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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.

E Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 2 of 32



03-April-2001 5 W Universal Input Dual Output Isolated TNY266

1 Introduction

This document presents the specification, schematic & BOM, transformer design, test data, waveforms and
EMI scan for a low cost, dual output (5 Vpc, 12 Vpc), isolated converter for a home appliance application.
The unit has to operate up to 85 °C ambient and to ride through input voltage surges up to 2 kV (config. "1”)
or to 6 kV (config. "2").

The unit is also designed to meet the industry safety and EMI standards. The EMI standard is met with a
low cost transformer (without shield winding and flux band) and low cost input filter (no common mode
choke).

There are different input voltage surge withstand requirements depending upon the geographical area the
white goods are built for. The power supply designer has to choose the level of protection, the voltage level
and the number of surges the unit must survive.

For applications with elevated ambient temperature requiring full power, the heat sink (included in the kit)
has to be soldered to the board in the slot next to U1.

The board is accompanied by a kit that includes a copper heat sink (Fig. 5.2) and the input voltage surge
protection components (R7, R8, RV1) for 6 kV (config. "2”) protection.

For applications requiring 5 Vpc and 24 Vpc, a schematic, BOM and transformer spreadsheet is included in
Appendix A.

2 Power Supply Requirements Specification

Description Symbol Min | Typ | Max | Units Comment

Input

Input Voltage Vac 85 265 Vac 50/60 Hz

Output

Output 1 Voltage Vpc out 10.2 | 12 13.8 \% (12 V+15%)

Output 1 Ripple Voltage VouT RIPPLE 100 150 mV @ full load

Output 1 Current lout 20 200 mA

Output 2 Voltage Vpc out 4.75 5 5.25 \Y, (-5 V£5%)

Output 2 Ripple Voltage VouT RIPPLE 40 50 mV @ full load

Output 2 Current lout 20 500 mA

Power Output

Continuous Output Power Pout 0.3 2.8 w 85° C ambient* inside box
0.3 5.0 w 50° C ambient* inside box

Power supply efficiency n 55 % @ low line, full load

Environmental

Temperature Tave 0 85** °C 6”x6"x4” sealed enclosure

Input Surge Voltage Withstand | config.”1” | +2 kV IEC1000-4-5 (1.2/50 ps)

config.”2” | +6 kV IEC1000-4-5 (1.2/50 ps)
Safety IEC950
EMI-Conducted CISPR22B ***

*The unit was placed in a 6” x 6” x 4” sealed box inside the temperature chamber.
**See Paragraph 4.0.
*** FCC accepts CISPR22B @ 115 Vac in place of FCC limit.

Power Integrations, Inc. E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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3 Schematic
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3.1 Configuration “1” 2 kV
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3.2 Configuration “2” 6 kV
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4 Circuit Description

This circuit was designed for Home Appliance applications. The design for this had three main drivers: low
cost, high ambient temperature operation and input voltage surge withstand.

There are two input protection configurations, "1" (2 kV surge) on page 4 and "2" (6 kV) on page 5.
Configuration "1" has a 33 Q, 3 W fusible resistor (R1) which limits the 2 kV voltage surge current such
that the peak charging voltage on C2 does not exceed the breakdown voltage of U1 (TNY266). R1 also
functions as a fuse, opening any short that might occur on the primary side.
(Pico Il, series 263, Littelfuse or TR5, series 370, Wickmann) can be used (if R1 is unavailable in low
wattage to ensure fusing).

- Configuration "2" has two 47 Q, energy rated resistors (R7, R8), which, along with the varistor RV1,
form a voltage divider. The life of RV1 is endless if its energy rating is not exceeded (see Fig. 8.7.1).
The energy rated resistors R7, R8 are not fusible and the short circuit current being limited (~0.9 A at
85 Vac) by R7, R8 (94 Q), and a 0.5 A fast acting fuse

The efficiency of the 6 kV configuration can be improved at the expense of the total number of 6 kV surges
protection, by reducing the value of R7, R8 up to zero.

Downstream of the input protection circuits, the operation of the two configurations is identical.

In this Home Appliance application (refer to page 4 or 5 of this report), the AC input is rectified and filtered
by D1-D4, C1 and C2 to create a high voltage DC buss which is connected to T1. Inductor L1 forms a pi-
filter in conjunction with C1 and C2. The resistor R2 damps resonance in inductor L1. The frequency jitter in
U1 allows the unit to meet worldwide conducted EMI standards using a simple pi-filter in combination with a
small value Y1-capacitor C4 and a proper PCB layout. The built-in circuitry of U1 practically eliminates the
audio noise permitting the use of ordinary varnished transformers. VR1 and D5 form a clamp circuit that
limits the turn-off voltage spike to a safe level on the U1-DRAIN pin.

The secondary windings are stacked to improve the cross regulation. The 5 V winding is rectified and
filtered by D6, C5 with additional filtering provided by L2, C7 to give the 5 Vpc output. The 5 Vpc output
voltage is determined by the sum of the voltage drops across the optocoupler U2 and the Zener diode VR2.
Resistor R3 (AC gain of the circuit) limits the current through U2, improving its response time. Resistor R4
sets the bias current for VR2. The 12 V winding is rectified and filtered by D7, C6 to provide the 12 Vp¢
output. A minimum loading is necessary on the two outputs to keep them within the specified limits.

The primary-to-secondary isolation is provided by using parts/materials (opto/transformer insulation) with
the correct level of isolation and creepage distances (opto slot/transformer bobbin). Also the C4 value
(while allowing common mode noise current path) has to keep the leakage current below the standard
(IEC950) accepted value.

The 5 Vpc and 12 Vpe monitoring light emitting diodes (LED2, LED1) and R6, R5 are optional, and have
been included in this circuit for troubleshooting convenience.

The board has a small, secondary side prototyping area for alternate voltage regulation control.
Test points TP1 (U1-SOURCE) and TP2 (U1-DRAIN) are provided for ease of monitoring Vps.
TP2 jumper can be replaced with a longer one to allow a current probe insertion for Iy monitoring.

E Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 6 of 32
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5 Layout and Picture

Heat Sink TP1 (U1-S)
o R2 L1 c ' AN +12V)

Slot For 6 kV TP2 (U1-D) Breadboard

Figure 5.1 - Footprint (3.3"X1.2”), With or Without (Derated At 85 °C Ambient) Heat Sink.
- For the drain-to-source voltage waveforms connect the high voltage probe tip to TP2 and the
probe ground to test point TP1.
- For switching current waveforms replace jumper TP2 with a wire loop and use a Tektronix
A6302 current probe and AM503 current probe amplifier (with TM501 power module) or

equivalent.
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R1 60.8 T1 59°C D6 58 °C 20
Figure 5.2 - Visible Picture. Figure 5.3 - Infrared Picture.

Power Integrations, Inc. E
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Figure 5.4 - Heat Sink.
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6 Bill Of Materials

6.1 Configuration ”1”, 2 kV

Item Qty. Ref. Description Manufacturer Part Number

1 2 C1,C2 6.8 uF, 400 V, 105 °C Rubycon 400BXA6R8M10x16

2 1 C3 0.1 pF, 50 V, ceramic Panasonic ECU-S1H104KBB

3 1 C4 2.2 nF, Y1-Safety Panasonic ECK-DNA222ME

4 1 C5 180 pF, 35V (0.12 Q) Panasonic EEUFC1V181

5 1 C6 82 uF, 35V Panasonic ECA-1VFQ820

6 1 Cc7 100 pF, 10V Panasonic ECA-1AFQ101

7 4 D1- D4 Glass Passivated Diode Vishay/ Lite On 1N4005GP

8 1 D5 600 V,1 A, 150 ns Fagor/Gen. Semi.  1N4937

9 1 D6 60V, 1.1 A, Schottky IR 11DQ6

10 1 D7 200V, 1 A, ultrafast ON/NTE MUR120/NTE587

11 2 **J1,J2 Header, 3 pos., 0.156 spacing Molex 26-48-1035

12 2 *LED1,LED2 low current Siemens/HP LG3369/HLMP1790

13 1 L1 2.2 mH £5%, 10.9 Q, 128 mA Bosung

14 1 L2 18 uH, 10%, 2.2 A Toko R622LY-180k

15 1 R1 33 Q, flame proof, fusible, 3W  Vitrohm (Farnell (08 WX7860)
Components)

16 1 R2 4.7kQ, 1/8 W Yageo

17 1 R3 100 Q, 1/8 W Yageo

18 1 R4 1kQ, 1/8 W Yageo

19 1 *R5 6.8 kQ, 1/4 W Yageo

20 1 *R6 2.4kQ, 1/4 W Yageo

21 1 T1 Transformer EE16 Custom DT Magnetics TBD

22 1 u1 Off-line Switcher Power Integrations TNY266P

23 1 U2 Optocoupler Sharp PC817A

24 1 VR1 200 V Transient suppressor General Instrument BZY97C200

25 1 VR2 Zener, 4.3V +2% Diodes Incorporated 1N5991C

*Optional

**Remove middle pin for J1

6.2 Configuration ”2”, 6 kV

(Add the following items to Configuration "1")

Item Qty. Ref. Description Manufacturer Part Number
26 1 F1 0.5 A, 250 V, fast-acting fuse Littelfuse Series 263
27 2 R7, R8 47 Q,1W Ohmite OX470K

28 1 RV1 Varistor, 275 Vac, 14 mm Harris/Littelfuse V275LA20A

Page 9 of 32

Power Integrations, Inc.
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7 Transformer -T1

7.1 Transformer Drawing

1 ° 10
10T # 28AWG T.1 Wire
76T # WDG #3
WDG #
® 8,9
4 o 7T # 28AWG x 2 T.I Wire
WDG # 2
5
7.2 Electrical Specifications
Electrical Strength 60 Hz 1 minute, from Pins 1-4 to 3000 Vac
Pins 5-10
Creepage Between Pins 1-4 6.4 mm (Min.)
Primary Inductance All windings open 978 pH £10%
Resonant Frequency All windings open 1.0 MHz (Min.)
7.3 Transformer Construction
Pin Side
9
5
+5V&12V
10
8 T
<«—— Tape
1 —
Primary
Ear-p 800000000000

E Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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7.4 Transformer Materials

Item Description
[1] Core: PC40 EE16, (YING CHIN YC1607) gapped for Alg=168 nH/T*
[2] Bobbin: BE-16 (NICERA FEE16)
[3] Magnet Wire: # 34 AWG Heavy Nyleze
[4] Triple Insulated Wire: # 28 AWG
[5] Tape: 3M #10 Reinforced Epoxy Film (Cream) 1.5 mm wide by 5 mils thick
[6] Tape: 3M 1298 Polyester Film (white) 8.2 mm wide by 2.2 mils thick

7.5 Transformer Winding Instructions

Primary Margins Tape Margins with item [5] on one side at pins. Match height with Primary
windings
Primary Layer Start at Pin 4. Wind 26 turns of item [3] from left to right. Wind 25 turns of

item [3] from right to left. Then wind the remaining 25 turns in the next layer
from left to right. Finish on Pin 1.

Basic Insulation 1 Layer of tape [6] for basic insulation.

+5Vand +12V Start +5 V winding at Pin 8 (2 wires) of item [4] and +12 V winding at Pin 10
Interleaved Winding (1 wire) of item [4]. Wind together (3 wires) 7 turns of item [4] from right to
left. Wind uniformly, in a single layer, across entire width of bobbin. Finish

5V winding on Pin 5. Continue +12 V winding with 10 more turns, from left
to right and finish at pin 9.

Basic Insulation 3 Layer of tape [6] for basic insulation.

Final Assembly Assemble and secure core halves. Impregnate uniformly [7].

Power Integrations, Inc. E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 11 of 32 www.powerint.com
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7.6 Transformer Bobbin Dimensions

Q 93

| ke

17,6 ———=

®

Power Integrations, Inc.
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7.7 Transformer Spreadsheet
Design Warning

Power Supply Input

VACMIN Volts 85 Minimum AC Input Voltage

VACMAX Volts 265 Maximum AC Input Voltage

FL Hertz 50 AC Main Frequency

TC mSeconds 2.48 Bridge Rectifier Conduction Time Estimate

Z 0.61 Loss Allocation Factor

N % 71.0 Efficiency Estimate

Power Supply

Outputs

\VOXx Volts 5.00 12.00(Output Voltage

10x Amps 0.500 0.208|Power Supply Output Current

Device Variables

Device TNY266 Device Name

PO Watts 5.00 Total Output Power

VDRAIN Volts 521 Maximum Drain Voltage Estimate (Includes Effect of
Leakage Inductance)

VDS Volts 4.7 Device On-State Drain to Source Voltage

FSnom Hertz 132000 TinySwitch-Il Switching Frequency

FSmin Hertz 120000 TinySwitch-II Minimum Switching Frequency (inc. Jitter)

FSmax Hertz 144000 TinySwitch-Il Maximum Switching Frequency (inc.
Jitter)

KRPKDP 0.79 Ripple to Peak Current Ratio

ILIMITMIN Amps 0.33 Device Current Limit, Minimum

ILIMITMAX Amps 0.38 Device Current Limit, Maximum

IRMS Amps 0.15 Primary RMS Current

DMAX 0.44 Maximum Duty Cycle

Power Supply Components

Selection

CIN uFarads 13.6 Input Filter Capacitor

VMIN Volts 82 Minimum DC Input Voltage

VMAX Volts 375 Maximum DC Input Voltage

VCLO Volts 130 Clamp Zener Voltage

Pz w 0.3 Estimated Primary Zener Clamp Loss

Power Supply Output

Parameters

\VDx Volts 0.5 0.7[Output Winding Diode Forward Voltage Drop

PIVSx Volts 39 91|Output Rectifier Maximum Peak Inverse Voltage

ISPx Amps 1.78 0.74|Peak Secondary Current

ISRMSx Amps 0.86 0.36|Secondary RMS Current

IRIPPLEX Amps 0.70 0.29|Output Capacitor RMS Ripple Current

Power Integrations, Inc. E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 13 of 32 www.powerint.com
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Transformer Construction

Parameters

Core/Bobbin EE16 Core and Bobbin Type

Core Manuf. Generic Core Manufacturing

Bobbin Manuf. Generic Bobbin Manufacturing

LPmin uHenries 978 Minimum Primary Inductance

NP 76 Primary Winding Number of Turns

AWG AWG 30 Primary Wire Gauge (Rounded to next smaller
standard AWG value)

CMA Cmils/A 696 Primary Winding Current Capacity (200 < CMA <
500). Warning! Primary circular mils per amp (CMA)
is too high. Decrease transformer size, decrease L,
increase NS, decrease VACmin, increase VOR,
increase KrpKdp.

VOR Volts 60.00 Reflected Output Voltage

BW mm 8.50 Bobbin Physical Winding Width

M mm 0.0 Safety Margin Width

L 3.0 Number of Primary Layers

AE cm”2 0.19 Core Effective Cross Section Area

ALG nH/TA2 168 Gapped Core Effective Inductance

BM Gauss 2611 Maximum Operating Flux Density

BAC Gauss 900 AC Flux Density

LG mm 0.12 Gap Length (Lg > 0.051 for TOP22X, Lg > 0.1 for
TOP23X)

LL uH 19.6 Estimated Transformer Primary Leakage Inductance

LSEC nH 20 Estimated Secondary Trace Inductance

Secondary

Parameters

NSx 7.00 16.16(Secondary Number of Turns

Rounded Down 16|Rounded to Integer Secondary Number of Turns

NSx

Rounded Down |Volts 11.87|Auxiliary Output Voltage for Rounded to Integer NSx

Vox

Rounded Up 17|Rounded to Next Integer Secondary Number of Turns

NSx

Rounded Up Volts 12.66|Auxiliary Output Voltage for Rounded to Next Integer

\Vox NSx

AWGSx Range |AWG 24 -28 |28-32 Secondary Wire Gauge Range (CMA range 500 - 200).
Wire gauge (AWG) is less than 26 AWG. Consider
parallel winding (see AN-18, AN-22).

E Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 14 of 32
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8 Performance Data

TEST EQUIPMENT
INPUT: VOLTECH (PM1000) AC POWER ANALYZER.
OUTPUT: KIKUSUI (PLZ153W) ELECTRONIC LOAD.

8.1 Efficiency

Efficiency vs load @ 25 °C ambient
90
80 ; -
70 s p— > —e— 85 Vsc, 11220
60 S —m— 85 Vag, 112=full load
% 50
40 /) —a— 265 Vg, 11220
30 // > 265 Vac, 112=full load
0 4/ Stand by power:
10 J  Pin=0.248 W @ 85 Vac
0 L‘/ Pin = 0.383 W @ 265 Vac
0.00 0.10 0.20 0.30 0.40 0.50
5V output load (A)
Figure 8.1.1 - Efficiency vs. Output Power @ 25 °C Ambient.
E fficiency @ full load
77
76
75
iy \\
®
73
72
71
70 T T T T T T T T
85 105 125 145 165 185 205 225 245 265
Input Voltage

Figure 8.1.2 - Efficiency vs. Line Voltage @ 25 °C Ambient.

Power Integrations, Inc. E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8.2 Regulation @ 25 °C Ambient

Load regulation @ 25 C ambient

108

106 /.—/J
104 :

S 102 /4/ —e—5VDC @85 VAC
X 100 - —=—12VDC @ 85 VAC
o % N 5VDC @ 265 VAC
g 98 T— — 12 VDC @ 265 VAC

96

94 -

92 : ‘ : ‘

0.00 0.10 0.20 0.30 0.40 0.50

5 Vpc output load (A)

Figure 8.2.1 - Line Regulation @ Full Load, 25° C Ambient.

Line regulation @ full load, 25 C ambient
108
106 .’.__.__.__—-——I—I—I——I—L
o 104
e —&—5 VDC output
e 102 —@— 12 VDC output
S 100 -
% 98
o o— . 4 . 4 . 4 < . 4 o—o—¢
>
96 -
94
92 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
85 105 125 145 165 185 205 225 245 265
Vin (Vac, 60 Hz)

Figure 8.2.2 - Load Regulation @ 25° C Ambient

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8.3 Temperature

13 .
1 45
10 §4.0

Q 9 F{——Vout(12/DC@0.24) —— Vout(5VDC@0.54 | =35 N

> 8 3 X
7 a 30 3
6 25 || —X—With heat sirk ——Wtout heet sirk |-
5 . o L LT T ITTTTTT1]
4

66 70 74 78 82 8 90 M 98 102 253035404550 56606570 7580 85
T ambient (C) Tambient (C)
Figure 8.3.1 - Vgur vs. Ambient Temperature. Figure 3.3.2 - Max Power.

(Source Pin Temperature <110 °C.)

Power Integrations, Inc. E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8.4 Waveforms (2 kV config.”1”)

8.4.1 Turn-on Delay/Hold-up Time

2000/01/04 18:08:05 MORMITOMS/s  Tms /div 200001704 18:27:24 NORMSMS/s  2ms/div
Stopled (Ims/div) Stopped (2Rhs/div)

: CH1: oM : : 1 cH: oN

W 7div i : : CH4 : Widiv I

C 0.00v nc 000V

2 OFF CcHZ: OFF

CH2 00v/div 10001 CH2 100v/div 10011

o nc ov

) ot o ORF ; ; ; CcH: OFF

» smvdiv 11 : : : smy/div 11
AC : : : AC

omv/div 101 N : : : ™ omy/div 11

bc 0.0000v : : : \ nc 0.0000v

ks ° i .

- Record Length - ! : : Record Length
aT | 5.72ms: : : Main: 100K AT 131208 : : Main: 100K
14T 74820170z D .| Zoom: 5K 14T 76, 2195120z ;. N .. - . . & A Zoom: 5K

: : : Filter : : : Filter
‘ A2 : : Smoothing:  OFF : : : Smaothing:  OFF
Al : : BW: 20MHz : : : BW: 20MHz
: : : Trigger 4 : : : Trigger
: : : Mode:  NORMAL : : : > Mode: MORMAL
: : : Type: EDGE e D | TYPE EDGE
| : : : Source: CHI & : ; ; Source: CH1

1 T2 T TZC
Cursor Type [ Cursor | ?I;YS?I' SI;’ﬁZiovr

orF s i Tiatz | i :

Figure 8.4.1.1 — Turn-on Delay — First Current Figure 8.4.1.2 — Hold-up Time — Last Current
Pulse. CH4: IN_MAINS (05 A/dIV), Pulse. CH4: IIN_MAINS (02 A/dIV),
CH2: Vour (1 V/div). CH2: VOUT_(1 V/div).

2000701704 18:37:10 NORM:100MS /s Sus /div 2000/01/04 18:43:47 /s Sus/div
Stopped (SNs/div) Stopped (S5 /div)

cHl: OFF CH4 CHI: OFF

CH4 W/ div 1t W /div hhi
nc 0.00v DC 0.00v
CHZ: ON CHZz: ON
g 100v/div - 100:1 100v/div  100:1
DC o bc ov
CH3: OFF CH3: OFF
smY /div 1 smy /div 11
Ac Ac
: CH4: ON CH4: ON
C H 2 : 10mvsdiv - 11 1omv/div - 11
Dc 0.0000% DC 0.0000v

Record Length
5K

Record Length
Main:

Main: 5K
Zoom: 200 Zoom: 200
Filter In| : Filter
Smoothing: OFF L : Smoothing: OFF
W BW: 20MHZ RS BW: 20MHz
Trigger L\ Trace2: Max 0 20.00v Freq: 131} 6kHz Trigger
Mode: MORMAL Duty' 86[{8% HIM : Mode: NORMAL
Duty Type: EDGE Traced: Max = 24//40mv Duty: 12.0% Type: EDGE

Source: CH2 & Source: CH2 £

Figure 8.4.2.1 - I, and Vps @Vin=85Vac. Figure 8.4.2.2 - I and Vps @ Vin=265Vac
CH4: 15 (0.2 A/div), CH4: Ip (0.2 A/div),
CH2: Vps (100V/div) .
CH2: Vps 100 V/div)

E Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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2000/01/04 18:49:32 NORM:100MS /s Tus/div 2000/01/04 18:52:04 MNORM:100MS /5 Tus /div

Stopped (lus /div) Stopped (lus/div)
OFF : CHI: OFF
8 W/div 1
0.00v DC 0.00v
""" : : : : : : : ON : : H : CH2: ON
: : : : : : : : 100v/div 1001 100v/div 1001
DC (Y : : : DC ov
""" ‘ ‘ : [ gl : ‘ : : cHa: OFF CH4 cHa: OFF
smV/div 8 : : - : 2rg\ljdiv 8
AC N
CH4: ON 1] ’ v " i - CH4: on
omv/div - 1 : : omv/div T
DC 0.0000¥ e oA N ﬂpgy\nm.ﬁ+u________m‘“__,__ DC 0.0000v
o Record Length : : R;::.G Lensih“(
: : : : : : : : Main: 1 -
...... : : : A : : : : z:::“; 100 C Zoom: 100
; ; ; Filter H2 Ao e ot
Smoothing:  OFF o o
Ny BW. 20MHz Tracez! Max ' 42070v 20700V Freq == qhager
o Trigger Duty: --- Mode: NORMAL
Traced: Mode:  NORMAL Tracp4: Max : 12.80mY Type: EDGE
: 5 Type: EDGE n :
2L Source: CHZ & Source: CH2 4
o CH4
N Position
1.05div

Figure 8.4.2.4 - I, and Vps @ 265 Vac.
CH4: I, (0.2 A/div),
CH2: Vps (100 V/div)

Figure 8.4.2.3 - I and Vps @ 85 Vc.
CH4: I (0.2 A/div),
CH2: Vps (100 V/div)

8.4.2 Auto-Restart

Maximum load, before power limiting (entering auto-restart) @ 25 °C

Vin (Vac, 60 Hz)

Load condition

5 Vp¢ output

12 Vpc output

Total output (W)

85

1

1.09A@4.74V

02A@13.04V

7.8

85

2

05A@4.89V

045A@12.46V

8.05

Load condition 1: 5 V output overloaded; 12 Vour full load.

Load condition 2: 12 V output overloaded; 5 Vqur full load.

Because of higher efficiency on the 12 V output, the maximum power output occurs when the 12 V output
is overloaded.

2001503729 11:17:11

[ wmmm MNORMSKS/s 200ms/div

Stopped (200ms /div)
I H1: OFF
1V /div o
DC 0.00%
CHZ OFF
500mY /div 1001
: DC 0.000v
....................... ol e oN
100V /div - 10001
: : DC v
a ; ; : CHa: ON
) 1omysdiv 101
DC 0.0000v
: : : Record Length
AT 928ms : : hain: 10K
1/4T 1. 0775862Hz : Zoom: 100
: : : Filter
Smoothing: ON
............................................ BW: 20MHz
: : : Trigger
: : : Mode: AUTO
" * Type: EDGE
: : Source: CH3 £
n B :

Figure 8.4.3 — Auto restart @ 85 Vac.
CH4: I (0.2 A/div),
CH3: Vps (100 V/div)

Power Integrations, Inc. E
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2000701704 19:20:18 MORM:100MS/s  20us/div
Stopp (20us/div)
CH1: ON
50mV /di 1
/ Ch4 e
: CHz: OFF
‘: 100v/div 10001
A : DC v
CH3: OFF
5mvy /div =
Ac
: : : CH1 CHE: ]
H : ; - Womvsdiv 101
[, DC 0.0000v
W SRR TR ST e
Yy
Zoom: 1K
: Filter
: Smoothing: OFF
B O T FTRTUTS Iy . Do BW. 20MHz
Tracel: P=P 44.00m¥ I Hax T 12.00my Min 232 00my Trigger
Freq. 1.250MHz Duty: 50.0% Mode:  AT-LYL
Traced: Max @ 23.60mY Duty; --- Type: EDGE
Source: CHZ2 &
n Distal
Dpr Mode Trace ‘ Proximal /Mesial /Distal To B.400v
Unit ! Proximal Mesial PrvMenu 3
Figure 8.4.4.1 - Output Voltage Ripple
at Full Load
5 Vpc at 85 V.
CH4: loyr (0.2 A/div),
CH1: Vour (50 mV/div)
2000/01/04 19:24:35 NORM:II00MS/s  20us/div
Stoppdd (20us /div)
: CH: o]

200my /div 101

S . C H4 ; C'.:lcz: OFF
/ 100v/div - 100:1
: : DC

o
CHa: OFF
smy /div 1
AC

CHa: ON

> : omv/div 10
3 DG 0.0000v

u epad s \ePigh et
.h"‘--.._- Jpt :_-""'-.._ : Record Length
CH1 Main: 20K
Zoom: K
Filter
Smoothing: OFF
H B : BW: 20MHz
(Tracpl:: P-P 600. Omv Max 424 . 0mv Min —-176.0mV Trigger
Freq 1.250MHz Outy: 50.0% B Mode: AT-LVL
Traced: Max . 1000w - Duty: === . i....i...|Tye  EDGE

Figure 8.4.4.3 - Output Voltage Ripple
at Full Load
12 Vpc at 85 Vac.
CH4: Ioyt (0.2 A/div),
CH1: Vour (200 mV/div)

Source! CH2 £

2000/01/04 19:27:42
Stoppdd

NORM:100MS/s  20us/div

(20us /div)

/ CH4
4 CH1

/(-If_“‘ﬁ. AT

Yy T

ryy

CHT: ON
S0mv /div 11
AC

CHZ: OFF

100v/div 10001
Dc oy
CH3: OFF

SmV /div 11
AC

CH4: ON
10m¥ /div 11
Dc 0.0000v

Record Length

Main: 20K
Zoom: 1K
Filter
Smoothing: OFF
.. BW: 20MHz
Traci Max L 12.00mv Trigger
Duty? 50.0% Mode: AT=-LVL
Traci 24 Duty - Type: EDGE
Source: CHZ 4
™ CH1
et
CAL s
Figure 8.4.4.2 - Output Voltage Ripple
at Full Load
5VDC at 265 VAC.
CH4: IOUT (0.5 A/div),
CH1: VOUT (50 mV/div)
2000/01/04 19:26:16 NORM:100MS /s 20us fdiv
P (20us fdiv)
H CH1: ON

CH4

200mv /div. 111
AC
CH2: OFF
100 7div  100:1
DC oy

CH3: OFF

5mV /div hH
AcC
CHa: ON
10mV /div 1
Dc 0.0000V

) o -
[ SO0 1 iy B S s SR * Record Length
: : : CH1 Main: 20K
-+| Zoom: 1K
Filter

: Smoothing:  OFF
: : : : BW: 20MHz

Tracel: P-P . 648 . 0mV Max £ 504 0mv D Min =144, 0mv Trigger
: Freq 1.250MHz Cuty: S0.0% : : Mode: AT-LVL
Trackd: Max | 10.40my DMl T io...|Type  EDGE

Source: CHZ £

Figure 8.4.4.4 - Output Voltage Ripple
at Full Load
12 VDC at 265 VAC-
CH4: Iyt (0.2 A/div),

CH1: Vour (200 mV/div)
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8.5 Transient Response

2000/02/14 11:09:49
Stopped 3

AVGEMS /s 2ms /div
(2ms/div)
: CHI: ON
100mV /div - 101
AC

CH1 T oH: OFF

100V /div. - 100:1

pC o
| o OFF
1omv/div T

Ac
- |cHE oN
Womy/div 11
DC 0.0000v

Record Length

CH4 .. |zem "

Filter
g:  OFF
] : : : BW: 20MHz
Tracel: P-P | 128.0m¥  : Max ; 4.000mv Min =124, Trigger
Freq] 8.333kHz : Duty. 66.7% : Mode: AuUTO
n|Traced: Max § 22.80my o DUty STTioieiieeeoon o | Typer  EDGE

Source: CH4 &

Average

4L

Acquisition

Rep Length 255
NORMAL |ENYVELOPE Falisssites ON 100K

Count

Figure 8.5.1 - Transient Response — 5 V Output

2000702714 11:22241
L

@ VIN =115 VAC 20-80%
Load Change.

CH4: oyt (0.2 A/div),
CH1: Vour (100 mV/div)

AVGIEMS/s 2ms /div

(2ms /div)

CH1: ON
W idiv 1
AC

CH1 [ oo orr

100V /div  100:1

= | DC oV
A TUCHa OFF
10mV /div 1
AC
CH4: ON
10mV /div 1
DC 0.0000v

Record Length
Main: 100K

Filter

J CH4 .. Zoom: 5K

Smoothing: OFF

: : : BW! 20MHz
Tracel: P-P _Z20. mV x R0 o Min =440 . 0mV Trigger
Freq| 12.50kHz Outy: 50.0% Mode: AUTO
Traced: Max | 17.60mv Outy; -—— Type: EDGE
n
J Source: CH4 4

Average

ar

Acquisition

NORMAL [ENYELOPE

Rep Length Count
AVERAGE ON 100K 256

Figure 8.5.3 - Transient Response — 5 V Output

@ Vin = 115 V¢ 20-80%
Load Change.

CH4: Ioyt (0.1 A/div),
CH1: Vour (1 V/div)

2000702714 11:13:27
Stepped 1

AVGSMS /s 2ms /div
(2ms /div)
CH1: ON
100my/div - 11
AC

CH1 CH2: OFF

“ 100v/div - 100:1
.

DC o
i L CH3: OFF

10mV /div i

AC

CH&: ON

10mV fdiv =

[ 0.0000Y

Record Length
Main: 100K

CH4 Zoom: 5K
Filter
; : OFF
: : BW: 20MHz
Tracel: 120, 0mv Max I 0.000v Min =120, Trigger
- : Outy; 0.0%: Mode: AUTO
n|Traced: Max | 22.40mV L OUtYT TTTiiicdieeido| Typer  EDGE
Sourcel CH4 4
4 - - - Average
Acquisition Rep Length CU‘;’;E
NORMAL |ENVELOPE Jxjassteld ON 100K

Figure 8.5.2 - Transient Response — 5 V Output

@ Vn= 230 Vuc 20-80%
Load Change.

CH4: loyt (0.2 A/Div).
CH1: Vour (100 mV/Div)

2000702714 11:25:33 AVGSMS/s  2ms/div
Stopped 3 (2ms/div)
CH1: ON
W/div 1
CH1 S
CH2: OFF
100v/div 100:1
fr—t——, o3 [
L L Fa CH3: OFF
10m¥ /div mn
RAC
CH4: ON
10m¥ /div 1
Dc 0.0000v

Record Length

CH4 o e

Filter
: : : : Smoothing:  OFF
e e T | B 20MHz
Trace1: P-P | 760.0mV Max 200 . 0mv Min ~480.0mv Trigger
Freq) — Duty? —- : i : Mode:  AUTO
Trace4: Max { 17.20mV Qutys ===: : E : Type: EDGE
: : L : Source: CHi §
ar : : : : Average
‘Acquisition Rep Length C"”Z';E
NORMAL | ENVELOPE JENJasTA6d oN 100K

Figure 8.5.4 - Transient Response — 5 V Output

@ VN = 230 20-80%
Load Change.

CH4: loyt (0.1 A/Div),
CH1: Vour (1 V/Div)
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8.6 Conducted EMI Scans

The attached plots show worst-case EMI performance for EP8 as compared to CISPR22B conducted
emissions limits. Peak detection is commonly used for initial diagnosis of EMI, as full frequency range
results can be quickly obtained, using a common spectrum analyzer. This is also a worst-case form of
analysis, as the CISPR22B limits are based on quasi-peak and average detection, both of which give lower
amplitude results than peak detection.

For EMI and safety techniques refer to Pl application note AN15 (Figure 6 shows a typical test set up).

[=[=T" EM__ QP B A0

Quasi-peak N R S S O

50

40
30

20

I B e e e e e et ST

a0 : : : e | : : : : Lo |
a1a 1.0 10.0 30.0
MH=

Figure 8.6.1 - EP9, TNY266, L, N, 120 V¢, Full Load, CISPR Limits.

=1 =W Er W QP Bl _w s

a0

40

30

20

10

u]

-10

_o0 : : : : I | : : : : I |
ao1s 1.0 10.0 30.0
rH=Z

Figure 8.6.2 - EP9, TNY266, L, N, 230 Vpc, Full Load, CISPR Limits.
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8.7 Surge Voltage Immunity (2 kV and 6 kV, 1.2/50 us per IEC1000-4-5)

The surge protection for configuration ”1” (2 kV) and configuration "2” (6 kV) is illustrated in the schematics
(pages 4 and 5).

R7, R8 limit the maximum surge current to approximately 50 A, the value at which the clamping voltage of
the varistor is characterized.(< 800 V). This voltage level was selected to ensure enough margin for the
diode bridge D1-D4. The 6 kV, 1.2/50 us pulse at 800 V clipping level is approximately 100 us (see Fig.
8.7.2). From the graph in Fig.8.7.1 it can be inferred that the unit will survive 10 k surges of 6 kV. Reducing
the value of R7, R8 would reduce the total number of 6 kV pulses the unit can survive.

5,000 T T rrr T T T T rrr
1 MODEL SIZE 14mm ]
2.000 V385LA20A - V1000LASOA |
| 2
10
1,000 = ,101034
< y 10
< 500 v 105 _
T 200 [~ 14 10
o I‘h\'-n-. B
1 100
(45 ]
§ 50 —_— -
7o 20 :P. %
10 L INDEFINITE ] » |
5 -
2 —1
20 100 1,000 10,000

IMPULSE DURATION (us)

Figure 8.7.1 - Varistor Life (Number of Surges) as a Function of the Rectangular Pulse Amplitude
and its Duration.

=

1999/09/09 14:26:21
Stopp (50us /div)

RM:100MS /5 S0us /div

CH1: OFF
1000V /div 1000:1
DC =50V
CHz: OFF
1000V /div 1000:1
DC 50V
CH3: OFF
500V /div 10001
C ov
™ . Ha: ON
Varistor Clamp Voltage  [oov/aiv 1001
c oy

Record Length
av(4) | Ba4.0¥ ; Main: S0K
ar = 50K
: Instantaneous Line Voltage  |¢ ore
FULL

: : Trigger
Mode: SINGLE
Type: EDGE
__'______,/_.._*— Source: CH4 &
] Vac :

Figure 8.7.2 - Varistor Clamping Voltage.
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8.8 Acoustic Emissions

The power supply was subjected to acoustic emissions measurement. The worst-case noise was
measured for variations of both AC line and output loading conditions and is presented in Figure. 8.8.1.

The test unit was placed in an anechoic acoustic chamber, with a microphone located approximately 1”
(25 mm) above the transformer (T1). The power supply was oriented in a horizontal position with the
power supply output loaded via an external Kikusui electronic load. The microphone output was fed to an
Audio Precision audio analyzer to provide the measurements shown. The curves shown indicate the
spectral content of the noise generated by the supply once the ANSI-A weighting factor has been applied.

The audio limit line (Figure 8.8.1) visible at +35 dB represents the generally accepted threshold for power
supply audio noise. A discrete audio frequency amplitude was used rather than a dBA value (dBA
represents the whole audio spectrum). Large peaks may not raise the dBA value yet can result in
unacceptable perceived noise.

As a reference, the approximate dBA background noise floor level is 30 dBA. The microphone sensitivity is
such that 20 uP = 0 dB SPL.

Up to a further 20 dB reduction can be expected from the measurement shown, once the power supply is
sealed inside an enclosure.

Audio Precision FFT SPECTRUM ANALYSIS 04/18/01 10:47:42
+80r y:
+700 P
+601
+501-
i +35 dB=Audio Noise
d = =
B +30p A
r
+20 X
A
+10 [
+0E WWWJMN[WWU\WAM\«“ 4 A,\n A oy
S b o Y | Vi WW’W, |
-10F I—— L
20 AN Ambient Noise ——
o L L P e LEEE PR
0 2K 4K 6k 8k 10k 12k 14k 16k 18k 20k 22k

Hz

Figure 8.8.1 - Worst Case Audio Level, 120 V¢ Input, Full Load.
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Appendix A Example of 24 V Output Design

Appendix A1.1 Schematic of 24 V Design

03-April-2001
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Appendix A1.2 Bill of Materials (5 W, 5 Vpc, 24 Vpc PS)

Configuration 72", 6 kV

Item |Qty. Ref. Description Manufacturer Part Number

1 2 C1,C2 6.8 uF, 400 V, 105 °C Rubycon 400BXA6R8M10
x16

2 1 C3 0.1 yF, 50 V, ceramic

3 1 C4 2.2 nF, Y1-Safety Panasonic ECK-DNA222ME

4 1 C5 180 pF, 35V (0.12 Q) Panasonic

5 1 C6 82 uF, 35V Panasonic

6 1 C7 100 pF, 10 V Panasonic

7

8 4 D1- D4 Glass Passivated Diode 1N4005GP

9 1 D5 600V, 1A, 150 ns Fagor 1N4937

10 1 D6 60V, 1.1 A, Schottky ON 11DQ6

11 1 D7 400 V, 1 A, ultrafast ON MUR140

12 1 F1 0.5 A, 250V, fast-acting fuse |Littelfuse Series 263

13 2 **J1,J2 Header, 3 pos.,0.156 spacing

14 2 *LED1,LED2 |low current Siemens LG3369

15 1 L1 2.2 mH #5%, 10.9 Q, 128 mA |Bosung

16 1 L2 18 pH, 10%, 2.2 A Toko 622LY-180k

17 1 R2 4.7kQ, 1/8W

18 1 R3 100 Q, 1/8 W

19 1 R4 1kQ, 1/8W

20 1 *R5 13 kQ, 1/4 W

21 1 *R6 24 kQ, 1/4 W

22 2 R7, R8 47 Q,1W Ohmite OX470K

23 1 T Transformer EE16 Custom

24 1 U1 Off-line Switcher Power Integrations |TNY266P

25 1 U2 Optocoupler PC817A

26 1 VR1 200 V Transient suppressor BZY-97C200

27 1 VR2 Zener, 4.3V 2% 1N5991C

28 1 RV1 Varistor, 275 Vac, 14 mm Harris/Littlefuse V275LA20A

*Optional
**Remove middle pin for J1

E Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Appendix A1.3 Transformer Spreadsheet

Design Warning

Power Supply Input

VACMIN Volts 85 Minimum AC Input Voltage

VACMAX Volts 265 Maximum AC Input Voltage

FL Hertz 50 AC Main Frequency

TC mSeconds 2.46 Bridge Rectifier Conduction Time Estimate

Z 0.61 Loss Allocation Factor

N % 72.0 Efficiency Estimate

Power Supply

Outputs

VOx Volts 5.00 24.00|Output Voltage

10x Amps 0.500 0.104|Power Supply Output Current

Device Variables

Device TNY266 Device Name

PO Watts 5.00 Total Output Power

VDRAIN Volts 521 Maximum Drain Voltage Estimate (Includes Effect of
Leakage Inductance)

VDS Volts 4.5 Device On-State Drain to Source Voltage

FSnom Hertz 132000 TinySwitch-Il Switching Frequency

FSmin Hertz 120000 TinySwitch-1l Minimum Switching Frequency (inc. Jitter)

FSmax Hertz 144000 TinySwitch-1l Maximum Switching Frequency (inc.
Jitter

KRPKDP 0.83 Rippl)e to Peak Current Ratio

ILIMITMIN Amps 0.33 Device Current Limit, Minimum

ILIMITMAX Amps 0.38 Device Current Limit, Maximum

IRMS Amps 0.14 Primary RMS Current

DMAX 0.42 Maximum Duty Cycle

Power Supply Components

Selection

CIN uFarads 15.0 Input Filter Capacitor

VMIN Volts 86 Minimum DC Input Voltage

VMAX Volts 375 Maximum DC Input Voltage

VCLO Volts 130 Clamp Zener Voltage

PZ w 0.3 Estimated Primary Zener Clamp Loss

Power Supply Output

Parameters

VDx Volts 0.5 1.0|Output Winding Diode Forward Voltage Drop

PIVSx Volts 39 180|Output Rectifier Maximum Peak Inverse Voltage

ISPx Amps 1.78 0.37|Peak Secondary Current

ISRMSx Amps 0.86 0.18|Secondary RMS Current

IRIPPLEX Amps 0.69 0.14|Output Capacitor RMS Ripple Current
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Transformer Construction

Parameters

Core/Bobbin EE16 Core and Bobbin Type

Core Manuf. Generic Core Manufacturing

Bobbin Manuf. Generic Bobbin Manufacturing

LPmin uHenries 954 Minimum Primary Inductance

NP 76 Primary Winding Number of Turns

AWG AWG 30 Primary Wire Gauge (Rounded to next smaller
standard AWG value)

CMA Cmils/A 722 Primary Winding Current Capacity (200 < CMA <
500). Warning! Primary circular mils per amp (CMA)
is too high. Decrease transformer size, decrease L,
increase NS, decrease VACmin, increase VOR,
increase KrpKdp.

VOR Volts 60.00 Reflected Output Voltage

BW mm 8.50 Bobbin Physical Winding Width

M mm 0.0 Safety Margin Width

L 3.0 Number of Primary Layers

AE cm”2 0.19 Core Effective Cross Section Area

ALG nH/TA2 164 Gapped Core Effective Inductance

BM Gauss 2553 Maximum Operating Flux Density

BAC Gauss 924 AC Flux Density

LG mm 0.13 Gap Length (Lg > 0.051 for TOP22X, Lg > 0.1 for
TOP23X)

LL uH 19.1 Estimated Transformer Primary Leakage Inductance

LSEC nH 20 Estimated Secondary Trace Inductance

Secondary

Parameters

NSx 7.00 31.82|Secondary Number of Turns

Rounded Down 31|Rounded to Integer Secondary Number of Turns

NSx

Rounded Down |Volts 23.36|Auxiliary Output Voltage for Rounded to Integer NSx

Vox

Rounded Up 32|Rounded to Next Integer Secondary Number of Turns

NSx

Rounded Up  |Volts 24 14| Auxiliary Output Voltage for Rounded to Next Integer

\Vox NSx

AWGSx Range [AWG 24 -28 |31-35 |[Secondary Wire Gauge Range (CMA range 500 - 200).

Wire gauge (AWG) is less than 26 AWG. Consider
parallel winding (see AN-18, AN-22).

E
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Revision History

Date Author Rev Description

8.16.99 SL 1 First Draft

11.6.99 SL 2 Second Draft

2.7.2000 SL 3 Third Draft

2.24.2000 SL 4 4™ Draft

3.23.2000 SL 5 Release

5.18.2000 SL 6 Revised layout, leaded C3

7.12.2000 SL 7 Revised schematic/BOM (L1, C3, C5,
replaced R1=8.2 with F1)

4.3.2001 SL 8 Replaced TNY256P with TNY266P
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