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Test Item description ........cccceeeeeeiiiiciiiiieeeenn. : | IC including capacitor discharge function (ICX)
Trade Mark .......coccoeeeiiiiieeniecee e . | CAPZero

Manufacturer ... . | Same as Applicant

Model/Type reference .........cccoceevviiveennnnnnn. : | CAP002DG; CAP003DG; CAP004DG; CAPO05DG,;

CAPO06DG; CAP007DG; CAP0O08DG; CAPO09DG;
CAP012DG; CAP013DG; CAP014DG; CAP0O15DG;
CAPO016DG; CAP017DG; CAP018DG; CAP019DG; SC1143

= 11 o 1R : 1230V AC nominal (tested for 85-265V AC, 47-63Hz)

Testing procedure and testing location:

X] | Testing Laboratory: Nemko A/S

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

[] | Associated Testing Laboratory:

Testing location/ address .........cccccvveeviennnnl

Tested by (name + signature) .............. | Ole Morten Aaslund QL&MO‘QE& aa,dm&/

Approved by (name + signature).......... | Steinar Nygaard %/ T /4, Z
/4

L

[] | Testing procedure: Elsewhere:

Testing location/ address .........ccccccvveeviinns :

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

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

IEC62368_1B
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List of Attachments (including a total number of pages in each attachment):

Photos (5 pages)
Data sheet (8 pages)
Application note (10 pages)

Summary of testing:

Equipment under test (EUT) is an Integrated Circuit including capacitor discharge function (ICX).
Requirements for such a component are covered by Annex G.16.

Compliance were checked by evaluation of the available data and by conducting tests required by G.16.
After tests described in G.16 were performed the capacitor discharge tests were performed according to
clause 5.5.2.2 on models CAP002DG, CAP009DG, CAP012DG and CAP019DG. The circuit tested
continues to comply with 5.5.2.2. Refer clause 5.5.2.2 for details.

Note that compliance with 5.5.2.2 must also be checked when the ICX forms part of an end product.

In addition to tests of G.16 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:

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. Refer also “Product
Description” and “Additional application considerations”.

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.

Tests performed (name of test and test Testing location:
clause):
F.3.10 Test for the permanence of markings Nemko A/S

Gaustadalléen 30, NO-0373 Oslo, Norway
5.4.8 Humidity conditioning

5.5.2.2 Safeguards against capacitor discharge
after disconnection of a connector

G.16 IC including capacitor discharge function
(ICX)

IEC62368_1B
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Summary of compliance with National Differences:

All CB member countries except European countries.
(EN 62368-1 (based on IEC 62368-1) is not yet approved for Europe)

X] The product fulfils the requirements of IEC 62368-1:2014 (Second Edition)

IEC62368_1B
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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 Certification Bodies that own these marks.
The following markings are printed on the body of the ICX:
e Power Integrations Logo
e Date code
e Partno.
e Serial no.
= =& & z
Calibration All instruments used in the tests given in this test report are calibrated and
traceable to national or international standards.
Further information about traceability will be given on request.
Measurement Measurement uncertainties are calculated for all instruments and instrument
uncertainty set-ups given in this report. Calculations are based on the principles given in

the standard EA-4/02 (Dec. 1999), IEC Guide 115:2007, Nemko routine L227
and other relevant internal Nemko-procedures.

Further information about measurement uncertainties will be given on request.
Evaluation of results If not explicitly stated otherwise in the standard, the test is passed if the
measured value is equal to or below (above) the limit line, regardless of the
measurement uncertainty. If the measured value is above (below) the limit line,
the test is not passed - ref IEC Guide 115:2007, and Nemko routine L220. The
instrumentation accuracy is within limits agreed by IECEE-CTL (ref. Nemko
routine L227).

IEC62368_1B
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TEST ITEM PARTICULARS:

Classification of US€ DY ......ccccecvvvvieviic e, :

X Ordinary person

X Instructed person

X Skilled person

] Children likely to be present

Supply CONNECHION.........cveveveiiieieterceee e : |IX] AC Mains [] DC Mains
[ ] External Circuit - not Mains connected
-JES1 [JES2 X ES3
SUPPLY % TOIETANCE .....cvvveevveveeieeeeeeeeeeee e - | +10%/-10%

|:| +20%/-15%
[]+ %/ - %
X Tested for 85-265V

Supply Connection — TYPE ....oocveevieiiieieniee e :

[] pluggable equipment type A -
[] non-detachable supply cord
[] appliance coupler
[] direct plug-in
] mating connector

[] pluggable equipment type B -
[ ] non-detachable supply cord
[] appliance coupler

[] permanent connection
[] mating connector [X] other:component for building-in

Considered current rating of protective device as par
of building or equipment installation...............cc.........:

Not applicable, component for building-in;
Installation location: [] building; X equipment

Equipment mobility .............cccceevevereieriereseiesereseeeee s | L] Movable [] hand-held [] transportable
[ stationary  [X] for building-in [] direct plug-
in [] rack-mounting [] wall-mounted

Over voltage category (OVC) ......occeevvveeveereeriesrnennn’ L]ovcCI X ovc i C]ovcli
[JovCIv [] other:

Class of equipment ..........ccccceeveevevveeeeeeeeesceeeeneeenenns. | L] Class | [ ] Class I [ ] Class Il
Not applicable, component for building-in

ACCESS l0CAtION ..eevveveeeeeeeeeeeee e veeeveeeseeeeeeens. | ] restricted access location  [X] N/A

Pollution degree (PD) ........c.ccccveeveeeveeeeeeeeeeeeneeens’ [IPD1 X PD 2 [ 1PD3

Manufacturer’s specified maxium operating ambient: |105°C

IP Protection Class ........c.ccccveveeeeeeeeeeieieeeeeeeeennn Llipxo Jip_

Not applicable, component for building-in

POWEr SYStEMS ......coveuvevereereeieereeeeeeieeeeieereereereeees. |LJ TN ] TT ]IT- VL
Not applicable, component for building-in

Altitude during operation (M) .........cccceeveveeereeeeeeenns ] 2000 m or less [] m

Altitude of test laboratory (M) ........cccoceeveveveeerenenns ] 2000 m or less [] m

Mass of equipment (Kg) .....cccceevevevveeeveeeeeeereeeeee:. | <10 @

IEC62368_1B
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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 (Fall)

TESTING:

Date of receipt of test item.........cccovvviviivevie e : | May 2014

Date (s) of performance of testS........cccecvevieevieeiinnns : | May 2014

The application for obtaining a CB Test Certificate []Yes

includes more than one factory location and a [XI Not applicable

declaration from the Manufacturer stating that the
sample(s) submitted for evaluation is (are)
representative of the products from each factory has
been provided .........cccoocv i :

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

Name and address of factory (ies) .....ccccevevereernenne . | Millenium Microtech Shanghai

No. 351 Guo Shou Jing Rd., Z.J. Hi Tech Park
Pudong New Area, Shanghai,

201203 CHINA

GENERAL PRODUCT INFORMATION:

Product Description

The equipment under tests is an 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:

o

>
R1S
D1
MoV
A _ and Other
AC @ = X Capacitor | EM| Filter
Components
*—ONO0—
pD2
CAPZero 1,
R2<Z

PI-6599-110711

Q
E

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.

IEC62368_1B
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Model Differences

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 clause 5.5.2.2. 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)
CAPO002DG | 825V <= 500nF 1.5MQ
CAPOO3DG | 825V 750nF 1.02MQ
CAP004DG | 825V 1pF 780kQ
CAPOO5SDG | 825V 1.5pF 480kQ
CAPO0O6DG | 825V 2uF 360kQ
CAPO07DG | 825V 2.5uF 300kQ
CAPOO8DG | 825V 3.5uF 200kQ
CAPO0O9DG | 825V 5uF 150kQ
CAP012DG | 1000V <= 500nF 1.5MQ
CAPO013DG | 1000V 750nF 1.02MQ
CAP014DG | 1000V 1pF 780kQ
CAP015DG | 1000V 1.5pF 480kQ
CAP016DG | 1000V 2uF 360kQ
CAPO17DG | 1000V 2.5uF 300kQ
CAP018DG | 1000V 3.5uF 200kQ
CAP019DG | 1000V 5uF 150kQ
SC1143 1000V 5uF 150kQ

Table above includes tolerances as referred to in the attached data sheet i.e. 5% for resistors and 20% for total
capacitance.

Additional application considerations — (Considerations used to test a component or sub-assembly)
Evaluation of singe fault conditions:

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 on next page summarizes
the results of the worst case single fault tests.

IEC62368_1B
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Test Test With Existing System CAPZero Equivalent Comments
— 1 [ D e e =

Open Circuit:
Disconnect one | ac@
pin of any device
to see effect on
system

device has no effect as 2 pins are
) L connected to each drain terminal
AC®) - 5 X Copachor The only way to create an open

o0 Lifting any one pin of the CAPZero

circuit is by lifting the leads of one of

the discharge resistors. This is

system without CAPZero,

CAFZero L%x therefore equivalent to existing
"2

Evaluation of maximum ambient temperature:

PN SR S I B
Pl5807-041310 P-8804-110811
Rz R1 E'
—m
gﬂg:rt a?qlr%ugl.tc:j'a. AC (g = CX AC @ == X Capacilor Shorting D1 and D2 pins creates a
cent pingytg g@.]g condition equivalent to an existing
effect on system system not using CAPZero.
CAPZero '—02
Rz E; g
P G S
P-5808-041310 PH-8803-110811

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.

ENERGY SOURCE IDENTIFICATION AND CLASSIFICATION TABLE:

(Note 1: Identify the following six (6) energy source forms based on the origin of the energy.)

(Note 2: The identified classification e.g., ES2, TS1, should be with respect to its ability to cause pain or injury
on the body or its ability to ignite a combustible material. Any energy source can be declared Class 3 as a
worse case classification e.g. PS3, ES3.

classification)
Example: +5 V dc input

Electrically-caused injury (Clause 5):
(Note: Identify type of source, list sub-assembly or circuit designation and corresponding energy source

ES1

Source of electrical energy

Corresponding classification (ES)

Charged X-capacitor &x

ES3, but ES1 after 2 sec (ICX will be located in a
circuit classified as ES3, however it complies as a
safeguard against capacitor discharge after
disconnection of a connector, and therefore
considered as ES1 after 2 sec)

Electrically-caused fire (Clause 6):

(Note: List sub-assembly or circuit designation and corresponding energy source classification)
Example: Battery pack (maximum 85 watts):

PS2

Source of power or PIS

Corresponding classification (PS)

IEC62368_1B
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IEC 62368-1

Clause Requirement + Test Result - Remark Verdict

ENERGY SOURCE IDENTIFICATION AND CLASSIFICATION TABLE:

The ICX will be located in a circuit intended to be supplied |PS3
from PS3

Injury caused by hazardous substances (Clause 7)

(Note: Specify hazardous chemicals, whether produces ozone or other chemical construction not addressed as
part of the component evaluation.)

Example: Liquid in filled component Glycol
Source of hazardous substances Corresponding chemical
N/A N/A

Mechanically-caused injury (Clause 8)
(Note: List moving part(s), fan, special installations, etc. & corresponding MS classification based on Table 35.)

Example: Wall mount unit MS2
Source of kinetic/mechanical energy Corresponding classification (MS)
N/A N/A

Thermal burn injury (Clause 9)

(Note: Identify the surface or support, and corresponding energy source classification based on type of part,
location, operating temperature and contact time in Table 38.)

Example: Hand-held scanner — thermoplastic enclosure TS1
Source of thermal energy Corresponding classification (TS)
N/A N/A

Radiation (Clause 10)
(Note: List the types of radiation present in the product and the corresponding energy source classification.)

Example: DVD - Class 1 Laser Product RS1
Type of radiation Corresponding classification (RS)
N/A N/A

IEC62368_1B
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IEC 62368-1

Clause

Requirement + Test

Result - Remark

Verdict

ENERGY SOURCE DIAGRAM

Indicate which energy sources are included in the energy source diagram. Insert diagram below

XES X PS O Ms aTs O RS

AC @

Q

CAPZero

>
R1Z
D 1
MOV
L _ and Other
== X Capacitor | EMI Filter -
) Components
—ONO0—
1ID2
>
R2Z

P1-6599-110711

PS3

IEC62368_1B
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IEC 62368-1

Clause Requirement + Test Result - Remark Verdict
OVERVIEW OF EMPLOYED SAFEGUARDS
Clause Possible Hazard
5.1 Electrically-caused injury
Body Part Energy Source Safeguards
(e.g. Ordinary) (ESS3: Primary Filter circuit) Basic Supplementary | Reinforced

(Enclosure)

Ordinary ES3 (ICX serves as the

safeguard, refer Annex

G.16 i.e. ES1 after 2 sec)
6.1 Electrically-caused fire
Material part Energy Source Safeguards
(e.g. mouse enclosure) (PS2: 100 Watt circuit) Basic . —
N/A
7.1 Injury caused by hazardous substances
Body Part Energy Source Safeguards
(e.qg., skilled) (hazardous material) Basic . —
N/A
8.1 Mechanically-caused injury
Body Part Energy Source Safeguards
(e.g. Ordinary) (Ll\;r?%)High Pressure Basic Supplementary | Reinforced

(Enclosure)

N/A
9.1 Thermal Burn
Body Part Energy Source Safeguards
(e.g., Ordinary) (TS2) Basic Supplementary | Reinforced
N/A
10.1 Radiation
Body Part Energy Source Safeguards
(e.g., Ordinary) (Output from audio port) Basic Supplementary || Reinforced

N/A

IEC62368_1B
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IEC 62368-1
Clause Requirement + Test Result - Remark Verdict

Supplementary Information:
(1) See attached energy source diagram for additional details.
(2) “N” — Normal Condition; “A” — Abnormal Condition; “S” Single Fault

IEC62368_1B
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IEC 62368-1
Clause Requirement + Test Result - Remark Verdict
4 GENERAL REQUIREMENTS
41.1 Acceptance of materials, components and
subassemblies
41.2 Use of components
4.1.3 Equipment design and construction
4.1.15 Markings and instructions...............cccccvvveeeeeee. s | (See Annex F)
4.4.4 Safeguard robustness Component for building-in. Must N/A
be evaluated as part of an end
product.
4.4.4.2 Steady force testS.....coovvvvieiiiiiiiiee e N/A
4.4.4.3 D] (0] o I8 (1) £ SR N/A
4.4.4.4 [10] o= Tox B () £ N/A
4445 Internal accessible safeguard enclosure and N/A
barrier teStS. ...
4.4.4.6 Glass IMpact teStS .......uuvvveeeiiiiiieiee e N/A
4.4.4.7 Thermoplastic material tests............cccvvvveeennnnn N/A
4.4.4.8 Air comprising a safeguard..............cccccveveeennnnn N/A
4.4.4.9 Accessibility and safeguard effectiveness N/A
4.5 Explosion N/A
4.6 Fixing of conductors Component for building-in. Must N/A
be evaluated as part of an end
product.
46.1 Fix conductors not to defeat a safeguard N/A
4.6.2 10 N force test applied tO ......ccvvvveeeeevviiiiiiinnnnn N/A
4.7 Equipment for direct insertion into mains socket - | Component for building-in. Must N/A
outlets be evaluated as part of an end
product.
4.7.2 Mains plug part complies with the relevant N/A
Standard.........ccoocveeeiiiiie
4.7.3 Torque (NM) .o N/A
4.8 Products containing coin/button cell batteries Component for building-in. Must N/A
be evaluated as part of an end
product.
4.8.2 Instructional safeguard N/A
4.8.3 Battery Compartment Construction N/A
Means to reduce the possibility of children —
removing the battery...........ccocoiiiiniiiiiennl
4.8.4 Battery Compartment Mechanical Tests...........: N/A
4.8.5 Battery Accessibility N/A
4.9 Likelihood of fire or shock due to entry of Component for building-in. Must N/A

IEC62368_1B
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IEC 62368-1
Clause Requirement + Test Result - Remark Verdict
conductive object.............cccceeeiiiiiiiiiieeeeeeeen . | be evaluated as part of an end
product.
5 ELECTRICALLY-CAUSED INJURY
5.2.1 Electrical energy source classifications............... . |Component is intended to be
located in areas with ES3.
5.2.2 ES1, ES2 and ES3 limits ES3 P
5.2.2.2 Steady-state voltage and current...........cccceeeneeee. : N/A
5.2.2.3 Capacitance lIMitS ........ccocoeeieiniinieee e, : | The electrical energy source is P
considered to be the X-capacitor(s).
Values of X-capacitors covered are
shown in “Model Differences”.
All values exceeds 300nF. Limit for
ES1is 60Vp.
5.2.2.4 Single pulse lIMitS ......ccceevvevieevee e : N/A
5.2.25 Limits for repetitive pulsSes ........ccccccvevvevieeriinnnns : N/A
5.2.2.6 RINGING SIGNAIS .....coovviveiieecee e : N/A
5.2.2.7 AUdIiO SIGNAIS ...ccvvveieecee e : N/A
5.3 Component for building-in. Must be N/A
Protection against electrical energy sources evaluated as part of an end
product.
531 General Requirements for accessible parts to N/A
ordinary, instructed and skilled persons
5321 Accessibility to electrical energy sources and N/A
safeguards
5.3.2.2 Contact requirements N/A
a) Test with test probe from Annex V ................. : N/A
b) Electric strength test potential (V) ........ccccuev.. : N/A
C) AIr gap (MM) ..ooeeeiiieieie e : N/A
5.3.24 Terminals for connecting stripped wire N/A
5.4 Insulation materials and requirements N/A
54.1.2 Properties of insulating material N/A
54.1.3 Humidity conditioning ..ol N/A
54.1.4 Maximum operating temperature for insulating N/A
MALENAIS ..ooviiieiece e :
54.15 Pollution degree .........cooeeieeiiee et : —
54.15.2 Test for pollution degree 1 environment and for an N/A
insulating compound
5.4.1.5.3 Thermal cycling N/A
5.4.1.6 Insulation in transformers with varying dimensions N/A

IEC62368_1B
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IEC 62368-1
Clause Requirement + Test Result - Remark Verdict

54.1.7 Insulation in circuits generating starting pulses N/A

54.1.8 Determination of working voltage N/A

54.19 Insulating surfaces N/A

5.4.1.10 Thermoplastic parts on which conductive metallic

; N/A
parts are directly mounted

5.4.1.10.2 | Vicat softening temperature...........ccccoceeeveeriennns : N/A

5.4.1.10.3 |Ball PreSSUre .......ccoooveiiiiiiieiiie e : N/A

5.4.2 Clearances Component for building-in. Must be
evaluated as part of an end N/A
product.

5.4.2.2 Determining clearance using peak working voltage N/A

54.2.3 Determining clearance using required W|thstand N/A

([0 ] 1 7= To RS ROPRTTSRTR :
a) a.c. mains transient voltage ..........cccccceeeveennen. : —
b) d.c. mains transient voltage ...........ccccccceevnene : —
c) external circuit transient voltage ...................... : —
d) transient voltage determined by measurement ... L
54.2.4 Determining the adequacy of a clearance using an

) N/A
electric strength test

5.4.25 Multiplication factors for clearances and test N/A

VOIAGES ittt :

5.4.3 Creepage diStanCes ........ccocevveveeneeiecne e : | Component for building-in. Must be
evaluated as part of an end N/A
product.

54.3.1 General N/A

5.4.3.3 Material GrOUP .....veeevveerieereeseeesee e seee e see e : —

5.4.4 Solid insulation Component for building-in. Must be
evaluated as part of an end N/A
product.

5.4.4.2 Minimum distance through insulation ................. : N/A

5.4.4.3 Insulation compound forming solid insulation N/A

5444 Solid insulation in semiconductor devices N/A

5.4.4.5 Cemented joints N/A

5.4.4.6 Thin sheet material N/A

5.4.4.6.1 General requirements N/A

5.4.4.6.2 Separable thin sheet material N/A

Number of layers (PCS) ...vevvvevvereiiee e esiee e : N/A

5.4.4.6.3 Non-separable thin sheet material N/A

IEC62368_1B
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IEC 62368-1
Clause Requirement + Test Result - Remark Verdict

5.4.4.6.4 Standard test procedure for non-separable thin N/A
sheet material ...........oocovveiiiiiiii e

5.4.4.6.5 Mandrel test N/A

5.4.4.7 Solid insulation in wound components N/A

5.4.49 Solid insulation at frequencies >30 kHz ............: N/A

5.4.5 Antenna terminal insulation N/A

545.1 General N/A

5.4.5.2 Voltage surge test N/A
Insulation resistance (MQ).......cccccveevevvivviinnnnennn —

5.4.6 Insulation of internal wire as part of N/A
supplementary safeguard............occccvieeeeeernnnd

5.4.7 Tests for s_er_niconductor components and for N/A
cemented joints

5.4.8 Humidity conditioning Refer also G.16 a) P
Relative humidity (%96)........ccoovviiveeeeeeniiiiiiiieee. s | (93£3)% —
Temperature (°C) ...oooeeieeiie e : [ (40x2)°C —
Duration (N) .....coooveiiiiiiiieiiiiiiieeee i | 1200 —

5.4.9 Electric strength test ...l N/A

5.4.9.1 Test procedure for a solid insulation type test N/A

5.4.9.2 Test procedure for routine tests N/A

5.4.10 Protection_ agginst transient voltages between N/A
external circuit

5.4.10.1 Parts and circuits separated from external circuits N/A

5.4.10.2 Test methods N/A

5.4.10.2.1 |General N/A

5.4.10.2.2 | IMPUISE tEST ..coeiiiiiiiiiiiiee e N/A

5.4.10.2.3 |Steady-state teSt.......ccccceeeiiiiiiiiiiiii e N/A

54.11 Ir)sulgtion between external circuits and earthed N/A

54.11.1 Exceptions to separation between external N/A
circuits and earth

5.4.11.2 Requirements N/A
Rated operating voltage Ugp (V)....ocooovviiiiiinnnnn —
Nominal voltage Upeak (V)..ooovvieiiiiiiiiiiiiiiiinl —
Max increase due to variation Ugy .........ccoeeeennn —
Max increase due to ageing AUg; «..cooevvvveeennenn —
Uop= Upeak + A Ugp + AUgq oo _

IEC62368_1B
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Clause Requirement + Test Result - Remark Verdict
55 Components as safeguards
551 General P
5.5.2 Capacitors and RC units ICX is tested and complies with =
Annex G.16.
5.5.2.1 General requirement ICX is tested and complies with =
Annex G.16.
55.2.2 S_afeguards_ against capacitor discharge after (See appended table 5.5.2.2) =
disconnection of a connector...........cccccovvuvenes
55.3 Transformers N/A
554 Optocouplers N/A
555 Relays N/A
55.6 Resistors N/A
55.7 SPD’s N/A
55.7.1 Use of an SPD connected to reliable earthing N/A
55.7.2 Use of an SPD between mains and protective
earth NIA
55.8 Insulati_on between t_he mains and external circuit N/A
consisting of a coaxial cable............ccccconininil
5.6 Protective conductor N/A
5.6.2 Requirement for protective conductors N/A
5.6.2.1 General requirements N/A
5.6.2.2 Colour of insulation N/A
5.6.3 Requirement for protective earthing conductors N/A
Protective earthing conductor size (mm?) ............: —
5.6.4 Requirement for protective bonding conductors N/A
5.6.4.1 Protective bonding conductors N/A
Protective bonding conductor size (mm?). ............: —
Protective current rating (A) ...ccvveeveeeeeiiiinneeenenn. : —
5.6.4.3 Cur_rent limiting and overcurrent protective N/A
devices
5.6.5 Terminals for protective conductors N/A
5.6.5.1 Requirement N/A
Conductor size (mm?), nominal thread diameter N/A
5.6.5.2 Corrosion N/A
5.6.6 Resistance of the protective system N/A
5.6.6.1 Requirements N/A
5.6.6.2 Test Method Resistance (Q)......cccccvveevvveeiiveennnsd N/A
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5.6.7 Reliable earthing N/A
5.7 Prospective touch voltage, touch current and protective conductor current N/A
5.7.2 Measuring devices and networks N/A
5721 Measurement of touch current .............ccceeeeeel N/A
5.7.2.2 Measurement of prospective touch voltage N/A
5.7.3 Equipment set-up, supply connections and earth N/A
connections
System of interconnected equipment (separate
connections/single connection) .........ccccccovvinncndt T
Multiple connections to mains (one connection at
a time/simultaneous conNections) ..............ccuewedt -
5.7.4 Earthed conductive accessible parts.................... N/A
5.7.5 Protective conductor current N/A
Supply Voltage (V)....occcveeieeeeeeeeciiieeee e —
Measured current (MA)......coooiiiieieeeee e —
Instructional Safeguard...........ccccccooviiiiiieniennnnidl N/A
5.7.6 Prospective touch voltage and touch current due N/A
to external circuits
5.7.6.1 Touch current from coaxial cables N/A
5.7.6.2 Prospective touch voltage and touch current from N/A
external circuits
5.7.7 Summation of touch currents from external N/A
circuits
a) Equipment with earthed external circuits N/A
Measured current (MA)......coooiuiiiieieee e
b) Equipment whose external circuits are not N/A
referenced to earth. Measured current (mA).......:
6 ELECTRICALLY- CAUSED FIRE N/A
6.2 Classification of power sources (PS) and potential ignition sources (PIS) N/A
6.2.2 Power source circuit classifications Assumed to be PS3, but must be N/A
evaluated in the end product.
6.2.2.1 General N/A
6.2.2.2 Power measurement for worst-case load fault ...: N/A
6.2.2.3 Power measurement for worst-case power source N/A
FAUIE ... :
6.2.2.4 PSL e : N/A
6.2.2.5 P S2 : N/A
6.2.2.6 P S : N/A
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6.2.3 Classification of potential ignition sources N/A
6.2.3.1 Arcing PIS oo : N/A
6.2.3.2 ReSIStIVE PIS ..o : N/A
6.3 Safeguards against fire under normal operating and abnormal operating conditions N/A
6.3.1 (a) No ignition and attainable temperature value less N/A
than 90 % defined by ISO 871 or less than 300 °C
for unknown materials ...........cccveeeiiiiieiiiieees :
6.3.1 (b) Combustible materials outside fire enclosure N/A
6.4 Safeguards against fire under single fault conditions N/A
6.4.1 Safeguard Method N/A
6.4.2 Reduction of the likelihood of ignition under single N/A
fault conditions in PS1 circuits
6.4.3 Reduction of the likelihood of ignition under single N/A
fault conditions in PS2 and PS3 circuits
6.4.3.1 General N/A
6.4.3.2 Supplementary Safeguards N/A
Special conditions if conductors on printed boards N/A
are opened or peeled
6.4.3.3 Single Fault Conditions...........ccccveveeeiieeesieesieenns : N/A
Special conditions for temperature limited by fuse N/A
6.4.4 Control of fire spread in PS1 circuits N/A
6.4.5 Control of fire spread in PS2 circuits N/A
6.4.5.2 Supplementary safeguards ...........ccccceveeeennns : N/A
6.4.6 Control of fire spread in PS3 circuit N/A
6.4.7 Separation of combustible materials from a PIS N/A
6.4.7.1 GeNeral.......cocooiiiiiiicc e : N/A
6.4.7.2 Separation by distance N/A
6.4.7.3 Separation by a fire barrier N/A
6.4.8 Fire enclosures and fire barriers N/A
6.4.8.1 Fire enclosure and fire barrier material properties N/A
6.4.8.2.1 Requirements for a fire barrier N/A
6.4.8.2.2 Requirements for a fire enclosure N/A
6.4.8.3 Constructional requirements for a fire enclosure N/A
and a fire barrier
6.4.8.3.1 Fire enclosure and fire barrier openings N/A
6.4.8.3.2 Fire barrier dimensions N/A
6.4.8.3.3 ;I'op )Openings in Fire Enclosure: dimensions N/A
MIM) et bbb :
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Needle Flame test N/A
6.4.8.3.4 Bottom Openings in Fire Enclosure, condition met N/A
a), b) and/or c) dimensions (MM) .........cccceeceenee. :
Flammability tests for the bottom of a fire N/A
ENCIOSUIE .ot :
6.4.8.3.5 Integrity of the fire enclosure, condition met: a) N/A
D) OF C) e :
6.4.8.4 Separation of PIS from fire enclosure and fire N/A
barrier distance (mm) or flammability rating.........:
6.5 Internal and external wiring N/A
6.5.1 Requirements N/A
6.5.2 Cross-sectional area (MM?) ........cocovveeeeeereevvesenns’ —
6.5.3 Requirements for interconnection to building N/A
WITING ceeieeii e :
6.6 Safeguards against fire due to connection to N/A
additional equipment
External port limited to PS2 or complies with N/A
Clause Q.1
7 INJURY CAUSED BY HAZARDOUS SUBSTANCES N/A
7.2 Reduction of exposure to hazardous substances | Component for building-in. Must N/A
be checked in the end product.
7.3 Ozone exposure N/A
7.4 Use of personal safeguards (PPE) N/A

Personal safeguards and instructions ............... : —

7.5 Use of instructional safeguards and instructions N/A

Instructional safeguard (ISO 7010) .........ccccee. —

7.6 BatterieS. .. .eeieieee e N/A
8 MECHANICALLY-CAUSED INJURY N/A
8.1 General Component for building-in. Must be N/A
checked in the end product.
8.2 Mechanical energy source classifications N/A
8.3 Safeguards against mechanical energy sources N/A
8.4 Safeguards against parts with sharp edges and N/A
corners
8.4.1 Safeguards N/A
8.5 Safeguards against moving parts N/A
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85.1 MS2 or MS3 part required to be accessible for the N/A
function of the equipment
8.5.2 Instructional Safeguard...........cccocoeeviiiiiinniennnn : —
85.4 Spe_cial categories of equipment comprising N/A
moving parts
8.5.4.1 Large data storage equipment N/A
8.5.4.2 Equipment having electromechanical device for N/A
destruction of media
85421 Safeguards and Safety Interlocks ..........c.ccccoceeni N/A
8.5.4.2.2 Instructional safeguards against moving parts N/A
Instructional Safeguard..........cccccccvvviivinieevieeniendd —
8.5.4.2.3 Disconnection from the supply N/A
8.5.4.2.4 Probe type and force (N) ......ccoeveeiiininiierieeneld N/A
8.5.5 High Pressure Lamps N/A
8.5.5.1 Energy Source Classification N/A
8.5.5.2 High Pressure Lamp Explosion Test..........ccccecvent N/A
8.6 Stability N/A
8.6.1 Product classification N/A
Instructional Safeguard..........ccccocoviiiiiniinineninld —
8.6.2 Static stability N/A
8.6.2.2 Static stability test N/A
Applied FOICe ... : —
8.6.2.3 Downward Force Test N/A
8.6.3 Relocation stability test N/A
Unit configuration during 10° tilt............cccceveeiiens : —
8.6.4 Glass slide test N/A
8.6.5 Horizontal force test (Applied Force)..........ccccceee. : N/A
Position of feet or movable parts...........cccoceevene : —
8.7 Equipment mounted to wall or ceiling N/A
8.7.1 Mounting Means (Length of screws (mm) and N/A
MouNting SUrface) ......cccccvvevvieeeve e :
8.7.2 Direction and applied force.........ccccoovvinienieenienns : N/A
8.8 Handles strength N/A
8.8.1 Classification N/A
8.8.2 Applied FOICE ..o : N/A
8.9 Wheels or casters attachment requirements N/A
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8.9.1 Classification N/A
8.9.2 Applied fOrce ... : —
8.10 Carts, stands and similar carriers N/A
8.10.1 General N/A
8.10.2 Marking and instructions N/A

Instructional Safeguard............ccocoeiiiiiiiienieenieens : —
8.10.3 Cart, stand or carrier loading test and compliance N/A

Applied fOrce ... : —
8.10.4 Cart, stand or carrier impact test N/A
8.10.5 Mechanical stability N/A

Applied horizontal force (N) ......cccoeveeieiiiieniieene : —
8.10.6 Thermoplastic temperature stability (°C)................ : N/A
8.11 Mounting means for rack mounted equipment N/A
8.11.1 General N/A
8.11.2 Product Classification N/A
8.11.3 Mechanical strength test, variable N ..................: N/A
8.11.4 Mechanical strength test 250N, including end stops N/A
8.12 Telescoping or rod antennas..........ccccoeeeeevieeeninnnns N/A

Button/Ball diameter (Mm).......cccccevvveeivieevieeniennnd —
9 THERMAL BURN INJURY N/A
9.2 Thermal energy source classifications Component for building-in. Must N/A

be checked in the end product.
9.3 Safeguard against thermal energy sources N/A
9.4 Requirements for safeguards N/A
9.4.1 Equipment safeguard N/A
9.4.2 Instructional safeguard ............cccceeveevvinenceevieennn N/A
10 RADIATION N/A
10.2 Radiation energy source classification Component for building-in. Must N/A
be checked in the end product.

10.2.1 General classification N/A
10.3 Protection against laser radiation N/A

Laser radiation that exists equipment: —

Normal, abnormal, single-fault.............ccccccveeeeen. : N/A

Instructional safeguard ...........ccccceveeeiviiiiiiieneeenn, : —
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TOON et : —
10.4 Protection against visible, infrared, and UV N/A
radiation
104.1 General N/A
10.4.1.a) RS3 for Ordinary and instructed persons............: N/A
10.4.1.b) RS3 accessible to a skilled person......................: N/A
Personal safeguard (PPE) instructional —
safeguard..........eiiiiii
10.4.1.c) Equipment visible, IR, UV does not exceed RS1.: N/A
10.4.1.d) Normal, abnormal, single-fault conditions ......... : N/A
10.4.1.e) Enclosure material employed as safeguard is N/A
OPAGUE .ttt et et stee st et beesaeeseeeseee e
10.4.1.1) UV attenuation ...........ccceeoiiiiiiieeeeeeeeiiiiieeeee e N/A
10.4.1.9) Materials resistant to degradation UV .................: N/A
10.4.1.h) Enclosure containment of optical radiation..........: N/A
10.4.1.i) Exempt Group under normal operating N/A
CONAITIONS. ...eeeieiiiie et
10.4.2 Instructional safeguard ...........ccccceeeiiiiiiiiineeennnnnd N/A
10.5 Protection against x-radiation N/A
10.5.1 X- radiation energy source that exists equipment: N/A
Normal, abnormal, single fault conditions N/A
Equipment safeguards..........cccccceeeeiiiiiiiiinneennnnn N/A
Instructional safeguard for skilled person............ : N/A
10.5.3 Most unfavourable supply voltage to give —
maximum radiation ..........cccccevvveeeeniieiee e
Abnormal and single-fault condition ................... : N/A
Maximum radiation (PA/KQG)....ccccvvrreeeriiicririeenenn. : N/A
10.6 Protection against acoustic energy sources N/A
10.6.1 General N/A
10.6.2 Classification N/A
Acoustic output, dB(A).....ccccvveereeeee e : N/A
Output voltage, unweighted rrm.s.............ccue.e. : N/A
10.6.4 Protection of persons N/A
Instructional safeguards ..........cccccevveevviicviiieennn. : N/A
Equipment safeguard prevent ordinary person to —
RS2 . :
Means to actively inform user of increase sound —
PrESSUIE ....eiitiiieeiteete ettt ettt :
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Equipment safeguard prevent ordinary person to —
RS2t :

10.6.5 Requirements for listening devices (headphones, N/A
earphones, etc.)

10.6.5.1 Corded passive listening devices with analog N/A
input
Input voltage with 94 dB(A) Laeqacoustic —
PreSSUre OUIPUL.....cccvvieeeiiiiieeeeiiee e e eiiee e :

10.6.5.2 Corded listening devices with digital input N/A
Maximum dB(A) ......evveeeeeeee e : —

10.6.5.3 Cordless listening device N/A
Maximum dB(A) ......eveeeieiieaiiee e : —

B NORMAL OPERATING CONDITION TESTS, ABNORMAL OPERATING P
CONDITION TESTS AND SINGLE FAULT CONDITION TESTS

B.2 Normal Operating Conditions Tested according to the P

requirements of Annex G.16.

B.2.1 General requIreMeNts ......ccceeevvecvvieeeeeeeesseeineeen : P
Audio Amplifiers and equipment with audio N/A
AMPIFIErS ..o :

B.2.3 Supply voltage and tolerances N/A

B.2.5 1] 01U 0 (=] SR : N/A

B.3 Simulated abnormal operating conditions N/A

B.3.1 General requIreMeNts ......cceeevvecvvieeeeeeeeseeeeneeens : N/A

B.3.2 Covering of ventilation openings N/A

B.3.3 D.C. mains polarity test N/A

B.3.4 Setting of voltage selector..........ccccccveeevvvcninnnn. : N/A

B.3.5 Maximum load at output terminals....................... N/A

B.3.6 Reverse battery polarity N/A

B.3.7 Abnormal operating conditions as specified in N/A
Clause E.2.

B.3.8 Safeguards functional during and after abnormal N/A
operating conditions

B.4 Simulated single fault conditions N/A

B.4.2 Temperature controlling device open or short- N/A
CIFCUILEd ..o :

B.4.3 Motor tests N/A

B.4.3.1 Motor blocked or rotor locked increasing the N/A
internal ambient temperature ............ccccooeiinneen. :
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B.4.4 Short circuit of functional insulation N/A
B.4.4.1 Short circuit of clearances for functional insulation N/A
B.4.4.2 Short circuit of creepage distances for functional N/A
insulation
B.4.4.3 Short circuit of functional insulation on coated N/A
printed boards
B.4.5 Short circuit and interruption of electrodes in N/A
tubes and semiconductors
B.4.6 Short circuit or disconnect of passive components N/A
B.4.7 Continuous operation of components N/A
B.4.8 Class 1 and Class 2 energy sources within limits N/A
during and after single fault conditions
B.4.9 Battery charging under single fault conditions ... : N/A
C UV RADIATION N/A
Cl1l Protection of materials in equipment from UV N/A
radiation
C.1.2 Requirements N/A
C.13 Test method N/A
c.2 UV light conditioning test N/A
c.21 Test apparatus N/A
c.2.2 Mounting of test samples N/A
c.23 Carbon-arc light-exposure apparatus N/A
Cc.24 Xenon-arc light exposure apparatus N/A
D TEST GENERATORS N/A
D.1 Impulse test generators N/A
D.2 Antenna interface test generator N/A
D.3 Electronic pulse generator N/A
E TEST CONDITIONS FOR EQUIPMENT CONTAINING AUDIO AMPLIFIERS N/A
E.1l Audio amplifier normal operating conditions N/A
Audio signal voltage (V) ....ccccvveeeeeiiiiiiiiiieeeeeeens : —
Rated load impedance (Q) ....cccoceevveeviiicviiieennn. : —
E.2 Audio amplifier abnormal operating conditions N/A
F EQUIPMENT MARKINGS, INSTRUCTIONS, AND INSTRUCTIONAL SAFEGUARDS P
F.1 General requirements P
Instructions — Language .........ccccccceeevvvevvvvvnenee...s | English —
F.2 Letter symbols and graphical symbols N/A
F.2.1 Letter symbols according to IEC60027-1 N/A
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F.2.2 Graphic symbols IEC, ISO or manufacturer N/A
specific
F.3 Equipment markings
F.3.1 Equipment marking locations On the body of the ICX.
F.3.2 Equipment identification markings Refer below:
F.3.2.1 Manufacturer identification .............cccceeveiieeennnn . | The logo of Power Integrations —
applied.
F.3.2.2 Model identification ...........cccccvveeiiiiieeiiieeeee : |CAP002DG; CAP003DG; —
CAPO004DG; CAPO05DG;
CAPO006DG; CAPO07DG;
CAPO008DG; CAP0O09DG;
CAP012DG; CAP013DG;
CAP014DG; CAP015DG;
CAP016DG; CAP0O17DG;
CAP018DG; CAP019DG; SC1143
F.3.3 Equipment rating markings Not for direct connection to the P
mains. No ratings marked on the
component itself.
F.3.3.1 Equipment with direct connection to mains N/A
F.3.3.2 Equipment without direct connection to mains P
F.3.3.3 Nature of supply voltage ........ccceeeeeeeeiiniiiiieeeenn. . | Intended for AC, but not marked. —
F.3.34 Rated VOItage .......oocvvveeiiiiiie e . | Rated nominal voltage is declared —
to be 230V AC. Tested for 85-265V
AC, 47-63Hz.
F.3.3.4 Rated freqUENCY .........eeeviiiiiiiiiiiiiee e, . | Tested for 85-265V AC, 47-63Hz. —
F.3.3.6 Rated current or rated POWEer .........c..ccooevvvviveennnn. . | Not rated. —
F.3.3.7 Equipment with multiple supply connections N/A
F.3.4 Voltage setting device N/A
F.3.5 Terminals and operating devices N/A
F.3.5.1 Mains appliance outlet and socket-outlet N/A
MATKINGS .. e e e :
F.3.5.2 Switch position identification marking ................ : N/A
F.3.5.3 Replacement fuse identification and rating N/A
MATKINGS .. e e e :
F.3.5.4 Replacement battery identification marking....... : N/A
F.3.5.5 Terminal marking location N/A
F.3.6 Equipment markings related to equipment Component for building-in. N/A
classification Classification must be considered
for the end product.
F.3.6.1 Class | Equipment N/A
F.3.6.1.1 Protective earthing conductor terminal N/A
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F.3.6.1.2 Neutral conductor terminal N/A
F.3.6.1.3 Protective bonding conductor terminals N/A
F.3.6.2 Class Il equipment (IEC60417-5172) N/A
F.3.6.2.1 Class Il equipment with or without functional earth N/A
F.3.6.2.2 Class Il equipment with functional earth terminal N/A
marking
F.3.7 Equipment IP rating marking ........ccccccoeecvvieeeenn. : —
F.3.8 External power supply output marking N/A
F.3.9 Durability, legibility and permanence of marking P
F.3.10 Test for permanence of markings P
F.4 Instructions N/A
a) Equipment for use in locations where children N/A
not likely to be present - marking
b) Instructions given for installation or initial use N/A
¢) Equipment intended to be fastened in place N/A
d) Equipment intended for use only in restricted N/A
access area
e) Audio equipment terminals classified as ES3 N/A
and other equipment with terminals marked in
accordance F.3.6.1
f) Protective earthing employed as safeguard N/A
g) Protective earthing conductor current exceeding N/A
ES 2 limits
h) Symbols used on equipment N/A
i) Permanently connected equipment not provided N/A
with all-pole mains switch
)] j) Replaceable components or modules providing N/A
safeguard function
F.5 Instructional safeguards N/A
Where “instructional safeguard” is referenced in N/A
the test report it specifies the required elements,
location of marking and/or instruction
G COMPONENTS P
G.1 Switches N/A
G.1.1 General requirements N/A
G.1.2 Ratings, endurance, spacing, maximum load N/A
G.2 Relays N/A
G.21 General requirements N/A
G.2.2 Overload test N/A
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G.2.3 Relay controlling connectors supply power N/A
G.24 Mains relay, modified as stated in G.2 N/A
G.3 Protection Devices N/A
G.3.1 Thermal cut-offs N/A
G.3.1.1a) |Thermal cut-outs separately approved according N/A
&b) to IEC 60730 with conditions indicated in a) & b)
G.3.1.1c) |Thermal cut-outs tested as part of the equipment N/A
as indicated in c)
G.3.1.2 Thermal cut-off connections maintained and N/A
secure
G.3.2 Thermal links N/A
G.3.2.1a) |Thermal links separately tested with IEC 60691 N/A
G.3.2.1b) |Thermal links tested as part of the equipment N/A
AgINg hours (H) ..evvveieeieeic e : —
Single Fault Condition ...........cccccoviiiiiiiiiieinis : —
Test Voltage (V) and Insulation Resistance (Q). : —
G.3.3 PTC Thermistors N/A
G.34 Overcurrent protection devices N/A
G.3.5 Safeguards components not mentioned in G.3.1 to G.3.5 N/A
G.35.1 Non-resettable devices suitably rated and N/A
marking provided
G.3.5.2 Single faults conditions ...........cccooiiiiiiieniinnnnn! N/A
G4 Connectors N/A
G4.1 Spacings N/A
G.4.2 Mains connector configuration ...............cccceeeneee. : N/A
G.4.3 Plug is shaped that insertion into mains socket- N/A
outlets or appliance coupler is unlikely
G.5 Wound Components N/A
G.5.1 Wire insulation in wound components................ N/A
G.5.1.2 a) |Two wires in contact inside wound component, N/A
angle between 45° and 90°
G.5.1.2 b) |Construction subject to routine testing N/A
G.5.2 Endurance test on wound components N/A
G.5.21 General test requirements N/A
G.5.2.2 Heat run test N/A
TIME (S) weeeeeeeeee ittt : —
Temperature (°C) ... iicieeeee e s ceeeneere e e : —

IEC62368_1B



@emko Page 30 of 53 Report No 261294
IEC 62368-1
Clause Requirement + Test Result - Remark Verdict
G.5.2.3 Wound Components supplied by mains N/A
G.5.3 Transformers N/A
G531 Requirements applied (IEC61204-7, IEC61558- N/A
1/-2, and/or IEC62368-1) ......ccuvvveeeeeeniiiiiiieeennn. :
POSItION ...t : —
Method of protection ..........cccceeeeeieiiiniiiiiieenen. : —
G.5.3.2 Insulation N/A
Protection from displacement of windings ..........: —
G.5.33 Overload test........ccevvieriiiie e : N/A
G.5.3.3.1 | Test conditions N/A
G.5.3.3.2 |Winding Temperatures testing in the unit N/A
G.5.3.3.3 |Winding Temperatures - Alternative test method N/A
G.5.4 Motors N/A
G.54.1 General requirements N/A
POSItION ...oeiicec e : —
G.54.2 Test conditions N/A
G.5.4.3 Running overload test N/A
G.54.4 Locked-rotor overload test N/A
Test duration (days) .......ccccevverreeeeiiiiiiieeneeeeennnns : —
G.545 Running overload test for d.c. motors in N/A
secondary circuits
G.5.4.5.2 |Tested in the unit N/A
Electric strength test (V) ....coovvecvieveeee e, : —
G.5.4.5.3 |Tested on the Bench - Alternative test method; N/A
test time (N) .ooovvceee e :
Electric strength test (V) ...cooovvcvivveeee e, : —
G.5.4.6 Locked-rotor ovgrload test for d.c. motors in N/A
secondary circuits
G.5.4.6.2 |Tested in the unit N/A
Maximum Temperature .........cccccceveeeeeesicvvnnnenenns : N/A
Electric strength test (V) ..o, : N/A
G.5.4.6.3 |Tested on the bench - Alternative test method,;
test time () .o : N/A
Electric strength test (V) ...ccoovvcivevevee e, : N/A
G.5.4.7 Motors with capacitors N/A
G.5.4.8 Three-phase motors N/A
G.54.9 Series motors N/A
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Operating voltage ........cccvveevieeiiiiiiiieeeee e : —
G.6 Wire Insulation N/A
G.6.1 General N/A
G.6.2 Solvent-based enamel wiring insulation N/A
G.7 Mains supply cords N/A
G.7.1 General requirements N/A
WP ettt —
Rated current (A) .......eeeeeeeiiieiieeeee e —
Cross-sectional area (mm?), (AWG) ................. : —
G.7.2 Compliance and test method N/A
G.7.3 Cord anchorages and strain relief for non-
detachable power supply cords N/A
G.7.3.2 Cord strain relief N/A
G.7.3.2.1 |Requirements N/A
Strain relief test force (N) ......ccccvvvvveeeeivicciiieennn. : —
G.7.3.2.2 | Strain relief mechanism failure N/A
G.7.3.2.3 |Cord sheath or jacket position, distance (mm)....: —
G.7.3.2.4 | Strain relief comprised of polymeric material N/A
G.7.4 (O] (o I =101 1 R : N/A
G.7.5 Non-detachable cord bend protection N/A
G.75.1 Requirements N/A
G.7.5.2 Y= TSI (o ) S : —
Diameter (M) .ooooooiiiiiiee e : —
Temperature (°C) ... iicieeeee e s ceeeneere e e : —
G.7.6 Supply wiring space N/A
G.7.6.2 Stranded wire N/A
G.7.6.2.1 |Testwith 8 mm strand N/A
G.8 Varistors N/A
G.8.1 General requirements N/A
G.8.2 Safeguard against shock N/A
G.8.3 Safeguard against fire N/A
G.8.3.2 Varistor overload test ..........ccoceeviiiieeiiiiieeiiee N/A
G.8.3.3 Temporary overvoltage ..........ccccovveivieeeeeennnnnn N/A
G.9 Integrated Circuit (IC) Current Limiters N/A
G.9.1l3a) Manufacturer defines limit at max. 5A. N/A
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G.9.1b) Limiters do not have manual operator or reset N/A
G.9.1¢) Supply source does not exceed 250 VA ............ : —
G.9.1d) IC limiter output current (max. 5A) .......cccvveeeeenn. : —
G.9.le) Manufacturers’ defined drift ..........cccccoovvvinneennn. : —
G.9.2 Test Program 1 N/A
G.9.3 Test Program 2 N/A
G.9.4 Test Program 3 N/A
G.10 Resistors N/A
G.10.1 General requirements N/A
G.10.2 Resistor test N/A
G.10.3 Test for resistors serving as safeguards between

the mains and an external circuit consisting of a N/A

coaxial cable
G.10.3.1 General requirements N/A
G.10.3.2 Voltage surge test N/A
G.10.3.3 Impulse test N/A
G.11 Capacitor and RC units N/A
G.11.1 General requirements N/A
G.11.2 Conditioning of capacitors and RC units N/A
G.11.3 Rules for selecting capacitors N/A
G.12 Optocouplers N/A

Optocouplers comply with IEC 60747-5-5:2007

Spacing or Electric Strength Test (specify option N/A

and test reSUltS) ........ooviiiiiiiiiiee e

Type test voltage Vini .......ccceeeeeeiiiiiiiiiiiieieeeene : —

Routine test voltage, Vini,b ........cccccconiiiiinnnn. : —
G.13 Printed boards N/A
G.13.1 General requirements N/A
G.13.2 Uncoated printed boards N/A
G.13.3 Coated printed boards N/A
G.134 Insulation between conductors on the same inner N/A

surface

Compliance with cemented joint requirements .

(Specify construction).........cccceecvveereeeessiicinneenenn. :
G.13.5 Insulation between conductors on different N/A

surfaces

Distance through insulation............ccccooeiiennenlt N/A

Number of insulation layers (pcs) ........cccvveveeeenn. : —
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G.13.6 Tests on coated printed boards N/A
G.13.6.1 Sample preparation and preliminary inspection N/A
G.13.6.2a) |Thermal conditioning N/A
G.13.6.2b) |Electric strength test N/A
G.13.6.2c) |Abrasion resistance test N/A
G.14 Coating on components terminals N/A
G.14.1 RequiremMents ........cc.eeeviiiiiiiiiiieeee e N/A
G.15 Liquid filled components N/A
G.15.1 General requirements N/A
G.15.2 Requirements N/A
G.15.3 Compliance and test methods N/A
G.15.3.1 Hydrostatic pressure test N/A
G.15.3.2 Creep resistance test N/A
G.15.3.3 Tubing and fittings compatibility test N/A
G.15.34 Vibration test N/A
G.15.3.5 Thermal cycling test N/A
G.15.3.6 Force test N/A
G.154 Compliance N/A
G.16 IC including capacitor discharge function (ICX) P
a) Humidity treatment in accordance with sc5.4.8 — | Humidity treatment for 120 h at a
120 hours temperature of (40+£2)°C and a P
relative humidity of (93+£3)%
b) Impulse test using circuit 2 with Uc = to tran5|ent Impulse tests as described
VOIAGE ..veeiiiiiiiiiieee e | performed on models CAP002DG,
CAPO009DG, CAP012DG and
CAPO019DG.
Uc = 2500Vpeak. X-capacitor was P
only mounted during the discharge
tests, refer Product
Description/Model Differences and
clause 5.5.2.2.
Cl) Application of ac voltage at 110% of rated voltage | A voltage of 253V AC applied for
for 2.5 minutes 2.5 minutes on models p
CAP002DG, CAPO09DG,
CAP012DG and CAP019DG.
C2) Test VOage ...oooeeeieiiieeee e : | 253V —
D1) 10,000 cycles on and off using capacitor with 10 000 cycles of power on and off
smallest capacitance resistor with largest (cycle time is 1 s) performed on p
resistance specified by manufacturer models CAP002DG and
CAP012DG.
D2) (O 1o = (o3 -1 o [0 . | Refer Model Differences. —

IEC62368_1B




‘ Nemko Page 34 of 53 Report No 261294
IEC 62368-1
Clause Requirement + Test Result - Remark Verdict

D3) RESISIANCE ... . | Refer Model Differences. —
H CRITERIA FOR TELEPHONE RINGING SIGNALS N/A
H.1 General N/A
H.2 Method A N/A
H.3 Method B N/A
H.3.1 Ringing signal N/A
H.3.1.1 Frequency (Hz) ....cccvveeiieiiiiieeiiieeeee e —
H.3.1.2 VOIAGE (V) v —
H.3.1.3 Cadence; time (s) and voltage (V) ..ccccooovecvvvnennn —
H.3.1.4 Single fault current (MA): ..o —
H.3.2 Tripping device and monitoring voltage ..............: N/A
H.3.2.1 Conditions for use of a tripping device or a

monitoring voltage complied with NIA
H.3.2.2 Tripping device N/A
H.3.2.3 Monitoring voltage (V) ...ccooevvcviiieeeie e ieciiiiieee e —
J INSULATED WINDING WIRES FOR USE WITHOUT INTERLEAVED INSULATION N/A

General requirements N/A
K SAFETY INTERLOCKS N/A
K.1 General requirements N/A
K.2 Components of safety interlock safeguard N/A

MECNANISIM ...eeiiiiiiiiiiiiiie e
K.3 Inadvertent change of operating mode N/A
K.4 Interlock safeguard override N/A
K.5 Fail-safe N/A

ComplianCe .......ccvvveieeeee e N/A
K.6 Mechanically operated safety interlocks N/A
K.6.1 Endurance requirement N/A
K.6.2 Compliance and Test method..........c.cccccevieennnnl N/A
K.7 Interlock circuit isolation N/A
K.7.1 Separation distance for contact gaps & interlock

circuit elements (type and circuit location) .........: N/A
K.7.2 Overload test, Current (A).....ccceeeeeeevevciineneeeeenennn’ N/A
K.7.3 Endurance test N/A
K.7.4 Electric strength test .......ccccceeeiiiiiiiiiee e N/A
L DISCONNECT DEVICES N/A
L.1 General requirements N/A
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L.2 Permanently connected equipment N/A
L.3 Parts that remain energized N/A
L.4 Single phase equipment N/A
L.5 Three-phase equipment N/A
L.6 Switches as disconnect devices N/A
L.7 Plugs as disconnect devices N/A
L.8 Multiple power sources N/A
M EQUIPMENT CONTAINING BATTERIES AND THEIR PROTECTION CIRCUITS N/A
M.1 General requirements N/A
M.2 Safety of batteries and their cells N/A
M.2.1 Requirements N/A
M.2.2 Compliance and test method (identify method) .. : N/A
M.3 Protection circuits N/A
M.3.1 Requirements N/A
M.3.2 Tests N/A
- Overcharging of a rechargeable battery N/A
- Unintentional charging of a non-rechargeable N/A
battery
- Reverse charging of a rechargeable battery N/A
- Excessive discharging rate for any battery N/A
M.3.3 ComplianCe ......c.oeveeiieiiiiiee e : N/A
M.4 Additional safeguards for equipment containing N/A
secondary lithium battery
M.4.1 General N/A
M.4.2 Charging safeguards N/A
M.4.2.1 Charging operating limits N/A
M.4.2.2a) | Charging voltage, current and temperature ........: —
M.4.2.2 b) | Single faults in charging circuitry ........................ —
M.4.3 Fire Enclosure N/A
M.4.4 Endurance of equipment containing a secondary N/A
lithium battery
M.4.4.2 Preparation N/A
M.4.4.3 Drop and charge/discharge function tests N/A
Drop N/A
Charge N/A
Discharge N/A
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M.4.4.4 Charge-discharge cycle test N/A
M.4.4.5 Result of charge-discharge cycle test N/A
M.5 Risk of burn due to short circuit during carrying N/A
M.5.1 Requirement N/A
M.5.2 Compliance and Test Method (Test of P.2.3) N/A
M.6 Prevention of short circuits and protection from
. N/A
other effects of electric current
M.6.1 Short circuits N/A
M.6.1.1 General requirements N/A
M.6.1.2 Test method to simulate an internal fault N/A
M.6.1.3 Compliance (Specify M.6.1.2 or alternative
. N/A
MEthod) ..o :
M.6.2 Leakage current (MA) .......coeeeriiiiiiiiieeee e : N/A
M.7 Risk of explosion from lead acid and NiCd
. N/A
batteries
M.7.1 Ventilation preventing explosive gas N/A
concentration
M.7.2 Compliance and test method N/A
M.8 Protection against internal ignition from external
; ) N/A
spark sources of lead acid batteries
M.8.1 General requirements N/A
M.8.2 Test method N/A
M.8.2.1 General requirements N/A
M.8.2.2 Estimation of hypothetical volume Vz (m3/s) ....... : —
M.8.2.3 Correction factors........cccvve v : —
M.8.2.4 Calculation of distance d (Mm) ........coccvvverrnnnen. : —
M.9 Preventing electrolyte spillage N/A
M.9.1 Protection from electrolyte spillage N/A
M.9.2 Tray for preventing electrolyte spillage N/A
M.10 Instructions to prevent reasonably foreseeable
misuse (Determination of compliance: mspectlon N/A
data review; or abnormal testing) ..........ccccceeene :
N ELECTROCHEMICAL POTENTIALS N/A
Metal(S) USEM ....oevvveeeeiiiiiiieee e : —
O MEASUREMENT OF CREEPAGE DISTANCES AND CLEARANCES N/A
Figures O.1 to 0.20 of this Annex applied.......... : —
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P SAFEGUARDS AGAINST ENTRY OF FOREIGN OBJECTS AND SPILLAGE OF N/A
INTERNAL LIQUIDS
P.1 General requirements N/A
p.2.2 Safeguards against entry of foreign object N/A
Location and Dimensions (MmM) ........cccccoeviunenee. : —
pP.2.3 Safeguard_ against the consequences of entry of N/A
foreign object
pP.2.3.1 Safeguards against the entry of a foreign object N/A
Openings in transportable equipment N/A
Transportable equipment with metalized plastic N/A
PAIES ..ttt ettt ettt eneeas :
p.2.3.2 Openings in transportable equipment in relation
to metallized parts of a barrier or enclosure N/A
(identification of supplementary safeguard) ....... :
P.3 Safeguards against spillage of internal liquids N/A
P.3.1 General requirements N/A
P.3.2 Determination of spillage consequences N/A
P.3.3 Spillage safeguards N/A
P.3.4 Safeguards effectiveness N/A
P.4 Metallized coatings and adhesive securing parts N/A
P.4.2 a) Conditioning testing N/A
B o3 3 S : —
T (CC) it : —
TA (PC) it : —
P.4.2 b) Abrasion testing ........cccccceeiiiiiiiii e : N/A
P.4.2 c) Mechanical strength testing .........cccccceeeeeiiiinneen. : N/A
Q CIRCUITS INTENDED FOR INTERCONNECTION WITH BUILDING WIRING N/A
Q.1 Limited power sources N/A
Q.1.1a) Inherently limited output N/A
Q.1.1b) Impedance limited output N/A
- Regulating network limited output under normal N/A
operating and simulated single fault condition
Q.1.1¢) Overcurrent protective device limited output N/A
Q.1.1d) IC current limiter complying with G.9 N/A
Q.1.2 Compliance and test method N/A
Q.2 Test for external circuits — paired conductor cable N/A
Maximum output current (A) ....occceeeeeeerniiiiiien, : —
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Current limiting method..........cccccooiiiiiiiinns : —
R LIMITED SHORT CIRCUIT TEST N/A
R.1 General requirements N/A
R.2 Determination of the overcurrent protective
. o N/A
device and circuit
R.3 Test method Supply voltage (V) and short- CII’CUIt
N/A
CUITENT (A)). 1ot :
S TESTS FOR RESISTANCE TO HEAT AND FIRE N/A
S.1 Flammability test for fire enclosures and fire
barrier materials of equipment where the steady N/A
state power does not exceed 4 000 W
Samples, material ... : —
Wall thickness (mm).........ccccoiiiiiiiiiiiieieen —
Conditioning (°C).uvuvereeeeiiiiiiiieee e e e e enaen s —
Test flame according to IEC 60695-11-5 with
o N/A
conditions as set out
- Material not consumed completely N/A
- Material extinguishes within 30s N/A
- No burning of layer or wrapping tissue N/A
S.2 Flammability test for fire enclosure and fire
o . N/A
barrier integrity
Samples, material ... : —
Wall thickness (mm).........ccccoiiiiiiiiiiniieee —
ConditionNing (°C).vvverveeeiieiiieieeeee e e e e eeaen s —
Test flame according to IEC 60695-11-5 with
o N/A
conditions as set out
Test specimen does not show any additional hole N/A
S.3 Flammability test for the bottom of a fire N/A
enclosure
Samples, material ... : —
Wall thickness (Mm).......cccceeeviiiiiiiiiieee e —
Cheesecloth did not ignite N/A
S.4 Flammability classification of materials N/A
S.5 Flammability test for fire enclosures and fire
barrier materials of equipment where the steady N/A
state power does not exceed 4 000 W
Samples, material ... : —
Wall thickness (Mm).......ccccceeevviiiiiiinieeee e —
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Conditioning (test condition), (°C)......cccccveeeriinns —
Test flame according to IEC 60695-11-20 with N/A
conditions as set out
After every test specimen was not consumed N/A
completely
After fifth flame application, flame extinguished N/A
within 1 min
T MECHANICAL STRENGTH TESTS N/A
T.1 General requirements N/A
T.2 Steady force test, 10 N ....cccviiiiiieiiiiiieeeee N/A
T.3 Steady force test, 30 N ....ccceviiiieiiiiiiiieeeee N/A
T.4 Steady force test, 100 N ......ooeeeeieiiiiiiiiiiieeeeee! N/A
T.5 Steady force test, 250 N ......ooeeeeiiiiiiiiiiiiieeeee! N/A
T.6 Enclosure impact test N/A
Fall test N/A
Swing test N/A
T.7 Drop teSst oo N/A
T.8 Stress relief teSt ... N/A
T.9 Impact Test (glass) N/A
T.9.1 General requirements N/A
T.9.2 Impact test and compliance N/A
IMpact €Nergy (J)..eeeeeereeereeeriee e eriee e seeeens : —
HeIght (M) oo : —
T.10 Glass fragmentation test ........cccccccvevievvreeevneennnen, : N/A
T.11 Test for telescoping or rod antennas N/A
Torque value (NM) ...ooeveeeeiiiiiiiireeee e —
u MECHANICAL STRENGTH OF CATHODE RAY TUBES (CRT) AND PROTECTION N/A
AGAINST THE EFECTS OF IMPLOSION
u.l General requirements N/A
u.2 Compliance and test method for non-intrinsically N/A
protected CRTs
U3 Protective SCreen ........cocvvvvinecieneneeeeene s N/A
\% DETERMINATION OF ACCESSIBLE PARTS (FINGERS, PROBES AND WEDGES) N/A
V.1 Accessible parts of equipment N/A
V.2 Accessible part criterion N/A
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41.2 TABLE: List of critical components N/A
Object / part No. Manufacturer/ Type / model | Technical data Standard Mark(s) of
trademark conformity”

- Description? :

- Description? :

- Description? :

- Description? :

- Description? :

Supplementary information:
Y Provided evidence ensures the agreed level of compliance. See OD-CB2039.

2 Description line content is optional. Main line description needs to clearly detail the component used for
testing

This Test Report, when bearing the Nemko name and logo is only valid when issued by a Nemko laboratory, or by
a laboratory having special agreement with Nemko.
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22451 TABLE: Lithium coin/button cell batteries mechanical tests N/A
(The following mechanical tests are conducted in the sequence noted.)
4842 TABLE: Stress Relief test —
Part Material Oven Temperature (°C) Comments
484.3 TABLE: Battery replacement test —
Battery part NO. .........oeeieiiiiiiiiiiiiee e —
Battery Installation/withdrawal Battery Installation/Removal Cycle Comments
1
2
3
4
5
6
8
9
10
484.4 TABLE: Drop test —
Impact Area Drop Distance Drop No. Observations
1
2
3
4.8.4.5 TABLE: Impact .
Impacts per surface Surface tested Impact energy (Nm) Comments
4846 TABLE: Crush test —
Test position Surface tested Crushing Force (N) Duration force
applied (s)
Supplementary information:
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485 TABLE: Lithium coin/button cell batteries mechanical test result N/A
Test position Surface tested Force (N) Duration force
applied (s)
Supplementary information:
5.2 Table: Classification of electrical energy sources N/A
5.2.2.2 — Steady State Voltage and Current conditions
Suopl Location (e.g. ———
No. Vol'rtjzfg)é circuit Test conditions U | ES Class
designation Hz
g ) (Vrms or Vpk) | (Apk or Arms)
1 Normal
Abnormal
Single fault —
SC/oC
Normal
Abnormal
Single fault —
SC/oC
5.2.2.3 - Capacitance Limits
Suppl Location (e.g. Parameters
No. Volrig ye circuit Test conditions ] ES Class
g designation) Capacitance, nF Upk (V)
Normal
Abnormal
Single fault —
SC/OoC
5.2.2.4 - Single Pulses
Suppl Location (e.g. Parameters
No. Voﬁg ye circuit Test conditions ) ES Class
9 designation) Duration (ms) Upk (V) Ipk (MA)
Normal
Abnormal
Single fault —
SC/oC
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5.2.2.5 - Repetitive Pulses
Suppl Location (e.g. Parameters
No. Volrig ye circuit Test conditions ] ES Class
g designation) Off time (ms) | Upk (V) Ipk (MA)
Normal
Abnormal
Single fault —
SC/OoC
Test Conditions:
Normal —
Abnormal -

Supplementary information: SC=Short Circuit, OC=Short Circuit

5.4.1.4, TABLE: Temperature measurements
6.3.2, 9.0, N/A
B.2.6
Supply voltage (V) .ccccoceveeereenns : —
Ambient Tpin (°C) weveveeeriiiiiineen. : —
Ambient Tiax (°C) wevveeerviiiiineen. : —
TMa (°C) vovvvvvieeeeeee e : —
Maximum measured temperature T of part/at: T(C) AIIow:a ¢
Tmax (°C)

Supplementary information:

t21(°C) | Ri(Q) | t2(°C) | Ry (Q) | T(°C) | Allowed |[Insulation

Temperature T of winding: Trmax (°C) class
max

Supplementary information:
Note 1: Tma should be considered as directed by appliable requirement
Note 2: Tma is not included in assessment of Touch Temperatures (Clause 9)
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5.4.1.10.2 |TABLE: Vicat softening temperature of thermoplastics N/A
Penetration (MM)......c.ooeuiiiiiiiiiiie e : —

Object/ Part No./Material

Manufacturer/t
rademark

T softening (°C)

supplementary information:

5.4.1.10.3 |TABLE: Ball pressure test of thermoplastics N/A
Allowed impression diameter (MM) .....ccccovvveeeieeeiieeiiieenns <2mm —
Object/Part No./Material Manufacturer/trademark Test temperature (°C) Impression diameter (mm)

Supplementary information:

5.4.2.2, TABLE: Minimum Clearances/Creepage distance

5.4.2.4 and N/A
5.4.3

Clearance (cl) and creepage Up U r.m.s. | Frequenc | Required cl Required cr
distance (cr) at/of/between: ) ) y (kHz)' | cl(mm) | (mm)? 3 (mm)

cr (mm)

Supplementary information:

Note 1: Only for frequency above 30 kHz
Note 2: See table 5.4.2.4 if this is based on electric strength test

Note 3: Provide Material Group
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5.4.2.3 TABLE: Minimum Clearances distances using required withstand voltage N/A

Overvoltage Category (OV):

Pollution Degree:

Clearance distanced between:

Required withstand
voltage

Required cl
(mm)

Measured cl (mm)

Supplementary information:

5.4.2.4 TABLE: Clearances based on electric strength test N/A
Test voltage applied between: Required cl Test voltage (kV) Breakdown
(mm) peak/ r.m.s. /d.c. Yes / No

Supplementary information:

5.4.4.2, TABLE: Distance through insulation measurements

5.4.4.5¢c) N/A
5.4.4.9

Distance through Peak voltage Frequency Material Required DTI DTI
insulation di at/of: V) (kHz) (mm) (mm)

Supplementary information:
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5.4.9 TABLE: Electric strength tests N/A
Test voltage applied between: Voltage shape Test voltage (V) Breakdown
(AC, DC) Yes / No
Functional:
Basic/supplementary:
Reinforced:
Routine Tests:
Supplementary information:
5.5.2.2 TABLE: Stored discharge on capacitors P
Supply Voltage (V), Hz Test Operating Switch Measured Voltage ES Classification
Location Condition position (after 2 seconds)
(N, S) On or off
CAPO002DG: Phase to N No switch 28V ES1
Vpeak: 356V / 50Hz Phase
CAPO09DG: Phase to N No switch 28V ES1
Vpeak: 352V / 50 Hz Phase
CAPO012DG: Phase to N No switch 26V ES1
Vpeak: 356V /50 Hz Phase
CAPO019DG: Phase to N No switch 29V ES1
Vpeak: 358V /50 Hz Phase

Supplementary information:

X-capacitors installed for testing are: Refer Model Differences for values of X-capacitance

U1 bleeding resistor rating:

[ ICX: Equipment under test is an ICX component

Notes:

A. Test Location:

Phase to Neutral; Phase to Phase; Phase to Earth; and/or Neutral to Earth

B. Operating condition abbreviations:

N — Normal operating condition (e.g., normal operation, or open fuse); S —Single fault condition
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5.6.6.2 TABLE: Resistance of protective conductors and terminations N/A
Accessible part Test current Duration Voltage drop Resistance
(A) (min) V) Q)
Supplementary information:
5.7.2.2, TABLE: Earthed accessible conductive part
N/A
5.7.4
SUpPlY VOIRAGE ... —
Location Test conditions specified in 6.1 of | Touch current

IEC 60990 or Fault Condition No
in IEC 60990 clause 6.2.2.1
through 6.2.2.8, except for 6.2.2.7

(mA)

1

2*

olo|0| b~ w

Supplementary Information:

Notes:

provided.

[1] Supply voltage is the anticipated maximum Touch Voltage

[2] Earthed neutral conductor [Voltage differences less than 1% or more]

[3] Specify method used for measurement as described in IEC 60990 sub-clause 4.3
[4] IEC60990, sub-clause 6.2.2.7, Fault 7 not applicable.

[5] (*) IEC60990, sub-clause 6.2.2.2 is not applicable if switch or disconnect device (e.g., appliance coupler)
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6.2.2 Table: Electrical power sources (PS) measurements for classification N/A
Source Description | Measurement Max Power after 3s | Max Povsvsr after 5 | PS Classification
Power (W)
A Va (V)
I (A)
Power (W)
B Va (V)
I (A)
Power (W)
C Va (V)
la (A)
Power (W)
D Va (V)
la (A)

Supplementary Information:
(*) Measurement taken only when limits at 3 seconds exceed PS1 limits

6.2.3.1 Table: Determination of Potential Ignition Sources (Arcing PIS) N/A
Open circuit
voltage Measured r.m.s
After 3 s current Calculated value Arcing PIS?
Location (Vp) (Irms) (Vp X Iims) Yes / No

Supplementary information:

An Arcing PIS requires a minimum of 50 V (peak) a.c. or d.c. An Arcing PIS is established when the product of
the open circuit voltage (Vp,) and normal operating condition rms current (l.s) is greater than 15.
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6.2.3.2 Table: Determination of Potential Ignition Sources (Resistive PIS) N/A
Measured Measured Protective Circuit,

Operating Condition Regulator, or PTC | Resistive

Circuit Location (x-y) (Normal / Describe WELLEQID A W BRI i Operated? PIS?
. During first 30 | After 30 s (W /
Single Fault) Yes / No Yes/No
s (W/VA) VA) (Comment)

Supplementary Information:

A combination of voltmeter, VA and ammeter IA may be used instead of a wattmeter.

If a separate voltmeter and ammeter are used, the product of (VA x IA) is used to determine Resistive PIS
classification.

A Resistive PIS: (a) dissipates more than 15 W, measured after 30 s of normal operation, or (b) under single
fault conditions has either a power exceeding 100 W measured immediately after the introduction of the fault if
electronic circuits, regulators or PTC devices are used, or has an available power exceeding 15 W measured
30 s after introduction of the fault.

855 TABLE: High Pressure Lamp N/A

Description Values Energy Source Classification

LampP tYPE e —

MaNUFACLUIET ..o —

Cat NO. oo —
Pressure (cold) (MPa).......ccccccceveveeevieenienniennn’ MS_

Pressure (operating) (MPQ) ........ccccevcvvevvvnncnnnn: MS_

Operating time (MINUEES) ......ccoveveveeevieerieenns —

Explosion method ...........cccoevvevivn e —

Max particle length escaping enclosure (mm).: MS_

Max particle length beyond 1 m (mm)..............: MS_

Overall reSUlt ........eeevveiiiiiiieee e

Supplementary information:

IEC62368_1B
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B.2.5 TABLE: Input test N/A
U (V) I (A) | rated (A) P (W) P rated (W) | Fuse No | | fuse (A) Condition/status

Supplementary information:
Equipment may be have rated current or rated power or both. Both should be measured

B.3 TABLE: Abnormal operating condition tests N/A

Ambient temperature (°C) ... —

Power source for EUT: Manufacturer, model/type, output rating ..: —

Component No. | Abnormal Supply Test time | Fuse Fuse T-couple | Temp. | Observation
Condition | voltage, (V) (ms) no. |current, (A) (°C)

Supplementary information:
Test table is provided to record abnormal and fault conditions for all applicable energy sources including

Thermal burn injury. Column “Abnormal/Fault.” Specify if test condition by indicating “Abnormal” then the
condition for a Clause B.3 test or “Single Fault” then the condition for Clause B.4.

IEC62368_1B
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B.4 TABLE: Fault condition tests N/A
Ambient temperature (°C) ....ooccvviiieiie e : —
Power source for EUT: Manufacturer, model/type, output rating .: —
Component No. Fault Supply Test time | Fuse Fuse T-couple | Temp. | Observation

Condition | Voltage, (V) | (ms) no. | current, (A) (°C)

Supplementary information:
Annex M | TABLE: Batteries N/A
The tests of Annex M are applicable only when appropriate battery data is not available N/A
Is it possible to install the battery in a reverse polarity position?...........cccccceeenn. : N/A

Non-rechargeable batteries

Rechargeable batteries

Discharging Un- Charging Discharging Reversed charging
intentional
Meas. Manuf. charging Meas. | Manuf. | Meas. | Manuf. | Meas. Manuf.
current | Specs. current | Specs. | current | Specs. | current | Specs.
Max. current
during normal
condition
Max. current
during fault
condition
Test results: Verdict
- Chemical leaks N/A
- Explosion of the battery N/A
- Emission of flame or expulsion of molten metal N/A
- Electric strength tests of equipment after completion of tests N/A

Supplementary information:

IEC62368_1B
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Annex M.4 | Table: Additional safeguards for equipment containing secondary lithium N/A
batteries
Battery/Cell N Measurements )
. Test conditions Observation
' u I (A) Temp (C)
Normal
Abnormal
Single fault —-SC/OC
Normal
Abnormal
Single fault — SC/OC
Supplementary Information:
Battery Ch.?r:glng at Observation Ch%g:]ng at Observation
identification owest ianest
(°C) (°C)
Supplementary Information:
Annex TABLE: Circuits intended for interconnection with building wiring (LPS) N/A
Q.1
Note: Measured UOC (V) with all load circuits disconnected:
Output Components Uoc (V) Isc (A) S (VA)
Circuit . .
Meas. Limit Meas. Limit

Supplementary Information:
SC=Short circuit, OC=0pen circuit
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T.2,T.3, TABLE: Steady force test N/A
T4, T5

Part/Location Material Thickness Force Test Duration Observation

(mm) (N) (sec)

Supplementary information:
T.6,T.9 TABLE: Impact tests N/A

Part/Location Material Thickness Vertical Observation

(mm) distance (mm)

Supplementary information:
T.7 TABLE: Drop tests N/A

Part/Location Material Thickness Drop Height Observation

(mm) (mm)

Supplementary information:
T.8 TABLE: Stress relief test N/A

Part/Location Material Thickness Oven Duration Observation

(mm) Temperature (h)
(°C)

Supplementary information:

IEC62368_1B
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‘ Test board of CAP009DG
(U1 =1ICX)
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Test board of CAP019DG

Test board of CAP019DG
(U1 =1ICX)
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Test board of CAP002DG

Test oard of CAP002DG
(U1 =1ICX)
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X-capacitors mounted during discharge tests:




Nemko

-Page 10of 8-

Data sheet
Report No. 261294

)’ ' 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

www.powerint.com
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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

Rev. D 1441 www.powerint.com
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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

1.20
110 T~

1.00
0.00 T ——

Pl-s020-0E2110

0.80

0.70

0.60

0.40

ks uppLy (Mormalized to 25 °C)

0.30

0.20

0.10

-25 0 25 50 75 100 125

Temperature (°C)
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

For the latest updates, visit our website: www.powerint.com

Power Integrations reserves the right to make changes to its products at any time to improve reliability or manufacturability. Power
Integrations does naot assume any liability arising from the use of any device or circuit described herein. POWER INTEGRATIONS MAKES
NO WARRANTY HEREIN AND SPECIFICALLY DISCLAIMS ALL WARRANTIES INCLUDING, WITHOUT LIMITATION, THE IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF THIRD PARTY RIGHTS.

Patent Information

The products and applications illustrated herain (including transformer construction and circuits external to the products) may be covered
by one or more U.S. and foreign patents, or potentially by pending U.S. and foreign patent applications assigned to Power Integrations. A
complete list of Power Integrations patents may be found at www.powerint.com. Power Integrations grants its customers a license under
certain patent rights as set forth at http:/swww.powerint.com/ip.ntm.

Life Support Policy
POWER INTEGRATIONS PRODUGTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF POWER INTEGRATIONS. As used herein:

1. A Life support device or system is one which, (i) is intended for surgical implant into the body, or (ii) supports or sustains life, and (i)
whose fallure to perform, when property used in accordance with instructions for use, can be reasonably expected to result in significant
injury or death to the user.

2. A critical component is any component of a life support device or system whose fallure to perform can be reasonably expected to cause
the failure of the Iife support device or system, or to affect its safety or effectiveness.
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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.
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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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