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Optocoupler Selection Guide

Hewlett-P3.CkaI‘d Offers 3 bI‘O3.d 9 WOf1dWide Safety AppfQValS, 0 speed Optocouplersi

range of isolation products which including the highest Maximum with data rates as high as 59

provide performance features and Wei-king Insulatign Voltage Mgd and propagation delays as

benefits that are unmatched in (Vmiiii) at 1()()() V (per VDE) low as 50 as

the industry. SOIHQ Of 11116 l(-Bading 0 COn1InOn_MOde Transient Noise g Operating temperature
product performance technol0- immunity as high as 15 kv/iis ranges for indnstriai and

gies that Hewlett-Packard offers (Minimum) military environments

Include: ' A Wide variety of surface mount - A full line Of hermetically-

. . . and multi-Channel packages, sealed optocouplers for military
€1ilQCtI'1C i\i?l71i1hstag8l(X)oitag;?1 including the highest density and space applications

3? nzg aSU£% as ac optocouplers in the world.
min er

p ' Lowest power dissipation opto-
couplers available, with input
currents as low as 40 },LA
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Table 1. Optocoupler Application Selection Guide

Optocoupler Product Family

Isolation
Power Amplifier Solid-

Transistor and Digital Application- State
Equipment/Circuit Application Interface Analog Interface Specific Relays

Aerospace/Commercial Aircraft O O O O I
Consumer Electronics O O O

Datacommunications O I O

Flat-Panel Displays I I
Industrial Switching I
Input/Output Interface I O O

Military/High-Reliability I Q O C C

Motor Control and Inverters

Gate/Base Drive I
Voltage Sensing O

Current Sensing Q

Fault Detection O

Medical Equipment O O I I
Power Supply I O O Q

Telecommunications I O

Test and Measurement I C O

Video Interface O
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Design Considerations

Insulation and Regulation of Optically Coupled
Isolation Devices
The primary purpose of opto- ability of the optocoupler to working voltage, and the middle
coupler devices is to provide both prevent the distortion of data region to transient voltage stress.
electrical insulation and signal through the suppression and Operation above these regions
isolation. The popularity of filtration of common-mode has shown to cause wear-out
Hewlett-Packard's product offering transients. A further discussion of either in functionality or insulat-
can be accredited to cost-effective signal isolation can be found in ing capability and is not recom-
innovations in these areas. Yet the section entitled “Common- mended. Endurance Voltage is
there exists a surprising level of Mode Transient Rejection." based on the inherent properties
misunderstanding regarding these of Hewlett-Packard optocouplers
two terms from both vendor and The effects of repeated long-term that utilize unique packaging
user alike. The discrepancies that high-voltage stress between input technologies and does not apply
exist within the worldwide and output of an optocoupler has to products manufactured by
regulatory community add to the continued to be an area of other vendors. In addition, as
frustration level for many uncertainty. Much of the technical these tests do not take into
designers. This discussion emphasis has been on the ability consideration particular
attempts to help the designer of optocouplers to withstand one- equipment use conditions,
capitalize on HP's knowledge. time short-term high-voltage Hewlett-Packard recommends the

transients (e.g., U.L. 1 minute designer consult the appropriate
Insulation Defined dielectric voltage withstand regulatory agency guidelines to
The eieeti-ieai insiiietting eapabiiity rating). Hewlett-Packard has determine applicable working
of an Onteeenpien Seinetiines conducted extensive operating voltage. For an in-depth discussion
referred te as Withstand Veitage, life tests to determine the effects on Endurance Voltage, consult
is determined by its ability to of continuous high-voltage stress, Hewlett-Packard Application Note
pieteet Snnnnntiing eiieniti-y, as both transient as well as steady- AN 1074.
well as itself, against physical State, en the degradatien er
damage resniting from different insulating performance. On Regulatory Environment
voltage potentials. This potentially e0InP1e'd0n> the test data W35 Because electrical insulation is a
damaging phenomena can be analyzed re determine safe function of safety, optocoupler
system induced (e.g., motor rail eperanng areas fer Sreadyetate performance, both at component
voltage) or externally coupled inDnt'0ntI3‘~1t nignveltage 5rre55- and system levels, is often subject
(e.g., lightning pulse). The The boundary eendrnen5> as to regulatory requirements and
insulating material between input snewn in Figures 1, 21 3, nave approvals that vary according to
and output as well as the packag- been dened by Hewlett-Packard country as well as industry. Most
ing technology are the primary as Endurance Voltage The rower agencies are a mixture of govern-
determinants of withstand voltage regien refers re the Safe eperar" mental and private organizations
capability. In contrast, signal ing area fer the ppneenen er with industry representation.
isolation, although sharing some eennnnens $teadY'$t-are ae and de Some common regulatory
common causes, defines the inpueeutput Veltage Stress, er agencies are listed in Table 9.
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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

British Standards Institute United Kingdom BS1

Norge Elektriske Materielkontrol Norway NEMKO

Danmarks Elektriske Materielkontrol Denmark DEMKO
Svenska Elektriske Materielkontrollanstalten AB Sweden SEMKO

Sahkotarkastuskeskus Elinspektionscentralen Finland SETI

Currently, little conformity exists Comparative Tracking Index protected against over-
between the various agencies (CTI) voltage with devices such as
regarding mechanical configura- Outer molding material eharae_ diverters, filters, capacitors,
tions and electrical test require- terization in the presence of etc.
ments. Within the European adueous eontaminants The II Energy consuming equip-
Union, however, standardization higher the CTl Value, the more ment (e.g., appliances)
of equipment as well as component resistant the material is to supplied through a fixed
level specifications is in progress. eleetrieal are tracking CTl is installation.
In the interim, testing and often used with ereepage by III Primarily equipment in fixed
approval according to equipment safety ageneies to determine installations (e.g., fixed
type and environmental factors Working Voltage industrial equipment).
must be obtained according to External Cree IV Primary supply level for
the control documents of each The Shortest dlsrgalie along the industrial factories.

country The.I“‘er“"‘u°’7“‘1. outside surface, between input Iusulatreu
E1eC“°‘e.°h“‘°a1 Ccimmlsslon and output leads, measured in Operational ' requrreu rer
uric)’ Wuh Werruwrue repre5ema' mm Refer to Figure 4 correct equipment operation but
tion, provides a forum for ' I not as a protection against
generating technical standards. Drereetrre rusuratleu Voltage eleetrio shook

The European Committee for W‘u‘“.‘l“d Rat.mg . Basic - protects against electric
Electrotechnical Standardization The eruuty to Wrrrrstauu Wrtueut shook

b kd 60 d l- .

Commission authority to adopt applied to basic insulation to
IEC standards as European insulation voltage between input protect against Shock in the

Norms (EN), with the force of law. and Output reau5~ event of its failure
Distance Through Insulation Double eomposed of both

Common Terms Distance between the photo- basie and supplementary

External Clearance errutter and prleteueteeter Reinforced - A single insulation
The shortest distance through rusrue epreeeuprer eavrry (arse system composed of several
air, between conductive input eaueu rurerueu erearauee)- Refer layers (e.g., single and
and output leads, measured in re rugure 4- supplementary).
mm. Refer to Figure 4. Installation Class Internal Clearance

r Equipment ru ereseu See Distance Through
systems (e.g., telecom) lnsulationl
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Internal C1-eepage offers advantages over Dielectric Rated Mains Voltage

The Sh0Ff@St b01"d6I" diS3I1C@ Withstand Voltage testing, Primary power voltage declared

between two separate insulating WhiCh might adversely affect £116 by Inanufacturen Used t0

materials measured between insulating material, and over Categorize epteeoupler

emitter and detector, through insulation distance maximum allowable Werkmg

Material Group (see C0mpara_ requirements which not only Voltage

' anufacturing costs
tive Tracking Index) mcrease m

Tl but also (10 not necessarlly For an in depth discussion on
I 600 < C
H 400 < CTI < 600 result in acceptable insulating regulatory design requirements

4 0 C3Pab111ty- and device specifications, please
Illa 175 < CTI < O

lllb 100 < CTI < 175 Pollution Degree refer to Hewlett-Packard’s

Partial Discharge 1 - Nonconductive pollution Optoelectronics Designer’s

Electric discharge that partially only. Clatalog. Hegvleltt-Packard also

bridges the insulation between 2 ' only OcC_a§l0nal’ temporary p ans to pu hs _a Cémprehenslve

two electrodes. Hewlett-Packard Conducuvlty due to Regulatory Apphcanon Note by

- -
condensation, December, 1995. Contact your

supports partial discharge
3 F ent conductive pollu- authorized HP sales representa-

measurements per VDEO884, a ‘ requ
tion due to condensation, tive for more information.

technique developed to evaluate
the integrity of insulating 4 - Persistent conductive pollu-

materials. VDE’s philosophy is non due to dust’ ram or

that partial discharge testing Snow‘
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Common-Mode Transient Rejection

Circuit designers often encounter noise- HeWlett'Pacl<ard specifies proprietary, low-cost Faraday

the adverse effects of common- common'mode rejection as shield which decouples the

mode noise in a design. Once a common'mode transient optocoupler input side from the

common-mode problem is rejection (CMTR) CMTR output side. The second method

identified, there are several ways describes the maximum tolerable is by unique package design

that it can be resolved. However, rate'ot'rise (or tall) ot a common- which minimizes input-to-output

common-mode interference mode voltage (given in volts Per capacitance. The importance of

manifests itself in many ways; microsecond) The specification these two strengths is explained

therefore, it may be hard to for CMTR also includes the as follows.

determine whether it is the cause amplitude of the common-mode

of a circuit’s misbehavior. If a voltage (VCM) that can be Figure 5 illustrates a Common-

system is connected and running tolerated Common-mode mode transient pulse (VCM).

but only produces erroneous interference that exceeds the

data, common-mode noise may maXimum specification might Figure 6a and 6b show interfer—

be the reason. This section result in abnormal voltage ence circuit models for two types

describes sources of common- transitions or excessive noise on of possible common-mode failure

mode problems, presents possible the output signal- (CMTR is mechanisms for a single-

solutions, and highlights the slightly ditterent than common" transistor optocoupler. The

technology that Hewlett-Packard mode rejection ratio CMRR’ dashed lines are shown to

Components Group uses to often used tor analog devices and indicate external components

produce opto-isolators with commonly specified in dB as the added to the optocoupler. VCM

superior Common-Mode ratio of the ditterentiarmode gain represents a voltage spike across

Performance. to the common'mode gain-) the optocoupler isolation path
between the output-side ground

Common-mode rejection (CMR) HP optocorliilers rely on tvvo key (VG2) and input-side ground (VG1).

is a measure of the ability of a technical strengths to achieve VDM represents a signal voltage

device to tolerate common-mode high CMTR The first is use of a applied across the input side.

INTERNAL SHIELDI
TFIANSMIT SIDE RECEIVE SIDE | ‘ " " ,

| 1
'

'

ES

,____._

OPTO-
ISOLATOR

r__

LED I PHOTODIODE

VDM
Flu.

P
V

|B '-
c l1 — — — — — ——/—/ V0/" I CvG1% | IS csa

INPUT canouun v¢M Q)
VOLTMETERI '°M v -‘ Q v<:.2

Vol-TMETER
,

OUTPUT cnouun

T’ (VCM) — -_—

COMMON-MODE TRANSIENT

NOTE: ac", GETS DIVERTED "ro erzouuo, VG2, WHEN INPUT |s OFF.

i¢M l5 SUPPLIED FROM snouuo, vG2, WHEN OUTPUT IS ow.

Figure 5. Illustration of VCM Cornmon- Figure 6a. Interference Circuit

Mode Pulse. Model.
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EJECTION

INTERNAL SHIELD
Referring to Figure ba the para- ‘_ _ _»\/v\,__ _ »

RCOMMON-MODETRANSIENT

sitic distributed capacitance C13, I i|_p |

which might tend to couple VDM @ ‘ g RL

transient current into the transistor '-ED —1 P"°T°D'°DE ‘

base node (for example when the ‘Kim v'P '5, }

transistor is in the “off” state) ,//’/|
terminates on an internal Faraday |NPu-|- GRoQ',§",§ v VCM I

shield. Therefore the transient VOLTMETERCDCIC _ __ V62

CUITQHI, ICM, gets dlV€I'I6d tO :_ ‘h QUTPUT GRQUND

output ground (Vgz). Referring to
Figure 6b, the parasitic distrib-
uted capacitances, CH and C15 are
shown across the LED anode-to-

ground (V53) and LED Cathode‘ Figure 6b. Interference Circuit Model.
to-ground (VG2) respectively.
Because the LED anode is at a

relatively higher impedance than
the cathode (i.e., RLED to ground) h I
current at this point will tend to Flgure 7 shows the posslble ls S Own (successlve y) In e
be modulated Slightly during CM effect on the output voltage level high ahd 10W 5tate$- (This might

transients. For instance, if the of an Optocoupler due to a be Observflgd 1f_R1‘*d were Con-
LED is on then during a positive common-mode pulse. The output hected as 1h Flgllres 63. 619-)

transient (i.e., dV@‘\¢/dt > O)

current will be diverted away
from the LED. For fast enough
transients, this may turn the LED
ff (If R ' t d t th

NOTE: CURRENT “STOLEN” FROM LED: i|_p = c|Ad‘:i<€M

0 . LED IS connec e o e V0

LED cathode side then CIC vcM

provides a parasitic path to divert
current towards or away from the i/ \ t

LED.) This type of failure is
avoided by ensuring that Cu and
CK are small. VOH ~ ~ » ~ ' , VIH

V°'- . FY": ; 2

‘TRANSIENT ‘TRANSIENT

v
TRANSIENT RATE OF CHANGE = ‘TA%|_ENT

TRANSIENT AMPLITUDE = VCM

Figure 7. Common Mode Interference Effect.
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Figure 8. Full-Bridge Power Switch Configuration.

As long as the amplitude VQ1 and transistors (Al, Bl) is attached to eXarnple, a half bridge Cireuit thatvalue of dV(‘M/dt are less than the the drain of a second set of SWitCheS between +250 V andratings for the optocoupler being transistors (A2, B2). VVhen -250 V in 100 nS CreateS aused, VOH will remain above 2 V transistor set A turns on, set B C0lT\InOn-rn0Cle transient Signal Of(maximum TTL VIH) and VOL will turns off. Current ows from the 5000 V/MS With an amplitude Ofremain below 0.8 V (minimum positive supply, through 500 V (see Figure 9). The device
TTL VIL). Note that the slight transistor Al, through the load, that CarrieS the C0ntrOl inf0r-perturbations in output voltage and through transistor A2. When InatiOn tO each MOSFET must beoccur sometime after the input set B turns on, set A turns off, able tO WithStan(l thiS level Ofpulse which causes them, due to and the polarity of the current C01nmOn-rnOCle interferenCe-
the non-zero response time of the through the inductive load is Although this example may seemoutput transistor to the reversed. extreme, it is a fact that engineers“perturbation signal.” continue to use faster-switching

How does this operation create a transistors t0 increase mOtOI'
Common-mode signals can common-mode problem‘? The effiCienCy- POWer MOSFETS, fororiginate from several different input of each gate drive circuitry eX-ample, are commonly uSed insources. A full bridge power is referenced to the ground of the pOWer inverter apDliCati0nSinverter, shown in Figure 8, is a digital control circuitry; the l)eCaL1Se they are capable of high
good example of an application output common, on the other frequency, high power switching.
that can exhibit large amounts of hand, is oating and referenced The fast Switchilig Speeds Of thecommon-mode noise. Full-bridge to the source of its associated tranSiStOrS, hOWeVer, Caninverters are commonly found in power transistor. The oating generate COInInOn-mOde Signalsmotor-speed control and switching commons of the upper gate drive With very high rates Of changepower supply applications. The circuits rapidly switch between (dV(~_v1/dt).
power inverter is generally used the positive and negative power
to produce an ac output from a supplies. This rapid switching The COInIn0n-InO(le Signal rate Ofdc input. In a full-bridge inverter creates a large voltage swing rise Can 8150 b9 affeed by theapplication like that shown in across the input to output of the reVerSe reCOVery CharaCteriStiCSFigure 8, the source of one set of gate drive circuitry. As an Of (liOdeS D1 and D2 in the p0Wer

19

COMMON-MODETRANSIENTREJECTION



COMMON-MODETRANSIENTREJECTION

+250 V

V cm

-250 V

+250 V

O ‘Q1

| D1 ‘D2

01 t

MOTOR

VcM O fYYY\ . l

VCM 4

i
D2 |4| D2 \

02 l ‘

VCM

U

250 V

Figure 10. Half-Bridge Inverter
Waveforms.

VcM=500V-7 l _ °°V _ 5.%QlA 5

At 0.1 us us
2 ' dV c|v| V—T - 5000

mode problems, providing
100 "5 protection against common-mode

transients with slew rates as fast
as 15 kV/us at VCM as high as

Figure 9. Half-Bridge Example. 1500 V_

High electrical noise levels can
also contribute to common-mode
problems. A significant amount of
electrical noise is found in

inverter shown in Figure 9; these tion. The voltage and current industrial environments as a

diodes are often referred to as waveforms shown in Figure 1O result of the starting and operating
“freewheeling” diodes, If the illustrate what happens when Q1 of electric motors. When a large

inverter is driving an inductive turns back on. As Q1 starts to motor first turns on, it normally
load, such as a motor winding, turn on, the current through D2 requires a large in-rush current to

these diodes may become forward begins to decrease. The current reach operating speed. This large

biased during the normal through D2 continues to decrease current spike can generate a

operation of the inverter. For and actually goes negative for a significant amount of electrical
example, assume that Q1 of short time due to the storage of noise in its own and nearby
Figure 9 is turned on, Q2 is off, minority carrier charge in its systems. Even the electric motors
and current is flowing through Q1 junction. It is when this charge in a typical household environ-
and into the inductive load_ When has been depleted that D2 begins ment vary in size from fractional
Q1 turns off, voltage VCM swings to turn off and VCM begins to to low integral horsepower units
in the negative direction until increase. If D2 turns off very and are often noisy ac-operated
diode D2 becomes forward biased quickly, VCM can also rise very or brushed dc-motors. Other
and conducts the load current, quickly, generating a large sources of electrical noise include

common-mode transient signal. microwave ovens, welding
It is when Q1 turns back on that equipment, and automobile
very high rates of rise can be For the particular case of driving ignitions.
generated. In extreme cases, the gate Of an IGBT Or p0Wer
when Q1 turns on again, the rate MOSFET in a power inverter, the Common-mode noise can enter a

of rise of voltage VCM is deter- HCPL-3120 IGBT/MOSFET gate system through conductive,

mined by how quickly diode D2 drive optical isolator is an inductive, or capacitive coupling.
- recovers from forward condue_ effective solution for common- An example of a “conducted”
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noise voltage IS the difference in
ground potential that may exist H cctI H "
between two connected systems LED B 35° ti
in a plant. The two systems may I
experience a small voltage E B ' "0
difference between their ground n B 15 PF To
references. This voltage difference
might cause a ground-loop
current to ow. If the impedance MI

of the path through which the " VCM -
ground-loop current ows is large "
enough, a significant amount of
interference will result. Capaci- Figure 11. AC Equivalent Circuit for HCPL-261X.

tive or inductive coupling may
occur when signal Wires run close
to ac power cables. Electromag-
netically induced interference
(EMI) can also be coupled from to-output capacitance, typically Eutepean Community Where
adjacent signal lines or nearby provide better common-mode systems designers need td
equipment, especially in factory rejection than transformers or aehieve system-ievei standards
environments. Other sources of capacitively-coupled devices. The (new adepted as EN5008i/
common-mode noise that can be CMR specification of an EN50082 Whieh set iiinits On the
coupled into a system include optocoupler ranges up to aineunt et aeeeptahie EMI a

lightning strikes and electrostatic VCM = 1500 V amplitude and up system radiates OT t0 Whieh it is
discharge (ESD). to 15,000 V/us rate of change of ininiune-)

VCM, for high-CMR products.
Optical isolation is a useful tech- A teehnique Whieh may he used
nique for reducing common-mode Another advantage of optocoup- to further enhanee CMTR is an
interference. Optocouplers, like lers lies in the area of EMI “LED sPiit'Pesist0i"” teehnique as

transformers and capacitively- generation and susceptibility. shdwn in Figure ii; (nete that
coupled devices, provide isolation Transformers typically radiate the VDM Whieh Weuid appeal"
between the input and output of a electromagnetic interference between the tel) and hetteni
system. Transformers, by virtue (EMI) and are susceptible to RLEDS has not been shown in this
of their high primary-to- magnetic fields. Capacitively- “ae equivalent eireuitvl By using
secondary capacitance, tend to coupled devices generate ground- tW0 LED"?esistel"s (instead Of

have lower CMTR capability. loop current, thus generating One) the euiient ehange at the
Capacitively-coupled devices tend EMI. Optocouplers use light for anode Qt the LED is neai"iY

to have poor CMTR capability data transmission; additionally, eaneeied by the euitent ehange at
(since in these devices fast, they effectively eliminate ground- the eathedey thus tending t0 keep
transient common-mode pulses loop current. Therefore, they do the LED Current Constant This
pass across the coupling capaci- not radiate nor are they affected makes the Optieai iseiater mere
tor and are not filtered out.) by stray magnetic fields. This ininiune te CM transients Where
Optocouplers, having low input- ability is well-recognized in the CLA and Ctc iiinit CMTR
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LEDDEGRADATION

LED Degradation over Time
One eeneefn tel" Opteeeilpiei" recommended Operating IF by an Figure 14 illustrates how, based
iiieiime is that LED iigiieeutpiii amount sufficient to account for On knewietige Oi initiai and D0$t-
(LOP) decreases Over time‘ expected LOP degradation. Stress LOP V5~ ir, (tot a GaA5P
Generally! iignt‘OntDnt degrada- LED) a minimum guardbanded Ir
tie“ gets Weise with increasing Hewlett-Packard has undertaken ean be determined t0 PTO‘/ide fer
Operating tenilietatni”e and testing of LED degradation for LOP degradation over the life of
Operating LED euiieiii" A Worst" periods of continuous operation tne LED FOP tnis ease’ tne
case scenario is that over time, as up to at least i0 khours for minimum reeemmended IF at

the LED becomes dimmer’ the various LEDs used in Hewlett- t = O nenis (iF(min)) of 5 n'iA is
Wlll fall b€lOW U18 minimum Packard optocouplers. Figures guardbandgd fgf 10 khoufs of

Vaiue needed for 3 part to Switch 12a and 12b show the normalized Opetatien to a Vaine Of 6-i InA-
piiepeiiy Hewieiepaekard’ an light output over a 10,000 hour
industly leader in LED technol- period for Gallium Arsenide Note that in Figure 14 if the LQP
Ogy tests LOP degtadatimi under Phosphide (GaAsP) and vs. Ir curves were linear over the
aeeeieiated Conditions in Order to Aluminum Gallium Arsenide range between iF(min) and IGB(min)
provide designers with informa- (AiGaAs) LEDS respectively (minimum [F guardhanded fer
ti0n On tne eXDeeted Operating t = 10 khours) then the amount
iiieiime of epioeeupieie Figure l3 shows LOP as a Of guardbanding (pereent
Opweonpieis which have an function of Ir for a GaAsP LED change) would be equal to the
input driver IC are designed such under Operating conditions of ameuntbf LQP degradation
that the driver IC sets the proper IF I 20 mA at an ambient (percent ehange)_ Since in our
input IF? guardbanding tel" temperature Of TA = ig5<>C_ case the curve is “concave up"
eXDeete(i LED LOP degiadatien Curves are Shown for t I O hours the amount of guardbanding is
over the life of the optocoupler. and t = 10 knows of Continuous siightly iess than the percent
(Eiianipies are tne HCPL_37007 Operation change in LOP between t = 0 and
HCPL-71017 and HCPL-7820) t = 10 khours. Figure 15 (which
On the other hand, optocouplers Optocoupiers which use the is a pint of the Slope Of the
requiring an input current-setting GaASP and AiGaAS LEDS are (t = ()) Curve in Figure 14),
Te$i5t0T (i-e-1 Witnent an input listed in Figures iga and igt,_ shows that the slope is increasing
driver IC) require that the circuit up to about IF = 20 mA, at Whieh
designer guardband the minimum
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point it attens out and begins
decreasing.

By empirically modeling the
typical GaAsP LOP vs. IF curve
and applying knowledge of worst-
case (-3 o) degradation over
time, guardbanded IGBUMH) for a

typical LED can be reduced to the
following equation:

EDLEDLGHTOUTPUTATt=0hr

0o--
'~1lob'-

NORMALZ
o

in

1.2

0.8

0.6

\;"-_-A . . _ . . ______..~~ _~ _~ _~__ __. ___-_

012345678910
Imm) TIME (KHOURS)

IGB(min) — TE
8a

:[F(min) X

where,
IFm“) = minimum recom-

mended IF at t = O hours.
IGBUM) = minmum guardbanded

IF after t = I0 khours.
a = 1.3 (empirical curve - fit)
8 = Post-stress LOP Factor

(= 0.784 for I0 khours,
TA = 125°C, IF = 20 mA)

This equation applies well when
IF is approximately constant.

Example: T0 calculate the
appr0pIr2'ate IGBWM) for an
HCPL-3120 note that

Figure 12a. Normalized LED Light Output (LOP) vs. Time for GaAsP LED
(Stress IF = 20 mA, TA = 125°C).

NORMALZEDLEDLGHTOUTPUTATI=Ohr

.°P7‘T‘."
Lnno0-1M

Figure 12b. Normalized LED Light Output (LOP) vs. Time for AlGaAs LED

— 0.8

0.7

- 0.6

I’- _‘

i MEAN LOP

-—— MEAN - 3 o LOP

MEASURED IF =16 mA
STRESSED IF = 20 mA

GaAsP LEDS ARE USED IN:
GN135/6/7/8/9
4N45/6
SN134, GN140
HCPL-4502/3/4/6
HCPL-02XX, HCPL-22XX
HCPL-05XX, -25XX, —06XX, -26XX,

-07XX, -27XX
HCPL-4100, -4200, -370X, -3120, -3150
HCPL-55XX, —65XX, -56XX, -66XX,

57XX, —67XX

i MEAN LOP

-—— MEAN - 3 6 LOP

MEASURED IF = 5 mA
STRESSED IF = 25 mA-_,_

1 ~_ _~ _'-i_______

012345615910
TIME (kHOUR$)

IF(min) = 7 "LA Applying Y/W (Stress IF = 25 mA, TA = 125°o).
above reliationship for 10 khour
guarrlbancling,
IGB(m1'n) : 7/n*A~

AlGaAs (TYPE 1) LED IS USED IN:
HCNW22XXl26XXl45XX/4562
HCNW135l6I7I8/9
HCNRZOO/1
HSSR—8060/8400
HCPL-78XX
HCPL-7100/1
HCPL-7601/11

1.0 ,

NORMALZEDTOLOP@20mA

o

_ 0

I 1, .

1
1

1’ I

.. L7,‘. [.. it’... ‘, .

» I’ I/ IIII
III/ I, .

i LOP (NORMALIZED)
BEFORE STRESS

- - - ESTIMATED LOP
(NORMALIZED)
AFTER 10 KHOURS
BASED on ~=/.

DEGRADATION
AFTER smess
OF |F = 20 mA
(ACTUAL PERCENT
DEGRADATION
wn_|_ as SMALLER
wm~| |F < 25 mA) I

I
0
0.1 1.0 10.0 100.0

Figure 13. Typical GaAsP LED Light-Output (LOP) vs. IF After 0 khours and 10

l|: (mA)

khours of Continuous Operation at 125°C, IF = 20 mA.
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FIGURE 13)

MlN'-
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B

LOP)d
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*7. .. ____V_. .. 77_

_ 150 _ . ____ __ . __A_____V i_____..
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O
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o 1.0 1o 1oo
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Figure 14. GaAsP LED Light Output (LOP) vs. IF on a Linear Scale (Stressed at Figure 15. Slope of Typical Ga.AsP
TA = 125°C, TF = 20 mA). LOP vs. IF.

Faeters Wnien Wiii inerease the operating IF, the lower the 3. Operation at ambient
eXDeeted LED guardbanded" percent degradation Will be as temperature TA < 125°C will
Operation times are1 a function of time. also decrease the amount of
i- Operation at i°Wer IF? LOP 2. Operation at Duty Factor LOP degradation (again, due

decreases less with reduced (DF) less than 100% mu to decreased TJ) increasing
Operating in Tiieretere, Opera‘ increase guardbanded operat- operation lifetime.
tien at IGB < IF < 20 In-A Wiii ing lifetimes. For any particular
resuit in guardbanded Operating duty factor, the new guard- Hewlett-Packard also has LED
iitetirnes ienger than id i<n0urs- banded lifetime becomes: degradation data available for
This is due e the feet that z1fe¢zme,,,,i,l,u,,,§ other LED types. AlGaAs LEDs
i0Wer Operating iF reduces  f tend to be more linear than
Junction temperature (Tl) W GaAsP LEDs and display less
Wiiieh Subsequently reduces degradation over time than
the anieunt Oi degradation GaAsP. Therefore the calculations
over time. Generally, the lower used here can be applied with
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confidence to optocouplers using
AlGaAs LEDs. For further
specific questions, please contact
your local HP sales
representative.



Guidelines for Printed Circuit Board Assembly
and Layout

ESD Precautions." Standard
26° I electrostatic discharge precau-
240

220 -

cc/sec tions should be taken in handlingT 145

200 *T=“ ° " §_ ' _ and assembly of the optocouplers
9130 1

I

iu 15° of the device.
140

TEMPERATUR

120

100 A

so V V

eoj
40

20...”
_

sc,o.a c/ss .

P * ~* W W——*—~*~~* ~ to prevent damage or degradation

I‘ . . . . . ..*...*.* Printed Circuit Board Layout:
V V * ~ '~ P — —~————————————— ~— An optocoupler performs reliably<7 AT = 100°C, 1.5°C/SEC

‘ ' ' ' ' only in a correctly designed
circuit. In most digital optocoup-
lers the amplifier at the output is

0 1 2 3 4 5 6 7 8 9 10 11 12

TIME — MINUTES

Figure 16. Maximum Solder Reflow Thermal Prole.

required to operate with the very
low photocurrent from the
photodetector. Consequently
these amplifiers can be sensitive
to electrical disturbances. It is
therefore necessary to have
proper shielding and bypassing of

HP optocouplers are suitable for solder: To prevent chloride the VCC and Ground traces
automatic printed circuit board corrosion of the lead frame,
(PCB) assembly operations halide uxes should not be used

Bypassing closely to each of the
‘ optocouplers VCC-to-Ground pins

Hg aced as em y W S _ Th with low-inductance ceramic
ave 0 erzn : e maxim . .

e O Owmg gm 6 mes are 9 um ca acitor is recommended as
recommended for proper opera- solder temperature allowed is p
tion and long term reliability of 260°C for 10 seconds, with the

shown in Figure 1 7.

HP optocouplers. solder 1.6 mm below the seating Figure 17 shows Optional PCB
l . . . .p ane

Solder Reow Process: Only one
soldering operation is recom- Solvent Cleaning: The solvent electrical noise immunity The
mended within the thermal profile temperature and immersion time .

layout for a high speed digital
optocoupler for improving

optional VCC and Ground traces
shown in Figure 16. With infrared should not exceed 45°C and three between the pin of the
lamp heating, use precautions to minutes respectively. For ultra- optocoupler help shield the
avoid localized temperature rise sonic cleaning, environmentally Output Circumy from electrical
in the resin. Also, the resin safe solvents such as ethyl and disturbances on the input pins,
should not be immersed in the methyl alcohol are recommended. - .

1,; 1| v¢¢ BUS

. at
I| | ————- OUTPUT

C- jHCPL-2601/11

-‘Il||-

GND BUS

—+ 10 mm MAX <~——

thus improving common-mode
rejection.

HCPL-2601/11

H "cc

ANODE H “EEv F1
CATHODE H vow

H H euo

Figure 17. Optional Printed Circuit Board Layout for Improved Electrical Noise Immunity.
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Digital Logic Interface/Level
Shifting Applications

TTL Interface with Series LED Drive

HCPL-2201

V ' Vccz

(gov) I‘ (+5 V)+
E - DATA:7 i OUTPUT

DATA
INPUT W’ E B

TOTEM
POLE
OUTPUT

GATE V V
R _ VCC1'VF'V0L

m - ——|Fi

O

ID

2

H

Ei

RECOMMENDED Hm =1.1 k§2

Description Performance of Circuit References
The circuit shown is an interface - Maximum Optocoupler p1‘()pa- HCPL-2201 Logic Gate
between two TTL gates using an gatien delay; 3()() 11$ (refer re Optocoupler Technical Data
ctive Output (wtem D019) 0Pt0- alternative HP parts for lower
COLlpl€I‘, the HCPL-2201. A series propagation delay times) Alternative HP Parts
switching circuit drives the . Typical Signaling rate; dc to 5 1) H(3Pi,()7XX7 H(jPL-273()/1,
Optocoupler LED The designer MBd (refer to alternative HP HCPL-4701, 5N133/9,
Chooses RIN to agree with the parts for higher speeds) CNW138/9 LOW Input CUITQIII

$323512?/:hO“m it“ ttefhsCIli£I;itiC' ' Typical optocoupler LED drive Opteeeuplers
Outpu O Q ' t- gm 2 HCPL-0201/11 s 11-o tl'

2201 can be directly connected Curren‘ )LO - G t O t ma leu me
to a TTL gate and no pull-up glC_ a e p Ocoup r
resistor is reoiuired. The HCPL- Benets 3) HCPL_52XX Hermetic Logic-
22Ol can sink enough current to ' NO pun‘up resistor required on Gate Optocoupler
handle up to 16 LSTTL or 4 TTL the Optocoupler Output 4) CNWZZO1/1 1 W1deb°dY 11°81”
loads interface Gate Optocoupler

' Low power dissipation on the 5) HCPL-7101 50 MBd CMOS
optocoupler input circuit L0gi¢'Gate ODt0C0t1D1eI'

' Up to 20 V supply voltage for 6) HCPL-2230/1 Dual-Channel
the HCPL-2201 Logic-Gate Optocoupler

7) HCPL-()5XX, HCPL-2530/l,
HCNWI35/6, 6Nl35/6 High
Speed Optocoupler
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DIGITALINTERFACE

Level Shifting/TTL Interface with Shunt
LED Drive

+5V
O

HCPL-4502/3

Fl|N H E‘
V|N 0  0 E R|_

V ||LE: E 7 '>>. 0 VOUT

n VOL lo (min) = Ii; ~ CTR (min)

V R|_(min)=15—Vo|_f . lo (min)+||i_
F 15v

NOTE: FOR BEST CMR PERFORMANCE, CONNECT PIN 7 TO PIN 8.

Description Performance of Circuit References
The above circuit shows how a ' Maximum optocoupler HCPL-4502/3 High Speed
0 to 5 V logic signal can be level propagation delay: 2 us (refer Optocoupler TeQhnjQa1 Dam
shifted to a -15 to O V signal. The to alternative HP parts for
circuit can safely be used for lower propagation delays) Alternative HP Par-ts
level shifting up to i 800 V. The . Typieai Signaiing rate; dc to 1 1) HCPL_0P/XX HCPL_273O/1
circuit uses an open collector Mgd (refer to aiternative Hp HCPL_470 1,’ 6N 138/97
output logic gate, the 74LS405, parts f()1" higher speeds) HCNWi 38/9 LOW inputammm.wWWwm@mWWP P t. 10 to 16 mA - - -

4502/3 also has an open-collector K/Féfifslum 2) IS‘I;3e1ZI(J1 aigicgjgrzgtic High

output. The designer chooses R_ .

to agree with the equation showbi Voltage (pms 8-5) 30 V 3) HCPL'7101 50 MBd CMOS
in the schematic. This equation ' Minimum CMR: 15 kv/Us Slew Logic Gate optocoupler
sets the value of the optocoupler rate’ 1500 V peak
LED forward current. The output
of the HCPL-4502/3 requires a Benets
pull-up resistor, Rt. The current- ° Reduces transient immunity
transfer ratio (CTR) of the opt0- problems
coupler determines the maximum . Convenient Way Of repiaeing
amount of current the optocoupler pnise transformer for nign_
output can sink while maintaining Voltage ievei Shifting
the output voltage (between pins
5 and 6) of 0.5 V or less.
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Low Power 100 kBd CMOS
Interface

6N139

1/6 74HCTO4 H '
Fl A

Vm - H 4.7 no

{ ‘V 1/4 74HC/HCT08

H ° VOUT

R1 = Von - VF V
lF Z

" USE ANY SIGNAL DIODE FOR CMR PROTECTION

Description Performance of Circuit References
A CMOS-to-CMOS interface is ' Minimum optocoupler LED HCPL-0700/11 High Gain
possible With HP optocouplers.
The above circuit shows a cost-
effective interface for 100 kBd
applications. The 74HCTO4
CMOS Hex Inverter that drives

turn-on current: 0.5 mA (The Optocoupler Technical Data
HCPL-4701 optocoupler
requires Only 40 HA) Alternative HP Parts
Typical Signaling Tate? dC to 1) HCPL-4701 Very Low Power
100 kBd High Gain O tocou lerp p

glriiiziticsuligefl Ician S‘1lu:l_Clf ' Minimum optocoupler current 2) HCPL_273()/1 Dual Channel
p Hen 8 transfer ratio: 400W ' '

6Nl39 optocoupler requires only O Hlgh Gam Optocmlpler
. 3) HCPL-M700/1, HCPL-0731

0'5 mil LED Cmlem fol? Benefits Small Outline Hi h Gainoperation. The signal diode g
across resistor R1 protects against ' LOW power Consumpnon Optocoupler
COI“n'10n_InOde transient voltages . lI1t(-3I"faC€ 7XX,
and is optional. The output
circuit uses a 74HCT08 so that
the signal from VIN to VOLT is not
invelted.

6N14O Hermetic High Gain
Optocoupler
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DIGITALINTERFACE

Low Power 8 MBd CMOS Interface

004050 _t_:§>_|_;g_a_qq 5 V 004050
, 1

1

: .8 0.1
V001 20 PF - 1 ko : VDDZ. |,|F' I I R|_

2<

Iv

-_§_-

5

:5
V """"""""""" "

V001 HI 7 RL §V001
(V) (K9) (K9) (V)

1 B
13-3 1 2-31

15 19.6 3.16 1' 15

U1

Description Performance of Circuit References
A CMOS-to-CMOS interface is ' Optocoupler LED current: HCPL-2300 Low Input Current
possible with HP optocouplers. 0.5 mA minimum High Speed Optocoupler Tech-
The above circuit shows an - Typical Signaling rate; dc to nical Data
interface circuit for 8 MBd 3 MBd
applications. Over the tempera- Alternative HP Parts
We Yenge e CMOS CD405‘) Hex Benefits HCPL-7100/1 High Speed CMOSBuffer can source about 0.7 mA . O. ptocoupler(minimum), which 1S sufficient to LOW power consumpnon
drive the HCPL-2800 0pt0- ‘ Simple interfeee
coupler. The 20 pF capacitor
allows peaking currents to assist
the LED turn on and off quickly.
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50 MBd CMOS Interface

HCPL-7101

V001 n B V002

Q» I‘ I orvm g > /,/
74HCT04

74H T 4

NC E [>¢ VouT

GND1 n B GND2

c1, c2 = 0.01 pF TO 0.1 pF

Description Performance of Circuit References
Up to 50 MBd CMOS-to-CMOS ' Typical logic high input power HCPL-7100/1 High Speed CMOS

interface is possible with the supply current for HCPL-7101: Optocoupler Technical Data

HCPL-7100 optocouplers. The 1O mA

above Circuit requires Orliy 3 ' Typical logic high output power Alternative HP Parts
bYP3S$ <3aD3~@ii0r 011 each Of the supply current for HCPL-7101: H(]pL_23()(); 3 MBd LOW Input
HCPL 7101 ' 'd' mput‘s1 e and 9 iTiA Current Optocoupler
Output-Side POWQY Supply pins. . rlypical Signaling

rate: dc to 50 MBd

' Typical HCPL-7101 pulse-width
distortion: 2 ns

' Typical HCPL-7101 propaga-
tion delay: 28 ns

Benets
' Low power consumption
~ Very simple interface
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DIGITALINTERFACE

Isolated 3 V Logic Interface/Battery Operated
Applications

HCPL-4701 RECOMMENDED Vcc FILTER

vw = 3 v
T 100 £2 1

O *
i I I '\/\/\r O VCC2 = 3 V
1

\

\

VIN N 0.1 |,JF 10.0 |.1F }

0 0
1

‘ RL

74|_vuo4 R1 :7
1 g Q

J

9 ‘/our

* USE ANY V
SIGNAL DIODE

V
TYPICAL POWER DISSIPATION FOR 3 v APPLICATION
(vac, , VCC2 = 3.0 v, RL =11 kQ, R, = 4a.a ko)

vcm suns; vCC2 SIDE:

OPTOCOUPLER LED | so pW OPTOCOUPLER (vo , vccz) | as |,1W

INPUT RESISTOR R1 70 pW PULL-UP RESISTOR R|_ | 790 pw
TOTAL VCC1 SIDE 120 |JW TOTAL VCC2 SIDE ] s15 pW

De$¢I‘iDti0I1 Performance of References
The HCPL-4 701 low-power Optocoupler HCPL-47()1 LOW power
OPKJCOUDIGF is Used f0!” 3 V40-3 V ' Typical optocoupler current Optocoupler Technical Data
110819 interface across an transfer ratio: 3500% at
isolation barrier. Only 40 uA of IF = 4() HA

LED Current (IF) is required to ' Input current for optocouplerturn-on the optocoupler. Typical tum_On: 40 HA
power for dissipation for just the
optocoupler is 135 uW at IF =
40 pix, and 965 uA at IF = Benets
500 HA ' Low power dissipation
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I

PACKARD

Data Communications
Applications

Isolated RS-232C Interface

GN139

H "¢¢
3.3 kQ A

RS-232C - H RL

INPUT
(:3VTO:25V) "M150 ‘

' E H ' "°Q CMOS or |_s1"r|_

Description Performance of Circuit References
The above schematic shows a ' RS-232C link twisted pair cable 6N139: High-Gain, Low Input

very simple RS—232C data length: up to 120 m for low Current Optocoupler

communication isolation interface data rates

using P1 6N139 0Dt0C011D1@Y- This ' Typical optocoupler pr0paga- Alternative HP Parts
circuit Operates with an LED tion delay: 20 us 1) HCPL4701 6N138/9 4N45/6
forward current of 0.5 mA when HCPL_2-730/1 High_Gain’ LO“;

the input is at E26 1N4_15O Benets Input Current Optocoupler

d‘°d".pr°t.e°ts t 6 D d“.““g - Simple, low cost isolated 2) HCPL-0700/1, HCPL-0730/1,

“ewe S‘g“a1V°l.tages' Smce a interface HCPL-M700/1 Small Outline

low dlode Curreqt ls used t-O ° Meets worldwide regulatory Hi8h"Gaini LOW Input Current
operate the 6Nl39, the tvwsted

standards for isolation Optocoupler-i pair line can be up to 120 m.
However, the data rate may have
to be lowered to account for
slower charging and discharging
of the total line capacitance.
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Isolated RS-422
Interface

DATACOMMUNICATIONS

$

Vccz
H¢Pl--2601 ' DS75176A__________ _ _, _ _ _

I

= -:>'@> ‘ RS422
. OUTPUT

DIGITAL
LOGIC

Vcc1' HCPL-2601

I __________ -7
l

R3
‘ R4 ' ns422

. . INPUT<:- ~ V

1 2

I

Description Performance of Circuit References
The abgve isolated RS-422 circuit ' Typical signaling rate: up to 10 HCPL-0601 Small Outline High
uses two high-speed optocouplers MBd Speed ODt0C0l1D1eY Technical
that Can SWi11Ch up £0 10 MBd ' Optocoupler LED drive current: Data
signals. An isolated power supply 5 mA
(VCC2) is required to p0WeI" the - Typical Optocoupler Transient Alternative HP Parts
DS75176A driver/receiver Rejection: 10,000 v/pe slew 1) HCPL-0611 High-CMR, Small
integrated Circuit rate, 50 v peak (higher Outline High Speed

transient rejection with Optocoupler
HCPL-2611) 2) HCPL-2611 High Speed, High

CMR Optocoupler
Benefits 3) HCNW2601/11 Widebody
' Compact design with small High Speed Optocoupler

Outline Optocouplers 4) HCPL-5601 Hermetic High
' Prevents common-mode Speed Optocoupler

transients from interfering with
the signal
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Isolated RS-485 Bus
Interface

DATA IN

ENABLEA
DS75176A

HCPL-2631 LINE
DR/RX

RS485 ——e

5v *5V MM N
+ ISOLATED co O

____§lLPE|-_Y_ , _ __ _ _ _ _ _ _ _ __

TERMINATION

av

Vcc1 It /\ I

Q DS75176A

DATA OUT -2HCPL 2601 v RS485

I-‘NE HCPL-2631j DRIVER
GND 1 RECEIVER

TERMINATION

DATA IN

ENABLE____iI V°°ISOLATION RS-485 BUS

HCPL-2601 loll
_—I;_ Gm,

Description Performance of Circuit References
The above isolated RS-485 ' Typical optocoupler signaling HCPL-26XX High Speed

interface circuit uses the HCPL- rate: greater than 10 MBd Optocoupler Technical Data
26XX High Speed CMOS . Typical Optocoupler

(£)t_(>¢Fu_l)1eT» which Can transmit propagation delay: 28 ns Alternative HP Parts
a .

$1‘ Slgnals faster than 10 - Typical optocoupler pulse- 1) HCPL-2400/30 High Speed
MBd‘ isolated 5 V power width distortion: 2 ns Optocoupler
supply 1S required to power the
RS-485 bus side of the circuit. Benets O

2) HCPL-7101 High Speed CMOS
ptocoupler

' Low signal distortion 3) HCPL-5430 Hermetic High

' Good transient immunity Speed ODUJCOUPIQF
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Isolated DeviceNet/CAN
Interface

DATACOMMUNICATIONS

"-1

I
°°>

+’‘2
Q

REGULATOR

VCC 5 V Li
HCPL-7101

3

I
I 4" I

0.01|JF h 0.01 pF CAN“ l__<4 CAM

4 I __J 5 ":3" 020250 3 5H|ELD
- IIV CANL 5 2 ¢AN_

8 R5 5 1v-
Vcc 5V REF VREF

co

——< I I I I I I I I I
-A

HCPL-7101 GND RXD 4 D1

30V
2 C1 R1

RX0 0.01 |,|F 1 "'9_ om 500 v
I

5I_ _ _ _ _ _ _ _ __|4

Descriptign Performance of References
DeviceNet, a factory floor com- Ovwcovvler 1) HCPL-7101 High Speed
munication netwgrk standard, ' Signaling rate: up to 50 MBd optocoupler Technical Data
$0m@'Eime$ may require C011I16Ct- ' Typical propagation delay: 28 ns 2) DeviceNet Specification, Allen
mg devices to be electrically ' Typical pulse-Width distortion: Bradley Cempany
isolated. The HCPL-7101, high 2 ns
speed CMOS optocoupler with a
40 ns maximum propagation Benets
delay time meets the Dev1ceNet
Physical layer Specication ' Fast data access time or latency

- Elimination of transients results
in high data integrity

I ' Meets worldwide isolation safety
standards: UL, CSA, VDE
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Isolated 20 mA Current Loop
Interface

NON—|§LATED
STATION

y—IL -—i —\

lr____

_l

_._i

U

DATA DATA

RCVR XMTR
HCPLJZOO HCPL-41G)

ISOLATED
STATION ISOLATED

STAUON

DATA

_J

NICATIONS

IQIILATED

I I

I ll
DATA xlvrrn Hcfjgm

I

: j>c_s(:x:xj :><1)(:)(: l)c:2(: -
XMTR,

Ii_ _.i

XMTR RCVR
STATION I HCPL-4100 HCPL-4200

L._ _.__ _
DATA DATA

__1L

L____J

[_____iE____

DTACOMMA

____.__.|

HCPL 4100 TRANSMITTER HCPL 4100 RECEIVER

lcc ||-0 4--lcc

__//______

5 SHIELD 4 L
sno GNU

3 V
Vcc l+ I I CC

1 B
no .

3 . | <--'0
H I. v.__ \_ 0

V| 6 ”' I \l
v° L | s

_ Vi
SHIELD | __,E

no 5

Description Performance of Circuit References
The above half-duplex, point-to- ' l mA noise margin in the l) HCPL-4100/4200 20 mA

point, multi-drop, 20 mA current “space” state Current Loop Optocoupler
loop configuration can alternat- . 8 niA noise margin in the Technical Data

11181)’ transmit bi'diYeCti0na1 data “mark” state 2) Application Note AN 1018,
over two Wires. Only onelcurrent , Typical Signal rate and “Designing with the HCPI,
source is required. Each isolated distance: 40 m at 100 kBd; 41()() and 42()() Current Loop
station With an HCPL-4100
transmitter and HCPL-4200
receiver optocouplers provides
excellent common-mode
rejection ' Maintains data integrity

1

OV8r 200 m at 10 kBd Optocoupler"

Benefits

° Simple data transmission
system for industrial
applications
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DATACOMMUNICATIONS

Multidrop Line
Receiver

UP TO 90 m 22 GA TW. PR. SHIELDED
1/2 DM8830 7"’ T T 7 '7' WW "W '

I 3 is 5

sen
__1 2 _se ~~ '*F'6 __1 a

,_yx YX _vx __yx ,_vx _yx

emseI E +5v
ssoo A

x E i 2.2ko
~ aY H vo

E E

Deseriptien Performance of Circuit References
The above differentially driven . Typical Signaling rate; 18 kBd 6Nl38/9 Low-Input Current
circuit can use up to eight 6N138 (faster Signaling rates can be Optocoupler Technical Data
OptOCOUpl(—)I‘S at various receivers Obtained with HCNW139 and
along the 90 m line. All stations 6N139) Alternative HP Parts
are isolated. The first station- ' Typical optocoupler propaga- 1) HCPL-0700/01/30/31, HCPL-would draw approximately non delay time: tPHL = 2 HS; M700/1, HCNW138/9, and

ITIA CUI'I'€nt, and llhff last t LOW_Input
st ti 1.8 mA fLED <1" PL“a on 0 rive . Up to 99 m distance Current Optocouplerscurrent. The output grounds of 2) HCPL_57XX’ HCPL_67XX’
the 0 toco le ma b
electgcallyuslepgratey e Benets 6N140 Hermetic Low-Input

' . . C' S1I‘pl€, low-cost, multldrop urrent Optoeouplers
circuit for low signaling rates 3) HCPL2300 Hlgh Speed’ LOW

Input Current Optocoupler

38



Isolated Balanced Line
Receiver - Circuit No. 1

nmvzn "CPI--130° ‘NWT

--*1 I I I II I I I
J

4

-|—-—-‘r—I’_
II II _II II

II
ll II

II
II

.__QJLu‘.-—I

v
2°” . 01F 5

5v sson M.
I-IAx38' uazxn

T J1“
» 6 ' I~vm gv 2 non V.i . v0

' .
GND ' LINE

‘K Q 0.1 yF

560 Q

, .. .- V0
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OTHER DEVICE: "ri-uAs63aA AA!’ pm;
0 | T EXCLUS|VE—OFILS TL

REFERENCE FIGURE 18 FOR DATA RATE Vt LINE DISTANCE L. 2| 5 FLIP FLOP

FOR LESS SEVERE COMMON MODE INTERFERENCE ENVIRONMENTS, L _ - - _ _ _ _ _ _ -I V
ONE HCFL-Z300 OPTOCOUPLER WITH NO EXCLUSIVE -OR FLIP FLOP HCPL-Z10 iiiii-1
CIRCUIT CAN BE USED FOR BALANCED LINE RECEIVER APPLICATIONS.
V0 I VIN.

100M

NALmm:-BAUD

_-3
z2

ALSG

_ OOK

TVFC

10K

BALANCED

sP"'T~E5ASE 10% PULSE WIDTH DISTOFITION
22 AWG uusmsuaso TWISTED
PAIR WIRE CABLE (osmaonu
N0. eezzos)

TA = 25 “c

BALANCED
(SINGLE

. HCPL-2300
NO EX- OR FF)

1 10 100 1000 10,000

L — LINE LENGTH - METERS

Description Performance of Circuit References
A balanced RS-422 line driver ' Signaling rate: > 10 MBd at l) HCPL-2300 Low-Input Current
differentially drives a twisted pair 100 m line length High Speed Optocoupler
11116 TWO HCPL-23005 Ii>F0Vid@ ' Common mode rejection: 2) AN 947: Digital Data Transmis-
balanced signal direction for this > 15,000 V/us sion Using Optically-Coupler
line. The thresholds of the HCPL- Isolators
2300 will be nearly equal, provid- Benets
ing symmetrical signal detection Very high C0mmOn_mOde Alternative HP Parts
level. Since the propagation

transient rejection HCPL-2602/12 High CMR Linedelays of the two optocouplers R .
are Similar, the pulse_Width ' Data transmission for up to ecelvel"

distortion for this scheme will be 1 km distance
quite low for considerable line
lengths. The Exclusive-Or ip-
op circuit at the optocoupler
output increases CMR protection
to an extremely high level and
balances the propagation delays. ‘
For less demanding noise
environments, only one HCPL-
2300 with no EX-OR ip-op
may be used. The maximum data
rate, however, will be somewhat
lower.
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Isolated Balanced Line
Receiver - Circuit No. 2

+5V

HCPL-2631

I

“sh!I
Q0:

9+.\
.\\\

0:10

of)

erE|I I
4}

:7-"+0/-‘I

ILI
::YY5I

K
,3“

I“I

DATA

|

| \i_1___J
- | v LSTTL EXCLUSIVE-’ CM QB CM on FLIP FLOP

V V

Description Benets Alternative HP Parts
This is a differential receiver ' Dual channel optocoupler 1) HCPL-0631 Small Outline,
using a dual-channel HCPL-2630 reduces boardspace Dual-Channel, High Speed
Optocoupler. The receiver circuit 0 Balanced circuit increases CMR Optocoupler
can handle data up to 10 Mbd for performance thereby eliminat- 2) HCPL-4661 High-CMR, Dual-
5h0Yt line l9n8th$~ The C3PaCi' ing or reducing transient Channel Optocoupler
tance of the twisted-pair wire interference 3) HCPL_56XX Hermetic High
introduces a propagation delay Speed Optocouplers
and, as a result, the data rate References
decreases with increasing line .

length. At the optocoupler 1) gctPL_263h13 I?1_ualhH¥g:l-ipied
output, an optional Exclusive-Or p 060%“) r_ QC me a a
circuit can be used to increase 2) AN 947'_ Dlgltal Data
CMR and to balance the Transmission Using Optically-
propagation delays Coupler Isolators

Performance of Circuit
' Signaling rate: up to 10 MBd
° Optocoupler common mode

rejection: 10,000 V/us
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Isolated Tri-State Line
Driver

LOCAL vcc O

Rs

DATA IN H

ENABLE
(men)

Ei

MMITNICATIONS

HCPL-4661 8

3/E 751 59'

4E
~

C
E3212:'2

OOCPO
 

DATACO

T LINE SIGNAL LINE
GND um; vcc

Description Performance of Circuit References
The above circuit converts a ' Optocoupler signaling rate: up HCPL-4661 Dual Channel High
single-ended signal to a split- to 10 MBd CMR Optocoupler Technical Data
phase signal with a 75159 Tri- ' Optocoupler CMR: 15,000 V/us
State Line Drivel" and dl1a1- at 1000 V peak (typical) Alternative HP Parts
channel HCPL-4661 High CMR 1) HCPL-2631 Dual Channel
Optocoupler. When Input Enable Benets High speed Optocoupler

' Higher data rate than a current 2) HCPL-0631 Small Outline,
the Optocoupler Operates the source pull-up Dual Channel Optocoupler“strobe” input of the 75159 to
make both Outputs Open ' High CMR performance reduces 3) HCPL-56XX Hermetic High

or eliminates transient noise Speed Optocouplers

goes low, the lower channel of
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Isolated Unbalanced Line
Receiver

HEWLETT-PACKARDav
1/2 sen I,‘ 5002-as n veg u'___..__ _

M

T

__.|

._._

l-——~—% .

5
-4-.-

u

E 2 B 3901

>'<bQ¢>‘< - §'5'| E3

L_

‘ \ ‘ n : a
BELDENI777 15¢;

+5v

V0

858

8181‘.

III
8;?

85.;

838

88

*2

D

D

v—~)

H mmom wmi sci-|01"rKv DIODE ' GND_ scuorrxv DIODE "- R_° n_° ‘van Men.-2002/12 /717

\ <1 | an

rpm 210 | ans

mu 35 I 45 I no: mornnriou "mass snows sxcruoe DRIVER AND LINE DELAYS

Description Performance of Circuit References
The above illustration is an ' Signaling rate: up to 2 MBd at HCPL-2602/12 High CMR Line
unbalanced line receiver using 90 m (up to 10 MBd with Receiver Optocoupler
the integrated voltage-clamp polarity non-reversing driver)
input OPt0C0ul3l9Y> HCPL'2602- ' Optocoupler common-mode Alternative HP Parts
The circuit is unbalanced because transient rejection; 1) HCPL_26O1/31 High CMR
the termination impedance is 10,000 V/ns ttypieal) High Speed Optocoupler
different for both “ends” of the
differential signal received by the Benets 2) 6S:;1eeSénau
HCPL-2602. TTL d t ' - . . .

verted to differeniisl 151:3; Via ' Integrated line termination and Optocoupler

the differential line driver 9614, Voltage Clamping Saves board 3) HCNW26O1 Widebody’ High
and transmitted over twisted-pair Space Speed Optocoupler
Wire The Schottky diode helps to ' Differential driver and optical

improve the turn-on and turn-off 1s9la,ted recelvér red“? or
delays eliminate transient noise

interference
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Telecommunications
Applications

Telephone Ring Detection

smas
0.02 pF

100 KQ
R(—) n H o +5 v

. ss k£2
22 Mo E

-48 v dc ‘M150 ' 0.1 |.|F 2~390s

n(+) H H 0 vow
1 ko

Description Performance of Circuit References
The 6N136 Low-Input Current ' Can detect 20 to 60 Hz, 30 to 6Nl39 Low-Input CurrentOptocoupler is used to detect 80 VRMS telephone ring signals Optocoupler Technical Datastandard telephone ring signals.
At the Optocoupler Output, 8 Benefits Alternative HP Parts
0'1 “F baSe‘cOHeCtOr Capacitor ' Simple and inexpensive circuit l) HCPL-0700/1 Small Outline,provides a large enough Miner" for ring signal detection Low-Input Current
F251iigglcfisg $513; to ' Meets worldwide regulatory ODt0C011P19Y

isolation standards 2) HCPL-3 700/60 Threshold60 Hz) causes the output to
.

Sensing Optocoupler
8) HCNWl 39 Low-Input Current

Optocoupler

remain low when ringing occurs.
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TELECOMMUNICATIONSAPPLICATIONS

ISDN Interface

TELEPHONE LINE
ISOLATION BARRIER

O 5%
RECEIVE

2-wmsism PROTECTION
UNE CIRCUIT - TRANSMIT

c

1 8

4»
2 7

HCPL-4731
~—’VV\¢—3 6

> um: RESPONSEA 4 5

PRIMARY SECONDARY 2 I 8 INTERFACE
POWER ISOLATION 3 HCPL-4701 B SECONDARY, °'R°U'T

BARRIER ii“ ' ’ 5 EMERGENCYEMERGENCY Ii POWER
POWER . V

I

FIE;

LINE POLARITY

TELEPHONE
LINE

—+ " SWlTCHED—
MODE

SECONDARY ° VCC

PRIMARY 2 POWER vcc _ RETURN
AC VOLTAGE g suvptv YI;

POWER VSUPPLY A
Q-I

Description Performance of Benets
The HCPL-4701 Low Power optocoupler ' Low power dissipation
Optocoupler is suitable for ' Input current for turn-on: 40 uA . Compatible with 3 V Logic
standard telephone line interface . Typical iotai power dissipation
functions such as: ring detection, with IF = 49 HA; < 3 mw References

hne mllanty’ and power 01.1/Off ° Typical PT0D3g3ti0I1 delay? HCPL-4 701 Lower Power
detection. Integrated Services 65 its optocoupler Technical Data
Digital Network (ISDN) applica-
tions severely restrict the input
power that an optocoupler
interface circuit can use, which
makes the HCPL-4701 an ideal
choice.
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Telephone Pulse Dialing and On/Off
Hookswitch Circuit

TO

TELECOM
LOAD

llllll ,

ff HSSR-8400

PULSE DIALER
AND

ON/OFF HOOKSWITCH

Description Performance of Solid- References
The HSSR-8400, optically State Relay HSSR-8400 400 v Solid-State
coupled solid-state relay, can be ' Solid-state relay Withstand Relay
used as an ON/OFF hooksvvitch voltage: 400 V
ans DU_1;@ dialef" f0T tslephlfne ' Typical solid-state relay on-
Su SCI'l er equipmen SUC as resistance: 6 Q
mlfdemg algd gcfime machines‘ ' Input turn-on current for solid-

Zniiisgci‘1e§uZi’Zs§Z”Za§’““°“‘ “ate “*1” 5 “A
distortion during voice B f-t

. . B118 1 Stransmission.
' Greater reliability compared to

electro-mechanical relays
' Compact size

' Low power dissipation
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Telephone Line Selection Circuit

To

ACTIVE INACTIVE
LOAD LOAD

R 0

O

44—'44744_41I I
I I I I I I I

I I
____________I

““'”“““I I
I

-I
VI I

~I I
I I

___________I

:1:

HSSFI-840 u SSH-8400

r___

I I I I I I I I I I I I I
L__A

[___

I I I0 I I I I I I I I0I I
I____

Description Performance of Circuit References
Two HSSR-8400 optically coupled ' Solid-state relay withstand HSSR-8400 400 V Solid-State

solid-state relays are used for voltage: 400 V Relay

selecting one of two telephone - Typical SO1id_State relay en_

lines. One of the relays is turned resistance; 6 Q

on while the other is turned off. , Input tum_0n Current for sOhd_

The HSSR-8400’s very low output State relay: 5 mA

on-resistance reduces signal
distortion during yoice transmis- Benets
sion. Telephone line selection
circuits can be used in subscriber ' Greater Fellablllty compared to

equipment Such as Computer electro-mechanical relays

modems and facsimile machines. ' C0mPaC'i Size

' Low power dissipation
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Motor Control Applications

Motor Current Sensor/Integrated
s Isolation Amplier

jg...

N
oc

:r
£0

O

HV-

Description Performance of Circuit References

UH

150 pF

+ SUPPLY 10.0 kS2

+5 V
IN our .- HCPL-7800/7820 hi "F

OJ “F 8 0.1 p

0.1 pF 8 T
2 ./E 7 '\/V» 0 s

MOTOR ll“: 3 / 6 'VV\, I 5 M°34°52A
+ _ I 5 2.00 k§1 4

O O O

_ R sense

' +5 V
1a|_os . +15 V

0.1 pF

10.0 no i:1 |_ . . . 150 pF

-15V

The HCPL-7800/7820 Isolation ' Can sense current up to 200 A 1) HCPL-7800/7820 Technical
Amplifiers can be used for or more Data
i$01atin8 the IHOYOT @111"Tent ' Optocoupler bandwidth: Up to 2) HP Application Note AN 1059
Sensing elfrment from the Control 200 kHz (HCPL-7820) and 1078, Isolation Amplifier
Circuit _Wi_iiie at the Same time ' Optocoupler nonlinearity: design and aPD1i@ti0I1$transmitting precision analogii 0.05% (HCPL-7820) 3) High precision current sensingsignals. This circuit requires a Optocoupler input Offset resistor Suppliers: Dale in
high precision sensing resistor

- " USA; ls bellenh tte in
‘ for monitoring the motor current. Voltage 0'9 mv (typical) G a _ d PLEN . J

O tocou ler common mod eimaiiy’ an iii apaiiThe voltage across the sensing ' p ' e
resistor is fed to the HCPL-7800/ “"Je°“°“1i5 kv/“S
7820 input pins 2 and 3. The Alternatlve HP Parts
sensing resistor is available from Benets i) HCPi"78O0A/i_3 ' Tighter gain
several suppliers, which are listed ' Small size and lower profile ioieiaiice Version of Hopi’
in the reference section below. circuit compared to Hall-Effect 7800

device based current sensing 2) CNR-200/1 - General DIIFPOSQ
Circuits analog optocoupler for

° Easy availability of components biiiidiiig isoiatioii ampiifieis
required in this circuit

' High precision measurement
while at the same time
maintaining transient immunity
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Isolated Gate Driver for IGBT/MOSFET -
Circuit No. 1

INPUT
SIGNAL

ISOLATED GATE nmve

vcc +1a v

‘U
O

WER COMPONENTS

OL

MC33151 0

741.505 1 [>¢ vv»/7
C1 } R4

_ HCPL-4503/4

IGBT

POWER
MOSFET

-I-‘—

l

I

4

1

I

t

l

!\\./

Description Performance of References
The HCPL-4503/4 provides OPt0c0uPle1' 1) Application Brief 100, “HP
isolation for the controller that ' Minimum 15 kV/us transient Optocouplers for Motorola
drives the power components immunity Power Module Interface”
(MOSFETS or IGBTS) The circuit - Typical propagation delay less 2) HCPL-4503/4504 Technical
provides full regulatory-approved than 1 HS Data
isolation between the power and ' Propagation delay difference
“OM01 ¢i1"¢““S- The HCPL‘4503/ between any two HCPL-4504 Alternative HP Parts
4 optocouplers can reject
transients that have very high .

slew rates while at the same time High-CMR Optocoupler
transmit signals without much Benets 2) HCPDO453/4’ HCPL'M453/4

optocouplersr 0-9 us Or less 1) HCNW4503/4504 Widebody

propagation delay. ' Avoids dangerous false turn-on Small-Outline High-CMR
in industrial environments Optocoupler

' Reduced total harmonic dist0r- 3) HCPL-3100/1 Gate Drive
tion for inverter ac output

' Reduced “Dead Time” for 4) HCPL-4506/0466 Gate Drive
Optocoupler

power transistor switching Interface Optocoupler
5) HCPL-52XX Hermetic High-

48
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Isolated Gate Driver for IGBT/
MOSFET - Circuit No. 2

INPUT
SIGNAL

ISOLATED GATE DRIVE
T_ _ _ _ _ _ _ _ _ _ — ' " ' T ' T T H T T T T T T T T T T T T T T T T - T --

+18V

u MC34152

I74HCT04 R1 ‘ vv»

POWER MODULE

T447

n

I
N

IGBT

POWER
MOSFET

A9

ROLAPPLICATIONS

Iql

‘Y

V

i1 {7K

MOTORCONT

L_

D2V

if

L

1

1

1

\

1

I

_______A__________________________*__~____J

Description Performance of References
The HCPL-2211/2212 provides 0Pt0¢011P1e1‘
isolation for the controller that ' Minimum 10 kV/us transient Opiooouolers for Motorola
drives the power components immunity power Module Interface"

(MOS_FETS9’1GBTS)"ThiS ' Wpical Optocoupler 2) HCPL-2211/12 Technical Data
circuit provides full regulatory- propagation delay; 150 ns
approved isolation between the ,
power and control circuits. The Optocoupler LED input
HCPL-2211/12 optocouplers can 1) CNW2211 Wldebody Hlgh‘
reject transients that have very CMR OptocouplerBenets

1) Application Brief 100, “HP

drive Clfclllt for

high slew rates while at the same 2) HCPL-021 1 Small-Outline
time transmit Signais Without ° Avoids dangerous false turn-on High_CMR Optocoupler
much propagation delay in industrial environments 3) HCPL_3ioo/i Gate Drive

' Reduced total harmonic distor-
tion for inverter ac output

' Reduced “Dead Time" for
power transistor switchin

49
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4) HCPL-4503/4 High-CMR

Optocoupler
g 5) HCPL-4506/0466 Gate Drive

Interface Optocoupler
6) HCPL-52XX Hermetic High-
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Isolated Gate Drive for IGBT/MOSFET
‘

- Circuit No. 3

+5 v HCPL-3100/1 '

I 8
CH3 _l_ 1

1moon: 12v

‘\CONTROL \ ‘ lGBT| |
_ R2 (on

WPUT cmnoos Q1 MOSFET) I1 I

5 3-PHASE
TOTEM +i"£E Ac
POLE 12V
OUTPUTV GATE ‘l I I

l 1 -HVDC|i_-like
R2 = 25 - 100 Q
R3 =1ao Q (HCPL-3100)

240 o (HCPL-3101)

BYPASS CAPACITOR C1 = 0.1 pF

"-"-l

1 I

2

@--Mr

Description Performance of References
This circuit uses the HCPL-3100/1 Optowupler 1) HCPL-3190/1 Te@hni¢a1Data
integrated base drive optocoupler ' Gate drive Current: 0'4 A peak’ 2) HP AII>D1iCati0n N0“? 1058,
for driving lGBTs and MOSFETS 9-1 A Continuous “Power Transistor Gate/Base
in 3 pgwer inverterg The Qutput ' Common-mode transient DI‘lV€ Optocouplers”
interface for the HCPL-3100/1 immunity: 5 RV/Lls, 600 V peak
requires only a few passive ~ Output power supply voltage: Alternative HP Parts
components for driving the base 15 to 35 V HCpL_45()3 High CMR
of an IGBT/MOSFET ' HCPL-3101 propagation delay: Optocoupler

0.5 us

Benets
' Fewer components
' Low propagation delay allows

greater carrier frequency
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Isolated Gate Drive for IGBT/
MOSFET - Circuit No. 4

HCPL-4506

1 8 L ICC
7 20 kg 0.1 pF R|_ + HV

+5 V H
V> W * u F310 Q a

4
W Lg .|

SHIELD
VEE

Y TO MOTOR

Description Performance of References
The HCPL-4506 optocoupler Optocoupler HCPL_4506 Gate Drive
provides the isolation and level‘ ' Typical propagation delay with Optocoupler Technical Data
shifting function for the controller extemal pu]1_up resistor; 100 ns
that drives the power compo- _ G t d d Alt t- HP P rtsuaran ee comnion mo e erna 1ve 3

With safety approvals from tranflsnt lmin £5,000 W 1) CNW45O3/4 Widebody High-
Fls 3 PEAK — 7 CMR Optocouplerregulatory agencies, and guaran-

teed pulse-Width distortion and exlmum pmpaganon delay 2) CNWZZO1 Wldebody H1gh'
propagation delay difference dlfference between any two CMRv Low Input Current
specifications, the HCPL-4506 Optocouplers: 350 HS optocoupler
can be the idea] Qhgice in 3 3) HCPL—0466 Small Outline Gate
variety of power-inverter circuits. Benets DriVe Opteeeupler
The circuit designer can choose ° Reduced dead time in the 4) HCPL-52XX Hermetic High
the appropriated push-pull inverter Output Stage Speed Optocouplers
transistor stage between the ' N0 erroneous turn-on ()f power
optocoupler and the power transistor
transiston ' Reduced total harmonic

distortion for inverter ac output
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Isolated Base Drive for Bipolar
Power Transistors

+5 V HCPL 3000

° I a

INPUT

5
1 .

Q1 \””””” ”j\””””” *1 ””””” rs7
* 1\ _ *3iI—~31~3-CONTROL \ M j

I it

Q2 7 C1
‘

240 Q

R1 Vcc(+ 6 V "+13 V) POWER MODULE + HVDC

T°TEM i 4 3 1 3-PHASE
POLE  = AC
OUTPUT ~_ ___~_
GATE " ' ' ' * ‘ ' ' '"

ll
D D D D i_ _Jliiiiii in

-HVDC

Description Performance of References
The HCPL-3000 Base Drive Optocoupler 1) HCPL-3000 Technical Data
Optocoupler is used to drive ° 1.0 A peak, 0.5 A continuous 2) HP Application Note 1058,
bipolar power transistors in an base drive current capability to “POWEF TI"8I1$iSt0I" Gate/B2156
H-Bridge inverter circuit. The the power transistor Drive Optocouplers"
HCPL-3000 contains an _ 1 5 kw 600 V eak

. s,
integrated base driver circuit at H pcommon-mode transient A1t€I'l13tiV6 HP Parts
its output, which eliminates immunity HCPL_45O3 High CMR
active components that may be
otherwise required. ' 2 us propagation delay ODt0C0UD191"

Benefits
' Fewer components by

eliminating buffer stage

' Low propagation delay gives
capability for higher carrier
frequency

' Cost-effective solution for
consumer appliances
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Isolated High-Voltage Sensor -
Circuit No. 1

HV+

150 pF

R1

+ SUPPLY 10.0 KQ
0 +5 V

78L05 0

m our +15 V
HCPL-7800/7820

1 a TO.1pF

01 2 7 . 7 v
- » ><R2 39 PF 3 / 6 Q MC34082A OUT

4 s 4

._ 01pF

150 pF g 1°-° kn |:l_
HV- 1

-15 v

!°!°
oca

arx
{O,D

cggo

on

no

Description Performance of References
The HCPL_78O0/7820 isolation Optocoupler HCPL-7800/7820 Technical Data
amplifier can be used for sensing ' 15 kv/HS transient rejection
the rectified dc pgwer supply ' 0.050/0 nonlinearity Alternative HP Parts
voltage in a power inverter. The (HCPU7820) HCPL-4562 Analog Optocoupler
resistor divider network is used - i 1% gain tolerance
so that the full scale voltage at (HCPL-7800A/B version)
the HCPL-7800/7820 input is
200 mV. An isolated 5 V power Benefits
supply is required to power the

- F
HCPL-7800/7820 input circuit. ew components' High electrical noise immunity
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Isolated High-Voltage Sensor -
Circuit No. 2

H+ VCC

0

u1 us
R1 HCPL-4562 HCPL-4562

s a

2 2L L

3 5 '

.
HV— Y '

ISOLATION
BARRIER

V|

7 x __ C
V| R1 1

'\-'_"'

l Description Performance of References
The HCPM562 Linear 0Pt0¢01lpler HCPL-4562 Technical Data
Optocoupler is used in a Servo ' 122 dB isolation mode rejection
circuit to sense the rectified dc ratio Alte1'113~tiVe HP Parts
power supply voltage of a power ' 0-25% I10I11inea1”itY 1) HCPL-7800/7820 Isolation
inverter. The series resistor R1 Amplifier
limits the current that drives the Benets 2) HCNR200/1 Analog
input LED of optocoupler U1. . Simple Circuit Optocoupler
VVhen the circuit is balanced with _ N0 isolated 5 V input power
the potentiometer R3’, the output Supply is required for
voltage V0 is proportional to the tocou ler U1
high voltage dc power supply. p p
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i power supplies or in any analog

['4/3 'S§¥<“§.IF

Analog Applications

Single-Supply Isolation Amplifier/Power
Supply Feedback

Vccg +5 V

VCC1 +5 V '
.

68 kg 10 |($l 47R3 LED

10 k£2 ‘ VQUT
i R1 Q2 Q4

68 k$2 O1 2N3904 2N3904

V'N 2N3906 R4 2N3906 R6\ \
PD1 ‘ ‘M1 PD2 ‘ 109

HCNRZOO/1

T V I NC E:‘ LED

ISOLATION B NC
BARRIER Ml R

El E
E ~!n PD1PD2 B

Description Performance of References
This is a high-speed, low-cost Optocoupler 1) HCNRZOO/1 Technical Data
isolation amplifier for use in the ' 1.5 MHZ bandwidth 2) Solution Note 101, “Qverview
feedback Path Of Svvitfih-mode ' Stable gain of HP’s Optical Isolation

Si.gna.l isolation Circlnt Thi.s ' Circuit couples only positive Motor COntrO1ApphCatiOnS”circuit can be used in applica-
tions Where high bandwidth, loW- ‘/Oltage Signals Alternative HP Parts
cost, and stable gain are required,
but Where accuracy is not critical. Benets 1) HCPLJ7800/7820 Isolation

' Low cost solution for coupling Amplier
positive voltage analog signals 2) HCPL-4552 Wideband AI13l08/

° Simple Way for sending power Video Optocoupler
supply voltage feedback signal
across isolation barrier
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W

5 O Q Q Q QPrecision Isolation Amplier for Unipolar
Signals

l

VCC1 +15 V
1 Vccz +15 V

0 0

cs
0.1pF

2.2 KS2

R1 C1 R5
'NPUT 200 KQ 47 pF 6.5 K!)

BNC O

R4 R5
270 S2

Q1
ZN3906

C5
0.1pF

C2 R2
33 F 174 KQ 50 KQ ° OUTPUT

PD A 6 6 PD2
1 + 1 LT1097 LT1097

4
1 4

C4 R3 CG

T °~1PF as ko O.1|,lF
»—||—‘L '
OT vEE111sv |_En¥%,N415o V552-15V

\

I-'1’--In
i

1

1

l

l

BARRIER

‘ HCNR200/1? l NC B
E‘ LED

ISOLATION E NC

KW
El Ii
:- A:B PD1PD2 E

Description Performance of Circuit References
This circuit uses the HCNRZOO/1 ' DC to 10 kHz bandwidth HCNRZOO/1 Technical Data
High-Linearity Analog Optocoup- I Stable gain
ler to achieve high accuracy and , 01% nonhnearity Alternative HP Parts
Wide dynamic range at a I"eaSOn-

Q 1 mv to 10 V input/Output 1) HCPL-7800/7820 Isolationable cost. This is accomplished
by using low-cost precision op- Voltage range Ampher

. ’ . . 2) HCPL-4562 Wideband Analog/amps with very low input bias
.

currents and offset voltages. The Benets Vldeo Optocoupler
circuit couples only positive ' L0W'C05t> hi8h'aCCuY3Cy $0111"
vonage analog Signals tion for coupling analog signals

' Easy availability of support
circuit components

' No offset adjustment is
required
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Isolation Amplifier for Bipolar Signals -
Circuit No. 1

ca 10pF
c1 10pF

—‘-1 H6 R7
180 ko 50 k£2

180 KQ D1 R4
680 Q

OC1 QC1 §
R1 PD1 PD2

0 VOUT
Vm O—> 50 k§2

BALANCE
ocz

‘ ocz at
PD1 PD2 V

R5
R3 D2 680 HCNR200/1

180 k£2 Ne B?| E LED
c2 10pF B NC

ISOLATION mi Q
BARRIER E E

E 5B PD1 PD2 B

Description Performance of Circuit Referenees
This circuit shows how the ' 0.01% nonlinearity HCNRZOO/1 Technical Data
HCNRZOO High Linearity Opto- . Bandwidth; dc to 100 HZ
coupler can be used for transmit- , LOW transfer gain Variation. Alternative HP Parts
ting bipolar analog si nals across8 1 50/ K3 f HCNR201

-an isolation boundary. This 0 ( O ) HCPLJSOO/7820 Isolatlon
circuit uses two optocouplers: Benets Amphfler
OCl and OC2; OCl handles the
positive portions of the input ' LOW dnft
Signal and OC2 handles the ' Low crossover distortion within
negative portions. Diodes D1 and the dc t0 100 HZ frequency
D2 help reduce cross-over distor- band
tion by keeping both amplifiers ' Good linearity
active during both positive and - Very low Offset
negative portions of the input
signal.
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Isolation Amplifier for Bipolar Signals
- Circuit No. 2

1op|=

R4
G80 k§2

CNRZO1 ca 10 pF

R5 R6
180 k£2 50 k§2

\ emu
CONTROL

c2 1OpF ~ 1 Y

FI7
10 no ; R8T 2.2 ko

N ' LED

@
'I

‘V

- VMAGNITUDE

V

T v
smae Cc

VSIGN

J

Description Performance of References
This circuit shows how bipolar optocoupler HCNR-200/1 Technical Data
analog signals can be transmitted ' 0-01% nonlinearity
across an isolation boundary by ° Wide bandwidth: dc to 1 MHz Alternative HP Parts
using Ju$t One HCNR200 0Dt0- ' Low transfer gain variation: 1) HCPL-7800 Isolation Amplifier
coupler. This circuit provides an 1 5% (K3 of HCNRZQ1) 2) HCN“/260i High Speed
easy interface to A/D converters Digiiai Optocoiipiei (for the
with two output signals: an Benefits Sign Sigiiai)
analog signal proportional to the LOW drift
magnitude of the input signal,
and a digital signal corresponding ' Very low Offset
to the Sign of the input signal.
The HCNWl 38 optocoupler,
which couples the Sign signal,
can be substituted with a faster
optocoupler in case the Sign
changes faster than 50 kHz.
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Isolated 4-20 mA Analog Current Loop Transmitter/Receiver

ISOLATION
BARFNER

R2
+I|N . l

R1  } x F - \/our

R3 Ji-lm .

A) RECEIVER

Vc
R1

V|N . LED \/V» :>+lQU'|'

§'> ‘ "2D1
Q1 PD2

HCNR200/201

% R3 n
. LED

ISOLATION W“ ° '°UT ‘
BARRIER "C

NC B

H
B) TRANSMITTER K‘\ Q

H Ii
E 5H PD1 PD2 E

Description Performance of Circuit References
The HCNR200/1 Analog ' Converts an analog voltage HCNR200/1 Analog Optocoupler
Optocoupler isolates both the input to an analog current and Technical Data
transmitter and receiver circuit vice versa
fmm the 4 ' 20 m-A M3108 ' HCNRZOO/1 nonlinearity: 0.1%
Current Loop One important_' ° HCNRZOI gain tolerance: i 5%
feature of this circuit is that the
loop side of the circuit is powered Benets
by the loop current. No isolated
power Supply is required ' Low-cost simple circuit

' No isolated power supply needed
on the 4 - 20 mA side of the
circuit
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AC-Coupled Isolation
Amplier

+5 VHCPL-4562 .
'0

+5 V. I H
|F A H1K» H 470 £2

@ i_‘O VOUT
R1 2 “F
2.2 k§2 H H Q3

2 pF R4
V 1a k§2 '3|N Q1 B E 1

R2
1.e ko R6

D1 R3 Q1 2N3904 82 Q
1N4“-,0 7 330 o 03 ZN3904

V
V GAlN~L~KpD=R4~i7~1

R3 R6

KPD = 0.0032 TYPICALLY

'1-_-F.

{ .

:

Description Performance of Circuit References
i This Circuit with the HCpL_4562 ° Typical bandwidth: 13 MHZ l) HCPL-4562 Wideband Analog/

Wideband Analog/Video . Nominal gain of circuit; 1 Video Optocoupler Technical
Optocoupler functions as an ac- ' Isolation-mode rejection: 46 dB Data
coupled isolation amplifier that at 1 kHz 2) ADD1iC8ti0I1 NOW 951-2,
can be used for coupling audio or . Qveran nonlineamy; (15% “Lin@P1l" ADD1iCati0n$ Of
video signals. The input circuit _ optocoupler input Current ODt0C0uI>1eI"$”
biases the optocoupler LED at a range: 4 mA_8 mA
quiescent current of about 6 mA, Alternative HP Parts
determined primarily by resistors 1 HCpL_2502 6N135 6N136

. Benets ) r > 'R17 R21 and R3' Dlode D1 helps to S. 1 I . f 1. High Speed Transistor Outputstabilize the operating point over Imp e so “non or Coup mg Optocouplers
the operating temperature range. audio and Video Signals 2) HCN“/V4562 Widebody Wide_
An ac-coupled signal will modu-

.

late the collector current of band Analog/Vldeo optocoupler
transistor Q1 and the optocoupler 3) HC:PL_55XX’ 4N55’_ HCPI”
LED. The output circuit consists 6530/1 Hermeuc Hlgh Speed
of a simple transresistance optocoupler
(current-in, voltage-out) amplifier 4) HCPL'05XX SmaH'Ouine
followed by a common-emitter High Speed Opmcoupler
amplifier stage.
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Isolated Video
Interface

HCPL 4562

EliD

:1
II

,—o

O
g<

~

i

II
i V°“v - HE a 9.1 xn R9 150:2

1‘ V

‘ R1 I O2 Q‘C1 R3 4
VIN H Q1 n B Q: van

ioon
‘7“F men

"1 1-° K9 vi R. 1.0m an non 'L“g;E§A"°E

2
muse V 5°°" _

D1 R4= POTENJIOMEIER R1
J +51 0 ESISTO Gv = your/vm

§ R10

1

0- =zN39o4
ioon '0‘

Z 2

v v V

Description Performance of Circuit References
This circuit, with the HCPL-4562 ° Typical bandwidth: 15 MHZ HCPL-4562 Wideband Analog/

Wideband Analog/Video - Typical Gain variation; _1_1 dB Video Optocoupler Technical

Optocoupler, is optimized for at 5 MHZ with reference at ()_1 Data

video signal coupling. The peaked MHZ

response of the detector circuit , Isolation Mode Rejection: 122 Alternative HP Parts

helps eX_“’“d the fTe‘?1“e“@Y_m“ge dB at 120 HZ HCNW4562 Widebody Wideband
over which the gain is relatii/ely Analog/Video Optocoupler

constant. The number of gain B ft
. . elle 1 S

stages, the overall circuit
topology, and the dc bias points ' COSt‘eff('?Ct1Ve_’ hlgh perfop
are all chosen to maximize the mance video Interface Clrcult
bandwidth.
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Differential DC Isolation Amplifier

VIN HCPL-2530
0 * |F1 |C1

" E1 R2 R3' 7
E ‘ 4.1 kQ 10 no 4.1 no

‘cc q
R, Q ‘ E A* E zsno ADJUST _

4.7 ko ‘ 1 EL3 mA
+V . ll E

-15 v T .
-15 v|F2

u, , U2LM307 9 Vour
2 no emu ADJUST

I "1 3 mA
IC1 = K1 L l

‘Fl | 3.9 ko R 4
CC2

['F 3]

I "2lcz =K2 F2 -15V

Description Performance of Circuit References
The above schematic uses a dual- ' 3°/0 nonlinearity for 10 V peak- 1) HCPL-2530/1 Dual Channel
channel, high-speed optocoupler to-peak dynamic range High Speed Optocoupler
(HCPL-2530/1) to function as a . Gain drift; _()_40/O/QC Technical Data
differential dc isolation amplifier. , Offset drift: i 4 mv/QC 2) Application Note 951-2,
This circuit operates on the “I; A 1". . . . 25 kHz bandwidth (limited by meal" PP ‘°a“°“S Ofprinciple that an operating region

. . . Op-Amps U1, U2, U3, and U4) OP‘°°°“P1eYS”exists where a gain increment of
one optocoupler can be approxi- Alternative HP Parts
mately balanced by the gain Benets
decrement of 3 Second ' Simple coupling circuit for dif- 1) HCPL‘053O/1 SI_nau‘Outhne
optocoupler. ferential input analog signals Dual Channel Hlgh Speed

Optocoupler
2) HCPL-5530/l, HCPL-6530/1

Hermetic Dual Channel High
Speed Optocoupler
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7'  
Servo Type DC Isolation Amplifier

. '§=- R3 OFFSET ADJUST
HCPL-2530 V ea, 5m

‘ |c1<l

5 kS2 GAIN ADJUST

R1
2.7 KQ

\ as Q’ §
‘= Vm A q vF; I§=~ "I:

NI!
“re

X
I11

N

U1,U2,U3,U4,LM307

|F "1 a
'c1=K1—‘- 6mA l|cc

|F1 ‘
I "2 °
F2|C2 =K2 __ -15V

IF;

I
-15 v

' Vou'r

Description Performance of Circuit References
The abgve schematic uses 3 (jua1- ' 1% linearity fOI" 10 V peak-to- 1) HCPL-2530/l Dual Channel
channel, high-speed ()p[()C()uplQ1" peak dynamic range High Speed Optocoupler
(HCPL-2530/1) to function as a - Gain drift; -0_03%/<>(3 Technical Data
servo type dc isolation amplifier. . Offset Drift: i 1 mWOC 2) Application Note 951-2,
This circuit operates on the _ . - . . “I; A 1' ti f35 kHz bandwidth (limited by meal“ PP ‘Ca ‘ms °principle that two optocouplers O _Am U1 U2 ()ptQ¢Oup1erg”
will track each other if their gain p ps ’ )
changes by the same amount over Alternative HP Parts
a specific operating region. BenetsSimple Coupling Circuit for 1) HCPL-0530/l Small-Outline

analog signals Dual Channel High Speed
Optocoupler

2) HCPL-5530/1, HCPL-6530/1
Hermetic Dual Channel High
Speed Optocoupler
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Analog Signal Coupling Using Pulse-Width
Modulation

< ‘max ’ ‘ tmax ’
<~ t~~> <~t—>

t min < > ‘min " > /~
| | I | ' "I F r — VOUT ' L

.. _ I Q _ .1 L___

4 T > < T —~"*~ — >

HCPL-2601

H +5V
f=1fT

1 ' E “L
05¢"-I-ATOR MONOSTABLE

MULTIVIBRATOR ‘
V . r INTEGRATOR V OPTIONAL V

‘N H (DEMODULATOR) L.P. FILTER OUT
t 0 VIN

!

3

1-

Description Performance of Circuit References
Pulse-Width modulation is a ' Maximum pulse-Width 1) HCPL-2601 High Speed Digital
digital conversion technique for distortion (PVVD) of HCPL- Optocoupler Technical Data
transmitting analog signals 2601: 35 ns 2) Hp Application Note 951-2,

between two iselated 5Y$tem$- ' Signal bandwidth: limited by “Linear applications of
The above Sehematie Shows an linearity of analog circuit and Optocouplers"
oscillator and a monostable PW1) of H(jpL-26()1
multivibrator combination which Alternative HP Parts
generates digital pulses whose Benets 1) HCNW2601 Widebody High

Widths are pr0pOm(.)n.a1 to the ' Digital techniques allow greater Speed Digital Optocoupler
1 t. Th d t 1 l

am Og mlpud E igl at pl; Ses control of accuracy of the 3) HCPL_()6()1 gma11.()ut11ne
are supp 1e tot e inpu o analo Si Hal

HCPL-2601 High Speed Digital g g Hlgh Speed Dlglml
Optocoupler. At the output of the Optocoupler
optocoupler, an integrator and 3) HCPL'56O1 Hermetle High
low-pass filter circuit converts Speed Digital ODt0e0uP1eT

the pulse-width modulated signal 4) HCPL-7101 50 MBd CMOS
back to the original analog signal. Optocoupler
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Analog Signal Coupling Using Voltage-to-
Frequency Conversion

HCPL-2601

H 0 +5 v

=

H “LVm v - F' CONVERTER ‘ I- B '
I

f = k1V|N an
n CONVERTER ' VOUT

Vin = K1 R2 v k rVIN
OUT — 2

Description Performance of Circuit References
Voltage-to-frequency conversion - Maximum pulse-width 1) HCPL-2601 High Speed Digitalis One technique f0!" transmitting distortion (PWD) of HCPL- Optocoupler Technical Data
3113108 Signals between two 26013 35 I15 2) HP Application Note 951-2,isoiaied Systems The above ' Signal bandwidth: limited by “Linear applications ofschematic Shows an aiiaiog bandwidth of analog circuit and Optocouplers"signal, VIN, converted int0 a PWD of HCpL_26()1
frequency that is proportional to Alternative HP Partsthe analo value of V ~. The
variable fiigequency signal is then Bepets

_ 1) I€CNW2€i(),1 Widebody HighCoupled through by the HCPL_ ' High speed digital techniques bpeed Digital Optocoupler
2601 High Speed Digital allows large bandwidth analog 2) HCPL-0601 Small-Outline
Optocoupler. At the optocoupler Signals High Speed Digiiai Opiocoiipieoutput, the variable frequency is ' N0iiiiiieaiiiy of Opiocoupiei is a 3) HCPL-5601 Hemletle Highconverted back to an analog not a design issue Speed Digital 0Dt0¢0l1DleI"signal with a frequency-to-voltage

4) HCPL-7101 50 MBd CMOSconverter. The operating frequency Optocouplerfor this circuit is up to 5 MHZ,
however, for higher frequency
operation up to .25 MHz, the
HCPL-7101 optocoupler may be
used.
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Analog Signal Coupling Using
A/D Converters

+ Vcc + Vcc
HCPL 2430

couvzmen ‘Ev
ANALOG DATA >

mpur I >
E

SERIAL METHOD

HCPL—2530

ER

J-'_p-'~\.'- ANALOG 91*“-
na -v~»- I:

I
INPUT W

D1

D2 IE > I D2

I I
IE‘

“Q ““* ' -I...

‘I:-I

I I
IE‘ ,_ |-II

_ II-I

AIDCONVERT

U
ta

II
Ill

VVVY

IIIIIII

I I
D5—%— .=— ;:--
D —~w»— I l6 ‘E

YY
————

PARALLEL METHOD

V

V

DATA

CLOCK

Description Performance of Circuit References
When better linearity and high ° Maximum pulse-Width l) HCPL-2430 High Speed Digital
temperature stability are distortion (PWD) of HCPL- Optocoupler Technical Data
required, digital techniques can 2431: 25 ns 2) HCPL_253() High Speed
be used £0 ¢0uD1@ 3113108 $i81"la1$- ' Maximum propagation delay Optocoupler Technical Data
This technique is es eciallD Y skew of HCPL-2431: 35 ns 3) Hp Application Note 951-2
recommended when an analog “Linear a iicat-O fpp 1 ns 0signal will eventually be processed Benets Optocoupiersi»
or recorded digitally. The above D. ital t h . an

. ' 1 ec ni ues ow reaterschematic shows two ways of g . q g .Sendin A/D out ut Si na1S_ in resolution and large bandwidth Alternative HP Parts
8 P 8 . . . .serial or in paraiiei ~ Nonlinearity of optocoupler is a 1) HCPL-0631 Small-Outline High

not design issue Speed Digital Optocoupler
2) HCPL-0531 Small-Outline

High Speed Optocoupler
3) HCPL-5431 Hermetic High

Speed Digital Optocoupler
4) HCPL-5531 Hermetic High

Speed Optocoupler | ——



Analog Signal Multiplexing

ANALOGAPPLICATIONS

k

_.\

1 T-|§s'nTaE5o ‘
SHIELD

I' VccIV R l _ _nu 5 is
HN in

D-N "' "‘ H VOUT
D ANALOG

"t N SIGNAL"_ L PROCESSOR COMMON
l HSSH-8200

G (AMPL" ADC) GROUND HSSR-8200RLN _ _____t_
VLN 5 iii‘;_. 1 s

—>
Q

VEE
DL, N ~=

HSSR-8200

he N ‘~ — — — — — 1—G" 5 a

VF V0

4 5

Don

Description Performance of Solid References
The HSSR-8200 Solid State Relay State Relay 1) HSSR-8200 Solid State Relay
(SSR) can be used for multipleX- ' Output leakage current: 20 pA Technical Data
ing one set of analog inputs from (typical) at V0 = 200 V 2) Application Note; Small Signal
$eVe1"31- Ih the ab0Ve Circuit, the ' Turn-on current: 1 mA Solid State Relay
selected analog input is presented , Output Capacitance: 45 pF
t ' l -d9; S1g‘1?1Pr°°“;SS€;I' Thdem (maximum) Alternative HP Partsl eren la lnpu s an are .Shielded by guard (G) driven by Output offset voltage. 0.2 uV 1) HSSR 8400. 400 V Solid State

the processor. When open the (typlcal) Relay
contacts of the HSSR-8200 can , 2) HSSR‘71O0 Hermenc SohdWithstand 200 V7 positive or Benets of Solid State State Relay
negative. Protection against Relay
damage due to exceeding 200 V ' High Output Off-impedance and
is provided by the meiaia-ixide low offset voltage allows high
vaiistois DHN7 DLN, and DON accuracy measurement

' Small size lower power
dissipation
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;-l~'Iq.'-

Analog Signal Sensing - Flying Capacitor
Technique

Vcc

ii in
8

V :
1 :

_l ,,__H_$$B;8:190 ____f l_ Wussa-§/190,, ___% A- tt" t *******"i""" 3“SSH 840° “SSH 84°” HSSH-8400 SCHEMATIC
l F — ~—v ‘ w. _ 2

' ’ ii” J ” ' L ’ ’ ’ ’ ' ’ ’ ’ iv"
l 1 s2 + +-

(ACQUIFIE) (READ) ‘L |F

our our ‘VF _ 2 5 V0

IN m 3
4 _

 -i

Description Performance of Solid References
The HSSR-8400 optically- State Relay HSSR-8400 Solid State Relay
coupled, solid-state relay (SSR) ' Output Withstand voltage: 400 V Technical Data
can be used fol’ measuring ' Typical output leakage current:
voltages on industrial sensors 0.6 nA at vo = 400 v Alternative HP Parts
Egg“ *;S“‘§1";“°¢°“P1@S- when - Typical SSR switching time: HSSR-8200 - 200 v Solid State

5 afm are Clowd’ the turn-on time = 0.5 us; turn-off Relayvoltage is acquired from the time _ 0013
sensor and stored across the
capacitor. After SSRs 1 and 2 .
open and SSRs 3 and 4 close, the Benets of Sohd State
voltage across the capacitor is Relay
read by the multiplexer‘ ' Greater reliability compared to

electro-mechanical relays
' Compact size

' Lower power dissipation
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Industrial Applications

AC/DC Voltage Threshold Sensing

VccHCPL-3700/60
Rx/2

- AC vcc E

5 DC+ Rtup TO /
s00 v /

ac E Dc. V0 H . \/OUT HCPL-3700/60 SCHEMATIC

RX/2 nc+ INPUT Vcc~ H Ac GND B 3 3
01 02 6 ‘CCAc INPUT CONFIGURATION V ¥

AC lo vo
INPUT D3 M /4 ‘_Vcc ° / 6HCPL-3700/60 4

n AC Vcc H 3 5
O~

R /2 00- INPUT GND- " E 00+ Rt .UP TO /w
1000 vdc RX/2 /Y

9 E DC- V0 E I VQUT

H AC GND E

YDC INPUT CONFIGURATION

‘Ii-I

t

Description Performance of Circuit References
The HCPL-3 700/60 Threshold- ' HCPL-3 760 optocoupler 1) HP Application Note AN 1004,Sensing Optocoupler can be used threshold input current: 1.3 mA “Threshold Sensing forfor sensing the ac/dc power on/ (typical) Industrial Control Systems"
Off ¢0nditi0n- At the 0Dt0@0uD1@Y ' Typical optocoupler propaga- 2) HCPL-3 700/60 Thresholdi input, Only 3 Pail" Of series tion delay: 10 us Sensing Optocouplerresistors RX/2 are required to , Optocoupler common mode Technical Datalimit the current. The ac signal transient immunity: 600 V/HSca; be ltered with la capacitorfat (typical) Alternative HP Parts
elt er t e Input or t e Output O ' Maximum input voltage: up to HCPL-57XX: Hermetic Thresholdthe optocoupler. For more

.information refer to HP ApphCa_ 1000 Vdc, or 800 Vac Sensing Optocoupler
tion Note AN 1004, “Threshold
Sensing for Industrial Control Benets
Systems" The Value of RX ' HCPL 3700/60’s built-in diode
determines the threshold sensing bridge and hysteresis Circuitvoltage; reduces component count

' HCPL-376O’s low threshold
sensing current reduces power
dissipation

~ Threshold voltage can be
adjusted by external resistor RX
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Low Power - AC/DC Industrial

INDUSTRIALAPPLICATIONS

2it

is
_o/o_

ii

Switching

R LAMP ll j LAMP LAMP

"SSH 8060 _J!$.5.B:§9§9__ ___".'$_$E:§9§9__ up To
' I

7
I --— 48 Vdc

€E- OR
38 Vac

Description Performance of Solid References
The HSSR-8060 Solid State Relay State Relay 1) HP Application Note, Low 0
(SSR) can be used for switching ' Maximum output withstand Resistance Solid State Relays

CONTROL
ClRCUlT

low-voltage incandescent lamps voltage: 60 V peak, either 2) HgSR-8()6() 5O11d_State Relay
in industrial equipment. This SSR polarity Technical Data
Call b6 COI1tI'0ll€d OI" 0 Output On_I-esistancez
CMOS 5V10gi@, and requires only 0.4 Q for ac connection; 0.1 Q Alternative Hp parts
5 mA for turn-on. For dc svvitch- for dc Connection (refer to
.

1 HSSR-"110/1 H t' S l'dmg, the HSSR-8060 output can HssR-8060 Solid-State Relay ) State R’e1 “me ‘° O‘
D885 LID t0 1-9 A SteadY"5tate Technical Data for an explana- ay .

Current, and 7-0 A transient tion of ac and dc connections.) 2) HSSR_84O0’ 400 V SohdstateRelayCurrent‘ ' Maximum output steady state
current: 1.5 A for dc connection;
0.75 A for ac connection

Benets
' Greater reliability compared to

electro-mechanical relays
° Compact size

' With a low input turn-on
current of 5 mA and low output
on-resistance there is less
power dissipation
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Optical Isolation In Flat-Panel
Displays

V

CONTROLLER
STATE ' ‘ ‘ * ‘ ‘

MACHINE ~ — A * r r

l

l

JAIL;

HCPL-2231

E P

ViV

HIGH VOLTAGE
DC SUPPLY

0

*i>
ROW/ FLAT

____ COLUMN PANEL”" DRIVERS DISPLAY

IALAPPLICATIONS

'5''5'

YYI

€

INDUSTR

i

i

ISOLATION
BOUNDARY

Description Performance of References
The HCPL-2231 dual-channel, Optocoupler HCPL-2231/2 Low Input Current
high-speed, optocoupler isolates - Maximum propagation delay Optocoupler Technical Data
the low-voltage logic circuit from time: 300 ns

the highvoltage Fl3t'Pan91 ° Input turn-on current: 1.6 mA Alternative HP Parts
Display row/column driv@I‘S- - Common-mode transient 1) HCPL-0201/ll Small Outline

Xamples of Flat Panel Dlsplay re_]ection: 10,000 V/us at Low Input Current
teiqnolzgiis riqumng Sul htigh 1000 V peak for the HCPL- Optocoupler
vo age ec no ogies are ec ro- 2232 . .

Luminescence, Fluorescence, and 2) HCPL 52XX senes Hermetlc’
. Low Input Ciurent Optocoupler

Plasma technologies. The B f-t f 0 t 1

optocoupler serves the functions ene 1 S 0 p ocoup er 3) HCNW2201/11 Wldebody
of level Shifting and Safety ' Qompact size and easy Low Input Current
isolation. interface compared to pulse Optocoupler

t1"an5f01"m91"$ 4) HCPL-2430/1 20 MBd Logic-
° Low input current allowing Gate Optocoupler

CMOS interface 5) HCPL-7101 50 MBd CMOS
' Low component count (HCPL- Logic Optocoupler

2231/2 requires no pull-up
resistor)
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Gain Selection for Op-Amp
1 Circuits

TIONS

Re
i

Ra Rd
\ \

INDUSTRIALAPPLICA

\/\/V ’\/V\, 8 S 5 5 S‘ 8
H$SR—820O ,— — — —°— — 1

T T T T T ‘ 7 l

l  ~ l

1 Rf
VIN

‘ », § Vour
l

5 ” ‘S; ” ‘ a

SWITCH GAIN
SEQUENCE Low k Q

RC HSSR-8200 R“
MED'UM HSSR—820O

_ HIGH 1 8
i 1
\

-\-lOOOq'

-100009

OOOO—\<'p

coo-I-A-

4»

vF voNOTE: HSSR-8200'S TYPICAL OUTPUT ON-RESISTANCE
IS 125 o. HSSR-8060, HSSR-8400, AND HSSR-7110 MAY

*'\.'-

be used for gain selection in an

HSSR-8200’s low offset and

output is closed ensures a low
error over a four-decade range. A
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BE USED WHERE A LOWER OUTPUT ON-RESISTANCE
IS REQUIRED.

4 5

Description Performance of Solid- References
The above circuit shows how the State Relay 1) HSSR-8200 Solid State Relay

- HSSR-8200 Solid State Relay can ' Typical output offset voltage: Technical Data
()2|.lVWii;lll = lmA- F 2) HP Application Note 1036,

Operational amplier <3i1"@l1it- The ' Typical output on-resistance: “Small Signal Solid State
125 Q Rel y”anegligible non-linearity when the , - ~Typical output off-impedance:
10,000 GQ Alternative HP Parts

. . . 1) HSSR-8400, 400 V Solid State
S{ml1ar Scheme “nth the SSH Benets of Solid-State Relay, 8200 can be used for gain
selection in 3 nomnvemng Relay 2) HSSR-8060, 60 v Solid State
amphen ' Smaller size and greater Relay

reliability (compared to electro- 3) HSgR_711()/1, Hermetic golid
mechanical relays) State Remy
Reduced op-amp output error
(SSR has low-offset voltage,
low output capacitance, and
good output linearity)
Low power dissipation (only
l mA turn-on current)



Low Power Alarm Control Circuit

x

01 R1 I

sensor: _
cmcun Kl ‘M

‘ __t'$_$.F!:*§9§9..

up TO T 1 I 18
4a Vdc —:- ; 1

3 / 1

1 /' ‘ ALARM
.._o_l“ 5 1 cmcun

RESET 4‘ ‘5

3

Description Performance of Solid References
In battery-powered alarm State Relay 1) HP Application Note 1046,
systems, the alarm circuit needs ' Typical output on-resistance “Low On-resistance Solid State
to be disconnected from the = 0.4 £2 for ac-connection; Relays"
battery when not in use. The 0.1 Q for dc-connection (refer 2) HggR_3()6() 30nd State Relay
HSSR-8060 Solid State Relay to HSSR-8060 Solid-State Relay Technical Data
reconnects the alarm circuit to Technical Data for an
the battery only when the sensor explanation of ac and dc Alternative HP Parts
circuit is energized. connections.) 1) HSSR8400’ 400 V Solid State

' Maximum output steady-state Relay
current: 1.5 A for dc-connection; 2) HSSR82007 200 V Solid State
0.75 A for ac-connection Rela

. . Y' Maximum output withstand
voltage: 60 V peak (either
polarity for ac-connection)

Benets of Solid State
Relay
' Greater reliability compared to

electro-mechanical relays

' Compact size

' Less power dissipation (low
input turn-on current, and low
output on-resistance)
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Relay Coil Driver

DUSTRIALAPPLICATIONS

Vcc VDD

+5 V

HSSR-8060

Z7/
MAGNETIC a

43° ‘Z ' ‘ " * ‘ ‘ ‘ ' ‘ " RELAY

E LOAD

1/e 74ACT04

IN

Description Performance of Solid R€fereI1CeS
The HSSR-8060 Solid State Relay State Relay 1) HP Application Note 1047 and
(SSR) can be used for driving the ' Maximum output withstand 1046, “LOW 011-I‘6SiSt&I1C6 S01id

coil of a large electro-mechanical voltage: 60 V peak (either State Relays”

relay. This SSR can be controlled polarity for ac-connection) 2) HSSR_8()6() Solid State Relay

OI‘ 5 V lOgiC, and 0 0n_resistanCe : Q Technical Data

requires only 5 mA for turn-on. for dc_COnneCti0n

Diode D1 across the Coil of the ' Maximum steady-state current: A1t6I'I1a13iV€ HP Parts
electro-magnetic relay protects L5 A for dc_COnneCtiOn. O75 A 1) HSSRJUO/1 Hermetic Solid

the SSR Output by limiting the for ac-connection (refer to State Relay
b3Cl( Of tIl€ COll during tllI'Il- SOlid_State Relay state

ff Th HSSR 8060 ' h ’
O ‘ e ' _Can Swltc Technical Data for an Relay
up to 7.0 Amp transient current explanation of ac and dc
when the output is in the dc- connections.)
connection.

Benets of Solid State
Relay
- Greater reliability compared to

electro-mechanical relays

' Compact size

' Less power dissipation (low
input turn-on current, and low
output on-resistance)
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Power Supply Applications

i Optical Isolation In A Switching Power Supply -
Circuit No. 1

ISOLATION
BOUNDARY

\

A»

I

AC
RECTIFIER Pow“ g OUTPUT LOAD IMA|Ns'i SWITCH FILTER

PWM
CONTROLLER

i

ISO-AMP WITH
CNRZOU/1 SYSTEM

OPTOCOUPLER REFERENCE

i v
POWER-OFF CNyi/136

AND
UNDER-VOLTAGE SENSE DIGITAL INTERRUPT MICRO-

OPTQCOUPLER PROCESSQR
I

\

\

Description Performance of References
Switching power supplies often 0Pt0c0uPle1' 1) HCNR2()()/1 Analog
need to couple digital and analog ' HCNR200/1 has 0.01% non- Qptgcgupler Technical Datasignals betweenlthe primary and linearity and up to 1 MHZ 2) HCNWB6 High Speed

' secondary circuits. The above bandwidth Optocoiipiei Technical Datai schematic shows an analog error - HCNW135 has ()2 Us typical
signal representing the difference propagation delay time Alternative HP Parts
between the output voltage and , B th HCNRZOO/i d

. 0 an 1) HCPL-7800/7820 Isolationh f lt b f d K
2 e 1£€t (-l‘I;i1I‘lC€ vo age_de1ng_ 9 HCNWi 36 optocouplers meet Amplifier3C O 6 primary S1 G US Hg 3
HCNR200/1 Analog Optocolupler Wii)-iii‘-‘ride regulatow Insulation 2) HCPL-4503, HCNW4503 HighThe analog error signal helps the g I mes CMR Digital Optocoupler
pulse-vvidth modulation (PWM) Benefits 3) HCNW260l/ll Widebodyi
controller determine the exact High Speed Digital

i pulse-width to make the filtered ' Accurate monitoring and Con‘ Optocoupler
output voltage match the system U01 of Secondary Output Voltage
referenee Ve1tage_ In a similar ' Power off condition detectable
manner, the HCNW136 Digital at an early stage enabling theQptocoupler ean be used to microprocessor to save critical
monitor the primary side power- information
off and under-voltage condition.

4
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Optical Isolation In A Switching Power Supply -
Circuit No. 2

01 R3

1 R4
C 5 v R9 R13

+

CATHODE T f T I'll 7 <-
QE ' ‘F

ANODE H7E HCP_l7-2200”? 4'11
R1

,. D5 PWM cum
1. V ?N— -

_L
PO R °

AC ‘t. I T E * |_1

WE * R10? .1 ‘c2
ISOLATEDC6 C7 Dc

O
no

N D2 _ _ , _ _ , _ ,

R2 HCPL-2200 0uTPuT/\j .
R8 + V V 'ill] R12

s v R11
c4 Rs Q " SUS = SILICON UNILATERAL SWITCH

D3 R6

Description Performance of References
The above figure shows a push- Optocoupler HCPL-2200 High CMR
pull switching power supply that ' Maximum propagation delay: Optocoupler Technical Data
utilizes the HCPL-2200 300 ns
optocoupler to drive switching . 1nput tum_On Cur,-em; 1_6 mA Alternative HP Parts
transistors. The above circuit , Commommode transient 1) HCPL_2219 Vely High CMR
uses a silicon unilateral switch rejection: 1000 V/us Optocoupler

to bootstrap start th€
power supply when power is first Benets High CMR Optocoupler
applied. The inhibit function in
the HCPL-2200 optocoupler has ' The WW6‘ Svmches are
been used to good advantage to PY°te°“>_d from COmmOn’mOdeprovide a C0mmOn_m0de C0nduC_ conduction failures caused by
tion interlock function that will EMI
not 3110“, both the Swching ' Regulation range is increased
transistors to turn on at the same 5i1“lCe 110 deadtime is required
time. ' Design is tolerant to propaga-

tion delay changes due to lot-
to-lot component variations
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Optocoupler Applications
Index

20 mA Current Loop Interface, 37 Level Shifting, 27-32
3 V Logic Interface, 32 Line Driver Interface, 34, 35, 41
4 to 20 mA Current Loop Interface, 59 Line Receiver Interface, 33-35, 38-40, 42

Line Selection - Telecom Application, 46
A/D Converter Interface, 66 Logic Interface (3 V), 32
AC-Coupled Isolation Amplifier/Analog Signal Logic Interface (5 V), 27-31

Coupling, 60, 61 Low Power Interface, 32
AC/DC Power Switching, 70 LSTTL/I‘TL Interface, 27, 28
AC/DC Voltage Threshold Detection, 69
Alarm Control Circuit, 73 MOSFET/IGBT Applications, 48-51
Analog Signal Isolation, 55-68 Motor Control Applications, 47-54
Analog Signal Multiplexing, 67, 68 Multiplexing Analog Signals, 67, 68
Analog-to-Digital Converter Interface, 65

Off/On Hookswitch - Telecom Application, 45
Base Driver for Bipolar Power Transistor and Op-Amp Gain Selection, 72

Darlington, 52
Battery Powered Applications, 32 Power Conversion Applications, 47-54
Bipolar Power Transistor and Darlingtons Power Supply, 75, 76

Applications, 52 Pulse Dialing - Telecom Application, 45
Pulse-Width Modulation Technique - Analog Signal

CAN/DeviceNet Interface, 36 Coupling, 64
CMOS Interface, 28-31
Current Loop Interface, 37, 59 Relay Applications, 67, 68, 70, 73, 74
Current Sensing and Measurement, 47 Relay Coil Driver, 74

Ring Detection - Telecom Application, 43
Data Communication Applications, 33-42 RS-232 Isolated Interface, 33
Darlington Power Transistor Applications, 52 RS-422 Isolated Interface, 34
DC Power Switching, 70 RS-485 Isolated Interface, 35
DC Voltage Threshold Sensing, 69
DeviceNet/CAN Interface, 36 Servo Type Isolation Amplifier, 63
Differential dc Isolation Amplifier, 62 Short Circuit Current Sensing, 47
Digital Logic Interface, 27-32 Solid State Relay Applications, 67, 68, 70, 73, 74

Switching Mode Power Supply, 75, 76
Flat Panel Display Application, 71
Flying Capacitor Technique - Analog Signal Sensing, Telecom Applications, 43-46

68 Threshold Sensing, 69, 70
TTL/LSTTL Interface, 27, 28

Gate Driver for MOSFET/IGBT, 48-51
Video Interface, 61

High Speed CMOS Interface, 30, 31 Voltage Level Shifting, 27-32
Voltage Sensing and Measurement, 53, 54

IGBT/MOSFET Applications, 48, 51 Voltage Threshold Sensing, 69
Inverter Applications, 47-55 Voltage-to-Frequency Conversion Technique -

Isolation Amplifier Applications, 47, 55-58, 60, 62, Analog Signal Coupling, 65
63
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