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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 engineering report describes a CAPZero™ demonstration board employing the
Power Integrations CAP014DG. This demonstration board operates over a universal
input range. It has been designed and tested to operate with an ambient temperature
environment of up to 105 °C.

This document provides complete design details including specifications, the schematic,
bill of materials. This information includes performance results, surge tests and EMI
scans.
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Figure 1 — Populated Circuit Board Photograph, Component Side.
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Figure 2 — Populated Circuit Board Photograph, Solder Side.
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2 Specification

The table below represents the minimum acceptable performance of the design. Actual
performance is listed in the results section.

Description Symbol | Min Typ Max | Units Comment
Input
Voltage Vin 85 264 VAC 2 Wire —no P.E.
Frequency fLne 47 50/60 63 Hz
Including MOV leakage and reactive
No-load Input Power (230 VAC) 0.08 W current generated input cable losses
RC discharge time constant 1 second
Conducted EMI Meets CISPR22B / EN55022B
Designed to meet IEC950 / UL1950

Safety Class Il
Line Surge R e mpedance:

Differential Mode (L1-L2) 2 kv Differential Mode: 2 ©

Common Mode (L1+L2-PE) 4 kv Common Mode: 12 Q
Ring Wave test 2D o e, G 1000745

Differential Mode (L1-L2) 1 kv Differential Mode: 2 O
Ambient Temperature Tams -5 105 °C Free convection, sea level

Power Integrations, Inc.

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

www.powerint.com
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3 Schematic

o A,
F1
2A Ri %
390 kQ &
D1
; CAPZero C1A* ciB cic*
A L A N T 220NF==  1pF == 22uF ==
CAP014DG 275V 275V 275V
D2
R2 S
390 kQ &
o
*C1A and C1C are not populated PI-5886-041310

Figure 3 — Schematic.

*Note: C1A and C1C are optional components and are not populated on this board.
These allow the board to be used in conjunction with larger or smaller X capacitors to test
the functionality of larger or smaller devices.

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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4 Circuit Description

During normal operation, the controller within Ul detects the presence of AC input by
detecting that the voltage between D1 and D2 is reversing polarity at fixed time intervals.
Failure to detect polarity reversal is an indication of removal of AC input. This is used as
a signal to turn on the MOSFETSs within U1 and discharge the X capacitor. The values of
resistors are chosen to guarantee that the time constant of the X capacitor and the
discharge resistors is less than 1 second.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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5 PCB Layout
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Figure 4 — Printed Circuit Board Layout.
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6 Bill of Materials
Ref
Item Qty Des Description Mfg Part Number Manufacturer
Vishay BC
1 1 Cl 1 uF, 275 VAC, Polyester Film, X2 BFC2 338 20105 components
2 1 F1 2 A, 250V, Slow, TR5 3721200041 Wickman
3 1 Jl 3 Position (1 x 3) header, 0.156 pitch, Vertical 26-48-1031 Molex
4 2 R1 R2 390 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ394V Panasonic
5 1 RV1 320 V, 14 mm, RADIAL S14K320 Littlefuse
Power
6 1 Ul CAPZero, CAP014DG, SO-8 CAP014DG Integrations

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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7 No-load Input Power Performance

To correctly measuring the no-load input power of the CAPZero device itself the X
capacitor and MOV should be removed from the board. The presence of the X capacitor
causes reactive currents which flow in the input cables. This results in a real power loss
component which is them measured by the AC power meter. Therefore to eliminate this
error when measuring the power consumption of the CAPZero IC the capacitor should be
removed.

The MOV has a small leakage current which also generates a power loss measured by
the power meter so again should be removed to correctly measure the CAPZero
consumption.

To illustrate these effects power consumption was measured with and without the
capacitor and MOV fitted.

MOV and X All
. MOV
. Capacitor Components
Input Line Removed
Removed (MW) Present
(mW) (mW)

85V /50 Hz 1.5 1.5 2
100V /50 Hz 1.7 1.9 2.8
115V /60 Hz 2 2.3 3
132V /60 Hz 2.3 2.8 4.8
230 V /50 Hz 4 5.7 8
240V /50 Hz 4.1 6.1 11
265V /50 Hz 4.6 7.5 12

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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7.1 CAPZero IC Consumption (X Capacitor + MOV Removed From Board)

No-load power is measured at room temperature without X capacitor C1B or MOV RV1
fitted. This data represents the true consumption of the CAPZero IC.
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Figure 5 — No-load Input Power vs. Input Line Voltage, Room Temperature, 60 Hz.

Input Line Py (MW)
85V /50 Hz 1.5
100 V /50 Hz 1.7
115V /60 Hz 2.0
132V /60 Hz 2.3
230 V /50 Hz 4
240V /50 Hz 4.1
265V /50 Hz 4.6

Table 1 — No-load Input Power vs. Input Voltage with X Capacitor and MOV Removed.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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7.2 No-load Consumption Including Effect of X Capacitor and MOV

The following measurements include cable loss as a result of the reactive current drawn
by the X capacitor and leakage current of the MOV.
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Figure 6 — No-load Input Power with X Capacitor Populated on Board.

Input Line P (MW)
85V /50 Hz 2
115V /50 Hz 2
175V /50 Hz 5
230 V /50 Hz 8
265V /50 Hz 11
85V /60Hz 2
115V /60 Hz 3
175V /60 Hz 5
230 V /60 Hz 9
265V /60 Hz 12

Table 2 — No-load Input Power vs. Input Voltage Including Effect of X Capacitor and MOV.

Power Integrations
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7.3 No-load Input Power Including MOV and CAPZero (X Capacitor Removed)

Following measurements are with the X capacitor removed. MOV and CAPZero IC were
on the board.
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Figure 7 — No-load Input Power vs. Input Line Voltage, Room Temperature, 60 Hz.

Input Line Py (MW)
85V /50 Hz 15
100 V /50 Hz 1.9
115V /60 Hz 2.3
132V /60 Hz 2.8
180 V /50 Hz 4
230V /50 Hz 5.7
240 V / 50 Hz 6.1
265V /50 Hz 7.5

Table 3 — No-load Input Power vs. Input Voltage Including Effect of MOV Leakage

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8 X Capacitor Discharge Waveforms

8.1 AC Disconnect at Room Temperature

2010703717 105210 MORMS0KS /s 200ms /div 2010703717 10:49:26 MORMS50kS /s 200ms /div
sxopp&_j _ _ _ (200ms /div) sxoppéf : (ZDI]m.s/div)
MWV\WW
2 A
AT
1747
Figure 8 — 265 VAC 50 Hz, No-load. Figure 9 — 265 VAC 50 Hz, No-load.
Vin, 100 V / div. Vin, 100 V / div.
8.2 AC Disconnect at 105 °C Ambient
2010703717 14:39:47 MORMZEDKS /s 200ms /div 2010703717 14:40:39 MNORMIE0KS /s  200ms/div
Stappél.d' (2I]I]m§/div) Stoppd (200ms /div)
ar H
000s] : :
DOBODOOHZ. | f
Figure 10 — 265 VAC 50 Hz, No-load. Figure 11 — 265 VAC 50 Hz, No-load.
Vin, 100 V / div. Vin, 100 V / div.

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 13 of 26

Www.powerint.com



RDR-252 - CAPZero Reference Design Board 14-Apr-10

8.3 AC Disconnect at -5 °C Ambient

2010/03/17 12:44:33 NORMSE0KkS/s  200ms/div 2010/03/17 13:43:32 NORMEOKS /s  200ms /div
Stoppdd 200ms /div) Stoppd (200ms /div)

aT : : : : .000s: : :
1447 T S P PO SRS S A0000D00HZ. G

Figure 12 — 265 VAC 50 Hz, No-load. Figure 13 — 265 VAC 50 Hz, No-load.
Vin, 100 V / div. VN, 100 V [ div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8.4 Input Arcing Test Room Temperature
The AC input was connected loosely in a manner so as to generate arcing at the
contacts. The test to demonstrate that the CAPZero does not stay “latched-off” due to the
arcing event and that it properly detects loss of AC power and safely discharges the
X capacitor once the AC is removed.

2010703717 10:58:08 NORM:E0kS/s  200ms/div 2010703717 10:59:24 NORMEDKS /s 200ms/div

Stoppdy (200ms /div) Stoppdd (200ms /div)
: : : t : R R H R B R R :

-

Figure 14 — 265 VAC 50 Hz, No-load. Figure 15 — 265 VAC 50 Hz, No-load.

Vin, 100 V / div. Vin, 100 V / div.

2010/03/717 11:00:24 NORMSE0KS /s 200ms/div 2010/03/17 110130 MORMEDKS /s  200ms Fdiv

Stoppéd i . . . (200ms /div) Stoppé].d . . .( (Zuumfsfdiv)
* aT ‘ |
Bimae s | :

14T {0 0nooHz s IS TTUPRRORE SUUPRON
Il :
Figure 16 — 265 VAC 50 Hz, No-load. Figure 17 — 265 VAC 50 Hz, No-load.

Vin, 100 V [ div. Vin, 100 V [ div.

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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2010/03/17 11:02:48 NORMS50KS /s 200ms /div 2010/03/717 11:07:33

Stoppél i (200ms /div) Stoppdd

NORMSE0kS /s  200ms /div
(200ms /div)

|

Figure 18 — 265 VAC 50 Hz, No-load.
Vin, 100 V / div.

Figure 19 — 265 VAC 50 Hz, No-load.

Vin, 100 V [ div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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8.5 AC Input Arcing Test at 105 °C Ambient

MNORMIS0KS /s 200ms /fdiv
(200ms fdiv)

201070317 12:41:41
Stoppdd

Figure 20 — 265 VAC 50 Hz, No-load.
VN, 100 V / div., 200 ms / div.

2010/03/17 144331 NORMSE0kS /s 200ms /div
Stoppd (200ms /div)

Figure 22 — 265 VAC 50 Hz, No-load.
Vin, 100 V / div., 200 ms / div.

2010/03/17 14:42:20 NORMS50KS /s 200ms /div
Steppddd (200ms /div)

aT
1447|000

Figure 21 — 265 VAC 50 Hz, No-load.
Vin, 100 V / div., 200 ms / div.

2010/03/17 14:44:24 NORME0KS /s 200ms/div
Stoppdd (200ms /div)

Figure 23 — 265 VAC 50 Hz, No-load.
Vin, 100 V / div., 200 ms / div.

Page 17 of 26
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2010/03/17 14:45:06 NORMS0KS /s 200ms /div 2010/03/17 144550

NORMSS0KS /s 200ms/div
(200ms /div)

StoppdH (200ms /div) StoppdH

Figure 24 — 265 VAC 50 Hz, No-load.
V\y Zoom, 100 v / div.,20 ms / div.

Figure 25 — 265 VAC 50 Hz, No-load.

Vin, 100 V / div.,200 ms / div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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8.6 AC Input Arcing Test at -5 °C Ambient

2010/03/17 13:45:17
Stoppdd

HNORMEDKS /s

200ms / div

200ms /div)

m
ar
aT L
1/

.0000000Hz

2010703717 13:47:26
Stoppdd

Figure 26 — 265 VAC 50 Hz, No-load.
Vin, 100 V / div., 200 ms / div.

NORMS0kS /s

200ms/div

200ms/div)

20

J

Figure 28 — 265 VAC 50 Hz, No-load.

VN, 100 V / div., 200 ms / div.

2010/03/17 13:46:08 NORMSO0KS/s  200ms /div
Stoppd 200ms #div)

Figure 27 — 265 VAC 50 Hz, No-load.
Vin, 100 V / div., 200 ms / div.

2010/03/17 13:48:26 NORMS0kS/s ~ 200ms /div
Stoppdd ] 200ms /div)

Figure 29 — 265 VAC 50 Hz, No-load.
Vin, 100 V / div., 200 ms / div.

Page 19 of 26
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2010/03/17 13:49:06 NORMSOKS/s  200ms/div 2010/03/17 135101 NORMESOKS /s 200ms /div
stoppél_:' _ _ E2l]l]m:.;/div) Stoppédt (:mnmsfdiv)
" R 1 S b
aT aT : i
14aT 1£4T. {00000 O SN | i WY | ET
Figure 30 — 265 VAC 50 Hz, No-load. Figure 31 — 265 VAC 50 Hz, No-load.
VN, 100 V / div., 200 ms / div. VN, 100 V / div., 200 ms / div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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9 AC Surge and Ring Wave Test

The board was tested at 230 VAC with a 1 uF capacitor and 2 x 390 kQ resistors.

9.1 Ring Wave Test

9.2

9.3

Test
Vil PhaseoAngIe Wa\gf)orm NUST:‘ibk(ZSOf Test Result
1 90 200 10 PASS
1 270 200 10 PASS
Differential Mode Surge, 1.2 /50 usec
Surge Generator
Voltage Phas?of\ngle Impedance NuSr;r:ibktzrsof Test Result
(kV) (®)
1.5 90 2 10 PASS
1.5 270 2 10 PASS
2 90 2 10 PASS
2 270 2 10 PASS
Common Mode Surge, 1.2 /50 usec
Surge Generator
Voltage Phas?o;xngle Impedance NUST:?erSOf Test Result
(kV) Q)
4 90 12 10 PASS
4 270 12 10 PASS

Page 21 of 26
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9.4 AC Disconnect Test After Surge

Proper operation of CAPZero was verified after 10 strikes of surge test and ring wave

test.

NORMEDkS /s 200ms /div
(200ms /div)

201002702 16:58:10
topped

Figure 32 — 265 VAC 50 Hz, No-load.
Upper: Vin, 100 V / div., 200 ms / div.

Lower: V,y Zoom, 100 V / div., 20 ms / div.

MNORMS50kS /s 200ms /div
(200ms /div)

2010/02/02 165552
stopped

Figure 33 — 265 VAC 50 Hz, No-load.
Upper: Vin, 100 V / div., 200 ms / div.
Lower: V\y Zoom, 100 V / div., 20 ms / div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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10 EMI Tests

EMI performance was tested at no-load with 1 uF capacitors and 2 x 390 kQ resistors on
the board. Comparing results to backgrounds scan it can be seen that CAPZero
generates no measurable conducted EMI.

dByv

b EM_V_OF EN_V_AV By EM_V_OF EN_V_AV
70 i i i i 70
B0 \\\—,7 i B0
50 \\\—17 : 50
40 : -t : [ 40

30 b

0

[

0

a0 ; - 0

015 10 100 1000 015 \IU 1’00 1000
MHZ MHZ
Figure 34 — 115 V Neutral. Figure 35 —-115V Line.
ﬁ::m‘ EN_V_OF ER_V_AY ﬁ::m‘ EN_V_OF ER_V_AY
n N . . n N .
o | T i o | T
i \\\—17 : 50 \‘\—17

40 : et ; b 40
a0

20

a0 ; - 0

T T
015 [} 100 1000 015 [} 100 1000
MHZ MHZ

Figure 36 — 230 V Neutral. Figure 37 — 230 V Line.

Power Integrations E
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The following EMI scans are done with the unit disconnected to show the background
noise level of the test setup.

il EM_V_OF EN_V_AV il

5”\\\';17 : 5”\\\';17

30 |

EM_V_OF EN_V_AV

20

0

a0 ; - 0

015 10 100 it 1000 015 \IU 1’00 it 1000
Figure 38 — 115 V Neutral Background Noise. Figure 39 — 115 V Line Background Noise.
dBpy EN_V_OF ER_W_aY dBpy EN_V_OF ER_W_aY

mn i i i i mn

o [T ' o [T

0

J“U 15 \IU 1’00 1000 J“U 15 \IU 1’00 1000
Figure 40 — 230 V Neutral Background Noise. Figure 41 — 230 V Line Background Noise.
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11 Revision History

Date Author Revision | Description & changes Reviewed
14-Apr-10 | PL 0.6 Initial Release Apps & Mktg
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Phone: +65-6358-2160

Fax: +65-6358-2015

e-mail:
singaporesales@powerint.com

TAIWAN

5F, No. 318, Nei Hu Rd., Sec. 1
Nei Hu District

Taipei 114, Taiwan R.O.C.
Phone: +886-2-2659-4570

Fax: +886-2-2659-4550

e-mail:
taiwansales@powerint.com

UNITED KINGDOM

1st Floor, St. James’s House
East Street,

Farnham Surrey, GU9 7TJ
United Kingdom

Phone: +44 (0) 1252-730-141
Fax: +44 (0) 1252-727-689
e-mail:
eurosales@powerint.com

APPLICATIONS HOTLINE
World Wide +1-408-414-9660

APPLICATIONS FAX
World Wide +1-408-414-9760

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

www.powerint.com
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