SIEMENS IL300

LINEAR OPTOCOUPLERS

FEATURES Package Dimensions in Inches {mm}
* Couples AC and DC signals Pin One 1.D
* 0.01% Servo Linearlty < B 9 /'” ne io:
» Wide Bandwidth, >200 KMz r— i 8]
» High Gain Stability, 10.005%/°C 268 (6.81; ﬂ > } a
+ Low Input-Output Capacitance 255 (6.48 K}>\K2
* L.ow Power Consumption, < 15mw L W E} 6
+ lsolation Test Voitage, 5300 VAC, ., 4 5

1 sec. ¢ e 390 (9.91) (4]
+ Internal Insutaticn Distance, >0.4 mm .379(9.63)

for VDE

045 (1.14) 150 (3.81 .305 Typ.

+ Underwriters Lab Flle #£52744 ™ =030 2.?6) ) 130 53.30; (7.75) Typ.
+ VDE Approval #0884 (Opticnal with . 1 1] I

Option 1, Add -X001 Suffix) _[ # y 135 %3.43)
« IL300G Replaced by IL300-X006 4 Typ. AUH D T 115 {2.92)
APPLICATIONS e 040 (1.02) 30,90“/
» Power Supply Fesdback Voitage/Current -gfgg-ﬁgg - 030{.76) |t ) |‘
* Medical Senaor Isolation : : 100 (2.54) Typ. 008 (207

» Audio Signal Interfacing
+» |solate Process Control Transducers

* Digital Telephone [solatlon The IL300 Linear Optocoupler consists of an AlGaAs IRLED irradiating
an isolated teedback and an output PIN phetodiode in a bifurcated
arrangament. The feadback photodiode caplures a percentage of the
LED's flux and generates a control signal (IP,) that can be used 1o
servo the LED driva current. This technique compensates for the
LED's non-lingar, time, and temperaturé characteristics. The output
PIN phaotodiode produces an output signal (IP;) that is linearly related
to the sarvo optical flux created by the LED.

The time and temperature stability of the input-output coupler gain
(K3) is insured by using matched PIN photodiodes that accurately
track the output flux of the LED.

A typical application circuit (Figure 1) uses an operational amplifier at
the circuit input to drive the LED. The feedback photodiode sources
current to R1 connected to the inverting input of U1. The photocurrent,
IP1, will be of a magnitude to satisfy the relatienship of (IP1=Vy /R1).
The magnitude of this current is directly proportional to the feedback
transfer gain (K1) times the LED drive current (Vi /R1=K1 2 Ig). The
op-amp will supply LED current to force sufficient photocurrent to keep
the node voltage (Vb) equal to Va.

Figure 1. Typical Application Clreuit
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DESCRIPTION (continued) Absolute Maximum Ratlngs

The output photodiode is connected to a non-inverting

voltage foliower amplifier, The photodiods load resistor, Symbol Min. Max.

R2, performs the current ¢ voltage conversion, The output  Emitter

amplifier voltage is the product of the output forward gain ~ Power Dissipation Peo 1680

(K2) times the LED current and photodiode lead, R2 D(eT‘Tz?jC) y 213

= rate Linear .

(Voslp 2. K2 ZR2) from 25°C

Therefore, the overali transfer gain (Vo/V iy} becomes the Forward Current I1 60

ratio of the product of the output forward gain (K2) times Surge Current Ipk 250

the photodiode load resistor (R2) to the product of the {Pulse width <10 ps}

feedback transfer gain (K1) times the input resistor (R1). Reverse Voltage Va 5

This reduces 1o Vo/Vi={K2 I R2)(K1 ¥ R1), The overall Thermal Resistance  Rih 470

transfer gain is completely independent of the LED Junction Temperature T, 100

forward current. The IL300 transfer gain (K3} is expressed Detector

as the ratio of the ouput gain (K2) to the feedback gain Power Dissipation Poer 50

(K1). This shows that the circuit gain becomes the preduct  Derate linearly

of the IL300 transfer gain times the ratio of the output to from 25°C 0.65

input resistors [Vg/Viy=K3 (R2/R1)]. Reverse Voltage Ve 50
Junction Temperature T, 100

IL300 Terms Thermal Resistance  Rih 1500

Kl - Servo Gain ?'JtUIPLOf coce

The ratio of the input photodiode current {Ip,) to the LED Olal Fackag

current{lp). e, K1 = Ipy/ g " Dissipation at 25°C P, 210
Darate linearly

K2 - Forward Gain from 25°C 28

The ratio of the output photodicde current { lpy) to the Storage Temperature T -55 150

LED current {I7), i.e., K2 = Iy IF. Operating Temp. T, 56 100
Isotation Test Voltage 5300

K3 - Transfer Gain Isolation Resistance

The Transfer Gain is the ratio of the Forward Gain to the V=500V, T,=25°C 107

Servo gain, i.e, K3 = K2/K1. Vig=500V, To=100°C 11

AK3 - Transfer Gain Linearity

The percent deviation of the Transfer Gain, as a function
of LED or temperature from a specific Transfer Gain at a
fixed LED current and temperature,

Photodlode

A silicon diode operating as a current source, The oulput
current is proportional to the incident optical flux supplied
by the LLED emitter. The dicde is operated in the pho-
tovoltaic or photoconductive mode. In the photovoltaic
mode the diode functions as a current source in parallel
with a forward biased silicon diode.

The magnitude of the output current and voltags is
dependant upon the load resistar and the incident LED
opticat flux. When operated in the photoconductive mode
tha diode is connected to a bias supply which reverse
biases the silicon diode. The magnitude of the output
current is directly proportional 1o the LED incident optical
flux.

LED {LIght Emitting Dlode)

An infrared emitter constructed of AiGaAs that emits at
890 nm operates efficiently with drive current from 500 pA
to 40 mA. Bast linearity can be obtained at drive cufrents
between 5 mA to 20 mA. Its cutput flux typically changes
by -0.5%/°C over the above operationat current range.
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Characteristics (T,=25°C}

Symbol Min. | Typ. Max. Unit Tast Condition
LED Emitter
Farward Voltage Ve 1.25 1.50 v =10 mA
Vg Temp. Coefficient AVEIAC -2.2 mvfeC
Reverse Current Ig 1 10 pA V=5V
Junction Capacilance C 15 pF V=0V, =1 MHz
Dynamic Resistance AVE/Al g i Ir =10 mA
Swiiching Time tr 1 S Alp=2 mA, lgg=10 mA

13 1 s Alg=2 MA, |gq=10 mA
Detector
Dark Current Ip 1 25 nA Viag=—15V |p = 0 pA
Cpen Circuil Vollage Vp 500 my le=10 mA
Short Circuit Current lse f0 pA le=10 mA
Junction Capacitance C, 12 eF V=0V, F=1 MHz
Noise Equivalent Power NEP 4% 10 WiHzZ | Vgg=-18V
Coupled Characteristics
K1, Servo Gain (Ipy/l) K1 0.0050| 0007  [0.011 [e=10 A, Vg =-15V
Sarvo Current, see Note 1, 2 lp1 70 pA lg=10 MA, Vg=-15V
K2, Forward Gain {lpg/lp) K2 00036| 0007 0011 le=10 MA, V q=-15Y
Forward Current lp2 70 pA Ie=10 MA, Vyo=—15Y
K3, Transfer Gain (K2/K 1) K3 056 1.00 165 K2/K1 lp=10 mA, Vyg=-15V

See Note 1, 2

Transfer Gan Linearity AK3 +0.25 % =110 10 mA
Transfer Gain Linearity AK3 05 k) ir=110 10 mA, T,=0°C to 75°C
Photoconductive Operation
Frequency Response BW (-3 db) 206 KHz Irg=10 mA, MOD=14 mA, R =504,
Phase Response at 200 KHz -45 Deg. Vam=-15V
Rise Time i 1.75 ps
Fall Time I3 1.75 us
Package
Input-Output Capacitance Co 1 pF Vp=0V. I=1 MHz
Common Mode Capacitance Cem 05 pF V=0V, F=1MHz
Common Mede Rejection Ratio CMRR 130 dB f=60Hz, R =22 KQ

Notes

1.

Bin Sorting:

K3 (transfer gain) is sorted Into bins that are 5%, as
follows:

Bin A=0.557-0.626
Bin B=0.620--0.696
Bin C=0.690-0.773
Bin D=0.765-0.859
Bin E=0.851-0.955
Bin F=0.845-1.061

Bin G=1.051-1.181
Bin H=1.169-1.311
Bin 1=1.297-1.456

Bin J=1.442-1618

K3=K2/K1. K3 is tested at [c=10 MA, Vye=-15 V.
Bin Categories: All IL300s are sorted into a K3 bin,

indicated by an alpha character that is marked on the
part. The bins range from “A" through *J".

The IL300 is shipped in tubes of 50 each. Each tube
contains only cne categery of K3. The category of tha
parts in the tube is marked on the tube label as well as
on each individual part.

. Catagory Options: Standard IL300 orders will be

shipped from thae categories that are available at the
time of the order. Any of tha ten categories may be
shipped. For customers requiring a narrowar selection
of bins, four diffarent bin oplion parts are offered.

IL300-DEFG: Order this part number to receive
categories D,E F,G only.

IL300-£F: Order this part number to receive categories
E. F only.

11.300-E: Order this part number to receive category E
only.

IL300-F: Order this part number to receive category F
only
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Figurs 2. LED forward current vs. forward
voltage
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Figure 10. Transiar gain
ve. LED current and temperaturs
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Applicatlon Conslderations

In applications such as monitoring the output vollage from
a line powered switch mode power supply, measuring
bioelectric signals, interfacing to industrial transducers, or
making floating current measurements, a galvanically
isolated, DC coupled interfaca is often essential. The
IL300 can be used to construct an amplifier that will meet
these needs.

The IL300 eliminates the probiems of gain nonlinearity
and drift induced by time and temperature, by menitaring
LED output flux,

A PIN photodiode on the input side is optically coupled to
the LED and produces a currant directly proportional to
flux falling on it . This photecurrent, when coupled 1o an
amplifier, provides the servo signal that contrels the LED
drive current.

The LED flux is also coupled to an output PIN photodicde,
The output photediode current can be directly or amplified
to satisly the needs of succeeding circuits.
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Isolated Feedback Amplifier

The (L300 was designed to be the central element of
DC coupled isclation amplifiers. Designing the IL300
into an amptifier that provides a feedback control signal
for a line powered switch mode power is quite simple,
as the following example will illusirate.

See Figure 17 for the basic structure of the switch mode
supply using the Sierens TDA4918 Push-Pull Switched
Power Supply Control Chip. Line isolation and insulation
is provided by the high frequency transformer. The

vollage monitor isolation will be provided by the IL300.

The isolated amplifier provides the PWM contra! signal
which Is derived frem the output supply voltage. Figure
16 more closely shows the Lasic function of the ampli-
fier.

The centrol amplifier consists of a voltage divider and a
non-inverling unity gain stage. The TDA4818 data sheet
indicates that an input to the contrcl amplifier is a high
quality operational amplifier that typically requires a +3V
signal. Given this information, the amplifier circuit
topology shown in Figure 18 is selected.

The power supply voltage is scaled by R1 and R2 so
that there is +3 V al the non-inverting input (Va} of U1,
This voltage is oifsel by the vollage developed by
photecurrent flowing through R3, This photocurrent is
devsloped by the optical flux created by current flowing
through the LED. Thus as the scaled monitor voltage
(Va) varies it will cause a change in the LED current
necessary to satisfy the differential valtage needed
across A3 at the inverting input.

The first step in the design procedure is to select the
value of A3 given the LED quiescent current (1) and the
servo gain (K1), For this design, | =12 mA. Figure 4
shows the servo photocurrent at | is found to be

100 pA. With this data R3 can be calculated.

Vo _ a3V
Im  100pA

Figure 17. Switch Mode Power Supply

For best input offset compensation at U1, R2 will equal R3.
The value of R1 can easily be calcutated from the follow-
ing:

R1 = R2 (VM?TOR . 1)

a

20KQ = som(gxﬂ

The value of R5 depends upon the IL300 Transfer Gain
{K3). K3 is targeted to be a unity gain device, however to
minimize the part to part Transfer Gain variation, Si-
emens offers K3 graded into £5% bins. R5 can be
determined using the following equation, .

R5-= VOUT . R3 (F“ + H2)
Vumonmon  R2 K3
Cr if a unity gain amplifer is being designed (Vo ea=Your:
R1=0), the equation simplifies to :
Rs = A3
K3
Figure 18. lsclated Control Amplifler E_g H
8
R1
Ta Control < y
Input
Voltage
Monitor
R2

119/ AG/DG acmc | o IR
220, RECTIFIER [—] SWITCH XFORVER ' —| pecTiFeR
SWITCH
MODE CONTROL | |s0LATED
REGULATOR I;SE%DBACK
TDA4918

L300
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Figure 18. DC Coupled Powsr Supply Feadback Amplifier
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Table 1 gives the value of R5 given the production K3 bins.
Table 1. RS Selection

Bins Min. Meux. K3 RS 1%
Resistor

Typ. K Kn
A 0.560 0.623 0.59 5085 | 511
B 0.623 0.693 0.66 4545 | 453
C 0.693 0.769 0.73 411 41.2
D 0.769 0.855 0.8t 37.04 37.4
E 0.855 0.950 0.93 32.26 324
F 0.950 1.056 1.00 30.00 | 300
G 1.056 1.175 1.1 27.03 27.0
H 1175 1.304 1.24 24.19 24.0
| 1.304 1.449 1.37 21.80 22.0
J 1.448 1.610 1.53 19.61 19.4

The last step in the design is selecting the LED current
fimiting resistor {(R4). The output of the operational amplifier
is targeted to be 5Q0% of the Ve, or 2.5 V. With an LED
quiescent current of 12 mA tha typical LED (V, )is 1.3 V.
Given this and the operational output voltage, R4 can be
calculated.

R4 w Yo - Ve 0BV 913V _ 4000
Iny 12mA

The circuit was constructad with an LM201 differential
operational amplifier using the resistors selected. The
amplifier was compensated with a 100 pF capacitor con-
nected between pins 1 and 8.

The BC transfer charateristics are shown in Figure 19. The
amplifier was designed to have a gain of 0.6 and was mea-
sured to be 0.6036, Greater accurracy can be achieved by
adding a balancing circuit, and potentiomater in the input
divider, or at R5. The circuit shows exceptionally good gain
lingarity with an RMS error of only §.0133% over the input
voltage range of 4 V-6 V in a servo mede; see Figure 20,

Voul - Ooutput Voliage - ¥

Linearity Error - %

Figure 18. Tranater galn
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Figure 20. Linearity error vs. input voltage
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Amplitude Rresponse - dB8

The AC characteristics are also quite impressive
cffering a -3 dB bandwidth of 100 KHz, with a -45*
phase shiit at 80 KHz as shown in Figure 21.

Figure 21. Amplitude and phase power supply

control
2 7 45
(] —r— aimaCaacs a
I o a8 X g
2 e prASE ‘ 45 g
4 u 0 &
8 ; 135 g
T, =25°C
4 [ R ceseed 489
103 10? 105 108

F - Frequency - Hz

The same procedure can be used to design isolation
amplifiers that accept biploar signals referenced to
ground. These amplitiers circuit configurations are
shown in Figure 22. In order tor the amplifier to respond
to a signal that swings above and below ground, the
LED must be prebiased from a separate source by
using a voltage reference source (Vref1). In these
designs, R3 can be determined by the following
squation.

For best results, place a buffer transistor between the LED
and output of the operational amplifier when a CMOS
opamp is used or the LED IFq drive is targeted to operate
beyond 15 mA. Finaliy the bandwidth is influenced by the
magnitude of the closed loop gain of the input and output
amplifiers. Best bandwidths result when the amplifier gain
is dasigned for unity.

Figure 22. Non-Inverting and Inverting Amplifiers

Non-Inverting Input Non-Inverting Output

e
1000
]
_|F+VCC-E
fal
R3
-Vrefl

Inverting Output

+Vref2

1RG0

B3 = Yol o . Vett_
lpi K1 Ifg +Vralt
These ampilifiers provide sither an inverting or non-
inverting transfer gain based upoen the type of input and
output amplifier. Table 2 shows the various configura-
tions along with the specific transfer gain equations.
The offset column refers to the calculation of the output
offset or Vref2 nacessary to provide a zero voltage
output for a zero voliage input, The non-inverting input
amplitier requires the use of a bipolar supply, while the
inverting input stage can be implemented with single
supply operational amplifiers that permit operation close
te grotind.
Table 2. Optolinear Amplifiers
L Amplitier Input Output Gain Offset
Inverting Inverting Vor - _KaRsRz __ Vigz = Viay BsKs
Nen-Inverting — Vi Ry (R: + Ry R
Non-Inverting | Non-Inverting | Vour . KsReRz(Rs+Rg) |y~ _ ~Viey Ra{Rs+Re) Ky
Vin Rs Rs{R: + Az) RaRs
Inverting Non-Inverting Vor _ KsR4 R (&"‘ Re) Vigz = _YJUT_*_:‘_‘LH?!‘BL)@
. Vi As As{R1 + R RaR
Inverting N 3 Rs(As 2) are
Nan-Inverting Inverting Voor _ -KasR¢Ra Vigz = Vi1 RaKa
Vin Ry {Ry + R} Ra

L300

5-106

Optocauplers

{Qptoisalators)




