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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.

Design Reports contain a power supply design specification, schematic, bill of materials,
and transformer documentation. Performance data and typical operation characteristics
are included. Typically only a single prototype has been built.
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1 Introduction

This document is an engineering prototype report describing a 20W power supply utilizing
a TOP247Y. This power supply will be used in a cook top application where the
maximum ambient temperature can reach 105C.

The document contains the power supply specification, schematic, bill-of-materials,
transformer documentation, printed circuit layout, and performance data.

Figure 1 — Populated Circuit Board Photograph.
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2 Power Supply Specification
Description Symbol | Min Typ Max | Units Comment
Input
Voltage Vin 85 265 VAC 2 Wire —no P.E.
Frequency fLinE a7 50/60 64 Hz
No-load Input Power (230 VAC) 0.3 W
Output
Output Voltage 1 VouTt1 12 \Y +5%
Output Ripple Voltage 1 VRiPPLEL 50 mV 20 MHz bandwidth
Output Current 1 lout1 0.25 1.25 A
Output Voltage 2 VouT2 -14 \Y +10%
Output Ripple Voltage 2 VRiPPLE2 100 mV 20 MHz bandwidth
Output Current 2 louT2 0.05 0.4 A
Total Output Power
Continuous Output Power Pout 20.6 W
Peak Output Power 40 W
Efficiency n 85 % Measured at Poyr (20.6 W), 25 °C
Environmental
Conducted EMI Meets CISPR22B / EN55022B
Designed to meet IEC950, UL1950

Safety Class Il

1.2/50 ps surge, IEC 1000-4-5,

Series Impedance:
Surge TBD kv Differential Mode: 2 Q
Common Mode: 12 Q

100 kHz ring wave, 500 A short

Surge TBD kv circuit current, differential and
common mode

Ambient Temperature Tams 0 105 °C Free convection, sea level

Page 5 of 27

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



April 20, 2005

105C Dual Output Cook top Power Supply

DER-53

NOD

“ i
A0l = 40 Al %
810 an gy
zhy
uz 92 AG %
y ¢ 00k %6z
gmw_i 1ErL BrLyh L METLD DTor
, 1EE: £n iffs| g
xm\mw 0y & alx|s
e 05 METID ir 7z
| [ W_ I
duont 0iF ALTTADL =
1o oy A0S n PO ST, 4
MEZLD | 4l ra £Q
Ale 51D
MR ey ¥ 2 04180 Hmw%zﬁ 5
o J I R . 5
EW.NM "
£ o
51T
ADar o 077 e -
£ E; o 2o = e 7
\(<|A _ ]
ADDS @ LIEmL w/m_m ENOD
Jupz 1 ’ zr
Dmmmm 500F4N =
HEE 3 ¥ £d 1
A5 H o R
%bmmﬁ oo . i Al [ L G
a9 A0 e . S
Hwa 70 5 gy ©
ﬁ_ﬂ 72 LO7SN ) L L0kl o =
. [ 1
vi0 @ APT- A A58 L S za 1 m
7 U0} 4n oo AGE AL | || e vonid s S
- ¢l 4n oo} %82 iy %)
T ELD s £ 4]
7 HNEE H H 10030ZH3H j ?__
T (UIIV i | T 3
¥G2'T @ AZT+ a0 H o
4 WA 052 =
oL L — o
T
98 4d0p duze
82 k)
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4 Circuit Description

The schematic in Figure 2 shows an off-line Flyback converter using the TOP247Y. The
circuit is designed for 85 VAC to 265 VAC input and provides two outputs; +12V @ 1.25A
and -14V @ 0.4A.

4.1 Input EMI Filtering

Capacitor C1 and the leakage inductance of L1, filter differential-mode conducted EMI.
Inductor L1 acts to reduce common-mode conducted EMI.

4.2 TOPSwitch Primary

The discrete full bridge rectifier bridge comprised of D1-D4 and C2 provide a high voltage
DC BUS for the primary circuitry. C3 bypasses the high voltage DC rail. Resistor R1
provides damping that reduces mid-frequency conducted EMI. The DC rail is applied to
the primary winding of T1. The other side of the transformer primary is driven by the
integrated MOSFET in Ul. Diode D6 and D5 clamp leakage spikes generated when the
MOSFET in U1l switches off. Capacitor C4 reduces the operating temperature of D5 by
bypassing the leading edge of the primary leakage spike away from D5. Resistor R2
provides damping to reduce drain ringing. Resistor R3 sets the low-line turn-on threshold
to approximately 69 VAC, and also sets the over voltage shutdown level to approximately
320 VAC. R4 sets the U1 current limit to approximately 40% of its nominal value. This
limits the output power delivered during fault conditions. C5 bypasses the U1 CONTROL
pin. C6 has 3 functions. It provides the energy required by U1 during startup, sets the
auto-restart frequency during fault conditions, and also acts to roll off the gain of U1 as a
function of frequency. R5 adds a zero to stabilize the power supply control loop. Diode
D7 and C19 provide rectified and filtered bias power for U2 and U1.

4.3 Output Rectification

The output of T1 is rectified and filtered by D8, C10-C11 and D9, C14. Inductor L2 (L3),
C12 (C15), and C13 (C16) provide additional high frequency filtering. Resistor R6 (R7)
and C8 (C9) provide snubbing for D8 (D9). Choosing the proper snubber values is
important for low zero-load power consumption and for high frequency EMI suppression.
The snubber components were chosen so that the turn-on voltage spike at the D8 (D9)
anode is slightly under-damped. Increasing C8 and reducing R6 will improve damping
and high frequency EMI, at the cost of higher zero-load power consumption.

4.4 Output Feedback

Resistors R11 and R12 divide down the supply output voltage and apply it to the
reference pin of error amplifier U3. Shunt regulator U3 drives Optocoupler U2 through
resistor R6 to provide feedback information to the U1 CONTROL pin. The Optocoupler
output also provides power to U1 during normal operating conditions. Diode D10 and C18
apply drive to the Optocoupler during supply startup to eliminate output voltage
overshoot. Diode D10 isolates C18 from the supply feedback loop after startup. Resistor
R9 discharges C18 when the supply is off.

Power Integrations E
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Components C6, C17, R5, R10 and R8 all play a role in compensating the power supply
control loop. Capacitor C6 rolls off the gain of U1 at relatively low frequency. Resistor
R5 provides a zero to cancel the phase shift of C6. Resistor R8 sets the gain of the direct
signal path from the supply output through U2 and U3. Components C17 and R10 roll off
the gain of U3

Power Integrations g
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5 PCB Layout

Figure 3 — Printed Circuit Layout.
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6 Bill Of Materials
Iltem QTY Part Reference Mfg Part Number Description Mfg Value
1 1 C1 ECQ-U2A224ML 220nF, 275 VAC, Film, X2 Panasonic 220nF
220uF, 450V, Electrolytic, Gen.
2 1 cC2 UVZ2G221MRD Purpose Nichicon 220uF
3 1 C3 5GASS20 20nF, 500 V, Disc Ceramic Vishay 20nF
4 1 C4 ECK-D3A472KBN 4.7nF, 1 kV, Disc Ceramic Panasonic 4.7nF
5 4 C5Cl1l3Cl6C17 ECU-S1H104KBB 100nF, 50 V, Ceramic, X7R Panasonic 100nF
47uF, 16 V, Electrolytic, Gen.
6 1 C6 KME16VB47RM5X11LL Purpose, (5 x 11) United Chemi-Con 47uF
7 1 C7 440LD22 2.2nF, Ceramic, Y1 Vishay 2.2nF
Cc8C9 NCD471K1KVY5F 470pF, 1 kV, Disc Ceramic NIC Components Corp 470pF
1000uF, 35V, Electrolytic, Low
9 2 cCiocia LXZ35VB102MK25LL ESR, 30mOhm, (12.5 x 25) United Chemi-Con 1000uF
100uF, 35V, Electrolytic, Gen.
10 2 Clz2cC15 KME35VB101M6X11LL Purpose, (8 x 11.5) United Chemi-Con 100uF
470uF, 35V, Electrolytic, Very
11 1 Cl4 KZE35VB471MJ20LL Low ESR, 23mOhm, (10 x 20)  United Chemi-Con 470uF
10uF, 50 V, Electrolytic, Gen.
12 1 cC18 KME50VB10RM5X11LL Purpose, (5 x 11) United Chemi-Con 10uF
1uF, 50 V, Electrolytic, Gen.
13 C19 KMG50VB1ROM5X11LL Purpose, (5 x 11) United Chemi-Con 1uF
14 4 D1D2D3D4 1IN5407 800V, 3 A, Rectifier, DO-201AD Vishay 1N5407
200V, 5W, 5%, DO204AC
15 1 D5 P6KE200A (DO-15) Vishay P6KE200A
600 V, 1 A, Ultrafast Recovery,
16 1 D6 UF4005 75 ns, DO-41 Vishay UF4005
75V, 300mA, Fast Switching,
17 2 D7D10 1N4148 DO-35 Vishay 1N4148
60V, 20 A, Dual Schottky, TO-
18 D8 MBR2060CT 220AB Vishay MBR2060CT
19 D9 SB580 80V, 5 A, Schottky, DO-201AD Vishay SB580
20 F1 3,701,315,041 3.15 A, 250V,Fast, TR5 Wickman 3.15A
CONN HEADER 4POS(1 X 4)
21 1 A 26-48-1045 .156 VERT TIN Molex CON4
CONN HEADER 3POS(1 X 3)
22 1 J2 26-48-1031 .156 VERT TIN Molex CON3
9.5mH, 1.2 A, Common Mode
23 1 L ELF18NO12A Choke Panasonic 9.5mH
24 1 L2 ELCO8D3R3E 3.3uH, 5.7 A Panasonic 3.3uH
25 1 L3 822LY-3R3M 3.3uH, 2.66 A Toko 3.3uH
26 1 R1 CFR-25JB-2R2 2.2 R, 5%, 1/4 W, Carbon Film Yageo 2.2
27 1 R2 CFR-50JB-68K 68 k, 5%, 1/2 W, Carbon Film  Yageo 68 k
28 1 RS3 CFR-50JB-2M2 2.2 M, 5%, 1/2 W, Carbon Film Yageo 22M
29 1 R4 MFR-25FBF-13K0 13 k, 1%, 1/4 W, Metal Film Yageo 28 k 1%
30 1 R5 CFR-12JB-6R8 6.8 R, 5%, 1/8 W, Carbon Film Yageo 6.8
31 2 R6R7 CFR-25JB-33R 33 R, 5%, 1/4 W, Carbon Film  Yageo 33
32 1 RS8 CFR-12JB-470R 470 R, 5%, 1/8 W, Carbon Film Yageo 470
33 1 R9 CFR-12JB-15K 15 k, 5%, 1/8 W, Carbon Film  Yageo 15k
34 1 RI10 CFR-12JB-3K3 3.3k, 5%, 1/8 W, Carbon Film  Yageo 3.3k
35 1 RI11 MFR-25FBF-38K3 38.3k, 1%, 1/4 W, Metal Film  Yageo 38.3k
36 1 RI12 MFR-25FBF-10K0 10 k, 1%, 1/4 W, Metal Film Yageo 10 k
37 1 R13 CFR-12JB-1K0 1k, 5%, 1/8 W, Carbon Film Yageo 1k
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RT1 CL150 NTC Thermistor, 5 Ohms, 4.7 A Thermometrics 5 ohm

RV1 V275LA20A 275V, 75 J, 14 mm, RADIAL Littlefuse 275Vac
Bobbin, EER35, Vertical, 14

T1 YC-3508 pins Ying Chin EER35
TOPSwitch-GX, TOP247Y,

Ul TOP247Y TO220-7C Power Integrations TOP247Y
Opto coupler, 35V, CTR 300-

u2 ISP817D, PC817X4 600%, 4-DIP Isocom, Sharp PC817D
2.495 V Shunt Regulator IC,

U3 TL431CLP 2%, 0 to 70C, TO-92 Texas Instruments TL431

Power Integrations g
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7 Transformer Specification
7.1 Electrical Diagram
171
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Figure 4 —Transformer Electrical Diagram
7.2 Electrical Specifications
Electrical Strength 1 second, 60 Hz, from Pins 1-7 to Pins 8-14 3000 VAC

Pins 1-4, all other windings open, measured at 66
kHz, 0.4 VRMS

Pins 1-4, all other windings open

Pins 1-4, with Pins 8-14 shorted, measured at

66 kHz, 0.4 VRMS

Primary Inductance 683 uH, -/+10%
500 kHz (Min.)

4 pH (Max.)

Resonant Frequency

Primary Leakage Inductance

7.3 Materials

Iltem Description
[1] Core: EER35 PC40 or equivalent, Al=124nH/T*

[2] Bobbin: Yin-Ching P/N: YC-3508 14-pin

[3] Magnet Wire: #25 AWG Heavy Build

[4] Magnet Wire: #26 AWG Heavy Build

[5] Tape: 3M Tape
[6] Varnish

Power Integrations
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7.4 Transformer Build Diagram
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0000000000000
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W1 - Finish pin 3!
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) \
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/
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3mm 3mm
Margin Margin
Tape Tape

Figure 5 — Transformer Build Diagram.

7.5 Transformer Construction

Bobbin Preparation

Pull Pin 9 on bobbin [2] to provide polarization. Bobbin pin-out is shown
below.

Apply 3 mm wide margin to both sides of bobbin using item [5]. Match

Margin Tape height of primary and bias windings.
% Primary Start at Pin 4. Wind 37 turns of #25 AWG in 1 layer, finish on Pin 3.
Basic Insulation Use one layer of tape [5] for basic insulation.
Bi - Starting at Pin 6, wind 9 quadfilar turns of #25 AWG. Spread turns evenly
ias Winding

across bobbin width. Finish on Pin 7.

Basic Insulation

Use three layers of tape [5] for basic insulation.

Secondary Winding

Start at Pins 10 and 11. Wind 12 trifilar turns of #25 AWG uniformly on a
single layer. Finish on Pin 8.

Basic Insulation

Use three layers of tape [5] for basic insulation.

Secondary Winding

Start at Pins 13 and 14. Wind 10 quadfilar turns of #25 AWG uniformly on
a single layer. Finish on Pins 10 and 11.

Start at Pin 1. Wind 11 quadfilar turns of #26 AWG in 1 layer, finish on

Shield Winding Pin 5
% Primary Start at Pin 3. Wind 37 turns of #25 AWG in 1 layer, finish on Pin 1.
Outer Wrap Wrap windings with 3 layers of tape [5].

Final Assembly

Assemble and secure core halves so that the tape wrapped E core is at
the bottom of the transformer. Dip varnish cores.

Page 13 of 27
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7.6 Bobbin Drawing
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7.7 Transformer Spreadsheets

A B D [ G 1
ACDC_TOPSwitchGX_032204; Rev.1.9;
Copyright Power Integrations Inc. 2004 TOP_GX_FX_032204.xls: TOPSwitch-GX/FX Continuous/Discontinuous Flyback
INPUT INFO | OUTPUT |UNIT Transformer Design Spreadsheet

ENTER APPLICATION VARIABLES soktop 105C TOP248Y EER35 66kHz

VACMIN 85 Volts Minimum AC Input Voltage

VACMAX 265 Volts Maximum AC Input Voltags

fL 50 Hertz AC Mains Freguency

VO 12 Volts Output Voltage

PO 20.768 \Watts Qutput Power

n 073 Efficiency Estimate

z 0.5 Loss Allocaticn Factor

VB 12 Volts Bias Voltage

1C 3 |mSeconds | Bridge Rectifier Conduction Time Estimate

CIN 220 UFarads Input Filter Capacitor

ENTER TOPSWITCH-GX VARIABLES

TOP-GX top247 Universal | 115 Doubled/230V

Chosen Device TOF247 Fower Out | 125W 165W

Kl 0.4 External llimit reduction factor (KI=1.0 for default ILIMIT, Kl <1.0 for lower ILIMIT,
ILIMITMIN 1.296 |Amps Use 1% resistor in setting external ILIMIT

ILIMITMAX 1.584 |Amps Use 1% resistor in setting external ILIMIT

Frequency - (F)=132kHz, (H)=66kHz h Half (H) frequency option - G6kHz

S S6000|Hertz TOPSwitch-GX Switching Frequency. Choose between 132 kHz and 66 kHz
f8min §1500|Hertz TOP3witch-GX Minimum Switching Frequency

f8max T0500|Hertz TOPSwitch-GX Maximum Switching Frequency

VOR 3.5 Volts Reflected Output Voltage

VDS 10 Volts TOPSwitch on-state Drain to Source Voltags

VD 08 Volts Output Winding Diode Forward Voltage Drop

VDB 07 Wolts Bias Winding Diede Forward Voltage Drop

KP 1.038 Ripple to Peak Current Ratio (0.4 < KRP < 1.0: 1.0< KDP<6.0]
ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES

Core Type eerds

Core EER35 PN PC40EER35-Z

Bobbin EER35 BOBBIN PN BEER-35-1116CPH

AE 1.07|em*2 Core Effective Cross Sectional Area

LE 9.08)cm Core Effective Path Lenath

AL 2770 NHIT*2 Ungapped Core Effective Inductance

BW 26.1|mm Babbin Physical Winding Width
|1 3 |£nm Safety Margin Width (Half the Primary to Secondary Creepage Distance
L 1.4 Number of Primary Layers

NS 10 MNumber of Secondary Turns

DC INPUT VOLTAGE PARAMETERS

VMIN 112|Volts Minimum DC Input Voltage

VIMAX 375 Volts Maximurn DC Input Voltage

CURRENT WAVEFORM SHAPE PARAMETERS

DMAX 0.47] Maximurn Duty Cycle

1AVG 0.25|Amps Average Primary Current

IP 1.08|Amps Peak Primary Current

IR 1.08|Amps Primary Ripple Current

IRMS 0.43]Amps Primary RMS Current

TRANSFORMER PRIMARY DESIGN PARAMETERS

LP 684|uHenries | Primary Inductance

NP 7d Primary Winding Number of Turns

NE 10 Bias Winding Number of Turns

ALG 124|nHT"2 Gapped Corg Effective Inductance

BM 932| Gauss Maximum Flux Density at PO, VMIN (BM<3000]

BP 1365| Gauss Peak Flux Density (BP<=4200)

EAC 466|Gauss AC Flux Density for Core Loss Curves (0.5 X Peak 1o Peak)
ur 1871 Relative Parmeability of Ungapped Core

LG 1.03|mm Gap Length (Lg = 0.1 mm)

BWE 28.14|mm Effeclive Bobbin Width

oD 0.38|mm Maximum Primary Wire Diameter including insulation

INS 0.06|mm Estimated Total Insulation Thickness (= 2 * film thickness)
DIA 0.32)mm Bare conductor diameter

AWG 29| AWG Primary Wire Gauge (Rounded to next smaller standard AWG value)
CcM 128|Cmils Bare conductor effective area in circular mils

CMA 300{CmilsiAmp | Primary Winding Current Capacity (200 < CMA < 500)
TRANSFORMER SECONDARY DESIGN PARAMETERS (SINGLE OUTPUT / SINGLE OUTPUT EQUIVALENT)

Lumj rameters. |

ISP | | | 8.03|Amps. Peak Secondary Current
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A B D E G |
ISRMS 3.32[Amps Secondary RMS Current
10 1.73|Amps Power Supply Output Current
IRIPPLE 2.83|Amps Qutput Capacitor RMS Ripple Current
CM8 664 |Cmils Secondary Bare Conductor minimum circular mils
AWGS 21| AWG Secondary Wire Gauge (Rounded up to next larger standard AWG value)
DIAS 0.73|mm Secondary Minimum Bare Conductor Dismeter
oDs 2.0 an Secondary Maximum Qutside Diameter for Triple Insulated Wire
INSS 0.64|mm Maximum Seccndary Insulation Wall Thickness
VOLTAGE STRESS PARAMETERS
VDRAIN 591|Volts Maximum Drain Voltage Estimate {Includes Effect of Leakage Inductance)
PIVS 63| Volts Output Rectifier Maximum Peak Inverse Voltage
PIVB 63| Velts Bias Rectifier Maximum Peak Inverse Voltage
TRANSFORMER SECONDARY DESIGN PARAMETERS (MULTIPLE QUTPUTS)
1st output
Vo1 12.0 Volts Qutput Vollage
101 1.250 Amps Output DC Current
PO1 15.00 |Watts Output Power
VD1 08 Volts Qutput Diode Forward Voltage Drop
NS1 10.00 Qutput Winding Number of Turns
ISRMS1 2.396 |Amps Output Winding RMS Current
IRIPPLE1 2.04|Amps Qutput Capacitor RMS Ripple Current
PIVS1 63| Volts Qutput Rectifier Maximum Peak Inverse Vollage
CMS1 479|Cmils Qutput Winding Bare Conductor minimum circular mils
AWGS1 23| AWG Wire Gauge (Rounded up to next larger standard AWG valug)
DIAST 0.58|mm Minimum Bare Conductor Diameter
ODs1 2.01 |£nm Maximum Qutside Diameter for Tripls Insulated Wire
2nd output
Vo2 14.4 Volts Qutput Vollage
102 0.400 Amps Qutput DC Current
PO2 &.77 |Watts Qutput Power
VD2 a7 Volts Qutput Diode Forward Voltage Drop
NS2 12.00 Output Winding Number of Turns
ISRM32 0.767 |Amps Output Winding RMS Current
IRIPPLEZ2 0.65|Amps Output Capacitor RMS Ripple Current
PIVS2 75|Volts Qutput Rectifier Maximum Peak Inverse Voltage
CMS2Z 153|Cmils Output Winding Bare Conductor minimum circular mils
AWGS2 28| AWG Wire Gauge (Rounded up to next larger standard AWG value)
DIAS2 0.32|mm Minimum Bare Conductor Diamster
oDSs2 1.68|£nm Maximum Qutside Diameter for Triple Insulated Wire
3rd output
VO3 a0 Volts Output Vollage
103 0.000 Amps Qutput DC Current
PO3 0.00 |Watts Output Power
VD3 Q.0 Volts Qutput Diode Forward Voltage Drop
NS3 0.00 Output Winding Number of Turns
ISRMS3 0.000 |Amps Output Winding RMS Current
IRIPPLE3 0.00|Amps Qutput Capacitor RMS Ripple Current
PIVS3 0fVolts Output Rectifier Maximum Peak Inverse Voltage
CMS3 0|Cmils Qutput Winding Bare Conductor minimum circular mils
AWGS3 #NUM!  |AWG Wire Gauge (Rounded up to next larger standard AWG valug)
DIAS3 #NUM!  Imm Minimum Bare Conductar Diameter
0DS3 #DIV/O!  [mm Maximum Outside Diameter for Triple Insulated Wire
Total power 20.768| Watts Total Power for Multi-output section
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8 Performance Data
All measurements performed at room temperature, 60 Hz input frequency.

8.1 Efficiency

90.00%
89.00%

88.00%

87.00%

86.00%

85.00%
84.00%

/N
=& Full Load (21W)
—@— 2 X Full Load (42W)

Efficiency (n)

JA

i
/
83.00% //

82.00%

81.00%

80.00% ; ;
50 100 150 200 250 300

Input Voltage (VAC)

Figure 6 - Efficiency vs. Input Voltage, Room Temperature, 60 Hz.

8.2 Minimum Load Input Power

. o
/
/
/

e
—_

50 100 150 200 250 300
Input Voltage (VAC)

o
o
\

Input Power (W)
o o
w S

o
N

o1
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Figure 7 - Input Power vs. Input Line Voltage, Room Temperature, 60 Hz.
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8.3 Regulation

8.3.1 Load
120.00%
_115.00%
IS
> 110.00%
(&)
& 105.00% — — —
(]
© 100.00% A = +* 4 A
g 95.00% —h—+12V @ 120VAC
8 90.00% —8—-14V @ 120VAC
> —&— +12V @ 240AC
x 8500% -14V @ 240VAC
80.00%
y mj m m
,7/0‘30’ n *12/,” '3*\’172,77 ‘3)($12/,h /0,30,
'3’“14 N . Qe 2
Load Condition
Figure 8 — Load Regulation, Room Temperature.
8.3.2 Line
105.00%
104.50% —— e
__ 104.00%
O\D
< 103.50%
(8]
S 103.00%
(3]
S 102.50% —a—+12V Output
S 102.00% —&—-14V Output
< 101.50%
g
¢ 101.00%
100.50% ¢ ¢ & *
100.00% ;
50 100 150 200 250 300
Input Voltage (VAC)

Figure 9 — Line Regulation, Room Temperature, Full Load.
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9 Thermal Performance

Unit was placed into a box in a thermal chamber at 105°C and allowed to reach thermal
equilibrium. The unit was placed in a box to prevent any airflow from the thermal chamber
fan from reaching the unit. Thermocouples were placed on the TOPSwitch, output
rectifier and transformer. At full rated load the unit does not have any appreciable

temperature rise over the ambient.

Temperature (°C)

Iltem 115VAC | 230VAC
Ambient 105 105
Transformer (T1) 109 105
TOPSwitch (U1) 105 105
Rectifier (D8) 105 105
Capacitor (C10) 105 105
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10 Waveforms

10.1 Drain Voltage and Current, Normal Operation

2004709708 D7:27:45
Stopped ]

NORM:Z00MS /5 bus /div

(5us /div)

Figure 10 - 85 VAC, Full Load.
Upper: Ipran, 0.5 A/ div
Lower: VDRAIN! 100 V, 5 us / div

10.2 Output Voltage Start-up Profile

2004/09/08 07:24:12 NORM:ZOMS /s bms/div
Stopped i (5ms /div)
 +12VDC
ar|:

CH1: ON
100v/div - 100:1
DC ov

CH2: ON
10mY /div 1
DC 0.0000¥

CH4: OFF
BY Adiv 101
DC 0.00¥

Record Length
Main: 10K
Zoom: 10K

Filter
Smoothing: ON
BW. 20MHz

Trigger
Mode: AUTO
Type: EDGE

Source: CH1 £

CHT: OFF
100 /div 100:1
DC oy

CH2: OFF
10mV Adiv 11

[1]e3 0.0000%

| CHa: ON
5V /div 1011
DC 0.00v

~—
~ -14VDC
5V/div

Figure 12 - Start-up Profile, 85VAC
2V, 5 ms/div.

Record Length

Main: ™

Zoom: 1
Filter

Smoothing:  ON

BW: 20mMHz
Trigger

Mode: SINGLE

Type: EDGE

Source: CH3 £

2004/09/08 07:29:16
Y

MORM:Z00MS /5 bus /div

Stopped

(Sus/div)

CHT: OM
200 /div. - 100:1
DC o

CHz: ON

10mV /div 11

DC 0.0000%

CH4: OFF
5V /A div 10:1
DC 0.00v

Record Length

Main: 10K
.| Zoom: 10K

Filter

Smoothing: ON

BW: 20MHz

Trigger

Mode: AUTO

Figure 11 - 265 VAC, Full Load
Upper: Ipran, 0.5 A/ div
Lower: VDRAIN! 200V / diV, 5 us [/ div

2004 /09708 07:25:29
Stopped 3

NORM:Z0MS /s  Bms/div

(5ms /fdiv)

| Type:

EDGE
Source: CH1 4

CH1
V/DIV
200 V

+12VDC

CH1: OFF
100% /div 100:1
Dc (1Y

CHZ: OFF
10mV /div 11
Dc 0.0000V

CHa: ON
BV /div 101
Dc 0.00v

Record Length

Main: aL%|

Zoom: it
Filter

Smoothingg ON

BW: 20kHz
Trigger

Mode: SINGLE

Type: EDGE

Source. CH3 £

Figure 13 - Start-up Profile, 265 VAC
2V, 5 ms/div.
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10.3 Drain Voltage and Current Start-up Profile

2004/09/08 07:31:57 NORM:200MS/s  1ms/div 2004/09/08 07:47:54 NORM:200MS/s  Ims/div
T T

Stopped ] (1ms /div] Stopped ] (1ms/div)

: : : CH1: ON : : : CH1: ON
100¥ /div  100:1 200v /div. 10021
DC ov DC (3%
CH2: ON CH2: ON
10mv fdiv 11 10mV Fdiv 11
DC 0.0000v DC 0.0000v
2r| CH4: OFF CH4: OFF
: BV /div 10:1 BV /div 101
DC 0.00% DC 0.00v

Record Length Record Length
2M

Main: 2M : l Main:

Zoom: 2Rl B ! ‘ Zoom: 2M
Filter : { | Filter

Smoothing: ON Smoothing: ON
BW: 20MHz BW: 20MHz
Trigger : Trigger

Mode:  SINGLE = : Mode:  SINGLE
Type: EDGE Type: EDGE

i Source: CH1 £ 1] Source: CH1 £
CH1
Yo'y
Figure 14 - 85 VAC Input and Maximum Load. Figure 15 - 265 VAC Input and Maximum Load.
Upper: Ipramns 0.5 A / div. Upper: lorans 1 A / div.
Lower: Vprain, 100V & 1 ms [ div. Lower: Vprain, 200V & 1 ms / div.

10.4 Load Transient Response (75% to 100% Load Step)

In the figures shown below, signal averaging was used to better enable viewing the load
transient response. The oscilloscope was triggered using the load current step as a
trigger source. Since the output switching and line frequency occur essentially at random
with respect to the load transient, contributions to the output ripple from these sources
will average out, leaving the contribution only from the load step response.

2004 709/08 08:12:23 NORMSMS/s  2ms/div 2004/09/08 08:19:02 NORMEMS/s  2ms/div
1 T

Stopped q (2ms fdiv) Stopped 3 (2ms /div)
: : : : CH1: OFF : : : : CH1: OFF
200 /div  100:1 : : : : 200% fdiv - 100:1
DC oV : : : : DC oy
G & | G i
10mvy /div 1 10mV 7 div 1
DC 0.0000v DC 0.0000%
©|CH4: OFF : . . : CH4: OFF
5V fdiv 10:1 : . : P 5¥ /div 1o
DC 0.00v : : : i DC 0.00v
- PUPRPCISBPpSTESom i S
: : : : Record Length : : : Record Length
aV(3) © 106.0mv | - : : : Main: 100K 4v(3) . B5.00mY : : Main: 100K
B IR R T --| Zoom: 100K Zoom: 100K
Filter : : : : Filter
Smoothing: ON : : : : Smoothing:  ON
.| BWE 20MHz | B 20MHz
Trigger : : : : Trigger
Mode: AUTO : : : : Mode: AUTO
o Type: EDGE e[ B | Type EDGE
= Source: CH3 4 = Source: CH3 4

Figure 16 — Transient Response, 115 VAC, 75-100-  Figure 17 — Transient Response, 230 VAC, 75-100-

75% Load Step. 75% Load Step

Top: Load Current, 200mA/div. Upper: Load Current, 200mA/ div.
Bottom: Output Voltage Bottom: Output Voltage

50 mV, 500 ps / div. 50 mV, 2 ms/ div.
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10.5 Output Ripple Measurements

10.5.1 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 Figure 18 and Figure 19.

The 5125BA 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 19 - Oscilloscope Probe with Probe Master 5125BA BNC Adapter. (Modified with wires for probe
ground for ripple measurement, and two parallel decoupling capacitors added)
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10.5.2 Measurement Results

2004 /09/08 07:20:28 MORM:5MS /5 2ms fdiv 2004/09/08 07:21:53 NORM:5MS /s 2ms fdiv
Stopped q (2ms /div) Stopped q (2ms Fdiv)
: : : : : CHI: OFF : : : : : CHI: OFF
100¥ 7div - 100:1 . . . - - 100V /div  100:1
DC o : : : : : DC ov
................................................. iR e PPN RN SSUTUITTTIU TN - G
10m¥ /div 11 : : : : : 10m¥ 7div 1
DC 0.0000% : : : : : DC 0.0000%
........ Db b g OFF PR SIRSTITEITIPTE NPT IPIPIIIBIT . - OFF
: : : : : 5Y /div 101 - : : : - 5V /div 10:1
DC 0.00¥ . " ¥ - Dc 0.00v
. : : : : Record Length ! : : ¢ : Record Length
a¥(3) 6. 00mY : : : : Main: 100K a¥(3) 6.00mY.___ : : : Main: 100K
e Zoom: 100K : : : : : Zoom: 100K
: : : : : Filter : : : : : Filter
: : : : : Smoothing: ON : : : : : Smoothing: ON
T BW: 20MHz B St S PP SO DS PP PP PPt SO P BW: 20MHz
Trigger : : : : : Trigger
Mode: AUTO : : : : : kode: AUTO
Type: EDGE O O S ST PP S PSPt OO PU PP UL SO PP PPN SRR POURUE SPRPRPONE Type: EDGE
Source: LINE : : : : : Source: LINE

Figure 20 — 12V Ripple, 85 VAC, Full Load. Figure 21 - 12V Ripple, 265 VAC, Full Load.
2 ms, 20 mV / div 2 ms, 20 mV / div
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11 Control Loop Measurements

11.1 85 VAC Input

Mag (c8) | Phase (deg) Mag (d8) [ Phase (deg) Mag (08) [ Phase (deg)
s e o | et L o e
30,000 120.000 30000 ‘ 120000 30,000 \‘ ‘r L 120.000
e am = | o o E—— ; i
o — o e IE==cu o o LS
o B e = FIm P e . 200 I
S=T 50000 -200000 o e N— -180.000
100 1k 10k 1 i L : 100 1k mk'
n 1 m 1 m 1)
= !
Figure 22 - Gain-Phase Plot, Figure 23 - Gain-Phase Plot, Figure 24 - Gain-Phase Plot,
% Load (10W) Full Load (20W) 2X Load (40W)
Scale: Scale: Scale:
Gain = 10 dB/div, Phase = 40 °/div. Gain = 10 dB/div, Phase = 40 °/div. Gain = 10 dB/div, Phase = 40 °/div.
Crossover Frequency = 274Hz Crossover Frequency = 403.7Hz Crossover Frequency = 1.75 kHz Phase
Phase Margin = 46.9° Phase Margin = 75.9° Margin = 16.9°
11.2 265 VAC Input
Mag (@B) [ Phase (deg) Mag (dE) [ Phase (deg) Mag (¢8) [ Phase (deg)
0000 180000 ! By e
s e o e
o [~ foom o [ e =0 o
0.000 T 0.000 0.000 0.000 10,000 40,000
-10.000 = -40.000 -10.000 -40.000 20000 | B 80000
20000 ‘¥/2>—<=®ﬂk 80000 20000 \ { -80000 0000 J e P~ | o
30000 [——=—=—d 120000 -30000 -120 000 40000 = 160,000
-50,000 ~200,000 50,000 200000 100 1k 10k
100 1k 10k 100 Tk 10k ! I
I | [ ]
= !

Figure 25 - Gain-Phase Plot,

% Load (10W)

Scale:

Gain = 10 dB/div, Phase = 40 °/div.
Crossover Frequency = 528.3Hz
Phase Margin = 75.1°

Figure 26 - Gain-Phase Plot,

Full Load (20W)

Scale:

Gain = 10 dB/div, Phase = 40 °/div.
Crossover Frequency = 950.4Hz
Phase Margin = 52.8°

Figure 27 - Gain-Phase Plot,

2X Load (40W)

Scale:

Gain = 10 dB/div, Phase = 40 °/div.
Crossover Frequency = 1.61 kHz
Phase Margin = 69.6°

The power supply has very good stability criteria over the intended operating input
voltage and output power range.
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12 Conducted EMI

A conducted EMI scan of the prototype was taken to determine the effectiveness of the
input filter, transformer construction and layout. The following plots show the Peak
performance of the converter against quasi-peak (QP) and average (AVG) limits of
EN55022 Class B. Both scans were taken at 115VAC/60Hz input with peak load applied
to both output rails.

15:05:33 SEF 23, 2004
e
START BCTY DET: PEAK
158 kHz MEAS DET: PEAK OF AUG

MER 15.18 MH=z
24 .42 dEpV

LOG REF 7E.8 dEpWV
i@ - —
dB/

ATH [k
18 dB

. FRIL LIWMIT =z

wea sl -
SC FC : : :
ACORR|- e

STHRT 1E@ kHz STOFP 268.88 MH=z
#IF BW 9.8 kHz AVE BW 28 kHz SHP 1.48 sec

Figure 28 - Conducted EMI, Maximum Steady State Load (Line)

15 :@6:87 SEP 22, 20884
AT
START ACTY DET: PEAK
158 kH=z MEmS DET: PEAK GF AWG

MER 15.18 MH=z
S3.458 dEpY

LOG REF V5.8 dBEpWY

LFAIL LIMIT 2 0

START 158 kH=z STOP 268 .88 MH=z
#IF BW 9.0 kH=z AVE BMW 268 kH=z SWP 1.48 se

Figure 29 - Conducted EMI, Maximum Steady State Load (Neutral)

Since the peak scan is below the average limits, it is expected that the QP scans would
have greater than 10db of margin below the limits.
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