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Testing procedure and testing location:

X | CB Testing Laboratory: Nemko A/S

Testing location/ address .........cccccceeeeeennne . | Gaustadalléen 30, NO-0373 Oslo, Norway

[ 1 | Associated CB Laboratory:

Testing location/ address .........ccccceeeeeeennne :

A. A1 A N T )
Tested by (name + signature)........... . | Ole Morten Aaslund Ol Morken {A;.sm&/
7 Z 7
Approved by (name + signature)...... . | Hans-Eirik Lie /\fffﬂwﬁ///;
U7

[1 | Testing procedure: TMP :

Testing location/ address .........cccccceeeeeennne :

Tested by (name + signature)........... :

Approved by (name + signature)...... :

[ 1 | Testing procedure: WMT

Testing location/ address .........cccccceeeeeennne :

Tested by (name + signature)........... :

Witnessed by (name + signature).... :

Approved by (name + signature)...... :

[] | Testing procedure: SMT

Testing location/ address..........ccccccvveerenne :

Tested by (name + signature)........... :

Approved by (name + signature)...... :

Supervised by (name + signature) ... :

[ 1 | Testing procedure: RMT

Testing location/ address .........cccccceeeeeennne :

Tested by (name + signature) .......... :

Approved by (name + signature)...... :

Supervised by (name + signature) ... :

TRF No. IEC60950_1C
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List of Attachments (including a total number of pages in each attachment):

CTL Decision, DSH 1080 (2 pages)
Photos (5 pages)

Data sheet (8 pages)

Application note (10 pages)

Summary of testing:

This report covers only tests applicable for IC including capacitor discharge function (ICX). Requirements
for such components are covered by CTL Decision, DSH 1080, refer attachment.

The following clauses are not applicable for such components and are removed from this report:
1.5,1.6, 1.7 (except for 1.7.1 and 1.7.11), 2.1 (except for 2.1.1.7), 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9
(except for 2.9.2), 2.10, 3.1, 3.2, 3.3,3.4,3.5,4.1,4.2,4.3,4.4,45,5.1, 5.2, 5.3 (except 5.3.7 and 5.3.9)
and all Annexes.

However, all relevant clauses must be considered for end products using this ICX.
The following tests were performed as per DSH 1080:
- humidity treatment for 120 h at a temperature of (40+£2)°C and a relative humidity of (93+3)%

Humidity treatment performed on models CAP002DG, CAP009DG, CAP012DG and CAP019DG, refer
also clause 2.9.2 in this report.

- 100 positive impulses and 100 negative impulses between line and neutral using a capacitor with the
largest capacitance and a resistor with the smallest resistance specified by the manufacturer of the ICX;
and repeated with a capacitor with the smallest capacitance and the resistor with the largest resistance.
The time between any two impulses shall not be less than 1 s. The impulse shall be as specified in circuit
2 of Table N.1 (60950-1) / 1.2/50us in Table K.1 (60065), with Uc equal to the transient voltage.

Impulse tests as described performed on models CAP002DG, CAP009DG, CAP012DG and CAP019DG.
Uc = 2500Vpeak. X-capacitor was only mounted during the discharge tests, refer General product
information and 2.1.1.7.

- Application of an a.c. voltage that is 110% of the rated voltage for 2.5 minutes.

A voltage of 253V AC applied for 2.5 minutes on models CAP002DG, CAP009DG, CAP012DG and
CAP019DG.

- 10 000 cycles of power on and off using a capacitor with the smallest capacitance and a resistor with the
largest resistance as specified by the manufacturer of ICX. The power on and off cycles time shall not be
less than 1 s.

10 000 cycles of power on and off (cycle time is 1 s) performed on models CAP002DG and CAP012DG.

If any of the associated circuitry components other than those critical for the discharge function fails, it
may be replaces with a new component.

No components failed.

Compliance criteria:

Compliance is checked by evaluation of the available data or by conducting the above tests. The
capacitor discharge test is conducted after above tests, ensuring the ICX or the EUT provided with the
ICX continues to provide the safeguard function.

NOTE: Evaluation of available data should include information of failure of any associated circuitry
components keeps the discharge modes in the on/stay mode.

TRF No. IEC60950_1C
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Summary of testing (continued):

After above tests the capacitor discharge tests were performed according to clause 2.1.1.7 on models
CAP002DG, CAP009DG, CAP012DG and CAP019DG. The circuit tested continue to comply with 2.1.1.7,
refer 2.1.1.7 for details. Note that compliance with 2.1.1.7 must also be checked when the ICX forms part
of an end product.

In addition to above tests, evaluation of available data from the manufacturer have been made to prove
that the discharge function of the ICX remains the same also during single fault conditions. Refer general
product information and clause 5.3.7 for detalils.

Tests performed (name of test and test clause): | Testing location:

1.7.11 Durability (markings) Nemko A/S
21.1.7 Discharge of capacitors in equipment | Gaustadalléen 30, NO-0373 Oslo, Norway
29.2 Humidity conditioning

Summary of compliance with National Differences

Samples tested comply with the applicable requirements covered by CTL Decision, DSH 1080, attached
to this report.

Copy of marking plate

The artwork below may be only a draft. The use of certification marks on a product must be authorized by
the respective NCBs that own these marks.

(Additional requirements for markings. See 1.7 NOTE)

The following markings are printed on the body of the ICX:

Power Integrations Logo
Date code

Part no.

Serial no.

TRF No. IEC60950_1C
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Test item particulars.......ccccceeveeeveeeeve e :

Equipment mobility ..............cccccciiiiiiiiiiiiiiieeeeeeeeeenn s [ movable  [] hand-held [] transportable
[] stationary [x] for building-in [] direct plug-in
Connection to the mains...........ccccccceeeeeeevvcvveeeeeee.. s [] pluggable equipment ] type A [] type B

[] permanent connection

[] detachable power supply cord

[] non-detachable power supply cord
[] not directly connected to the mains

Must be evaluated in the end product.

Operating condition...........cccccceeeeeviiciiiieeeeeesssseenneene. - [X] CONtiNUOUS
[] rated operating / resting time:

Access [ocation .......cccccccevevciiiiiiie e s [X] Operator accessible
[] restricted access location
Over voltage category (OVC) .....ccccevceveeevvvvccvvvenenes. [JOVC T [X]OVC I [JOVCIIT  [JOVC IV
[] other:
Mains supply tolerance (%) or absolute mains supply
ValUES ..ooviiiiiiiiiiiiiiieeee e . 110% OF rated voltage as per DSH 1080
Tested for IT power Systems ............ccccccvvveeeevnneennn s [J YE€S [ NO
Not applicable for this type of component.
IT testing, phase-phase voltage (V) .....cccoceeveeevvenennns 230V
Class of equipment .........cccccccviviiieieeeeniiiiciiieeeeeee s [JClass1 [ Class Il [] Class llI

[X] Not classified
Considered current rating of protective device as part

of the building installation (A) .........ccccceeeeeevvveccennne s N/A

Pollution degree (PD) ........cccccceeveeevvivciiiieeeeeeeeeeeene s [[PD1 [X]PD 2 [JPD 3
IP protection Class ......ccccccccvvvcvvveveeeeesiiiiireeneeeenenneens P20

Altitude during operation (M) ........cccceccviieeeeeennnnccn s < 2000m

Altitude of test laboratory (M) .....c..cccoevcvvvvveveeevviiceennn s < 2000m

Mass of equipment (K@) .......ccccoiveeeeieiiiiiiiiieeeeeeeee s < 109

Possible test case verdicts:

- test case does not apply to the test object.................. : N/A

- test object does meet the requirement....................... : P (Pass)

- test object does not meet the requirement................. : F (Fail)

LIS 1] Lo SRS :

Date of receipt of test item .........cccoceiiiiieiieee : October 1, 2013

Date(s) of performance of tests........ccocoeiveeieeiienene : October 4 — October 18, 2013

TRF No. IEC60950_1C
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General remarks:

The test results presented in this report relate only to the object tested.

This report shall not be reproduced, except in full, without the written approval of the Issuing testing
laboratory.

"(see Enclosure #)" refers to additional information appended to the report.

"(see appended table)" refers to a table appended to the report.

Throughout this report a [ ] comma / [X] point is used as the decimal separator.

Manufacturer’s Declaration per sub-clause 6.2.5 of IECEE 02:

The application for obtaining a CB Test Certificate [ Yes
includes more than one factory location and a
declaration from the Manufacturer stating that the
sample(s) submitted for evaluation is (are)
representative of the products from each factory has
been provided............cooiiiiiii :

X Not applicable

When differences exist; they shall be identified in the General product information section.

Name and address of factory (i€S) ........cccccvevuunene. : Millenium Microtech Shanghai
No. 351 Guo Shou Jing Rd., Z.J. Hi Tech Park

Pudong New Area, Shanghai,
201203 CHINA

TRF No. IEC60950_1C



Page 7 of 11 Report No. 246038
Nemko

General product information:

The equipment under tests are IC including discharge function (ICX). It is used to cope with environmental
issues, as it limits the power consumption in standby conditions. The ICX blocks current through X-
capacitor discharge resistor when AC voltage is connected, and it automatically discharges X-capacitor
trough discharge resistors when AC is disconnected.

Figure below shows a typical application for the ICX:

FaY &

R1
pD1
MOV
. and Other
AC @ = X Capacitor | EMm] Filter
) Components
e O e
p
D2
CAPZero .
R2%
O o PI1-6599-110711

Models covered by this report are listed in table below. Models CAP002DG, CAP009DG, CAP012DG and
CAPO019DG were chosen to represent all models. During testing the ICX was mounted on a PCB together
with a mains fuse (1A) and discharge resistors. Refer attached photos. X-capacitor was only mounted
during the discharge tests, refer summary of testing and 2.1.1.7. Values of X-capacitor and discharge
resistors are as per recommendation from the manufacturer. Refer table below.

Model/Part BVpss Maximum total Total series
No. (ICX) X-capacitance resistance
(R1+R2)
CAP002DG 825V <= 500nF 1.5MQ
CAP003DG 825V 750nF 1.02MQ
CAP004DG 825V 1uF 780kQ
CAP005DG 825V 1.5uF 480kQ
CAP006DG 825V 2uF 360kQ
CAP007DG 825V 2.5uF 300kQ
CAP008DG 825V 3.5uF 200kQ
CAP009DG 825V 5uF 150kQ
CAP012DG 1000V <= 500nF 1.5MQ
CAP013DG 1000V 750nF 1.02MQ
CAP014DG 1000V 1uF 780kQ
CAP015DG 1000V 1.5uF 480kQ
CAP016DG 1000V 2uF 360kQ
CAP017DG 1000V 2.5uF 300kQ
CAP018DG 1000V 3.5uF 200kQ
CAP019DG 1000V 5uF 150kQ
SC1143 1000V 5uF 150kQ

TRF No. IEC60950_1C
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Table on previous page includes tolerances as referred to in the attached data sheet i.e. 5% for resistors
and 20% for total capacitance.

Resistors R1+R2 shall be rated for 50% of the system input voltage to allow for the short-circuit of the ICX,
D1 to D2 pins, during single fault test.

Evaluation of singe fault conditions (refer also clause 5.3.7):

The ICX has two dedicated pins for the D1 and D2 terminals which add redundancy during single fault
testing (short-circuit or open-circuits). Thus if one pin is physically disconnected from the device or PCB,
the ICX will continue to function normally. During a short-circuit the outcome is the same as if the ICX had
not been used and results in the discharge resistors being connected in series continuously. Figure below
summarizes the results of the worst case single fault tests.

Test Test With Existing System CAPZero Equivalent Comments
o e e Ca e e
1 !
o
,_.l:m Lifting any one pin of the CAPZero
o Circuit: device has no effect as 2 pins are
pen Circuit: L connected to each drain terminal.
Disconnect one | ac@ o ox AC ) = X Capaciior The only way to create an open
%nsg;agf?;gte;ﬁe L circuit is by lifting the leads of one of
the discharge resistors. This is
system . .
Y CAPZero 432 therefore equivalant to existing
A2 EE Ro EE systern without CAPZero
__________
PI-5207-041310 PH6604-110811
—— - —_—mYm—
<
RIZ RZ
—*oi
Short Circuit: AC (5 == ¥ Capacitor Shorting D1 and D2 pins creates a

Short any 2 adja- | A& = CX
cent pins to see L

effect on systemn

condition equivalent to an existing
system not using CAPZero.

CAPZero —$o2

Vi

R2 3

e

Wi

R23

PI-5208-041310 P1-8603-110811

Evaluation of maximum ambient temperature:
Extended tests performed by the manufacturer to prove that the ICX is also reliable at the maximum
specified ambient temperature (105°C).

Refer also attached data sheet and application note from the manufacturer for further details.

Abbreviations used in the report:

- normal conditions N.C. - single fault conditions S.F.C
- functional insulation OoP - basic insulation BI
- double insulation DI - supplementary insulation Sl
- between parts of opposite
polarity BOP - reinforced insulation RI

Indicate used abbreviations (if any)

TRF No. IEC60950_1C
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Clause Requirement + Test Result - Remark Verdict
171 Power rating and identification markings The required marking is P
located on the outside surface
of the component.
1711 Power rating marking Refer below: P
Multiple mains supply connections........................... | Must be considered when N/A
installed in the end product.
Rated voltage(s) or voltage range(s) (V) ...............: Rated nominal voltage is P
declared to be 230V AC.
Symbol for nature of supply, for d.c. only ...............: | AC supplied. N/A
Rated frequency or rated frequency range (Hz) ....: Must be considered when N/A
installed in the end product.
Rated current (MA Or A) oooiveeeeiiiiieeieee e Must be considered when N/A
installed in the end product.
1.7.1.2 Identification markings Refer below: P
Manufacturer’'s name or trade-mark or identification | CAPZero P
MK ©eeeeteie e
Model identification or type reference ..................... CAP002DG; CAP0O03DG; P
CAP004DG; CAP005DG;
CAP006DG; CAP007DG;
CAP008DG; CAP009DG;
CAP012DG; CAP013DG;
CAP014DG; CAP015DG;
CAP016DG; CAP017DG;
CAP018DG; CAP019DG;
SC1143
Symbol for Class Il equipmentonly ..........cccocceee: Must be considered when N/A
installed in the end product.
Other markings and symboals .................................. | The additional marking does P
not give rise to
misunderstandings.
LanNQUAGE(S) uvvvvereeeeeeiiiiiiiiieeaeeeeaaiiiieeeeaaeeeaeeen s Must be considered when —
installed in the end product.
1.7.11 Durability The marking withstands P
required tests.

TRF No. IEC60950_1C
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Clause Requirement + Test

Result - Remark

Verdict

2.1.1.7 Discharge of capacitors in equipment

Capacitor discharge tests
performed on models
CAP002DG, CAP0O09DG,
CAP012DG and CAP019DG
after tests described in
Summary of testing were
perfomed. Refer test results
below.

Discharge tests must also be
performed when the ICX
forms part of an end product.

Measured voltage (V); time-constant (S) ................:

CAP002DG:

Vpeak: 360V

Vpeak, 37%: 133.2V
Time-constant: 702ms
CAPO009DG:

Vpeak: 348V

Vpeak, 37%: 129V
Time-constant: 796ms
CAP012DG:

Vpeak: 356V

Vpeak, 37%: 132V
Time-constant: 720ms
CAPO019DG:

Vpeak: 360V

Vpeak, 37%: 133.2V
Time-constant: 796ms

29.2 Humidity conditioning

Humidity treatment for 120 h
performed.

Relative humidity (%), temperature (°C) ............:

40°C, 91%

TRF No. IEC60950_1C
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IEC 60950-1/Am1

Clause Requirement + Test Result - Remark Verdict

5.3.7 Simulation of faults The ICX has two dedicated P
pins for the D1 and D2
terminals which add
redundancy during single fault
testing (short-circuit or open-
circuits). Thus if one pin is
physically disconnected from
the device or PCB, the ICX
will continue to function
normally. During a short-
circuit the outcome is the
same as if the ICX had not
been used and results in the
discharge resistors being
connected in series
continuously. Refer also figure
in general product
information.

Extended surge tests
performed by the
manufacturer to maximize the
voltage stress of the ICX.
Tests showed that the ICX
continued to function as
intended even when exposed
to surge levels far beyond its
intended application.

5.3.9 Compliance criteria for abnormal operating and fault | Refer 5.3.7 above. P
conditions

5.3.9.1 During the tests - P

5.3.9.2 After the tests - P

TRF No. IEC60950_1C
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IEC System for Conformity Testing and Certification
of Electrotechnical equipment and Components

CTL DECISION SHEET (DSH)

Standard(s) (incl. year) Subclause(s) No. Year
IEC 60950-1:2005 + A1:2009 2117 DSH 2013
(ed. 2.1) 9.1.6 1080

IEC 60065:2001 + A1:2005 +
A2:2010 (ed. 7.2)

Category
OFF, TRON
Subject Keywords Developed by | Approved at
Zero loss automatic X cap | IC including capacitor ETF2 2013 CTL
discharge discharge function (ICX) Plenary Meeting
IC, capacitor discharge, Zero
loss
Question

How should an equipment with IC including a capacitor discharge function be tested?

Decision

Requirements

An ICX and any associated components critical to the discharge function of a capacitor to an
accessible part (such as the mains capacitor) are not fault tested if one of the following conditions is
met:

— the ICX with the associated circuitry as provided in the equipment complies with the tests below.
Any impulse attenuating components (such as varistors and GDT’s) that attenuate the impulse to
the ICX and the associated circuitry are disconnected.

If discharge components external to the ICX are necessary, they shall not fail during the tests; or

— the ICX tested separately complies with the requirements and tests below. If discharge
components external to the ICX are necessary:

o they shall be included in the test; and

o they shall not fail during the tests; and

* the discharge components used in the equipment shall be within the range tested
Tests
Where the ICX is tested by itself, the test set up shall be as recommended by the ICX manufacturer.
— humidity treatment for 120 h at a temperature of (40+2)°C and a relative humidity of (93+3)%

— 100 positive impulses and 100 negative impulses between line and neutral using a capacitor with
the largest capacitance and a resistor with the smallest resistance specified by the manufacturer
of the ICX; and repeated with a capacitor with the smallest capacitance and the resistor with the
largest resistance. The time between any two impulses shall not be less than 1 s. The impulse
shall be as specified in circuit 2 of Table N.1 (60950-1) / 1,2/50 us in Table K.1 (60065), with Uc
equal to the transient voltage.

— Application of an a.c. voltage that is 110 % of the rated voltage for 2,5 minutes.

CTL-OP 106 Ed 9.2 172 © |[EC - |[ECEE 2013
2013-05-23/24
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IEC System for Conformity Testing and Certification
of Electrotechnical equipment and Components

— 10 000 cycles of power on and off using a capacitor with the smallest capacitance and a resistor
with the largest resistance as specified by the manufacturer of ICX. The power on and off cycles
time shall not be less than 1 s.

If any of the associated circuitry components other than those critical for the discharge function fails,
it may be replaced with a new component

Compliance criteria

Compliance is checked by evaluation of the available data or by conducting the above tests. The
capacitor discharge test is conducted after the above tests, ensuring the ICX or the EUT provided
with the ICX continues to provide the safeguard function.

NOTE: Evaluation of available data should include information of failure of any associated circuitry
components keeps the discharge mode in the on/stay mode

Explanatory notes

An ICX is introduced to cope with environmental issues. It limits power consumption in standby
conditions.

Product Highlights of ICX

- Blocks current through X-cap discharge resistor when AC voltage is connected
- Automatically discharges X-cap through discharge resistors when AC is disconnected

Single fault condition (open circuit conditions) of the IC and associated circuitry components critical
for the discharge function is the concern related to safety, when AC power is disconnected. [f the
capacitance of X-capacitors connected in the equipment is above a certain value, it would result in a
noncompliance with the requirements for plug discharge in IEC 60950-1 Clause 2.1.1.7 / IEC 60065
Clause 9.1.6.

|IEC TC108 HBSDT agreed to include requirements for IC including capacitor discharge function
(ICX) to the FDIS for IEC 62368-1 ed2.0. The Decision above is in accordance with this.

Amd.2 to IEC 60950-1 ed2.0 and IEC 60065 ed8.0 (assumed to be the last updates to these std.) do
not include these requirements. IEC TC108 MT1/MT2 has therefore been asked to confirm this CTL
proposal.

Recommendation by IEC TC108 MT1/MT2, 10 May 2013

The TC108 management discussed the issue and feels that the approach to use the requirements
from the latest draft IEC 62368-1, edition 2 is very reasonable. It is also in line with the statements in
the drafts of IEC 60065 and IEC 60950-1 that allow components and subassemblies to be used that
are evaluated according to IEC 62368-1.

CTL-OP 106 Ed 9.2 2/2 © |IEC - IECEE 2013
2013-05-23/24
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X-capacitors mounted during discharge tests:
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)’ ' POWER*
CApze ro Fam I |y Eﬁ\'rﬁ'ﬂlﬂ TIONS
Zero' Loss Automatic X Capacitor Discharge IC
Product Highlights
« Blocks current through X capacitor discharge resistors when
AC voitage is connected
« Automatically discharges X capacitors through discharge s
resistors when AC is disconnected >
« Simplifies EMI filter design - larger X capacitor allows smaller —$D1
inductive components with no change in consumption b
« Only two terminals — meets safety standards for use before or C MOV
after systemn input fuse AC (nJ == X Capacitor %ﬁfﬁ}’,{;’
« >4 mm creepage on package and PCB Components
« Self supplied — no external bias required ]
« High common mode surge immunity — no external ground T lpo
connection CAPZere o
« High differential surge withstand — 1000 V internal MOSFETs R2Z
PI-6589-110711
EcoSmart® - Energy Efficient _ o e o
+ <5 mW consumption at 230 VAC for all X capacitor values Figurs 1. Typical Appiication — Not a Simpiifiad Gircuit
Applications
» Al ACDC converters with X capacitors >100 nF
+ Appliances reqt_.lin'ng EuP Lot & compliance _ Component Selection Table
« Adapters requiring ultra low no-load consumption
« All converters requiring very low standby power : Total Series
reauring very vp Product® BV T‘::’::‘;‘:i‘t:::' Resistance?
Description (R1+R2)
When AC voltage is applied, CAPZero blocks current flow in the CAP0O02DG 805V
i i i i 500 nF 1.5MQ
K capactor sl dicharge sl [oeng PPN 010 caporaoe | oo | 50
voltage is disconnected, CAPZero automatically discharges the GAEEIDG =l i Dire
X capacitor by connecting the series discharge resistors. This CAPO13DG 1000V
operation allows total flexibility in the choice of the X capacitor to CAPDD4DG 825V
optimize differential mode EMI filtering and reduce inducior costS,  cAP014DG 1000V 1wk Ta0ke
with no change in power consumption. CAPO0SDG o5y
1.5 uF 480 ke
Designing with CAPZero is simply a matter of selecting the CAP015DG 1000V
appropriate CAPZero device and external resistor values in Table 1 CAPO06DG 825V
i - } ; c 2 uF 360 ke
for the X capacitor value being used. This design choice will CAP016DG 1000V
provide a worst case RC time constant, when the AC supply is CAPOOTDG ao5 vy
disconnected, of less than 1 second as required by international 25uF 300 ko
safety standards. CARDIZDO LUy
CAPO08DG 825V
A ) 35 uF 200 ke
The simplicity and ruggedness of the two terminal CAPZero IC CAP018DG 1000V
makes it an ideal choice in systems designed fo meet EuP Lot 6 CAPODODG 85V . L
i (s}
requirements. CAPO19DG 1000V b
The CAFZero family has two voltage grades: 825 V and 1000 V. Table 1. Componant Salsction Tabls.
The voltage rating required depends on surge requirement and :JG}EE £ e 5 o oy N
i i i i i i i . Clause 4.0 rounads siandbDy power use iow 5 mW fo zero.
C'mu'? conﬂ_guratlon .Of the appllpatlon. See Key Applications 2. Values are nominal. RC fime constant is <1 sacond with +20% X capacitor and
Considerations section for details. +5% resistance from thesa nominal values.
3. Packages: D: SO-8.
W, powerint.com MNovember 2011
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Pin Functional Description
The pin configuration of Figure 2 ensures that the width of the
S0O-8 package is used to provide creepage and clearance D Package (SO-8)
distance of over 4 mm.
Although slectrical connections are only made to pins 2, 3, 6
and 7, it is recommended that pins 1-4 and pins 5-8 are
coupled together on the PCB — see Applications Section.
PI-580B-060810
Fgurs 2. Fin Configuration.
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R1 ::
Fommmmmm s -
! —D1
| L
|

AC | Coyr [ Other EMI
) HH Filter

! Components
|
i X Capacitor1 X Capacitor2
|
! cAPZero —4D2

23

3 PL6600-110711
S —

Figura 3. Placement Options of MOV and C,,.

Key Application Considerations

Breakdown Voltage Selection

Figure 3 illustrates possible system configurations influencing
the choice of CAPZero breakdown voltage. The system
configuration variables include the placement of the system
MOV and X capacitor(s) as well as the differential surge voltage
specifications of the applicaticn.

As shown in Table 1, each device in the CAPZero family has a
825V or 1000 V option. For applications whare the system
MOV is placed in position 1 (MOV__, In Figure 3), the 825 V
option will typically provide adequate voltage withstand for
surge requirements up to 3 KV or more. The 1 kW CAPZero
would be recommended for higher surge requirements or if
additional voltage margin is required.

For MOV placement that is not directly across the X Capacitort
(for example MOV, in Figure 3) the 1000 \ CAPZero devices
can be used up to a surge specification of 1.5 kV. For differential
surge voltage specifications of =1.5 KV it is recommended that
the MOV is always placed in the location shown in Figure 3 as
MOV e
It is always recommended that the peak voltage between
terminals D1 and D2 of CAPZero is measured during surge
tests in the final system. Measurements of peak voltage across
CAPZero during surge tests should be made with oscilloscope
probes having appropriate voltage rating and using an isolated
supply to the oscilloscope to avoid ground currents influencing
measurement results. When making such measurements, it is
recommendead that 50 V engineering margin is allowed below
the breakdown voltage specification (for example 950 V with the
1000 V CAFZera).

If the measured peak Drain voltage exceeds 950 V, an external
1 KV ceramic capacitor of value up to 47 pF can also be placed
between D1 and D2 terminals to attenuate the voltage applied
between the CAPZero terminals during surge. This optional
external capacitor placement is shown as G, in Figure 3. It
should be noted that use of an external capacitor in this way will
increase power consumption slightly due to the C_, charge/
discharge currents flowing in R1 and B2 while AC is connectad.
A C,; value of 33 pF will add approximately 0.5 mw at 230 VAC,
50 Hz.

PCB Layout and External Resistor Selection

Figure 4 shows a typical PGB layout configuration for CAFZero.
The external resistors in this case are divided into two separate
surface mount resistors to distribute loss under fault conditions
- for example where a short-circuit exists between CAPZero
terminals D1 and D2. R1 and B2 values are selected according
to Table 1.

Under a fault condition where CAPZero terminals D1 and D2 are
shorted together, each resistor will dissipate a power that can
be calculated from the applied AC voltage and the R1 and R2
values. For example in an application using CAPO0D4 or CAPO14,
R1=R2=390 kQ. If CAPZero is shorted out at 265 WVAC R1 and
R2 will each dissipate 45 mw.

Resistors R1 and R2 should also be rated for 50% of the system
input voltage again to allow for the short-circuitry of CAPZero
D1 to D2 pins during single point fault testing.

If lower dissipation or lower voltage across each resistor is
required during fault tests, the total external resistance can be
divided into more discrete resistors, however the total resistance
must be egual to that specified in Table 1.

B POWER'
INTEGRATIONS
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Safety

CAPZero meets safety requirements even if placed before the
system input fuse. If a short-circuit is placed between D1 and
D2 terminals of CAPZero, the system is identical to existing
systemns where CAPZero is not used.

With regard to open circuit tests, it is not possible to create a
fault condition through a single pin fault (for example lifted pin
test) since there are two pins connected to each of D1 and D2.
If several pins are lifted to create an open circuit, the condition
is identical to an open circuit X capacitor discharge resistor in
existing systems where CAPZero is not used. If redundancy
against open circuit faults is required, two CAPZero and R1 /R2
configurations can be placed in parallel.

Discharge Operation

To meet the safety regulations, when the AC supply is
disconnected, CAPZero will discharge the X capacitor to the
safety extra low voltage (SELV) levels according to the above
functional description. Although there are no specific safety
requirements below SELV, CAPZero still continues the discharge
until the X capacitor is fully discharged. As such CAPZero can
be safely used at low input voltages such as the common
Figure 4. Typical PCE Layout. industrial 18 VAG and 24 VAGC supply rails while retaining X
capacitor discharge when the AC source is disconnected.

PI-5610-041310

Erowes
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Absolute Maximum Ratings*

DRAIN Pin Voltage'  CAP002-CAP009
CAPO12-CAPO19 ..
CAPOD2/CAPO1Z2 ..
CAPOO3/CARPO13 ..
CAPO04/CAPO14 ..
CAPOOS/CAPO1S .
GCAPOOB/CAPO1G ..
CAPOOT/CAPDAT ...
CAPOOB/CAPO1B ..

DRAIN Peak Current?

5.333 mA

CAPOOY/CAPO19 ..
Storags Temperature ..... -B5 °C to 150 °C
Lead Temperatures......... e 260 °C

.140°C 10 105 °C
L 140°C 1o 110°C

Operating Ambient Temperature....
Maximum Junction Temperature...........c........

Notes:

1.
2.

3.
4,

Voltage of D1 pin relative to D2 pin in either polarity.
The peak DRAIN current is allowed while the DRAIN voltage
is simultaneously less than 400 V.

/161n. from case for 5 seconds.
The Absolute Maximum Ratings specified may be applied
one at a time without causing permanent damage to the
product. Exposure to Absolute Maximum Rating conditions
for extended periods of time may affect product reliability.

Conditions
Parameter Symbol T,=-10t0 105 °C Min Typ Max Units
(Unless Otherwise Specified)

Control Functions

et e ter Line Cycle Fraquancy 47-63 Hz 22 31.4 ms
CAPDO02/012 0.25
CAPDO3/013 0.37
CAPDO4/014 0.48

Drain Saturation L GAPO05/015 0.78 A

Current** = CAPDOB/016 1.04
CAPOOT/O17 1.25
CAPDOB/018 1.88
CAPO09/019 2.5

Supply Current [ T,=25°C 21.7 WA

Notes

A. Saturation current specifications ensure a natural RC discharge characteristic at all voltages up to 265 VAC pk with the external

resistor values specified in Component Selection Table 1.

B. Specifications are guaranteed by characterization and design.

mu’mu
E’ﬂn’ara TIONS
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Typical Performance Characteristics
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Fguwe 5. I .. Vs Temperature.
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S0-8 (D Package)
A (=010 0.004) [c[a-]2x

4.90 (0.199) BSC

s

A\ B4

]

/3, 2.90 (0.154) BSC 6.00 (0.236) BSC

1 ‘@; ¢

—Jo.10 (0.009 [c[p |:|
2%

. 0.25 {0.010)
1.04 (0.041) REF—-= = oeo

0.40 (0.016)

Pin1ID i | 4 [ 0.20 (0.008)[c 1.27 (0.050)
1.27 {0.050) Bso———l |-- ‘ ‘ x
7X 0.31 - 0.51 (0.012 - 0.020
[y
[4]0.25 (0.010) @ [c]a-Bo]
1.35 (0.053) 1.25-1.65

1.75 (0.063) (0.049 - 0.065) DETAILA
D . [o10008]c] -
0.25 (0.010) Y E% ]"J(

+ + JP * SEATING PLANE Tl”w-mn

0.25 (0.010)
Referance 1 M1 M
Solder Pad +
Dimensions
— =0 = Notes:
1. JEDEC reference: MS-012.
1.45 (0.057) 4.00 (0.157) 5.45(0.215) é\Package outline exclusive of mold flash and metal burr.
3. Package outline inclusive of plating thickness.
] ] ﬁ_\,Datums A and B to be determined at datum plane H.
+ + + 5. Controlling dimensions are in millimeters. Inch dimensions
are shown in parenthesis. Angles in degrees.
1.27 (0.050) ._“» t-_-q__- - 0.60 (0.024)
D08A | PI-5615-041210
Part Ordering Information
CAPZero Product Family
002 Series Number
Package Identifier
D |Plastic S0-8
Package Material
G | GREEN: Halogen Free and RoHS Compliant
Tape & Reel and Other Options
L Elank Standard Configurations
CAP 002 D G-TL TL Tape & Reel, 25k pcs.
E. POWER' 7
INTEGRATIONS
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A Caode A release. 04/14/10
B Updated I o, , condition. Added figure 5. Parameter T, .. was updated. 06/08/10
C Updated Table 1. Updated Mote 1 in Table 1. Added “Discharge Operafion”™ paragraph. Updated Absolute Maximum Ratings Table. 02/11
c Added Maximum Junction Temperature specification. 04/11
D Updated Figures 1 and 3. 11/07/11
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CAPZero Family

Design Considerations

JE POWER’
INTEGRATIONS

Introduction

CAPZero is a family of self powered ICs designed to reduce the
losses associated with the input filter capacitor discharge
resistors when the AC voltage is present. Designed to be
connectad in series with existing discharge resistors each
CAPZero device contains an integrated loss of AC detector and
back-to-back MOSFETs in an 50-8 package.

When the AC input voltage is present, CAPZero remains in an
OFF state, blocking current flow in the discharge path and
eliminating power losses. When the AC is removed the CAPZero
turns on, thereby switching in the resistors and allowing
discharge of the input filter capacitance. CAPZero is salf
powered from the AC line with a power consumption of less than
5 mw at 230 VAC.

Given the small footprint of the package, it is possible to place
the CAPZero IC on the bottom side of the printed circuit board
(PCB) directly beneath the X capacitor. This eliminates the need
for a major redesign of the PCB allowing existing designs to
quickly benefit from reduced power consumption.

Background

Applications that contain off-ine switching power electronics, for
example motor drives, domestic appliances, industrial equipment
and power supplies in general, have high voltage and high
current switching waveforms that generate Electro Magnetic
Interference (EMI).

To reduce this electro magnetic interference (EMI) a filter stage is
included at the AG input (Figure 1). As part of this fiter, capacitors
are commonly placed directly across the AC input terminals to
reduce differential mode EMI. Due to their location safety agency
recognized X class capacitors are typically selected. X capacitors
are rated to withstand the line surges that appear across the AC
line with the numerical suffix indicating the specific voltage rating
(1, X2 or X3).

As the capacitor appears across the input terminals a voltage, up
the peak of the incoming AC, can appear across the input
prongs of the AC plug. This could potentially cause an electric
shock to the user if touched or sparks should the prongs of the
AC plug be shorted.

To prevent these risks once the supply is unplugged, safety
agencies mandate that capacitance values above 100 nF be
discharged automatically with a time constant of <1 second.
Typically this is achieved by placing discharge resistors directly
across the capacitor. The value of the resistance s selected to
meet the 1 second time constant requirement and two resistors

are usually connected in series to meet safety agency single
paoint failure testing. Should one resistor become shorted then
the presence of the second prevents a short circuit across the
AC input.

The presence of discharge resistors results in a constant power
loss while AC is applied. With more stringent no-load and
standby input power requirements, this power 10ss has become
a significant portion of the overall power budget. For example, a
power supply that uses a capacitance of 1 uF across the
incoming AC will require a maximum discharge resistance value
of 1 M which dissipates 53 mW at 230 VAC independent of the
output load. Figure 2 shows typical dissipation in the discharge
resistors as a function of the X capacitor value with a 0.75 second
RC time constant. The value of 0.75 seconds provides margin to
account for capacitor and resistor tolerances such that the
maximum time constant is <1 second.

o o -
Fi
R .
AC Loy =22 L
A =c1 11 ==c2
R2 -
o -
P1-5011-040810

Figure 1. Exampie EMI Fitter Stage of a Switching Power Converfer Using Two X
Class Capacitors (C1, C2) and Discharge Resistors (A1, R2).
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Figure 2. Lossas in X Capacifor Discharge Rssistors vs Line Voftags. Data Plotied
for RC Time Constant of 0. 75 Saconds.
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Quick Start Step 2 - Selecting the Appropriate CAPZero Voltage Rating
CAPZero is available in two voltage ratings, 825 Vand 1 kv,

The 825 V rating is ideal for most consumer applications with
Meatal Oxide Varistor (MOV) located in position 1 (see Figure 5 for
MOV, .). where the differential line surge requirement is up to 3
kV. CAPZero devices with a 1 KV rating are applicable for <1 kV
level without MOV, and for =3 KV with MOV at position 1
together with an optional external ceramic capacitor G to
lower the surge stress voltage. For applications with no MOV for
=1 kV and up to 3 kV level, either a B25 V or 1 kV rated part can
be used depending on measured surge voltage across the

Step - 1 Selecting the Correct CAPZero Device Size and
Discharge Resistor Value

Select CAPZero device and discharge resistors from Table 1
based on the total input stage capacitance. Table 1 accounts
for 5% tolerance of resistors and a 20% tolerance of the total
capacitance by using a RG time constant of 0.75 seconds.

Component Selection Table

Max Total Total Series CAPZero together with an external ceramic capacitor C,; of up
ax 1otal
Product BV, X Capacitance I'w'{gt?;lsfta;:}a to 47 pF.
CAP002DG 825V Differential CAPZero Voltage Comments
CAPO12DG 1000V 500 nF 1ema Mode [ Mov,._, [MOV,__ | NoMoV
CAPOD3DG 85\ <1 kv B2sV 1000V
750 nF 1.02 Mo
CAP013DG 1000V tto15kv | B2sv | 1ooov |35 \{tﬁrgooo V| Gequpto
: Wi "
¢ Bea v 1 wF 780 k 1.5t0 3 kY 825V | 825Vor 1000V '.'.'itr: g ) ﬁ;g:;;::
CAP014DG 1000V ’ ’ - = Drain
B25V or .
CAP005DG 825V 1000V voliage
15 uF 480 k2 3KV * Mot Recommended margin
CAP015DG 1000V _C{);.
CAP00BDG 825V eption)
2 uF 360 ke - i ) ) -
CAPO16DG 1000V ’ Table 2. Selaction of CAPZaro Voltage Ratings vs Differential Surge Withstand
Requirameant. Ses Figure 5 for MOV position.
CAP007DG 825V
25uF 300 kQ . .
CAP0O17DG 1000V . Tips for Design
CAP008DG 225V i
CAPOIBDG 1000V 35 uF 200 ko Recommended Circuit Locations for CAPZero
For differential surge levels above 1 KV the use of a MOV is
CAP00SDG 825V . recommended. The presence of the MOV substantially reduces
5 uF 150 ke X
CAPO19DG 1000V the voltage stress on both the X capacitor as well as the
Tabla 1. Component Selaction Tabe, CAP_Zero. This can be seen from Figure 3 ':mch_ sho_ws the_
maximum voltage across the CAPZero device with differential
surge voltages ranging from 1 KV to 3 KV,
R1Z
1kV
ic) (@) (e)
| YR A W N §
AC =cx H wov Ik \ \\ \‘l }
i fY
CAPZero 102 \J A
ReS - WA -
T ov} T‘ -—Tﬁ

PI-5601-110811

Fgure 3. Recommeandad Position of CAPZaro for a Single Stage EMI Fitar. Waveforms Show Paak Voitage Across CAPZaro in Presance of MOV 200V / Division and Tims
Basa = 50 us / div. Waveforms (&) Through (a) Represant Vollage Msasured Across the CAFZero Device Under Differantial Mode lnput Surgs Voltages of 1, 1.5, 2,
2.5 and 2 kV Respectively MOV Used was 14 mm 275 VAC.
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As large currents flow through the MOV when it is clamping
there can be significant voltage drops across filter components in
the input stage. Therefore it is recommended that the CAPZero
be located close to the MOV to minimize the voltage across the
device during differential surge events. For designs where the
MOV is placed at the input side of the power supply (Figure 3),
before any inductive filter components, the GAPZero can be
placed directly underneath the X capacitor. For designs wheare
the MOV is placed after a common-mode choke, differential
choke or other EMI fiiter components (Figure 4), it is recommended
that if possible the CAPZero also be placed after the common
mode choke and be physically close to the MOV allowing the
825 V device to be used up to 3 kV differential surge. If CAPZero
cannot be placed after the common mode choke, the 1000 V
device is recommendad up to a surge level of 1.5 KkV. For surge
levels greater than 1.5 KV, it is always recommended to have the
MOV located on the same side of the common-mode choke as
the CAPZero.

One exception is if the X capacitor is on the AC input side of a
system input fuse. In these cases if the X capacitor is greater
than 100 nF, to meet safety requirements, the CAPZero must
typically also be placed before the system input fuse directly
across the X capacitor and voltage ratings. GAPZero is
designed to meet safety requirements in this position - see
‘Safety Gonsiderations’ section below.

Adding an External Parallel Capacitor to Reduce

CAPZero Voltage Stress

While the use of a MOV is recommended, an external capacitor
G, (Figure 5) may be placed across the CAPZero to reduce
surge voltage stress and may be sufficient in some design. This
capacitor does not have to be an X class type, since it is not
directly placed across the AC input terminals, but should be
rated at or above the CAPZero being used. Figure 6 shows the
effect of adding external capacitance directly across a CAPZero
device in a design without a MOV, With no external capacitor at

R1 ‘E
0
-
AC (M) X Capacitor] == 2t == X Capacitor2 H MOV
L[]
CAPZero —$D2
>
R2 E:
PI-B602-110811

Fgura 4. Recommended Locafion of CAFZaro for 8 Two Stage EMI Filter 1With a MOV Located After Input Common Mode Choke.

MOV age4 MOV eges
- IJ_. Cther EMI
R = Filter
Tt . 1 ! Components
¥ Capacitor] ¥ Capacitor2
Pl-6603-110811

Fgura 5. The Addition of an External Capacitor Across the CAFZaro can Reducs Vollage Stress Across the Davice During a Surge Event.
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N‘ c ‘ I
0 Cpyr
AV = 1024V géffngva
‘;\'A
\\ N
\ A\
| \\ \\
e | N r S
]
0 VJT_ 0 VJT_
Cexr=33pF Ceyr = 47 pF
AV=972V AV=912V
TN /‘\\
/ 1\ X
s j
0 VJT- 0 VJ___
PI-5802-040410

Figure &. External Capacifor Flaced Across CAPZaro May Reduce Psak Voltage During Surge Event. No MOV prasant,

a 1.5 kV surge level, the CAPZero device exceeds its BV __
rating nowever as the value of G_,, is increased to voltage level
reduces.

Recemmended values of G, are between 22 pF and 47 pF.
The use of 47 pF capacitor is not recommended in applications
where the ambient temperature is in excess of 85 °C. Values
above 47 pF are not recommended.

The presence of the external capacitor can for example reduce
the voltage stress on the CAPZero by up to 100V with 2 x 380 ko
external resistors (1 uF X capacitor) and 47 pF C__. It should
be also noted that the use of C_, will cause a slight increase in
no load power consumption.

Measuring Device Voltage Stress

To measure the voltage stress across the CAPZero IC during
differential line surge testing, it is recommended that the
CAPZero be placed such that one terminal (C1 or D2) is
connected to AG neutral. This reduces any effects due to
common-mode noise. The area between the oscilloscope
probe tip and the ground lead should be minimized. Finally itis
necessary to float the oscilloscope or to use a battery powered
oscilloscope while performing the surge tests. Please note that
if using a floating scope proper care must be exercised as the
scope chassis will assume high potential with respect to earth

ground.

1.5 kV surge. 200 V/ div., Time Base = 50 us / div.

Rew. D 1211
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Commission (IEC). The surge voltage levels are described in
Table 3 depending cn the operating environment of the power

Certain applications may reguire surge levels higher than those
described in Class 4. For surge voltages greater than 3 KV the
use of external capacitors across the CAPZero will help reduce
voltage stress across its terminals by a few hundreds of volts as
discussed above. It should be noted that at higher surge
voltages the energy involved is very high and the MCV should
be appropriately selected to handle this excess energy. Varistors
have a energy rating which should exceed the applied energy to
the system to ensure that this energy can be safely absorbed by

Since CAPZero relies on detecting the AC voltage at the input,
under DG input the CAPZero will remain on all the time. This is
a perfectly acceptable mode of operation for CAPZero although
this operation will remove any energy savings from the use of

AN-48
Differential | Common Mode
Class Mode Surge Surge Comments
supply.
Z,J_.[:QQ Z:L'r:129
1 No 05KV |Protected environment
requirement .
Electrical environment
2 0.5 kV 1KV where cables are well
separated
Electrical emvironment
where cables (power and elec-
3 Tk 2RV tronic) run in paraliel (residen-
tial en.wmnme.:nn the MOV,
Electrical environment
4 2 kY ARV where cables [power and elec-  gg jn DC Input Environments
tronic) run in paraliel (industrial
environment)
. Severe surge emvironment
5 22Ky K [rural/sparsely populated areas)
Table 3. Surge Voltage Levals. CAPZero.

Ensure that the surge voltage measurad across the CAPZaro
device Is less than its BV, rating.

Surge Severity

The severity of the surge signal is defined in the IEC81000-4-5
standard published by the International Electrotechnical

Use with Uninterruptable Power Supplies (UPS)

UPS systems often have a pseudo square wave output
waveform, which although AC in nature are not sinusoidal.
CAPZero can accept this type of input waveform.

Safety Considerations and Single Point Failure Testing
As with all offline power supplies, all safety requirements must

Test Test With Existing System CAPZero Equivalent Comments
o
'_im Lifting any one pin of the CAPZero
device has no effect as 2 pins are
g—pen Glrr{ult. 1 connected to each drain terminal.
iﬁcoc%namecdgage @ T e | T e The only way to create an open
R A . circuitis by ffting the leads of one of
system - the discharge resistors. This is
CAPZer o2 therefore equivalent to existing
¥ 2 systern without CAPZero.
S Y | S A
PLENT04HHD PHEE04-110811
e e e e —.— e .
Az mE
—eot
gpgr?aﬁlr%u;t&a_ ACE) = cx ac @) == xCapactor Shorting D1 and D2 pins creates a
cent ins}rto sele [ condition equivalent to an existing
eﬂecPon system aystem not using CAPZero.
CAPZaro oz
A2 3: Rz
P R U A A SR S
F-5008-041310 PI-6505-110811

Tabls 4. Single Point of Failure (SPOF) Tests as Pertaining to Failure Modes of CAPZero. CAPZero Passes Both Tasts.
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still be met when including CAPZero. To achieve this CAPZero
has two dedicated pins for the D1 and D2 terminals which add
redundancy during single point of failure testing (pin short / pin
open testing). Thus if one pin is physically disconnected from
the device or PCB, the IC will continue to function normally.
During pin shorting the outcome is the same as if CAPZero had
not been used and simply results in the discharge resistors
being connected in series continuously; a safe condition. Table
4 summarizes the results of single peint fault testing.

Accurate Measurement of No-load Input Power

X capacitors do not consume real power but they to cause a
substantial reactive current to flow from the AC source. This
reactive current leads to real power loss in the cables that
connect the power supply to the AC source and power meter
as shown in Figure 7. This cable loss can cause inaccurate
measurements of no-load and light load input power. Normally
the consumption of the discharge resistors is much larger as
compared to this loss. However when CAPZero is used, and
this loss is eliminated, the cable loss may become the most
dominant component of no-load losses.

Also, at such low levels of input power, the leakage current of
the MOV must also be considered. Typically this leakage
current is approximately 10 wA and is large enough to increase
no-load consumption by 1 - 2 mW at 265 VAC.

Pugse=Prass+ Pes
PCAHI_ P
- _ﬁ A FE
LINE :
Power WA P
AC : ower
Metar AAAL Supply
WWA—
HNEU-HAI. :
_______ J
Pl-594 3041310

Figura 7. Measurad Power can be Misisading Due fo Significant BMS Current
Resuiting in Maasurable Power Loss in Cablas.

To measure the power consumption of a GAPZero IC, the
¥ capacitor and the MOV (if used) should therefore be physically
disconnected from the circuit.

Also ensure that the power meter is configured such that the
current drawn by the voitage sensing element is not included in
the measurement.

CAPZero Selection for Different X Capacitor
Discharge Time Constants

In cases where a faster discharge time constant is required the
curves of Figure 8 can be used to the select CAPZero for worst
case discharge time constants and X capacitor values ranging

5.0

4.5

4.0

PI-60B4-072310

as

CAPOxG

3.0

CAPOxE

25

20

X Capacitor Value (1F)

CAPOx5

05

0.0
0 0.1 0.2 03 04

Desired Worst Case Discharge Time Constant (Seconds)
Figure 8. Requirad Worst Case Discharge Time Consfant vs X Capacitor Valus.

CAPOx4
CAPOx3

CAPOx2

0.5 0.6 07 08 09 1
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from O to 5 UF. Although safety standards do not generally
require discharge resistors for X capacitors values up to 100 nF,
data to zero capacitance is included for completeness.

The use of the curves is best demonstrated by an example.
Referring to Figure 9, an example is illustrated for a 680 nF

X capacitor with a desired worst case discharge time constant
of 0.5 seconds. The solid arrows illustrate how the intersection
of the 680 nF (on Y axis) and 0.5 seconds (on X axis) provide
the CAPOXS as the correct device. The dotted lines shows the
CAPOx3 recommendation as provided on the data sheet which
assumes a worst case discharge time constant of 1 second.

The discharge resistor value can be determined from Table 1
based on the required GAPZero. In this example, the CAPOX5

external discharge resistance is 480 k. This choice of external
resistance will actually provide a worst case discharge time
constant of about 0.45 seconds as illustrated by the dotted
arrow in Figure 9. Since this has no impact on the power
consumption, it is recommended to use the Table 1 resistor
choice for simplicity.

Mote that the ¥ axis of Figures 8 and 9 are the typical X
capacitor value. However, the GAPZero recommendations
allow for worst case X capacitor and discharge resistor
tolerances to provide a worst case discharge time constant as
shown on the X axis. Typical discharge time constants will be
~30% lower than this.

1.50

1.40

PI-B08 6-072310

1.30

1.20

1.10

1.00

0.90

0.80

0.70

0.60

X Capacitor Value (uF)

0.50

0.40

0.30

0.20

010

0.00

0 0.1 0.2 0.3 0.4

Desired Worst Case Discharge Time Constant (Seconds)

Figura 9. Magnified View of Agure 8 for 0 fo 1.5 pF.

CAPOx3
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Use of CAPZero for AC Line Voltage
Zero-Crossing Detection

Any CAPZero can be used for AG line voltage zero-crossing
detection when an AG voltage is present. At the same time it
can be used as an X capacitor discharging circuit when the AG
voltage is removed. The zero-crossing detection circuit uses
CAPZero supply current with no additional power consumption
in & non-isolated system (it consumes slightly more power when
detector circuit is used in an isolated system).

A simple example of CAPZero used as a zero-crossing detector
in a non-isolated application is shown in Figure 10. The zero-
crossing signal is generated by a low voltage Zener diode (VR1)
which Is placed in between the CAPZero device and the AC
neutral. The voltage across the Zener is used to drive a small
signal MOSFET thereby obtaining the zero crossing signal.
Figure 11 shows an example where the zero crossing detection
circuit is required with isolation from the input line. While the
concept of generating the signal remains the same, an opto-
coupler and a bias supply are required for isolation.

L +V (with respect to N) To Syetem
‘ e o
Ri
A3 <
o 1. DG Wik =
VAC
Input | To System
{Wide Range)
CAPZsro b2
R2
I
ai Vzo
Bzacove ZNTO00
N ov
. O
PHE606-121611

Figure 10. Exampia of CAFZaro for AC Line Voltage Zar-Crossing Detection in a Non-isclafed System.

+V with respeci o N} To System
oC 0
L
o
R A3 <
100 k2 2
=1l
Vay J
BIAE f oc | -
R4
VAC T
Input 100 k2 i
(Wide Rangs} !
S i
ey, UIA b
CAPZero —4D2 VY s ‘%: i
- [ i [
23 & sFHats\[:!
3 = I
a1 4 ---- Ve
+——L 2vooo B!
VA1 !
BZXTCEVE !
N | ov
L=, =l
PHBEOT-110811
Figure 11, Example of CAPZsro for AC Line Volfage Zero-Crossing Defsction in an [solafed System.
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