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Important Notes:

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 isolated source to provide power 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 report describing a dual output power supply utilizing a
TNY267G. This power supply is intended as a bias power supply.

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

Bottom

Figure 1 — Populated Circuit Board Photograph
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2 Power Supply Specification

Description Symbol | Min Typ Max | Units Comment
Input
Voltage Vin 90 265 VAC 2 Wire —no P.E.
Frequency fLiNE a7 50/60 64 Hz
No-load Input Power (230 VAC) 1 W
Output
Output Voltage 1 VouTt1 19.2 24 28.2 \ +20%
Output Ripple Voltage 1 VRiPPLEL 500 mV 20 MHz bandwidth
Output Current 1 lout1 0.15 A
Output Voltage 2 VouT2 19.2 24 28.2 \ +20%
Output Ripple Voltage 2 VRiPPLE2 500 mV 20 MHz bandwidth
Output Current 2 lout2 0.15 A
Total Output Power
Continuous Output Power Pout 7.2 W
Efficiency n 72 % Measured at Poyr (7.2 W), 25 °C
Environmental
Conducted EMI Meets CISPR22B / EN55022B
Designed to meet IEC950, UL1950

Safety Class Il

1.2/50 us 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 Tame 0 40 °C Free convection, sea level

Page 4 of 19
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Figure 2 — Schematic
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4 PCB Layout

Figure 3 — Printed Circuit Layout

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 6 of 19 WWW.powerint.com




DER-108 Network Interface October 26, 2005

5 Bill Of Materials

Item QTY Ref. Des. Description Mfg Mfg Part Number
1 1 BR1 600 V, 1 A, Bridge Rectifier, SMD, DFS Vishay
KMX400VB10RM10X20L
2 2 Clc2 10 uF, 400 V, Electrolytic, Low ESR, 2.9 Ohms, (10 x 20) United Chemi-Con L
3 3 C3C7C9 100nF, 50V, Ceramic, X7R, 0805 Panasonic ECU-V1H221KBN
4 2 C4C5 220 uF, 35V, Electrolytic, Very Low ESR, 56 mOhm, (8 x 15) United Chemi-Con KZE35VB221MH15LL
5 1 C6 2.2 nF, 1 kV, Disc Ceramic NIC Components Corp NCD222K1KVY5F
6 1 D5 1000V, 1 A, Rectifier, Glass Passivated, DO-213AA (MELF) Diodes Inc DL4007
7 1 D6 200V, 0.2 A, Fast Switching, 50 ns, SOD-323 Diode Inc. BAV21WS-7-F
8 2 D7D8 200V, 2 A, Ultrafast Recovery, 20 ns, DO-214AA Diodes Inc ES2D
9 1 L1 1 mH, 0.15 A, Ferrite Core Tokin SBCP-47HY102B
10 1 Q1 NPN, Small Signal BJT, 40 V, 0.2 A, SOT-23 Vishay MMBT3904
11 1 R2 100 R, 1%, 1/4 W, Metal Film, 1206 Panasonic ERJ-8ENF1000V
12 1 R3 510 R, 5%, 1/8 W, Metal Film, 0805 Panasonic ERJ-6GEYJ511V
13 1 R4 75 R, 5%, 1/8 W, Metal Film, 0805 Panasonic ERJ-6GEYJ750V
14 1 R5 150 k, 5%, 1 W, Metal Oxide Yageo RSF100JB-150K
15 2 R6R7 4.7 k, 5%, 1/4 W, Metal Film, 1206 Panasonic ERJ-8GEYJ472V
16 1 R8 10 R, 1%, 1/4 W, Metal Film, 1206 Panasonic ERJ-8ENF10R0OV
17 1 R9 24 k, 5%, 1/8 W, Metal Film, 0805 Panasonic ERJ-6GEYJ243V
18 1 RF1 8.2 R, 2.5W, Fusible/Flame Proof Wire Wound Vitrohm CRF253-4 5T 8R2
19 1 T1 Bobbin, EE16, Vertical, 10 pins
20 1 Ul TinySwitch-1l, TNY267G, SMD-8B Power Integrations TNY267G
21 1 VR1 27 V, 5%, 500 mW, DO-213AA (MELF) Diodes Inc ZMM5254B-7

Power Integrations
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6 Transformer Specification

Note: Winding the bias winding after the secondary winding (using triple insulated wire)
will result in better load regulation.

6.1 Electrical Diagram
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Figure 4 — Transformer Electrical Diagram

6.2 Electrical Specifications

Electrical Strength 1 second, 60 Hz, from Pins 1-4 to Pins 5-8 3000 VAC
Pins 1-2, all other windings open, measured at

100 kHz, 0.4 VRMS 855uH, -0/+20%
Resonant Frequency Pins 1-2, all other windings open 800 kHz (Min.)
Pins 1-2, with Pins 5-8 shorted, measured at 35 uH (Max
100 kHz, 0.4 VRMS uH (Max.)

Primary Inductance

Primary Leakage Inductance

6.3 Materials

Iltem Description
[1] Core: EE16 ALG=140nH/T*
[2] Bobbin: 8-pin bobbin
[3] Magnet Wire: #34 Heavy Nyleze
[4] Magnet Wire: #32 Heavy Nyleze

[5] Triple Insulated Wire: #30 TEX-E
[6] Tape, 3M
[7] Varnish

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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6.4 Transformer Build Diagram

6.5
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Figure 5 — Transformer Build Diagram

Transformer Construction

Shield Winding 1

Start on pinl and wind 22 turns (x 2 filar) of item [3] in exactly 1 layer.
Leave this end of cancellation shield winding not connected. Bend the
end 90 deg and cut the wire in the middle of the bobbin.

Basic Insulation

Use three layers of item [6] for basic insulation.

Primary

Start at Pin 2. Wind 78 turns of item [3] in approximately 3 layers, finish
on Pinl.

Basic Insulation

Use one layer of item [6] for basic insulation.

Bias Winding

Starting at Pin 3, wind 14 turns of item [3]. Spread turns evenly across
bobbin. Finish at Pin 4.

Basic Insulation

Use one layer of item [6] for basic insulation.

Shield Winding 2

Start temporarily on pin 8 and wind 14 turns (x 2 filar) of item [4] in exactly
1 layer. Finish winding on pin 1, cut the beginning end wire in the middle
of the bobbin.

Reinforced
Insulation

Use three layers of item [6] for reinforced insulation.

Secondary Winding

Start at Pin 5. Wind 16 turns of item [5] in 1 layer. Finish on Pins 6.

Basic Insulation

Use one layer of item [6] for basic insulation.

Secondary Winding

Start at Pin 8. Wind 16 turns of item [5] in 1 layer. Finish on Pins 7.

Outer Wrap

Wrap windings with 3 layers of tape [item [6].

Final Assembly

Assemble and secure core halves. Dip varnish cores (item [7]).

Page 9 of 19

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

E

October 26, 2005




DER-108

Network Interface

October 26, 2005

7 Transformer Spreadsheets

A B 1 [} [5] £ E
ACDC_TNY-I_020105; Rev.2.4; Copyright
Power Integrations Inc. 2005 INPUT  INFO OUTPUT |UNIT ACDC_TNYII_020105_Rev2-4.xls; Tiny! i Flyback Design
|ENTER APPLICATION VARIABLES Customer
VACMIN %0 Vots
[ACMAX 285 Volts Maximum AC Ingat Voltage
1L 50 Hertz AC Mains Frequency
vo 2 Voits | Output Voltage
(ale] 7.42 \Walts Output Power
n 07 Effciency Estimate
Z 0.5 Loss Allocation Factor
iC 3|mSeconds | Bridge Rectfier Conduction Time Estemate
20 uFarads _|Input Fiter Capacitor
|ENTER TinySwitch-Il VARIABLES
tny 267 115 Doubled 230V
TNY267| Power Out | 12 19w
0419 |Amps 1l Minimum Current Limit
Mazimum Current Limit
requency
11 Minimum Switching Fregquency (inc. jtter)
11 Maximum Switching Frequancy (nc. jitter)
126

‘olts Reflected Output Voltags
‘Q%LFE}MR&!MMLW 12 Source Voltage.
\.\g‘ Q‘wﬂ MMMFWwW Dlw

1 E Rippile 1o Peak Cument Ratio {0 6<KRP<1.0 . 1 0<KDP<6.0)

[ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES
core Type EE16
Cors EET6] PN PCADEE16-2
(sbten EE15_BOBBIN N BE-16-118CPH

0 152J[=:','iﬂ Core Effectve Cross Sechonal A
LE 35(em ____[Core Effectve Path Length
AL 1140/ AHIT*2 Core Effects
EM 8.5/mm Botbin Physical Winding Widih
|§ [1] mm Safety Margin Width (Half the Primary to Creepage Distance}
L 2 Number of Primary Layers
[ns 14 Mumber of Turns
DC INPUT VOLTAGE PARAMETERS |
VMIN 84| Vols Minimum DC Input Veltage
A 375{volts Masimum DC Input Voliage
[CURRENT WAVEFORM SHAPE PARAMETERS
Dwax 060 Maximum Duty Cycle
LAVG 011 Amps | Average Premasy Cument
P 042[Amps | Minimum Peak Primary Current
|G 048] Amps Primary Ripgle Current
IRMS 0.18|Amy Primary RMS Current
TRANSFORMER PRIMARY DESIGN PARAMETERS
LP 855|uHenties | Primary Inductance
I%:G i Primary Winding Number of Turns

Gapped Core Effective |

BM 2745 Gauss. Mazximum Flix Density, (BP<3100)
[BAC 1373| Gauss AC Flux Densaty for Core Loss Curves (0.5 X Peak to Peak)
ur 1654 Rulative of Lngapped Core
s 0.18{mm Gap Length (Lg > 0.1 mm)
AT mm Mective Bobbin Widih
0.22|mm Maximum Primary Wire Diametes including insulati
0.04/mm Estimated T Thickness (= 2 * fim
07| men Bare condutton dismeter
34| AWG Primary Wire Gauge {Rounded to naxt smaller standard AWG valua)
40|Cmis | Bare conductor affective mils
227, Primary Winding Current Capacity (200 < CMA < 500

VOLTAGE STRESS PARAMETERS
VDRAIN

B56|Vols | Maximum Drain Voliage Estenate (Includes Effect of Leakage

PIVS

B Volts Qutput Rectifier Maximum Peak Inverse Voltage

1st output

TRANSFORMER SECONDARY DESIGN PARAMETERS (MUL

TIFLE 0U|TPI.I'I§}

tout design)

OQutput Voltage (if unused, defaulls to single

001

irimu circular mils

Page 10 of 19

Power Integrations

Tel: +1 408 414 9200 Fax: +1 408 414 9201

Www.powerint.com



DER-108 Network Interface October 26, 2005

| 24 Vois Output Voltage
0.15] Amps Qulput DC Current
360 |Watls Output Power
- {Output Diode Forward Voltage Drop
1524 Qutput Winding Number of Tums
0.358 |Amps ‘Qutput Winding RMS Current
0.33|Amps Oulput Capaciloe RMS Ripple Curent

57 vlts Output Rectifier Maxmum Peak Inverse Voltage

CMS2 72| Crnilg. Output Winding Bare Conductor minimum circular mils
[AWGS2 | 31| AWG Wire Gauge (Rounded up to next larger standard AWG valua)
DIAS2 023/mm Minimurm Bare Conductor Diameter

(oDS2 | 0.58|mm Maximum Outside Diameter for Triple Insutated Wire

| Output Voitage
Oulput DC Current
Output Power
Outpa Diode Forward Voltage Drop
Output Winding Number of Tums.
Outpat Winding RMS Current
Oulput Capaciter RMS Ripple Current
Oufgut R um Peak

tage

Output Winding Bare Conducter rinmum circular mils

Wire Gauge (Reunded up to next larger standard AWG value)
| I Minimum Bare Conductor Diameter

(0053 0.56/mm Maximum Outside Diameter for Triple Insulated Wire

Total Oulput Power

| negative output exsts enter Output number. eg: If VO2 is negative cutput, entar 2

Iﬂaqaliw Output - T A

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8 Performance Data
All measurements performed at room temperature, 60 Hz input frequency.

8.1 Efficiency

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

8.2 No-load Input Power

Figure 7 — Zero Load Input Power vs. Input Line Voltage, Room Temperature, 60 Hz.

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8.3 Regulation

Note: Winding the bias winding after the secondary winding (using triple insulated wire)
will result in better load regulation.

90VAC 120VAC 132VAC 180VAC 240VAC 265VAC
Load
Current vl V2 vl V2 vl V2 vl V2 vl V2 vl V2

0 28.78 31.03 28.78 31.03 28.77] 31.02 28.79 31.04 28.78 31.03 28.76) 31.01
0.02 25.26] 27.3 25.04 27.08 24.98 27.02 24.86 26.90 24.62 26.64 24.48 26.49
0.04 24.15 26. 23.88 25.79 23.78 25.69 23.47 25.35 23.07 24.92) 22.87 24.73
0.06 23.43 25.3 23.13 25.03 23.00 24.90 22.70 24.58] 22.15 23.99 21.97| 23.8]]
0.08 22.96 24.8 22.68 24.50 22.50 24.31]] 22.08 23.87 21.48 23.25 21.34 23.09
0.1 22.68 24, 22.42) 24.22) 22.25 24.03 21.83 23.60 21.18 22.91]] 20.98 22.70
0.12 22.37] 24.1 22.08 23.8]] 21.94 23.66) 21.39 23.07 20.70 22.36) 20.53 22.17
0.14 22.19 24.0. 21.94 23.71] 21.69 23.45 21.23 22.96 20.56 22.26) 20.29 21.97
0.16 21.90 23.6 21.72] 23.43] 21.49 23.20] 20.89 22.56] 20.1]] 21.74] 19.92 21.53]

Figure 8 — Line/Load Regulation Data, Room Temperature

Power Integrations E
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9 Waveforms

9.1 Drain Voltage and Current, Normal Operation

2005703709 17:05:06 NORM:100MS /s Bus /div
Stopped U (Sus/div)

2005703709 17:12:12 HORM:100MS /s Bus/div
Stopped 1 (Sus /div)

CHZ=10mV

DC 11

CH2=10mY
Dc 11 :

Figure 9 — 90 VAC, Full Load.
Upper: Ipran, 0.2 A/ div
Lower: Vpran, 100 V, 5 us / div

Figure 10 — 265 VAC, Full Load
Upper: Ipran, 0.2 A/ div
Lower: Vprain, 200 V / div

9.2 Output Voltage Start-up Profile

NORMS00KS /s 20ms /div AN AT

2005/03/09 17:16:40 MNORMS00KS /s 20ms /div

Stopped| (20ms /div) SIUPFE;‘G?_SV (20ms /div)
CH1=5v : : =
DC 101

DC 101

Figure 11 — Start-up Profile, 90VAC
5V, 20 ms/ div.

Figure 12 — Start-up Profile, 265 VAC
5V, 20 ms/ div.
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9.3 Output Ripple Measurements

9.3.1 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 13 and Figure 14.

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 14 — Oscilloscope Probe with Probe Master 5125BA BNC Adapter. (Modified with wires for probe
ground for ripple measurement, and two parallel decoupling capacitors added)

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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9.3.2 Measurement Results

2005703509 17:20:33 MORM:10MMS /5 1ms fdiv
Stoppedy (1ms /div)
CHI1=500mY : : CH3=500mY : 5 5

Ac 101 5 : AG 100:1

Figure 15 — Ripple, 120 VAC, Full Load.
1 ms, 500 mV / div

Power Integrations
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10 Conducted EMI

o —_——— EMVOP — ENVAV =y — ENV.OP ———— EN_V.AY

1] n
(T A HUG -0 - SRS A - S O SO SO B R e st L o A
0 i : i I S 1 B 5 ] T T
015 10 100 MHrmnn 015 1.0 0.0 r"”anun
Line Neutral

Figure 16 — Conducted EMI, Maximum Steady State Load, 120 VAC, 60 Hz, and EN55022 B Limits
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015 1.0 10 100.0 MHz

MHz
Neutral
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Figure 17 — Conducted EMI, Maximum Steady State Load, 240 VAC, 60 Hz, and EN55022 B Limits
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11 Revision History

Date Author Revision Description & changes Reviewed
10-26-05 RSP 1.0 Initial Release KM/JC/VC
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1st Floor, St. James's House

East Street, Farnham

Surrey, GU9 7TJ

United Kingdom

Phone:  +44 (0) 1252-730-140
Fax: +44 (0) 1252-727-689
e-mail: eurosal es@powerint.com

APPLICATIONSHOTLINE
World Wide +1-408-414-9660

APPLICATIONSFAX
World Wide +1-408-414-9760
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