

A16.0

00 kS
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2.10.7 20V Output, 2.25A to 3.25A Load Step, 120VAC/60Hz Input

A TELEDYNE LECROY
‘ Everywharayoulook”

Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 275 mv

status v

&% TELEDYNE LECROY
‘? Everywhareyoulook™

Measure FP1:pkpkiC1) P2--- P3--- Pd--- P&--- PE---
walue 243 mv

status v

200 m

A16.0

00 kS
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2.11 Startup
Output voltage measured at connector when USB-C cable inserted with no load.

I‘: TELEDYNE LECROY
Everywherayoulook

2.12 Voltage Transitions

2.12.1 5V to 9V, 120VAC/60Hz Input, No Load

I‘: TELEDYNE LECROY
Everywherayoulook
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2.12.2 5V to 9V, 230VAC/50Hz Input, No Load

."’ TELEDYNE LECROY
Everywheroyoulook

2.12.3 5V to 15V, 120VAC/60Hz Input, No Load

ot

rmal

S00kS 100 M Edge
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2.12.4 5V to 15V, 230VAC/50Hz Input, No Load

2.12.5 5V to 20V, 120VAC/60Hz Input, No Load

,": TELEDYNE LECROY
Evenywhareyoulonk”

rmal
500 kS 100 N Edge
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2.12.6 5V to 20V, 230VAC/50Hz Input, No Load

."’ TELEDYNE LECROY
Everywheroyoulook

2.12.7 9V to 5V, 120VAC/60Hz Input, No Load

,": TELEDYNE LECROY
Evenywhareyoulonk”

rmal

S00kS Edge
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2.12.8 9V to 5V, 230VAC/50Hz Input, No Load

."’ TELEDYNE LECROY
Everywheroyoulook

-T72.0mg [Trigger

rmal

2.12.9 9V to 15V, 120VAC/60Hz Input, No Load

Sout

-1.49ms= [Trigger [
I rmal o
S00KS 100N Edoe
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2.12.10 9V to 15V, 230VAC/50Hz Input, No Load

“out

2121 9V to 20V, 120VAC/60Hz Input, No Load

,": TELEDYNE LECROY
Evenywhareyoulonk”

-1.49ms [Trigger
I rmal

S00kS 100 M Edge
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2.12.12 9V to 20V, 230VAC/50Hz Input, No Load

."’ TELEDYNE LECROY
Everywheroyoulook

-1.49ms= [Trigger

rmal 1
Edge F

21213 15V to 5V, 120VAC/60Hz Input, No Load

,": TELEDYNE LECROY
Evenywhareyoulonk”

hase  -T4d.4dms= |[Trogger

rmal 1
SO0 KS Edge M
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2.12.14 15V to 5V, 230VAC/50Hz Input, No Load

."’ TELEDYNE LECROY
Everywheroyoulook

21215 15V to 9V, 120VAC/60Hz Input, No Load

,": TELEDYNE LECROY
Evenywhareyoulonk”

hase  -T4d.4dms= |[Trogger

rmal 1
SO0 KS Edge M
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2.12.16 15V to 9V, 230VAC/50Hz Input, No Load

."’ TELEDYNE LECROY
Everywheroyoulook

21217 15V to 20V, 120VAC/60Hz Input, No Load

,": TELEDYNE LECROY
Evenywhareyoulonk”

hase
5 rmal 1
S00 kS 0 Edge P
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2.12.18 15V to 20V, 230VAC/50Hz Input, No Load

."’ TELEDYNE LECROY
Everywheroyoulook

-1.49ms= [Trigger

rmal 1
Edge F

2.12.19 20V to 5V, 120VAC/60Hz Input, No Load

,": TELEDYNE LECROY
Evenywhareyoulonk”

baze -B9.6 m= [ Trigger
rmal 1
SO0 KS Edge M
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2.12.20 20V to 5V, 230VAC/50Hz Input, No Load

."’ TELEDYNE LECROY
Everywheroyoulook

2.12.21 20V to 9V, 120VAC/60Hz Input, No Load

,": TELEDYNE LECROY
Evenywhareyoulonk”

i
hase -B9.6ms | Trigger
irrrial 1
SO0 KS Edge M
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2.12.22 20V to 9V, 230VAC/50Hz Input, No Load

."’ TELEDYNE LECROY
Everywheroyoulook

2.12.23 20V to 15V, 120VAC/60Hz Input, No Load

,": TELEDYNE LECROY
Evenywhareyoulonk”

hase -B9.6ms | Trigger

rmal 1
SO0 KS Edge M
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2.12.24 20V to 15V, 230VAC/50Hz Input, No Load

A TELEDYNE LECROY
‘ ; Everywhereyoulook™
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2.13 Conducted EMI

2.13.1 115VAC/60Hz Input, 20V/3.25A Output Tied to Earth Ground

R.eceiver

MT 100 ms

RBW (QJPK) O kHz

OFF Step TD Scan

10 dB  Preamp

Scan QLQP Clrw@2CA Clrw

Input AC Aftt

Line EN 55022

Limit Check

Start 150.0 kHz

Stop 30.0 MHz

09I 0IES

13.JUN.2019

Date:
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2.13.2 230VAC/50Hz Input, 20V/3.25A Output Tied to Earth Ground

Receiver

=

RBW (QPK) 9 kHz MT
Input AC Att 10 d& Preamp

100 ms
OFF Step TD Scan

Scan OL1QP Clrw@2CA Clrw

Limit Check : i i 1 MHEASS : i i i

10 10 MHz !

Line EN 55022 Voltage Mains QpPicll pass : : Lo 5
90 db ' - Ehes : : ————— :
80 dBpv ' . ' ' B :
70 depy : R : : I E—— .
EM 55022535?9 Mains QP Class B & | | P v
60 dBpv : \_\‘K PR i i i ! . :
EM 55022 voltage Mains &y Class B ¢ ¢ . ! : R A i
50 dBpv . \‘\-x R ' ' ' ! TR :
mdaw\\;w AERHIRE :

: ! K\: : ; L N il | Hil l

Start 150.0 kHz

Stop 30.0 MHz

Date:r 13..JUN...2019 09:55b:51
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