TEMIC
TELEFUNKEN Semiconductors ANTO 18

Optocouplers in Switching Power Supplies

Issue: 12. 95



TEMIC
ANT018 TELEFUNKEN Semiconductors

Table of Contents

g1 goTo U ox i o] o PSPPSR
VDE 0884 — FaCts and INFOIMIELION...........vviiiiieiiiee ettt e et e s e e s e e s e e sne e e nnre e e nnnee e 1
LAYOUL DESIGN RUIES ... .eeiieeeiiteiee ettt ettt ettt e e e ettt e e e ettt e e e o ekt e et e e e aab b e e e e e e b be e e e e e ambbeeeeeabbeeeeesambbeeeeeabbneeeenan
LI =Y (O @] o) e TeTo 0] o] =g = (oo | = 11 1 LT OTPPRP 4
L0010 151 (1T (1o FO TP TSP PP PO PP PPRPP 4

Overview

6-PIN STD Isolators

Y 0] 1= o 1 G USERRRR
Approvals List

Certified Optocouplers for Switchmode Power Supplies

(@L< (] ox=1 1T o =N

Issue: 12. 95



TEMIC
TELEFUNKEN Semiconductors ANTO 18

Introduction

This reportshould givethe designer a fulunderstanding If design engineers work witREMIC optocouplersthey
on how to use optocouplers whighnovide protection will find some terms and definitions the data sheets

against electric shock for designs. which relate to VDE 0884. These will now be explained:
Safety standards for optocouplene intended topre-  Rated isolation voltagesV|qg is the voltage between the
vent injury or damage due to electric shock input terminals and the output terminals.

Two levels of electrical interface are normally used:  Note: All voltages are peak voltages!

Reinforced, or safe insulation tequired in an opto- . v,5.\ is a maximum rmsvoltage value of the

coupler interface between lazardous voltageircuit optocouplers assigned by TEMIC. This characterizes
(like an AC line)and a touchablBafety Extra Low the long-term withstand capability of its insulation.

Voltage (SELV) circuit. . . . .
ge ( ) * Viorm is a maximumrecurring peak(repetitive)

Basic insulation is required in an optocouglgerface voltage value othe optocoupler assigned HEMIC.
between a hazardous voltagiecuit and a non-touchable  This characterizethe long-ternwithstand capability
ExtralL ow Voltage (ELV) circuit. against recurring peak voltages.

The mostwidely used insulation for optocouplers in® Viortm iS an impulse voltage value e optocoupler
switch-mode power supply is reinforced insulaficlass assigned by TEMIC. This characterizbe long-term
Il). The following information enablesthe designer to withstand capability against transient over voltages.

understand the safety aspects, Ilasic concept of the

VDE 0884 and the design requirements for applicationsISOIatlon test voltage for routine tests is at fadt&®75

higher than the specifiedMym/ Viorm (peak).

VDE 088 4 A partial discharge testis a different tesinethod to the
- normalisolation voltage test. Thismethod ismore sen-
FaCtS and |nf0rmati0n sitive and willnot damage thisolation behavior of the

optocoupler like other test methods probably do.

Optocouplers for line-voltage separationust have 1he VDE 0884 therefore doesot require aminimum
severalnational standarddhe mostccepted standards thicknessthrough insulation. The philosophy ithat a

are: mechanical distance ontioesnot give you amndication
' of the safetyreliability of the coupler. It is more
e UL/ CSA for America recommendable to chedke total constructiortogether

with the assembling performance. Thartial discharge

* BSIfor Great Britain test methodcan monitor this more reliably.

* SETI, SEMKO, NEMKO, DEMKO for Nordic The following testsmust bedone to guarantee this safety
countries (Europe) requirement.
* VDE for Germany 100%test (piece by piece) for one second at a voltage

Today, most manufacturers operate on a global scale. I{ﬁ%% cff t(seggﬁltgig ?Svggr/:i/é%ﬁeéﬂcég%aek)leg]su?rgf;gcgy
therefore mandatory to perform all approvals. cbulomb

The VDE 0884 is nowbecoming amajor safety standard

in theworld, patly due toGermanexpertshaving a long A lotwise test at Yot for 10 secondand at a voltage

record of experience irthis field. It is therefore level of specified Yowm/ Viorw (peak) multiplied by

worthwhile understanding some requirements an .5 for 1_minute —test critgia is partialdischargeless
methods of the VDE 0884. an 5 pico coulomb.

At the momentthere are two dfts whichare being Design example:

circulated to sethe VDE 0884 to an international IEC The line AC voltage is 380 V rms. Your applicatidass
standard. is 11l ( DIN/VDE 0110 Part 1/1.89). According to table 1,
The IEC 47(CO) 1042 describethe terms andefini- you must calculate with a maximume voltage of 600 V
tions —IEC 47(CO) 1175thetest procedurewhile the and a transient over voltage of 6000 V.

test method itself is already incorporated in IEC 747-5.
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Table 1. Recommended transient overvoltages related to AC/ DC line voltage ( peak values )

Viowm/VI10rRM Appl. Class | Appl. Class Il Appl. Class llI Appl. Class IV
up to
50V 350V 500 V 800V 1500 V
100V 500.V 800.V 1500.V 2500.V
150 vV 800V 1500 V 2500V 4000 V
300V 1500 V 2500V 400V 600 V
600.V 2500 V 4000 V 6000 V 800V
1000 V 4000 V 6000 V 8000 V 1200V

Now select the CNY75 from our TEMIC coupler temperature for ateast a weekendThe test time is
program. Thenext voltage step of 380 V is 600V actually 72 hours. This is a simulatsgace oftime
(V jowm )-The test voltageare 1600 Mfor the CNY75 where failures may occur.

for the routine test an&000 V/ 1300 V forthe sample

test It is thedesigner'stask tocreate hisdesigninside of the

maximum safety ratings.
The VDE 0884 together withthe isolation test voltages Optocouplers — approved tthe VDE 0884 — must

also.reqwrevery high isolation resistance, tested at anconsequentlypass altestsundertakenThis thenenables
ambient temperature of 1UD.

you to go ahead and start your design.

Apart from these tests fahe runningproduction, the

VDE Testing and Approvals Institute also investigates t .

total constr%ction gfrzhe optocoupler. The VDE?884 TayOUt DeSIgn RUIeS

requires life tests in a vegpecialsequence; 5 lots for 5

different subgroups are tested. The previous chapterdescribedthe important safety
requirements for the optocoupler itself; but the knowledge

The sequence for the main group is as follows: of the creepage distancand clearancepath is also

« Cycle test important forthe design engineer the coupler is to be
o mounted onto the circuit board. Although several different
* Vibration creepage distances referring to differsafetystandards,

like the IEC 65or TV orthe IEC950 for office

*  Shock equipment, computedataequipmentetc. are requested,

« Dry heat there is onedistance which meanwhiledlominates
switching power supplies:This is the 8-mm spacing

* Accelerated damp heat requirement betweethe two circuits:The hazardous

e Low temperature storage (normally 263 :gsvu\tlc\)/lct)zlitgge (AC 24power-line voltagepnd the safety

* Damp heat steady state This 8-mm spacing is related to the 250-V power line and

defines the shortest distance between the conductive parts
(either fromthe input to the outplads)along thecase
Finally there is another chapter concernthg safety of the optocoupler, or acrosthe surface ofthe print
ratings. This is described in VDE 0884. board betweetthe soldereyes ofthe optocouplerinput/

The maximum safety ratingsare the electrical, thermal putputleads, ashown in figure 1. The pormalhstz_an(.:e
and mechanical conditionthat exceed the absolute NPUt to outputeads of an optocoupler is 0:3 This is
maximumratings for normabperationsThe philosophy 00 tight for the 8-mm requirement. Tdesigner now has
is that optocouplers must withstand a certain exceeding!¥f© Options: Hecanprovide a slit inthe board, but then
the input current, output power dissipation, and the airgap is still lower; or hecan usehe .G

* Final measurements.

2 Issue: 12. 95



TEMIC
TELEFUNKEN Semiconductors ANTO 18

optocoupler from TENC. ,G" stands for avide-spaced terial of the optocoupler itselfand thematerial of the
lead form of 0.4 and obtains the-8 mereepageclear- board mustprovide a specifiectreeping-currentesis-
ance distanceThe type designatidior thistype of ,G* tance. Thebehavior of thisresistance is tested with
coupler is, for example: CNY75G. specialtest methodslescribed irthe IEC112. The term

. . is "CTI" (ComparativeT rackinglndex).
The spacing requirementstbe 8 mmmustalso betaken I ( parativ "9 X)

into consideration for the layout of the board. The VDE 0884 requires aninimum of aCTl of 175. All

. . TEMIC optocouplers have a CTI of 275.
Figures 2 and 3 provide examples for your layout. P P

The creepage distance &so related teheresistance of
the trackingcreepagecurrent stability.The plastic ma-

Creepage

/ path

Clearance path >

Figure 1. Isolation creepage/ clearance path

(The creepage path is the shortest distance between conductive parts along the surface of the isolation material.
The clearance path is the shortest distance between conductive parts.)

<« 0.4"/10.16 mm >

|
_147 0.332"/8.2 mm—br

Figure 2. Optocoupler mounting on a board (side view)
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Figure 3. Top view of optocoupler mounting on a board
(clearance on PC board: 0.3228.2 mm, creepage path on PC board is 0:882 mm)

Not only the solder eyes of the coupler itself on the board must have the 8-mm distance,
but also all layers located between the SELV areas and the power interface areas.

TEMIC Optocoupler
Program

Construction

An optocoupler is comparable with a transformer or a

mechanical relayput its advantageare smalledimen-

sions, shorter switchingime, no contact bounces, no

interference caused larcsand thepossibility of adapt-
ing a signal already ithe coupler forthefollowing stage
of the circuit.

This combination together witthe safetyaspects pro-
vides outstandingadvantages for use power supplies.
Safetyfactors in particular depend dhe design, con-
struction andselected materialsTEMIC optocouplers
aredesigned with a coplanar le&gme, wherethe die
are mountedside by side. A semi-ellipsoigvith even
better reflection capabilities is fittex/er eachdice. The

Deviations of this distance diog theproductionprocess
are alsoexcluded. These two featurase the specific
reasonsvhy TEMICopto-couplers are well-accepted by
manufacturers of power supplies.

=

0.75mm

Figure 4. Cut through of a TEMIC optocoupler (thickness
through insulation)

Overview

entire system is thencasted in a plastic material The information given in thisorochure enables the

impermeable tetheinfraredrange and ohigh di-electric
strength. The whole system is now molded wittpecial
mold compound to ensure that no external influesaels
as light or dusetc. interfere withthe functioning of the
coupler (seefigure 4). This design hasseveral
advantages:The "thicknesthrough insula-tion", the
clearance (internally) betweehe input and theutput
side isfixed at 0.75 mnand isthusmecha-nicallystable
even under thermadverloads, i.ethe possibility of a

designer to seledhe rightoptocoupler for hisappli-
cation. The previous chapters focusemhly on safety
aspects. Apart from this there are other characteristics for
the optocoupler. Table 2 enablé®e designer to select
the optocoupler to suit his own needs. This selection
should be doneising the most importammharacteristics
like CTR CurrentTransferRatio) and deviceswith or
without baseconnection. Thalesignermay ask for our
data sheets for detailed information.

short circuit caused by material defor-mation is excluded.
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Figure 5. Without base connection Figure 6. With base connection

6-PIN STD Isolators

Table 2. Devices offering (VDE 0884-tested)

CTR VCE >32V VCE >32V VCE >900V

IC/IF Ungrouped CTR Grouped CTR Grouped CTR

Base With Without With Without With Without
Connection

> 20% 4N25(G)V
> 50% CQY8ON(G) TCDT1100(G) TCDT1120(G)

> 100% 4N35(G)V TCDT1110(G)

40 - 80% CNY17(G)-1 TCDT1101(G)

63 - 125% CNY17(G)-2 TCDT1102(G) CNY75(G)A TCDT1122(G)
100 - 200% CNY17(G)-3 TCDT1103(G) CNY75(G)B TCDT1123(G)
160 - 320% CNY75(G)C  TCDT1124(G)

G = wide space 0"4ead form, for 8-mm PC board spacing requirements
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Appendix
Approvals List

are many agreemertietween national institutes, e.g., UL
for USA is also accepted by CSA/Canada.

TEMIC divides optocouplersnto "coupling systems".
As mentionedefore, as long there is no equivalde€- Each coupling systemepresentshe same technology,
standard tahe VDE 0884, optocouplermuststill fulfill ~ materials etcThe coupling systenere indicated with
all other national safetgtandardsThe enclosed copies capital lettersand eacftoupler is meked with this
of documentgresentall certificatesthe designer needs coupling systenindicator letter.The certificates at least
for worldwide acceptance of hipower supply.All the also refer tothe systems arlgst all subtypes to the
approvals below aremost important. If thedesigner relatedcoupling system. Theiser isable totrack his
needs any others, he must be aware that there Selected coupler on the certificate.

Certified Optocouplers for Switchmode Power Supplies

Coupling System Coupling System
Gl Hl |1 K A, C, S
German Standard
VDE 0884 CNY64

CQY80N, CQY8ONG

File No: gmgg CNY17(G)1-3
System S: 70753 SV CNY75(G)A-C

System A: 68301
System G: 70902
System H: 70977
System J: 70977
System K: 70977

American (USA)

TCDT1101(G)A-C
TCDT1101(G)-1103(G)
TCDT1110(G)
TCDT1120-1124(G)

Test Institute CNY64
uL CNY65
1577 CNY66 4N25(G)V
File No: CNY21N 4AN35(G)V
E76222
; CNY64
Nord'(%érﬁ’)mvals CNY65 K3010P(G)-K3012P(G)
CNY21IN K3020P(G)-K3023P(G)
British Std
BS415 CNY65
BS7002

Internal Structure

Case
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Certifications

Note: The certificates have been lefut because of resolution problemsytiu need theriginal applicationnote,
please contact TEMIC.
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