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Summary and Features
o Highly energy efficient
e Full load efficiency >82.5% (115 /230 VAC)
Efficiency >78% above 1% load
Average efficiency >82% (25%, 50%, 75%, 100% load points)
No-load input power <130 mW (<100 mW achievable)
Simplifies meeting ENERGY STAR 2.0, 80 Plus and EuP requirements
725V MOSFET rating allowed high turns ratio (VOR) and use of 40 V Schottky output diode
e Low cost, low component count and small PCB footprint solution
e Performance met without synchronous output rectification
e 132 kHz operation optimized core size and efficiency performance
o Low-profile eSIP package
¢ Integrated Protection and Reliability Features
e Line undervoltage lock out (UVLO)
e Short circuit protected (via auto-restart)
e Auto recovery output over current (OCP)
e Accurate thermal shutdown with large hysteresis
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Important Note:

Although this board is designed to satisfy safety isolation requirements, the engineering
prototype has not been agency approved. Therefore, all testing should be performed
using an isolation transformer to provide the AC input to the prototype board.
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1 Introduction

This document is an engineering report describing a 50 W power supply utilizing a
TOP267EG. This power supply achieves >80% efficiency at 100 VAC 50Hz, full load
output current of 10 A without employing secondary synchronous rectification.

The EMI section is not designed for a typical 50 W power supply. The EMI components
were chosen to resemble the input stage of a 200 W power supply unit. This is done to
simulate EMI stage losses for a typical 200 W PSU in which this flyback converter will be
the standby / auxiliary section of a complete system PSU. A 10 ohm NTC is also
employed to include the additional losses associated with any inrush limiting in the final
system.

———

g Power Integrations, Inc.
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Figure 1 — Populated Circuit Board Photograph.
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2 Power Supply Specification

The table below represents the minimum acceptable performance of the design. Actual

erformance is listed in the results section.

Description Symbol | Min Typ Max | Units Comment
Input
AC Voltage Vin 90 264 | VAC 2 Wire —no P.E.
Frequency fune 50 Hz
DC Vinpo) 380 390 | vDC
No-load Input Power (230 VAC) 0.3 wW
Output
Output Voltage 1 Vour1 5 V +5%
Output Ripple Voltage 1 VRIPPLEL 200 mV 20 MHz bandwidth
Output Current 1 lout1 0 10 A
Total Output Power
Continuous Output Power Pout 50 w
Efficiency
Full Load n 80 % Measured at Poyr 25 °C

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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DER-245 50 W Standby/Auxiliary Supply
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Figure 2 — Schematic Diagram.
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4 Circuit Description

The circuit is built around a TOP267EG device from the TOPSwitch-JX family; a highly
integrated monolithic off-line switcher IC designed for providing high-efficiency under all
load conditions and very low no-load input power.

4.1 Input EMI Filtering

The EMI section of this unit consists of C1 (and associated discharge resistors R1 and
R2) and L3. The filter stage was not designed and tested to meet conducted and radiated
emissions standards. Instead it was included to represent the losses in the EMI filter for a
200 W output supply in which this 50 W design is the auxiliary / standby converter.

4.2 TOPSwitch-JX Primary

The TOP267EG is configured to operate at its full frequency mode (132 kHz) during
heavy loading condition by shorting the F pin to the S pin. The 132 kHz operation
reduces the maximum primary rms current by allowing more deeply continuous operation
(lower value of Kp) and thus helps to improve efficiency by lowering conduction losses.
Compared to operation at 66 kHz, this can be achieved without excessive transformer
turns or a larger core size. At high input voltages (400 VDC), the converter operates in
critically discontinuous conduction mode which reduces switching losses of the
TOPSwitch-JX and the reverse recovery losses associated with the secondary rectifier. A
4 M ohm total resistance connected to the V pin enables the UV/OV feature of the IC.
Resistor R7 is also connected between X pin and S pin to lower the current limit to 60%
and prevents the transformer from saturating during start-up and short circuit conditions.
The 10.5 k ohm resistor sets the peak flux density to < 3600 Gauss.

4.3 Output Rectification

The T1 output is rectified and filtered by D4, C9, and C10. Diode D4 is a low drop power
Schottky rectifier with 40 V PIV rating. The transformer is designed to have lower
secondary PIV to minimize secondary diode conduction losses. Capacitors C9 and C10
are high ripple current, ultra low ESR capacitors in a small package. Capacitors C9 and
C10 were chosen to minimize board space requirement for the output capacitors and at
the same time cater for the secondary ripple current. Post filter L2 and C12 provide high
frequency output filtering.

4.4 Output Feedback

Resistors R13 and R15 are used to set the output voltage. Shunt regulator U2 drives
optocoupler U3 through resistor R12 to provide feedback information to the U1 control
pin. Components C13, C14, and R3 provide frequency compensation for the error
amplifier U2.

g Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 8 of 38
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5 PCB Layout

0.050" DIA. x 0.220" LONG S5LOT

2.500 /

u2 RI3 Rl3
C 13 T

0.000

0.000
4.200

Figure 3 — Printed Circuit Layout (2.5 in x 4.2 in).
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6 Bill of Materials

Item | Oty Ref Des | Description Mfg Part Number Mfg
1 1 BR1 800 V, 8 A, Bridge Rectifier, GBU Case GBUSK Vishay
2 1 C1 330 nF, 275 VAC, Film, X2 LE334-M OKAYA
3 1 C2 120 uF, 400 V, Electrolytic, (18 x 30) EPAG401ELL121MM30S Nippon Chemi-Con
4 1 C4 2.2 nF, 1 kV, Disc Ceramic NCD222K1KVY5FF NIC Components
5 2 C5C13 | 100 nF, 50 V, Ceramic, X7R RPER71H104K2K1A03B Murata
6 1 C6 47 uF, 50 V, Electrolytic, Gen. Purpose, (6.3 x 11) EKMG500ELL470MF11D Nippon Chemi-Con
7 1 c7 (252X“1F'1 )50 V. Electrolytic, Very Low ESR, 340 mQ. | £y7p500E( | 220ME11D | Nippon Chemi-Con
8 1 Cc8 470 pF, 100 V, Ceramic, X7R B37981M1471M000 Epcos
9 2 C9 C10 | 680 uF, 10V, Super Low ESR, 7 mQ, (16 x 20) APSC100ELL681MJB5S Nippon Chemi-Con
10 | 1 c12 (282?( ;‘1':’52)5 V. Electrolytic, Very Low ESR, 72mQ. | g7e950E( [ 221MHB5D | Nippon Chemi-Con
11 1 C14 10 nF, 100 V, Ceramic, X7R B37981M1103K000 Epcos
12 1 C15 4.7 uF, 50 V, Electrolytic, Gen. Purpose, (5 x 11) EKMGS500ELL4R7ME11D Nippon Chemi-Con
13 1 CY1 2.2 nF, Ceramic, Y1 440LD22-R Vishay
14 1 D1 800V, 1 A, Fast Recovery Diode, 500 ns, DO-41 FR106 Diodes Inc.
15 1 D2 250V, 250 mA, Fast Switching, DO-35 BAV21 Vishay
16 1 D4 40V, 40 A, Dual Schotkky, TO-220AB STPS40L40CT ST
17 1 F1 2 A, 250V, Slow, TR5 3721200041 Wickman
18 2 J1J2 2 Position (1 x 2) header, 0.312 pitch, Vertical 26-50-3039 Molex
19 1 JP1 Wire Jumper, Non insulated, 22 AWG, 0.2 in 298 Alpha
20 1 L2 1 uH
21 1 L3 Common Mode Choke Toroidal P/N T22148-902S Fontaine Tech
22 2 R1 R2 1.5 MQ, 5%, 1/4 W, Carbon Film CFR-25JB-1M5 Yageo
23 1 R3 165 Q, 1%, 1/4 W, Metal Film MFR-25FBF-165R Yageo
24 2 R5 R6 2.0 MQ, 5%, 1/4 W, Carbon Film CFR-25JB-2M0 Yageo
25 1 R7 10.5 kQ, 1%, 1/4 W, Metal Film MFR-25FBF-10K5 Yageo
26 1 R8 75 Q, 5%, 1/2 W, Carbon Film CFR-50JB-75R Yageo
27 1 R10 6.8 Q, 5%, 1/8 W, Carbon Film CFR-12JB-6R8 Yageo
28 1 R11 22 Q, 5%, 1/4 W, Carbon Film CFR-25JB-22R Yageo
29 1 R12 1.5 kQ, 1%, 1/4 W, Metal Film MFR-25FBF-1K50 Yageo
30 [ 3 | RER™ | 10k, 1%, 174 W, Metal Film ERO-S2PHF1002 Panasonic
31 1 RT1 NTC Thermistor, 10 Ohms, 3.2 A CL-110 Thermometrics
32 1 T1 Bobbin, PQ26/25, Vertical, 12 pins BPQ26/25-1112CPFR TDK
33 1 U1 TOPSwitch-JX, TOP267EG, eSIP-7C TOP267EG Power Integrations
34 1 u2 2.495 V Shunt Regulator IC, 2%, 0 to 70C, TO-92 TL431CLPG On Semiconductor
35 1 U3 Optocoupler, 35 V, CTR 300-600%, 4-DIP LTV-817D Liteon
36 1 VR2 180V, 5 W, 5%, TVS, DO204AC (DO-15) P6KE180ARLG On Semi

E

Power Integrations, Inc.
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7 Transformer Specification

7.1 Electrical Diagram

PQ2625
1 1 || & 10,1112
Pri-2, 20T 500V, 2T
1 x #26 AWG 10 mil Foil
2 H 7.8,9
Pri-1, 20T 6
1 x #26 AWG Bias, 6T
3 * 1x #26 AWG
4
KEY

Pri-1 = Primary Winding (Section 1)
Pri-2 = Primary Winding (Section 2)

Figure 4 — Transformer Electrical Diagram.

7.2 Electrical Specifications

. 1 second, 60 Hz, from pins 1, 2, 3, 4, 6 to pins 7,
Electrical Strength 8.9 10, 11, 12 3000 VAC
Primary Inductance Pins 1-3, all other windings open 653 uH, +10%
Primary Leakage Inductance | Pins 1-3, with all other windings shorted 10 pH (Max.)

7.3 Materials

Item

Description

[1] Core: PQ2625, NC-2H (Nicera) or equivalent, gapped for ALG of 406 nH/t

[2] Bobbin: BPQ26/25-1112CPFR

[3] Barrier tape: Polyester film (1 mil base thickness), 13.80 mm wide

[4] Varnish

[5] Triple Insulated Wire: #26 AWG

[6]

Copper Foil: 10 mil thick, 12.5 mm wide, covered with 1 layer of lapped tape. Terminations to
foil: 4 x #19 AWG magnet wire with sleeving

[7] #19 AWG magnet wire

Page 11 of 38
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7.4 Transformer Build Diagram

z COO0000000) | 2o rew
1o,17f%% 2T 10mils foil
¢ —
6 ———@ ) | eTaesT
2
3 SO0 NNeee ELTIM
Figure 5 — Transformer Build Diagram.
122mm
solder
12.5mm .\ .‘\ Front view .'\ .\z
i A i

tape

Vv
Back view
sleeve

Figure 6 — Copper Foil Winding.

#19 AWG
—>

g Power Integrations, Inc.
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7.5 Transformer Construction

\I;)Vrllr?c]i?r:é Start on pin(s) 3 and wind 20 turns (x 1 filar) of item [5] in 1 layer(s) from left to right.

(Section 1) Finish this winding on pin(s) 2. Add 1 layer of tape, item [3].

Start on pin(s) 6 and wind 6 turns (x 1 filar) of item [5]. Wind in same rotational
Bias Winding | direction as primary winding. Spread the winding evenly across entire bobbin. Finish
this winding on pin(s) 4. Add 1 layer of tape, item [3].

Secondary Start on pin(s) 10, 11, 12 and wind 2 turns of item [6]. Wind in same rotational direction
Winding as primary winding. Finish this winding on pin(s) 7, 8, 9. Add 1 layers of tape, item [3].
\I;)Vrllr?c]i?r:é Start on pin(s) 2 and wind 20 turns (x 1 filar) of item [5] in 1 layer(s) from left to right.

(Section 2) Finish this winding on pin(s) 1.Add 1 layers of tape, item [3].

Core Assembly | Assemble and secure core halves. Item [1].
Varnish Dip varnish uniformly in item [4]. Do not vacuum impregnate.

Page 13 of 38

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com



DER-245 50 W Standby/Auxiliary Supply

17-Feb-10

8 Transformer Design Spreadsheet

ACDC_TOPSwitchJX_120709;
Rev.1.1; Copyright Power

TOP_JX_120709:
TOPSwitch-JX
Continuous/Discontinuous
Flyback Transformer

Integrations 2009 INPUT INFO OUTPUT UNIT Design Spreadsheet
ENTER APPLICATION VARIABLES
VACMIN 90 Volts Minimum AC Input Voltage
VACMAX 264 Volts Maximum AC Input Voltage
fL 50 Hertz AC Mains Frequency
VO 5.00 Volts Output Voltage (main)
PO_AVG 50.00 Watts Average Output Power
PO PEAK 50.00 50.00 Watts Peak Output Power
Heatsink Type External External Heatsink Type
Open Frame enclosure
assume sufficient airflow
Open while adapter means a sealed
Enclosure Frame enclosure.
n 0.80 %/100 Efficiency Estimate
Z 0.48 Loss Allocation Factor
Bias Voltage - Verify that VB
VB 15 Volts is > 8 V at no load and VMAX
Bridge Rectifier Conduction
tC 3.00 ms Time Estimate
CIN 120.0 120 uFarads Input Filter Capacitor
ENTER TOPSWITCH-JX VARIABLES
Universal /
TOPSwitch-JX TOP267E Peak 115 Doubled/230V
103 W /103
Chosen Device TOP267E Power Out w 137W
External llimit reduction factor
(KI=1.0 for default ILIMIT, Kl
Kl 0.68 <1.0 for lower ILIMIT)
Use 1% resistor in setting
ILIMITMIN_EXT 1.898 Amps external ILIMIT
Use 1% resistor in setting
ILIMITMAX_EXT 2.184 Amps external ILIMIT
Select 'H' for Half frequency -
Frequency (F)=132kHz, 66kHz, or 'F' for Full
(H)=66kHz F F frequency - 132kHz
TOPSwitch-JX Switching
Frequency: Choose between
fS 132000 Hertz 132 kHz and 66 kHz
TOPSwitch-JX Minimum
fSmin 119000 Hertz Switching Frequency
TOPSwitch-JX Maximum
fSmax 145000 Hertz Switching Frequency
High Line Operating Mode FF Full Frequency, Jitter enabled
VOR 110.00 Volts Reflected Output Voltage
TOPSwitch on-state Drain to
VDS 10 Volts Source Voltage
Output Winding Diode
VD 0.50 Volts Forward Voltage Drop
Bias Winding Diode Forward
VDB 0.70 Volts Voltage Drop
Ripple to Peak Current Ratio
KP 0.41 (0.3<KRP < 1.0:1.0<

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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KDP<6.0)
PROTECTION FEATURES
LINE SENSING V pin functionality
Minimum DC Bus Voltage at
which the power supply will
VUV_STARTUP 95.00 72 Volts start-up
Typical DC Bus Voltage at
which power supply will shut-
VOV_SHUTDOWN 356 Volts down (Max)
Use two standard, 1.6 M-
Ohm, 5% resistors in series
RLS 3.2 M-ohms for line sense functionality.
OUTPUT OVERVOLTAGE
Zener Diode rated voltage for
Output Overvoltage shutdown
VZ 27 Volts protection
Output OVP resistor. For
latching shutdown use 20
RZ 5.1 k-ohms ohm resistor instead
OVERLOAD POWER
LIMITING X pin functionality
Enter the desired margin to
current limit at VMAX. A value
of 1.2 indicates that the
current limit should be 20%
Overload Current Ratio at higher than peak primary
VMAX 1.20 1.2 current at VMAX
Your margin to current limit at
low line is high. Reduce Kl to
Overload Current Ratio at VMIN Info 1.22 0.55 (if possible).
Peak primary Current at
ILIMIT_EXT_VMIN 1.56 A VMIN
Peak Primary Current at
ILIMIT_EXT_VMAX 1.03 A VMAX
Current limit/Power Limiting
RIL 9.36 k-ohms resistor.
Resistor not required. Use
RPL N/A M-ohms RIL resistor only
ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES
Core Type PQ2625 PQ2625 Core Type
Core PQ2625 P/N: PC44PQ26/25Z-12
Bobbin PQ2625_BOBBIN P/N: *
Core Effective Cross
AE 1.18 cm”2 Sectional Area
LE 5.55 cm Core Effective Path Length
Ungapped Core Effective
AL 5250 nH/TA2 Inductance
Bobbin Physical Winding
BW 13.8 mm Width
Safety Margin Width (Half the
Primary to Secondary
M 0.00 mm Creepage Distance)
L 2.00 Number of Primary Layers
NS 2 2 Number of Secondary Turns
DC INPUT VOLTAGE PARAMETERS
VMIN 85 85 Volts Minimum DC Input Voltage
VMAX 400 400 Volts Maximum DC Input Voltage

Page 15 of 38
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CURRENT WAVEFORM SHAPE PARAMETERS

DMAX

0.59

Maximum Duty Cycle
(calculated at PO_PEAK)

IAVG

0.74

Amps

Average Primary Current
(calculated at average output
power)

1.56

Amps

Peak Primary Current
(calculated at Peak output
power)

0.64

Amps

Primary Ripple Current
(calculated at average output
power)

IRMS

0.96

Amps

Primary RMS Current
(calculated at average output
power)

TRANSFORMER PRIMARY DESIGN PARAMETERS

LP

656

uHenries

Primary Inductance

LP Tolerance

10

Tolerance of Primary
Inductance

NP

40

Primary Winding Number of
Turns

NB

Bias Winding Number of
Turns

ALG

410

nH/TA2

Gapped Core Effective
Inductance

BM

2163

Gauss

Maximum Flux Density at PO,
VMIN (BM<3000)

BP

3340

Gauss

Peak Flux Density (BP<4200)
at ILIMITMAX and LP_MAX.
Note: Recommended values
for adapters and external
power supplies <=3600
Gauss

BAC

443

Gauss

AC Flux Density for Core
Loss Curves (0.5 X Peak to
Peak)

ur

1965

Relative Permeability of
Ungapped Core

LG

0.33

Gap Length (Lg > 0.1 mm)

BWE

27.6

Effective Bobbin Width

oD 0.48

0.48

Maximum Primary Wire
Diameter including insulation

INS

0.06

Estimated Total Insulation
Thickness (= 2 * film
thickness)

DIA

0.42

Bare conductor diameter

AWG

26

AWG

Primary Wire Gauge
(Rounded to next smaller
standard AWG value)

CM

256

Cmils

Bare conductor effective area
in circular mils

CMA

266

Cmils/Amp

Primary Winding Current
Capacity (200 < CMA < 500)

Primary Current Density (J)

7.52

Amps/mm*2

Primary Winding Current
density (3.8 <J < 9.75)

TRANSFORMER SECONDARY DESIGN PARAMETERS (SINGLE O

UTPUT EQUIVALENT)

Lumped parameters

ISP

31.11

Amps

Peak Secondary Current

ISRMS

15.92

Amps

Secondary RMS Current

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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Secondary Peak Output

I0_PEAK 10.00 Amps Current
Average Power Supply
10 10.00 Amps Qutput Current
Output Capacitor RMS Ripple
IRIPPLE 12.39 Amps Current
Secondary Bare Conductor
CMS 3184 Cmils minimum circular mils
Secondary Wire Gauge
(Rounded up to next larger
AWGS 15 AWG standard AWG value)
Secondary Minimum Bare
DIAS 1.45 mm Conductor Diameter
Secondary Maximum QOutside
Diameter for Triple Insulated
ODS 6.90 mm Wire
Maximum Secondary
INSS 2.72 mm Insulation Wall Thickness
VOLTAGE STRESS PARAMETERS
Maximum Drain Voltage
Estimate (Includes Effect of
VDRAIN 618 Volts Leakage Inductance)
Output Rectifier Maximum
PIVS 25 Volts Peak Inverse Voltage
Bias Rectifier Maximum Peak
PIVB 72 Volts Inverse Voltage
TRANSFORMER SECONDARY DESIGN PARAMETERS (MULTIPLE OUTPUTS)
1st output
VO1 5 Volts Output Voltage
101 AVG 10.00 Amps Average DC Output Current
PO1_AVG 50.00 Watts Average Output Power
Output Diode Forward
VD1 0.5 Volts Voltage Drop
Output Winding Number of
NS1 2.00 Turns
ISRMS1 15.921 Amps Output Winding RMS Current
Output Capacitor RMS Ripple
IRIPPLE1 12.39 Amps Current
Output Rectifier Maximum
PIVS1 25 Volts Peak Inverse Voltage
Output Winding Bare
Conductor minimum circular
CMS1 3184 Cmils mils
Wire Gauge (Rounded up to
next larger standard AWG
AWGS1 15 AWG value)
Minimum Bare Conductor
DIAS1 1.45 mm Diameter
Maximum Outside Diameter
ODS1 6.90 mm for Triple Insulated Wire
2nd output
VO2 Volts Output Voltage
102_AVG Amps Average DC Output Current
PO2_AVG 0.00 Watts Average Output Power
Output Diode Forward
VD2 0.7 Volts Voltage Drop
Output Winding Number of
NS2 0.25 Turns
ISRMS2 0.000 Amps Output Winding RMS Current
Output Capacitor RMS Ripple
IRIPPLE2 0.00 Amps Current

Page 17 of 38
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Output Rectifier Maximum
PIVS2 3 Volts Peak Inverse Voltage

Output Winding Bare
Conductor minimum circular
CMS2 0 Cmils mils

Wire Gauge (Rounded up to
next larger standard AWG

AWGS?2 N/A AWG value)
Minimum Bare Conductor
DIAS2 N/A mm Diameter
Maximum Outside Diameter
0ODS2 N/A mm for Triple Insulated Wire
3rd output
VO3 Volts Output Voltage
I03_AVG Amps Average DC Output Current
PO3 AVG 0.00 Watts Average Output Power
Output Diode Forward
VD3 0.70 Volts Voltage Drop
Output Winding Number of
NS3 0.25 Turns
ISRMS3 0.000 Amps Output Winding RMS Current
Output Capacitor RMS Ripple
IRIPPLE3 0.00 Amps Current
Output Rectifier Maximum
PIVS3 3 Volts Peak Inverse Voltage

Output Winding Bare
Conductor minimum circular
CMS3 0 Cmils mils

Wire Gauge (Rounded up to
next larger standard AWG

AWGS3 N/A AWG value)

Minimum Bare Conductor
DIAS3 N/A mm Diameter

Maximum Outside Diameter
ODS3 N/A mm for Triple Insulated Wire
Total Continuous Output Total Continuous Output
Power 50 Watts Power

If negative output exists enter
Output number; eg: If VO2 is
Negative Output N/A negative output, enter 2

g Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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9 Performance Data

All measurements performed at room temperature and 50 Hz input frequency for AC

input.

9.1 Full Load Efficiency
88

86 -

o
g
]

Efficiency (%)
S

80 -

78 T T

84.96

85.12 85.09

84.76

" g =

85.14

85 105 125

145 165 185
Input Voltage (VAC)

205

225 245 265

Figure 7 — Efficiency vs. Input Voltage, Room Temperature, 50 Hz.

Full Load Efficienc
Vin P Vour lour | Efficiency
(VAC, 50 Hz) (W) (V) (A) (%)
90 62.62 5.00 10 79.85
100 61.55 5.00 10 81.23
115 60.57 5.00 10 82.55
132 59.89 5.00 10 83.49
150 59.42 5.00 10 84.15
180 58.99 5.00 10 84.76
200 58.85 5.00 10 84.96
230 58.74 5.00 10 85.12
240 58.73 5.00 10 85.14
264 58.76 5.00 10 85.09
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9.2 Active Mode Efficiency
100

90

/—-&Tﬂ:j = — |

(o)
o

~
o

=+\Vin =115 VAC
==\/in = 230 VAC

(o2]
o

(&)
o

Efficiency (%)

40

30 %

20

0 5 10 15 20 25 30 35 40 45 50
Output Power (W)

Figure 8 — Efficiency vs. Load.
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9.3 Light Load Efficiency
100

90

80

70 <

=+=\V/in =100 VAC
60 =+=Vin =115 VAC
// =#=\Vin = 230 VAC

50

Efficiency (%)

40 1

30

20

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Output Power (W)

Figure 9 — Efficiency vs. Load.

AC-DC Light Load Efficiency Table

Pour (W) | 100 VAC | 115VAC | 230 VAC
0.05 38.00% 37.61% 29.36%
0.1 52.77% 52.31% 43.84%
0.2 65.46% 64.97% 57.90%
0.3 71.15% 71.16% 64.80%
0.4 74.48% 74.32% 69.07%
0.5 76.57% 76.35% 71.85%

1 81.04% 80.95% 78.12%

5 84.13% 84.51% 84.16%

Power Integrations E
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9.4 DC-DC Efficiency at 380 VDC Input

The DC-DC stage efficiency measurements were taken at light load to full load conditions
at room temperature. 380 VDC was applied across the Bulk Capacitor C2 with RT1

removed.

9.4.1 Light Load Efficiency (380 VDC Input)

100
90
84.79

80 78.17 N
3 71.55
S 7016803
? 50 64.57
]
5 /57.44
i 50

43.40
40
30 14
28.78
20
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Output Power (W)
Figure 10 — DC-DC Efficiency vs. Load.
DC-DC Light Load Efficiency Table
Pour (W) 0 0.1 0.2 0.3 0.4 0.5 1 5
Efficiency (%) | 28.78 43.40 57.44 64.57 68.63 71.55 78.17 84.79

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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9.4.2 Active Mode Efficiency (380 VDC Input)

100
90
85.53] 8557 18559 18586 186,00  ,86.10 8641 18657 86.76
- 86.24 86.22
80 84.79
f8.17
< 71.55
S 70 Heses
> 64.57
o
c 60
K 57.44
2
i 50
 43.40
40
30 267
20
0 5 10 15 20 25 30 35 40 45 50

Output Power (W)
Figure 11 — DC-DC Efficiency vs. Load.
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9.5 No-load Input Power

0.15

0.14
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Input Voltage (VAC)

Figure 12 — Zero Load Input Power vs. Input Line Voltage, Room Temperature, 50 Hz.

Note: No-load input power can be optimized below <100 mW by reducing the bias supply
for the C pinof UT1to 8 V.
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9.6 Available Standby Output Power

The chart below shows the available output power vs line voltage for an input power of
1W,2Wand 3 W.

3
2.45 W for 3 W input at 230 VAC
25 —— = =
—
S 2
o 1.6 W for 2 W input at 230[VAC
= T =
§15 —0.3 W Line
— =8=2.0 W Input
a —%=3.0 W Input
5 1 0.5 W Input
@) | 0.754 W for 1 W input at 230 VAC =+=1.0 W Input
0.5 0.328 Wifor 0.5 Winput at 230 VAC
0

80 100 120 140 160 180 200 220 240 260
Input Voltage (VAC)

Figure 13 — Available Standby Output Power.
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9.7 Regulation

9.7.1 Load
5.2
5.1
6‘ =+=Vin =115 VAC
<>E =#=Vin =230 VAC
~ =+\/in = 380 VDC
o 5.1
o
2L\
o
>
= 5.0 o o 3 0 ' |
=
S
O
5.0
4.9
0 1 2 3 4 5 6 7 8 9 10
Output Current (A)
Figure 14 — Load Regulation, Room Temperature.
Power Integrations, Inc.
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9.7.2 Line

5.2

o
-_—
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-_—

o
o
3

b

p

b
3

Output Voltage (VAC)
(¢)]
o

4.9

4.9
85 105 125 145 165 185 205 225 245 265

Input Voltage (VAC)

Figure 15 — Line Regulation, Room Temperature, Full Load.
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10 Thermal Performance
The major semiconductors and output capacitors thermal data were taken using a
thermal imaging camera. The power supply was tested at open frame, room temperature,

and at 90 VAC, 50 Hz.
Notice that the temperature of U1 (TOP267EG) is relatively low. This indicates the size of

the heatsink can be reduced for lower cost.

& SFLIR

09-11-03

$FLIR

09-11-03

88.8°C = <$FLIR
e=0.97 ' 09-11-03

15:44

09-11-03
15:46

09-11-03
15:45

23 s 5

Output Capacitor (C10): 64°C Output Cabacitor (C9): 67.5°C
Figure 16 — Critical Components Thermal Scan.
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11 Waveforms

11.1 Drain Voltage and Current, Normal Operation

2009-11-65 11:31:08 500k MOrmal 2009-11-65 11:32:53 sook  Normal
Stopped 3 9 S00MS/s  ZHsAdiv Stopped 3y ? SOOMS/s  ZpsAliv

fax (C3) 1.458330 Hax (C3) 1.250000

Hax (C4) 350.000V Max (C4) 6Z23.3070
Figure 17 — 85 VAC, Full Load. Figure 18 — 265 VAC, Full Load.
Upper: IDRAINa 0.5 A/ div. Upper: IDRAIN: 0.5 A/ div.
Lower: VDRAIN: 100 V / div. Lower: VDRAlNa 100 V / div.
2009-11-06 14:51:19 soox  NOrmal

Stopped 17 D06M3/S  Zusdlin

F

i

Max (€3 1.229170
Max (C4) 6535.807V

Figure 19 — 380 VDC, Full Load.
Upper: Ipran, 0.5 A/ div.
Lower: Vpran, 100 V / div.
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11.2 Output Voltage Start-up Profile

2009,11-05 16:29:48 ook Mormal
Stopped 7 4 ZMS/s  20nskliv

ax (C1) 5.041670
Hax (C4) 172.3960

Figure 20 — 115 VAC, Full Load.
Upper: Vour, 1V / div.
Lower: V|, 100 V / div.

2009,11,05 10:37:32 oo Normal
Stopped 7 1 2MS/S  20msitiv

ax (C1) 5.041670
Max (C4) 336.4580

Figure 22 — 230 VAC, Full Load.
Upper: VOUTa 1V /div.
Lower: V |y, 200 V / div.

2009,11-05 16:36:55

ook Mormal

Stopped 7 5

ZHS/s  20mMsfliv

ax (C1) 5.16667U
Hax (C4) 17Z2.396V

Figure 21 — 115 VAC, No-load.
Upper: Vour, 1V / div.
Lower: Vi, 100 V / div.

2009-11-05 10:39:11

Normal

Stopped 7 3

ZH3/8  20M5Aiv

ax (C1) 5.12566U

Max (C4) 336.458V
Figure 23 — 230 VAC, No-load.
Upper: VOUT1 1V /div.
Lower: V|y, 200 V / div.
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2009-11,06 12:07:25 ook Mormal
Stopped p| 1HS/s  5OnsAliv

ax (C1) 5.06641V
Max (C4) 398.302V

Figure 24 — 380 VDC, Full Load.
Upper: Vout, 1V / div.
Lower: Vi, 100 V / div.

20091106 12:08:30 ook Normal
Stopped | 1HS-s  5OnsAliv

ax (C1) 5.14974U
Max (C4) 398.307V

Figure 25 — 380 VDC, No Load.
Upper: Vour, 1V / div.
Lower: Vi, 100 V / div.
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11.3 Drain Voltage and Current Start-up Profile

20069-11-65 11:35:27
Stopped 1 T

ook Mormal
SHS/S  10M54liv

ax (C1) 5.04167V
Max (C4) 623.30V

Figure 26 — 264 VAC, Full Load Start-up.
Upper: Vour, 1V / div.
Lower: VDRAIN- 100 V / div.

2009/11/06 12:05:18 Normal
Stopped 71 10MS/S  Sn3Aiv

ax (C1) 5.066410
Max (C4) 606 .641U

Figure 28 — 380 VDC, Full Load Start-up.
Upper: Vour, 1V / div.
Lower: Vpran, 100 V / div.

2009-11-65 11:36:32
Stopped 1 ]

ook Normal
SMS/S  10m5Aliv

| EEneE

ax (C1) 5.04167V
Max (C3) 1.29167V

Figure 27 — 264 VAC, Full Load Start-up.
Upper: Vour, 1V / div.
Lower: IDRAIN; 5 A /div.

20091106 12:12:34 ook Normal
Stopped 71 10HS/S 53

ax (C1) 5.066410
Max (C3) 1.250000

Figure 29 — 264 VAC, Full Load Start-up.
Upper: Vour, 1V / div.
Lower: Iprain, -5 A/ div.
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11.4 Load Transient Response

2009,11,85 12:19:01 [t

psook  Mormal 2009,11,05 12:17:59 | soox Normal
Stopped 77 1 ZOMS,s  Znsfliv Stopped 29

T ZOMS/S  ZMSAtiv

3

4

Hax (C1)  125.006nU ' ' ax (C1) 116.667m0
Min (C1) -179.167nU

Min (C1) -129.167mU
Figure 30 — 115 VAC, 50 Hz: 75% <> 100%. Figure 31 — 230 VAC, 50 Hz: 75% «> 100%.
Upper: Vour (ac courLepy, 100 mV / div.

Upper: Vour (ac coupLen), 100 mV / div.
Lower: louT, 2 A/ div. Lower: loyr, 2 A/ div.

2009/11/66 12:29:01 [ soox  Normal
stopped 78 7 20MS/S  2nsAliv

B s S LTI e T LT RLLEL IELEILRRLt SELRRLEIL SERERN ST

P-P (C1) 366.667mMU Max (C3) 1.00833V
Max (C1) 156.641mV Min (C3) ?733.333mV

Min (C1) -210.026mY
P-P (C3) 275.000mY

Figure 32 — 380 VDC, 50 Hz: 75% «> 100%.

Upper: Vour (ac coupLepy, 100 mV / div.
Lower: loyr, 2 A/ div.
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11.5 Output Ripple Measurements

11.5.1 Ripple Measurement Technique

For DC output ripple measurements, a modified oscilloscope test probe must be utilized
in order to reduce spurious signals due to pickup. Details of the probe modification are
provided in the figures below.

The 4987BA probe adapter is affixed with two capacitors tied in parallel across the probe
tip. The capacitors include one (1) 0.1 uF/50 V ceramic type and one (1) 1.0 uF / 50 V
aluminum electrolytic. The aluminum electrolytic type capacitor is polarized, so proper
polarity across DC outputs must be maintained (see below).

Probe Ground

Figure 34 — Oscilloscope Probe with Probe Master (www.probemaster.com) 4987A BNC Adapter.
(Modified with wires for ripple measurement, and two parallel decoupling capacitors added)

g Power Integrations, Inc.
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11.5.2 Measurement Results

2009,11,65 12:32:32 0ok
Stopped 16 1

Normal
500MS/s

SHsAliv

PP (C1) ZZ.5000m0
Max (C1) 14.4792Zmy
Hin (C1) -8.92083nY

Figure 35 - 115 VAC: 5 ps / div.

2009/11,05 12:33:42 [
Stopped 41 7

Normal
S06MS/S  SHsfie

S ank

P=F (C1J Z1.6667n0
Max (C1) 12.8125my
Min (C1) -8.85417my

Figure 37 — 230 VAC: 5 us / div.

2009-11-06 12:22:51 00k

Nornal
500MS/s  SusAliv

Stopped 17

T CD) B7.500000
Max (C1) 32.4870ny
Hin (C1) -55.8130nV

Figure 39 — 380 VDC: 5 us / div.

2009,11,-65 12:31:03 0ok
Stopped 14 ]

16M5 /s

Normal

SmsAliv

PP (CD) 76.8333m0
Max (C1) d42.4479my
Min (C1) -28.3854ny

Figure 36 — 115 VAC: 5 ms / div.

2009-11-05 12:34:51 0ok
Stopped 13 1 16M5./s

Normal

Smsfliv

—P (C1) 5Z.6833mU
Hax (C1) 27.8646mU
Hin (C1) -24.2188mV

Figure 38 — 230 VAC: 5 ms / div.

20091106 12:21:36 ook

Norma
16M3/s

1
S5l

Stopped 34

P CD 1291670
Max (C1) 64.3740ny
Hin (C1) -64.1927nV

Figure 40 — 380 VDC: 5 ms / div.
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12 Control Loop Measurements

12.1 115 VAC

== N
WU :
RN “aili N
.% | o %
O | @

60
180

10 Frequency 100k

Figure 41 — Gain-Phase Plot, 115 VAC, Maximum Steady State Load.
Vertical Scale: Gain = 10 dB / div., Phase = 30 °/ div.
Crossover Frequency = 2.51 kHz, Phase Margin = 75°.

12.2 230 VAC

(== Gain: 10 BI0VAC FL
8 st [T I
5 o
8 {0 B
™
o TE T T T8
© E ki
10 Frequency 100 k

Figure 42 — Gain-Phase Plot, 230 VAC, Maximum Steady State Load.
Vertical Scale: Gain = 10 dB / div., Phase = 30 °/ div.
Crossover Frequency = 3.17 kHz, Phase Margin = 63.9°.
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