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Agilent Technologies
optocouplers can be used in an
array of isolation applications
ranging from power supply and
motor control circuits to data
communication and digital logic
interface circuits.

To help you choose and design
with Agilent Technologies
isolation components, this
Designer’s Guide contains
popular application circuits and
recommended Agilent
optocouplers.

This handbook contains sections
discussing critical optocoupler
design parameters such as
Insulation and Withstand Voltage,
Regulatory Agency Safety
Standards, Common-Mode
Transient Rejection, Product Life
and light emitting diode (LED)
aging. The rest of the guide
consists of application circuits.
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About This Designer’s Guide

Each application circuit is

accompanied by:

1. A brief description.

2. Highlights of circuit
performance.

3. Circuit benefits.

4. A list of alternative Agilent
parts indicating comparably
performing products available
in varying package styles for
maximum design flexibility.

How to Use This Guide

The table of contents lists all the
applications by their general
description.

Data sheets for products
recommended in this guide
can be found on the Agilent
Technologies’ web site at

www.agilent.com/semiconductors,
or they may be ordered from your

local Agilent representative.

How to Order

To order any component in this
guide or additional applications
information, call your authorized
Agilent distributor nearest you.

Although product information
and illustrations in this guide
were current at the time it was
approved for printing, Agilent
Technologies, in a continuing
effort to offer excellent products
at a fair value, reserves the right
to change specifications, designs,
and models without notice.
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Design Considerations

Insulation and Regulation of Optically Coupled

IsolationDevices

The primary purpose of opto-
coupler devices is to provide both
electrical insulation and signal
isolation. The popularity of
Agilent Technologies' product
offering can be accredited to cost-
effectiveinnovationsinthese
areas. Yetthere existsa surprising
level of misunderstanding
regarding these two terms from
both vendor and user alike. The
discrepancies that exist within
the worldwide regulatory
community add to the frustration
level for many designers. This
discussion attempts to help the
designer capitalize on Agilent
Technologies’ knowledge.

Insulation Defined

The electricalinsulating capability
of an optocoupler, sometimes
referred to as withstand voltage,
isdetermined by its ability to
protect surrounding circuitry, as
well asitself, against physical
damage resulting from different
voltage potentials. Thispotentially
damaging phenomenacanbe
systeminduced (e.g., motor rail
voltage) or externally coupled
(e.g.,lightning pulse). The
insulating material betweeninput
andoutput as well as the packag-
ing technology are the primary
determinants of withstand
voltage capability. In contrast,
signalisolation, although sharing

SUNSTAR

some common causes, defines the
ability of the optocoupler to
prevent the distortion of data
through the suppressionand
filtration of common-mode
transients. A further discussion of
signalisolation can befoundin
the section entitled “Common-
Mode Transient Rejection.”

The effects of repeated long-term
high-voltage stressbetween input
and output of an optocoupler has
continued to be an area of
uncertainty. Much of the technical
emphasishasbeenon the ability
of optocouplers to withstand one-
time short-term high-voltage
transients (e.g., U.L. 1 minute
dielectric voltage withstand
rating). Agilent Technologies has
conducted extensive operating
life tests to determine the effects
of continuous high-voltage stress,
both transient as well as steady-
state, onthe degradation of
insulating performance. On
completion, the test data was
analyzed to determine safe
operating areas for steady-state
input-output high-voltage stress.
Theboundary conditions, as
shownin Figures 1, 2, 3, have
been defined by Agilent as
Endurance Voltage. Thelower
regionrefers to the safe operating
area for the application of
continuous steady-stateacand dc

input-output voltage stress, or
working voltage, and the middle
region to transient voltage stress.
Operation above these regions
has shown to cause wear-out
eitherin functionality orinsulat-
ing capability and is not recom-
mended. Endurance Voltageis
based on theinherent properties
of Agilent optocouplers that
utilize unique packaging
technologies and does not apply
to products manufactured by
othervendors. In addition, as
these tests donot takeinto
consideration particular
equipment use conditions, Agilent
recommends the designer consult
the appropriate regulatory agency
guidelinesto determine
applicable working voltage. Foran
in-depth discussion on Endurance
Voltage, consult Agilent
Application Note AN1074.

Regulatory Environment
Becauseelectrical insulationisa
function of safety, optocoupler
performance, both at component
and system levels, is often subject
toregulatory requirements and
approvalsthat vary accordingto
country as well asindustry. Most
agencies are a mixture of govern-
mental and private organizations
withindustry representation.
Some common regulatory
agencies arelistedin Table 9.
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Category 1 Optocouplers

5,000
4,500
4,000
3,500
3,000
2,500
2,000
1,500

INPUT-OUTPUT VOLTAGE, Vac

1,000
500

Figure 1. Recommended Safe Operating Area for Input-
Output Voltage-Endurance Voltage for Category 1

4N45/6
6N135/6/7/8/9
HCPL-0201/11
HCPL-0452/3
HCPL-0500/1
HCPL-0600/01/11
HCPL-0700/1
HCPL-2200/01/02/11/
12/19/31/32
HCPL-2300

HCPL-2400/11/30
HCPL-2502/30/31

HCPL-2601/02/11/12/

30/31
HCPL-2730/1
HCPL-3700/60
HCPL-4100/4200
HCPL-4502/03/34/62
HCPL-4661

AN N
WEAR-OUT REGION

SAFE.
OPERATING

REGION FOR
TRANSIENT

INPUT-OUTPUT
VOLTAGE

PAN

ENDURANCE VOLTAGE - 800 ac&

(NOTE: FOR DC OPERATIO!
ENDURANCE VOLTAGE IS

NS

N,
1000 Vdc) -

L2

SAFE OPERATING REGION FOR CONTINUOUS
INPUT-OUTPUT VOLTAGE

0
0.01 0.1 1 10

100 1,000 10,000 100,000

CUMULATIVE EXPOSURE TIME, HOURS

Optocouplers.

Category 3 Optocouplers:
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Figure 2. Recommended Safe Operating Area for Input-

Output Voltage-Endurance Voltage for Category 2
Optocouplers.
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OPTOCOUPLER'S INSULATION PARAMETERS

Figure 4. Optocoupler’sInsulation Parameters.

WARNING: In all cases whereregulatory compliance is required, working voltage as defined by the
regulatory agency cannot be exceeded.
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Table 9
COMMON REGULATORY AGENCIES
Name Country Abbreviation
Verband Deutscher Electrotechniker Germany VDE
Underwriters Laboratories United States UL
Canadian Standards Association Canada CSA
Currently, little conformity exists Comparative Tracking Index protected against over-

between the various agencies
regarding mechanical configura-
tions and electrical test require-
ments. Within the European
Union, however, standardization
of equipment as well as component
level specificationsisin progress.
Intheinterim, testingand
approval according to equipment
type and environmental factors
must be obtained according to
the control documents of each
country. The International
Electrotechnical Commission
(IEC), with worldwide
representation, provides a forum
for generating technical
standards. The European
Committee for Electrotechnical
Standardization (CENELEC), has
European Commission authority
toadopt IEC standards as
European Norms (EN), with the
force of law.

CommonTerms

External Clearance

The shortest distance through
air, between conductive input
andoutputleads, measuredin
mm. Refer to Figure 4.

SUNSTAR

(CTI)

Outer molding material charac-
terizationinthe presence of
aqueous contaminants. The
higher the CTIvalue, the more
resistant the materialisto
electrical arc tracking. CTIis
often used with creepage by
safety agencies to determine
working voltage.

External Creepage

The shortest distance along the
outside surface, between input
andoutputleads, measuredin
mm. Refer to Figure 4.

DielectricInsulation Voltage
Withstand Rating

The ability to withstand without
breakdown a 60 second appli-
cation of a defined dielectric
insulation voltage between input
andoutputleads.

Distance Through Insulation
Distance between the photo-
emitter and photodetector
inside optocoupler cavity (also
calledinternal clearance). Refer
to Figure 4.

Installation Class
I  Equipmentinclosed
systems (e.g., telecom)

voltage with devices such as
diverters, filters, capacitors,
etc.

II  Energyconsumingequip-
ment (e.g., appliances)
supplied through a fixed
installation.

III Primarily equipmentin fixed
installations (e.g., fixed
industrial equipment).

IV Primary supply level for
industrial factories.

Insulation

Operational - required for
correct equipmentoperationbut
not as a protection against
electric shock.

Basic - protects against electric
shock.

Supplementary -independently
applied tobasicinsulation to
protect against shock in the
eventofits failure.

Double - composed of both
basicand supplementary.
Reinforced - A single insulation
system composed of several
layers (e.g., single and
supplementary).

Internal Clearance

See Distance Through
Insulation.

http://www.rfoe.net/ TEL:0755—§3397033 FAX:0755-83376182 E-MAIL:szss20@0163.com
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Internal Creepage

The shortest border distance
between two separate insulating
materials measured between
emitter and detector.

Material Group (see
Comparative Tracking Index)
I 600<CTI

II  400<CTI<600

IIIa 175<CTI<400

IIIb 100<CTI<175

Partial Discharge

Electric discharge that partially
bridges the insulation between
two electrodes. Agilent supports
partial discharge measurements
per IEC/EN/DIN EN 60747-5-2,
a technique developed to
evaluate the integrity of
insulating materials. IEC/EN/
DIN EN 60747-5-2 philosophy is

SUNSTAR

that partial discharge testing

offers advantages over Dielectric

Withstand Voltage testing,

which might adversely affect the

insulating material, and over
through insulation distance
requirements which not only
increase manufacturing costs
but also do not necessarily result
in acceptable insulating
capability.

Pollution Degree

1-Nonconductive pollution
only.

2 - Only occasional, temporary
conductivity due to
condensation.

3 - Frequent conductive pollu-
tion due to condensation.

4 - Persistent conductive pollu-
tion due to dust, rain or
SNow.
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Rated Mains Voltage
Primary power voltage declared
by manufacturer. Used to
categorize optocoupler
maximum allowable working
voltage.
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Common-Mode Transient Rejection

Circuit designers often encounter
the adverse effects of common-
mode noisein a design. Once a
common-mode problem is
identified, there are several ways
thatitcanberesolved. However,
common-mode interference
manifestsitselfin many ways;
therefore, it may be hard to
determine whetheritisthe cause
of a circuit’s misbehavior. If a
systemisconnected and running
but only produces erroneous
data, common-mode noise may be
thereason. This section describes
sources of common-mode
problems, presents possible
solutions, and highlights the
technology that Agilent
Technologies' Components Group
uses to produce opto-isolators
with superior Common-Mode
Performance.

Common-mode rejection (CMR)

is a measure of the ability of a
device to tolerate common-mode

TRANSMIT SIDE

- ——————

RECEIVE SIDE

|
— —
R | OPTO- |
Iy | ISOLATOR | R_
|
|

———————

VOLTMETER
e

+ (Vem) - —

COMMON-MODE TRANSIENT

Figure 5.I1lustration of V¢ Common-
Mode Pulse.

SUNSTAR

noise. Agilent specifies common-
mode rejection as common-
mode transientrejection
(CMTR). CMTR describes the
maximum tolerable rate-of-rise
(or fall) of a common-mode
voltage (givenin volts per micro-
second). The specification for
CMTR alsoincludesthe amplitude
ofthe common-mode voltage
(Vem) that can be tolerated.
Common-mode interference that
exceeds the maximum specifica-
tion might resultin abnormal
voltage transitions or excessive
noise onthe output signal.
(CMTRisslightly different than
common-mode rejection ratio
CMRR, often used for analog
devices and commonly specified
in dB astheratio of the
differential-mode gain tothe
common-mode gain.)

Agilent optocouplers rely on two
key technical strengthstoachieve
high CMTR. The firstisuseofa

http://ww.rfoe.net/ TEL:0755-83396822 FAX:0755-83376182 E-MAIL:szss20@163.com

proprietary, low-cost Faraday
shield which decouples the
optocouplerinput side from the
output side. The second method
isby unique package design
which minimizesinput-to-output
capacitance. Theimportance of
thesetwo strengthsisexplained
as follows.

Figure 5illustrates a Common-
mode transient pulse (Vo).

Figure 6a and 6b show interfer-
ence circuit models for two types
of possible common-mode failure
mechanisms for a single-
transistor optocoupler. The
dashedlines are shown to
indicate external components
added to the optocoupler. Vo
represents a voltage spike across
the optocouplerisolation path
between the output-side ground
(Vo) and input-side ground (V).
Vpurepresents a signal voltage
applied across theinput side.

INTERNAL SHIELD

A - 4

PHOTODIODE ?
RL

Va1 &
INPUT GROUND ¥ Vcy

VOLTMETER : Q

|
N\

€7 Va2
OUTPUT GROUND

NOTE: icy GETS DIVERTED TO GROUND, Vo, WHEN INPUT IS OFF.

icm IS SUPPLIED FROM GROUND, Vo, WHEN OUTPUT IS ON.

Figure 6a.Interference Circuit
Model.
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Referring to Figure 6a the para-
sitic distributed capacitance Cig,
which might tend to couple
transientcurrentintothetransistor
base node (for example when the
transistorisinthe “off” state)
terminateson aninternal Faraday
shield. Therefore the transient
current, Ioy, gets diverted to
output ground (Vo). Referring to
Figure 6b, the parasitic distrib-
uted capacitances, Ciy and Cic are
shown across the LED anode-to-
ground (Vg9) and LED cathode-
to-ground (Vo) respectively.
Becausethe LED anodeisata
relatively higherimpedance than
the cathode (i.e., Ry gp to ground)
current at this point will tend to
be modulated slightly during CM
transients. Forinstance,ifthe
LEDison, then during a positive
transient (i.e.,dVpy/dt > 0)
current will be diverted away
from the LED. For fast enough
transients, this may turnthe LED
off. (If Ry gp 1s connected to the
LED cathode side then Cy¢
provides a parasitic path to divert
current towards or away from the
LED.) This type of failure is
avoided by ensuring that C, and
Cicaresmall.

SUNSTAR
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INTERNAL SHIELD

A - 4

VG1¢’/ I

INPUT GROUND V' vy @
VOLTMETER | Cic

RL
PHOTODIODE

e

)
—

}vo

€7 Va2
OUTPUT GROUND

NOTE: CURRENT “STOLEN” FROM LED: i p = c.ﬂ%

Figure 6b.Interference Circuit Model.

Figure 7 shows the possible
effect on the output voltage level
of an optocoupler due to a
common-mode pulse. The output

Vo

Veme ——— ——— f—,\
|
|
|
|
|
‘ \

-y

TRANSIENT TRANSIENT

Vem
TRANSIENT RATE OF CHANGE = (. o0

TRANSIENT AMPLITUDE = Vg

VoHe — - — 1
oH ¢ | T VK
ViL | ‘
Voo |l -ox— | ‘

is shown (successively) in the

high andlow states. (This might

be observed if R;,q were con-
nected as in Figures 6a, 6b.)

Figure 7. Common Mode Interference Effect.
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ISOLATION

CONTROL |
CIRCUITRY
mnn
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T ISOLATION
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GATE
DRIVE

il T

e e

I

|

I

I

MOTOR |
ll"l ‘
|

I

I

GATE
DRIVE

I

HV -

Figure 8. Full-Bridge Power Switch Configuration.

Aslongasthe amplitude Vg and
value of dVpy/dt are less than the
ratings for the optocoupler being
used, Vo willremain above 2 V
(maximum TTL Vig) and Vg, will
remainbelow 0.8 V (minimum
TTLVyr). Note that the slight
perturbationsinoutputvoltage
occur sometime after the input
pulse which causes them, due to
the non-zero response time of the
output transistor tothe
“perturbation signal.”

Common-mode signals can
originate from several different
sources. A full bridge power
inverter, shownin Figure 8,is a
good example of an application
that can exhibit large amounts of
common-mode noise. Full-bridge
inverters are commonly foundin
motor-speed control and switching
power supply applications. The
powerinverteris generally used
to produce an ac output from a
dcinput. In afull-bridge inverter
applicationlike that shownin
Figure 8, the source of one set of
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transistors (A1, Bl)isattached to
the drain of a second set of
transistors (A2, B2). When
transistor set Aturnson, set B
turns off. Current flows from the
positive supply, through
transistor A1, through theload,
and through transistor A2. When
set B turns on, set A turns off,
and the polarity of the current
through theinductiveloadis
reversed.

How does this operation create a
common-mode problem? The
input of each gate drive circuitry
is referenced to the ground of the
digital control circuitry; the
output common, on the other
hand, is floating and referenced
to the source of its associated
powertransistor. The floating
commons of the upper gate drive
circuits rapidly switch between
the positive and negative power
supplies. Thisrapid switching
creates alarge voltage swing
across the input to output of the
gatedrive circuitry. Asan

example, a halfbridge circuit that
switchesbetween +250 Vand
-250 Vin 100 ns creates a
common-mode transient signal of
5000 V/us with an amplitude of
500 V (see Figure 9). The device
that carries the control infor-
mation toeach MOSFET mustbe
able towithstand thislevel of
common-mode interference.
Although this example may seem
extreme, itisafactthatengineers
continue to use faster-switching
transistors toincrease motor
efficiency. Power MOSFETS, for
example, are commonly used in
powerinverter applications
because they are capable of high
frequency, high power switching.
The fast switching speeds of the
transistors, however, can
generate common-mode signals
with very high rates of change
(dVew/dt).

The common-mode signal rate of
rise can also be affected by the
reverserecovery characteristics
of diodes D1 and D2 in the power
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+250 V

—E

Q1

MOTOR

Vem ©

-250 V

Figure 9. Half-Bridge Example.

inverter shownin Figure 9; these

diodes are often referred to as
“freewheeling” diodes. If the

inverterisdriving aninductive
load, such as a motor winding,

these diodes may become forward

biased during the normal
operation of theinverter. For
example, assume that Q1 of
Figure 9 is turned on, Q2 is off,

and currentis flowing through Q1
andintotheinductiveload. When
Q1 turns off, voltage Vg swings

inthenegative direction until

diode D2 becomes forward biased

and conductstheload current.

1YYYY

Vcm= 500 V

500V _ 5000V
At T 0.1 ps~  ps

dVem _ 1
at = 5000 s

tion. The voltage and current
waveforms shown in Figure 10
illustrate what happens when Q1
turns back on. As Q1 starts to
turnon, the current through D2
begins todecrease. The current
through D2 continuesto decrease
and actually goes negative for a
short time due to the storage of
minority carrier chargeinits
junction. Itis when thischarge
hasbeen depleted that D2begins
to turn off and V¢ begins to
increase. If D2 turns off very
quickly, Veyrcan alsorise very
quickly, generatingalarge
common-mode transient signal.

Itiswhen Q1 turnsback onthat

very high rates of rise can be
generated. In extreme cases,

when Q1 turns on again, therate

of rise of voltage Vcy 1s deter-
mined by how quickly diode D2
recovers from forward conduc-
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For the particular case of driving
the gate of an IGBT or power
MOSFET in a powerinverter, the
HCPL-3120IGBT/MOSFET gate
drive opticalisolatorisan
effective solution for common-
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Figure 10. Half-Bridge Inverter
Waveforms.

mode problems, providing
protection against common-mode
transients with slew rates asfast
as 15kV/usat Vo ashigh as
1500 V.

High electrical noise levels can
also contribute tocommon-mode
problems. A significant amount of
electrical noiseis foundin
industrial environmentsasa
result of the startingand operating
of electric motors. When a large
motor first turns on, it normally
requires a large in-rush current to
reach operating speed. Thislarge
current spike can generate a
significant amount of electrical
noiseinits own andnearby
systems. Even the electric motors
in atypical household environ-
ment vary in size from fractional
tolow integral horsepower units
and are often noisy ac-operated
orbrushed dc-motors. Other
sources of electrical noise include
microwave ovens, welding
equipment, and automobile
ignitions.

Common-mode noise can enter a
system through conductive,
inductive, or capacitive coupling.
An example of a “conducted”
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noise voltageis the difference in
ground potential that may exist
between two connected systems
inaplant. The two systems may
experience a small voltage
difference between their ground
references. Thisvoltage difference
might cause a ground-loop
current toflow. Ifthe impedance
of the path through which the
ground-loop current flowsislarge
enough, a significant amount of
interference will result. Capaci-
tive or inductive coupling may
occur when signal wires run close
toac power cables. Electromag-
netically induced interference
(EMI) can also be coupled from
adjacent signal lines or nearby
equipment, especially in factory
environments. Other sources of
common-mode noise that can be
coupledinto a system include
lightning strikes and electrostatic
discharge (ESD).

Opticalisolationis a useful tech-
nique for reducing common-mode
interference. Optocouplers, like
transformers and capacitively-
coupled devices, provide isolation
between the input and output of a
system. Transformers, by virtue
of their high primary-to-
secondary capacitance, tend to
havelower CMTR capability.
Capacitively-coupled devices tend
tohave poor CMTR capability
(sinceinthese devices fast,
transient common-mode pulses
pass across the coupling capaci-
tor and are not filtered out.)
Optocouplers, havinglow input-
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Figure 11.AC Equivalent Circuit for HCPL-261X.

to-output capacitance, typically
provide better common-mode
rejection than transformers or
capacitively-coupled devices. The
CMR specification of an
optocoupler ranges up to

Veum = 1500 Vamplitude and up
to 15,000 V/us rate of change of
Veum, for high-CMR products.

Another advantage of optocoup-
lersliesinthe area of EMI
generation and susceptibility.
Transformers typically radiate
electromagneticinterference
(EMI) and are susceptible to
magneticfields. Capacitively-

coupled devices generate ground-

loop current, thus generating
EMI. Optocouplers use light for
datatransmission;additionally,
they effectively eliminate ground-
loop current. Therefore, they do
notradiate nor are they affected
by stray magnetic fields. This
abilityis well-recognized in the

European Community where
systems designersneed to
achieve system-level standards
(now adopted as EN50081/
EN50082 which set limits on the
amount of acceptable EMI a
system radiates or to which it is
immune.)

Atechnique which maybe used
tofurtherenhance CMTRisan
“LED split-resistor” technique as
shown in Figure 11; (note that
the Vpy which would appear
between the top and bottom
Rigpshasnotbeen showninthis
“acequivalent circuit”). By using
two LED-resistors (instead of
one) the current change at the
anode of the LED is nearly
canceled by the current change at
the cathode, thus tending to keep
the LED current constant. This
makes the optical isolator more
immune to CM transients where
Craand Gy climit CMTR.
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LED Degradationover Time

One concern for optocoupler
lifetimeisthat LED light-output
(LOP) decreases over time.
Generally, light-output degrada-
tion gets worse with increasing
operating temperature and
operating LED current. A worst-
case scenarioisthatovertime, as
the LED becomes dimmer, the
LOP will fall below the minimum
value needed for a part to switch
properly. Agilent Technologies,
anindustryleaderin LED
technology, tests LOP
degradation under accelerated
conditionsin order to provide
designers with information onthe
expected operating lifetime of
optocouplers. Optocouplers
which have aninput driver IC are
designed such that the driver IC
setsthe properinput Iy, guard-
banding for expected LED LOP
degradation over the life of the
optocoupler. (Examples are the
HCPL-3700,HCPL-7101,and
HCPL-7840.) Ontheotherhand,
optocouplers requiring an input
current-settingresistor (i.e.,
without aninput driver IC)
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require that the circuit designer
guardband the minimum
recommended operating Ipby an
amount sufficient to account for
expected LOP degradation.

Agilent hasundertaken testing of
LED degradation for periods of
continuousoperationuptoat
least 10 khours for various LEDs
used in Agilent optocouplers.
Figures 12a and 12b show the
normalized light output over a
10,000 hour period for Gallium
Arsenide Phosphide (GaAsP) and
Aluminum Gallium Arsenide
(AlGaAs) LEDsrespectively.

Figure 13 shows LOPasa
function of Ipfor a GaAsP LED
under operating conditions of

Ip = 20 mA atanambient
temperature of Ty = 125°C. Curves
are shown fort = 0 hours and

t = 10 khours of continuous
operation.

Optocouplers which use the

GaAsPand AlGaAsLEDsare
listed in Figures 12a and 12b.
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Figure 14illustrates how, based
on knowledge of initial and post-
stress LOPvs. Iy, (fora GaAsP
LED)aminimum guardbanded Iy
can be determined to provide for
LOP degradation over the life of
the LED. For this case, the
minimumrecommended Ipat

t = 0 hours (Ip(min) of 5 mAis
guardbanded for 10 khours of
operationtoavalueof 6.1 mA.

Notethatin Figure 14ifthe LOP
vs. Ipcurves were linear over the
range between IF(min) and IGB(min)
(minimum Iy guardbanded for

t = 10 khours) then the amount of
guardbanding (percent change)
would be equal to the amount of
LOP degradation (percent
change). Since in our case the
curveis “concave up” the amount
of guardbandingis slightly less
than the percent changein LOP
betweent = 0andt = 10khours.
Figure 15 (which is a plot of the
slope of the (t = 0) curve in
Figure 14), shows that the slope
isincreasing up to about

Iz =20 mA, at which pointit
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LED DEGRADATION

flattens out and begins
decreasing.

By empirically modeling the
typical GaAsP LOPvs. Ipcurve
and applying knowledge of worst-
case (-3 o) degradation over time,
guardbanded Igpyin) for a typical
LED canbe reduced to the
following equation:

-
[GB(min) :7(mlm)

a

)
:[F(min) x1.214

where,

L7min) = minimum recommended
Iratt=0hours.

Z6Bmin) = minmum guardbanded
Ipaftert=10khours.

a=1.3 (empirical curve - fit)

d=Post-stress LOP Factor
(= 0.784 for 10 khours,
TA = 125°C, [F: 20 I?ZA)

This equation applies well when
Irisapproximately constant.

FExample: To calculate the
appropriate ;g for an
HCPL-3120note that

above relationship for 10 khour
guardbanding,

[GB(mz'n) =850 mA.
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Figure 12a. Normalized LED Light Output (LOP) vs. Time for GaAsP LED
(Stress Ip = 20 mA, Ty = 125°C).
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Figure 12b. Normalized LED Light Output (LOP) vs. Time for AlGaAs LED
(Stress I = 25 mA, T, = 125°C).
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