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THE KEY TO UNDERSTANDING SOURCES OF ERROR
IN THE 1SO100 ISOLATION AMPLIFIER

A Practical Guide to Optimizing Accuracy

While most applications of the 1S0100 do not require error THE 1S0100

correction, being aware of the adjustment options can bethe 1SO100 has several modes of operation: unipolar or
beneficial. Provisions for several types of error correction pinglar, voltage or current input, and inverting or
are included to allow the circuit designer to obtain maximum noninverting. The product data sheet for the 1SO100 in-
accuracy in a specific application. Adjustments can be madeg|ydes sections detailing both the error model and the theory
to null errors that are internal to the isolation amplifier, or in of gperation. Study of the data sheet is suggested. A simpli-
other parts of the system. fied block diagram of the 1SO100 is shown in Figure 1.

This application bulletin describes how to quantify the gignal transmission (across the isolation barrier) is accom-
effects of these potential errors, and to help identify the mostylished through an optical coupler, which acts as a 1.1
appropriate means of correcFion. Each.figure has.a caption.yrrent translator. Current at the input of the device is
that gives a summary of the important ideas. Subjects to bgeplicated on the output side of the coupler. The isolated

covered include: output current (,;) is forced to flow through Rby the

e Theory of operation summing node action of the output op amp.

+ Definition of terms At first glance it might seem unusual that the noninverting
« Offset current (i) input of the ISO100 is connected to the inverting input of the
* Gain error (A) input op amp. However, this is due to two inversions in the

« Offset voltage (o
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NOTE: (1) A negative input signal is required
in the unipolar mode.

FIGURE 1. Simplified ISO100 Block Diagram. The ISO100 can be thought of as a 1:1 current transistor with its output flowing
into a current-to-voltage converter. This isolation amplifier is inherently a current input device. However, since the
input is a virtual ground, an input voltage can be converted to a current by simply inclydifigeRoptional J.
connections are used to produce bipolar operation.
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signal path from isolation input to output. Care should be input. Keep in mind that} has a sensitivity to temperature,
taken not to be confused on this point. supply voltage, common mode voltage and iso mode volt-
age. However, it would be very rare that all of these factors
would be significant. Analysis examples for these terms are
found in the data sheet. It will be shown that gain error also
Vourllw = (Re) (I + Ag). introduces an offset current term. Voltage offsets\dre
modeled as voltage sources at the inputs of each op gmp. |
Gain error (A) is defined as the deviation of the ratio, and |,, represent the currents being generated by the photo-
I/lour from unity. It can be thought of as the “coupling diodes. The currents are related by the equation:
error.”

The resulting simplified transfer function for the 1S0100 is
given by:

The optical coupler uses a matched pair of photodiodes and loz = Ip (1 + A
a light emitting diode (LED) to produce signal transmission.
Since an LED only works when current flows in one direc-
tion, the basic mode of operation is unipolar. In the unipolal

mode, only negative input currents are allowed (i.e., only )
currents out of the input produce a positive voltage to turn altered. However, these terms can be considered constant for

the LED on). Bipolar operation can be easily produced by €2ch amplifier, allowing their effects to be compensated by
internally offsetting the input from zero. Two matched SIMPIe external means. For instance, the gain error is com-
current sources (i, and k) are included in the 1S0100 Pensated by adjusting either & R,. Voltage offset can be

for this purpose. By connecting current sourgg.,lon the ~ fimmed as in most other op amps, using the trim pins
tprovided. Offset current is trimmed by adjusting the magni-

input side of the coupler, the amplifier is made to operate a
half-scale (when the input current is zero). Connecting antude of one of the reference currenigdl Ixer,). Because of

equal source, {L.) on the output side, shifts the output € on-chip design, sampling or adjusting of the internal
voltage back to zero. This arrangement maintains a desiraméeferences does not have a detrimental effect on the isolation

“zero-in/zero-out” relationship, while allowing input cur- amPplifier's performance. ok trim with an external input
rents of either polarity to be accepted. current is possible, but careful consideration should be given

to the effects of temperature and supply voltage variations.
Noise can also be an important error source. While not
THE ERROR MODEL treated in this application note, information can be found in
The model used to represent ISO100 errors is shown inthe product data sheet.
Figure 2. Offset current {}) is defined as the input current
requweq .to mgke the output voItage zero. In. the un|pglarWHAT IS THE OUTPUT?
mode, it is mainly composed of mismatches in the optical .
paths. k., and k.., are the current sources that are option- It is important to be able to calculate total worst case errors
ally connected to produce bipolar operation. The major for a particular circuit configuration. Clearly, this is impor-
source of bipolard is the mismatch ingl., and k., The tant for establishing incoming inspection criteria as well as
REF1 EFZ . . .
various contributions to the offset current are grouped to- Circuit and system design.
gether and are modeled as a single current source at the

These are internal currents which mathematically cancel in
r presenting the total transfer equation. The gain errgy (A
and the unipolar offset current,{J cannot be directly

Isolation
Barrier

+
"

FIGURE 2. DC Error Model. ¥, and s, model the respective input offset voltages. There are several possible contributors
to offset current. The composite effect is modeled with one current soyycat the input. The gain error fA
defines the relationship betwegp and |, (I, = Iy, [1 + Ag). While shown as separate sources, any mismatch in
lrer; @nd kep, are included in the ) term.



Equation 2 in the IS0100 data sheet allows the user to solveA significant portion of the output error in the bipolar mode
for the output voltage under any conditions. This transfer is due to the gain error. With no input,
equation (for the voltage mode) is repeated here: Vo ORe[los = rert(Ap)].

Vo =Re[(Vin/Rin +Vog/Rin —lrers tlos) (A +AE) + The term that dominates is the reference current times the
gain error. This error appears as an offset, and must be

I 1+V
REF2 080 accounted for if the output is being measured to obtain the

The transfer equation for an input current is: actual |, Otherwise, the user may wonder why an addi-
tional error is present in the output voltage measurement.
Vo =R [(I N —rers +los)(1+Ag) +1 REFZ] +Voso The next example shows that this is not true for the unipolar

mode of operation.

By subs.tituting WOI’S.t case numbers for all the error terms, Example 2: Consider a unipolar, non-inverting, gain of one
the maximum error in the value ot \éan be determined as 5y jifier, as shown in Figure 3A. The output equation can
shown in Example 1. be rewritten for the unipolar case as shown:

Example 1: An ISO100CP is to be tested at incoming

inspection. The part is to be tested in a bipolar unity gain Vo = Re[(Vin /Ry +Vos / Riy —los)@+ Ag)] + Voo,
configuration. For the conditions of:R= R, = 1M and

V,, = 0, what output voltage would be within the specifica- Error analysis proceeds as follows: unipolar operation is not
tion limits? defined at zero input current because the LED could be

The maximum values for the error terms are found in the turned off, disabling the amplifier's internal feedback loop.
Y Will be set to the minimum allowed value. The remain-

data sheet. Inserting them into the output equation presentec T
above: ing errors are as specified in the data sheet. Note that the

Vin iy SPecification of 20mV follows from the 20nA
Vrg = 1M [£200pV /1M —12.5pA + 35nA) minimum input current specification for linear operation.

(1+0.02) +12.5pA] + 200pV
Vg =1M [(=20mV /1M + 200pV /1M +10nA)

V grr = £286mV (maximum) (1 + 0.02)] + 200pVv

+286mV would then be the range of permissible output Vo =-=31ImV (worst case, all errors negative)

voltage in this configuration.
Therefore,V ggror = Vo —V iy = £11mV.

(a) Standard Unipolar Configuration (b) Standard Bipolar Configuration

FIGURE 3. Standard Configurations. Most applications of the ISO100 will make use of these configurations, with slight
variations. (A) shows the configuration for unipolar operation, which functions for negative inputs only. (B) shows
how to use the internal references to provide bipolar operation. The circuits show all necessary connections and
indicate the package pin numbers. Note that power supply connectioaad\¥,) to the input and output and
output stages must be “isolated.”



CORRECTING THE ERRORS minimum input current must be maintained to assure that the

The next logical step after calculating the errors is to reduce@mplifier is operating in its linear region. The transfer
them. In the following discussion, each error is consideredfunction is only defined when the net current at the input
by itself. The suggested methods of trimming or adjusting Node flows out of that node. The unipolgy; kerm is
errors are considered, and some general hints are presente@Xtrapolated from this minimum practical current.

In the bipolar mode, no such limitation exists. In this mode
the internal references keep the LED and photodiodes run-
ping at half-scale when the input is zegg.dan therefore be
measured directly.

OFFSET CURRENT ERRORS

Because the 1SO100 is a current input device, the dominan
error in most configurations will be the input offset current
(Io9- As stated abovegd is defined as the current, injected
at the input, necessary to force the output to zero. In thelos ADJUSTMENTS

unipolar mode, this definition has a limitation which must be As suggested above, the internal references can be used to
understood. Zero output requires thatbe zero, implying generate a compensation current to cangeln Figure 4 a

that the optical feedback path is open. This condition is current divider is used to divert a small portion of the input
unsatisfactory for predictable performance. Therefore, astage reference current to the input node. Note that the
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FIGURE 5. |, Adjustment from the Output Side. Connect-
ing a negative correction current)(Ito the

FIGURE 4. |, Adjustment from the Input Side. IfJwere summing node of the output amplifier causes the

negative, the ideal transfer curve would be shifted
to the left, as shown above. This would cause a
positiive output voltage when there was no input
current. Connecting a negative correction cur-
rent, |, to the summing node of the first op amp

causes the transfer curve to shift to the right.
Thus, the effect of L can be trimmed out.

transfer curve to shift upward by the amount of
I.. This causes the output to shift back toward
zero. Again, a current divider is used to derive
the correction current from the internal refer-
ences. By combining the methods of Figures 4
and 5, a correction current can be generated that
will cancel either polarity of J..



direction of the current is negative. This additional current By using a combination of these two methods it is possible
flowing out of the summing node behaves like any input to always move the transfer curve to the ideal position. In
signal, and thus causes more current to flow in e Figure 6, the network in the input stage offsets the system in
change in Y is —|. (R), where | is the new (offset a known direction. The variable divider network in the
correcting) current. The graph of the transfer function showsoutput stage has enough range to move the output voltage
how the curve is shifted by this adjustment. through zero. It is worth repeating that the correction cur-
rents could be generated with resistive dividers connected to
the power supplies, but using the internal references takes
advantage of their inherent stability, accuracy, and power
supply rejection.

Since the reference current is of fixed polarity, the curve can
only be shifted in one direction with the above connection.
However, the curve can be shifted the other way by making
use of the output referencg(). Figure 5 shows the effect
of tapping a small current from this source and applying it Example 3: A common use of the circuit in Figure 6 might
to the input of the second stage. The nominal valug.gisl be to provide a “keep alive” current for the 1SO100. This
12.5 to 13A. might be required in a unipolar application where it is
possible for the input to go to zero. While it would be a little
simpler to use the bipolar configuration, this would result in
higher noise and increased quiescent current.

Re
1mMQ The circuit uses a fixed current divider in the input stage to
W ensure the direction ofd A variable divider in the output
R, R

stage allows the user to adjust the amplifier to be just
“slightly bipolar.” Enough current (20 to 30nA minimum)
must be drawn from the input to fulfill the minimum unipo-
lar requirement. Since only a small portion of the reference
current is being used, a minimal increase in the noise will
result.

Vour A suggested value of,lis about I00nA (1%..). Solving
the resistive current divider network yields:

8
10MQ  200kQ POT

Ry / Rg Olpge /1oy =120.

Practical resistor values would be:=R0M, R, = 84kQ. The
adjustment range of.) should include J, and the built-in
error sources (I0ONA + 20nA = 120nA). This yields:

1 lc2 (max)

lc2 oviny

R, = IOM, R, = 200K.

GAIN ERROR ADJUSTMENTS

/O iy Gain error in the 1ISO100 is due mainly to mismatches in the
’ optical cavity. These mismatches show up as an error in the
3 T Shift due ratio of the two photodiode currents,(and |,).
jb/ to Ry and Ry, As shown in Figure 7, a gain error will cause the transfer
S function curve to rotate about the quiescent operating point
Shift due to Rg and Rg. of the photodiodes. The output stage functions as a current-

to-voltage converter with a transconductance (gm) =.1/R

FIGURE 6. Using the Unipolar Amplifier at Zero Input. The Thus, changing Rwill also cause the line to rotate about the
unipolar amplifier can be used down to zero Q point. Therefore, in the unipolar mode, & simply
input if it is made to be “slightly bipolar.” By  corrected by adjusting.R

sampling the reference current with &d R In the bipolar mode, gain adjustment is not quite so simple.
the minimum current required to keep the input Gain error will still cause the line to rotate about the
stage in the linear region of operation can be photodiode Q point, but that point is no longer near the
established. Rand R are adjusted to cancelthe  origin. Figure 8 shows that changing eitherd® R,, will

offset created in the input stage. This brings the ¢ayse the transfer curve to rotate about the point where the
output to zero when the input is zero. While the input current is zero (as it does in the unipolar case).
amplifier can now operate down to zero input However, if the ratio RR,, is changed to make up for.A
votlage, it only has a small portion of the current g | term is introduced. This “Appareng] term is due to

drain and noise that the true bipolar configura- the fact that )., will get divided by the gain error, but.}
tion would have.




will not. The difference in reference currents, as seen at thegain of one, and as such itg Montribution will be insig-
input, will be the apparent offset error (see Figure 9). This nificant. The output adjustment range via thgontrol
effect makes the trimming of gain error a two step processwill be only a few millivolts.

for bipolar applications..First, either. re;istor is a(?ijusted 10 The input offset voltage (}) will affect the output only
correct the slope of the line, then theis trimmed usingthe 1,591 its interaction with R V., causes a current error
methods discussed earlier. equal to \,¢/R,, which is then scaled by RThe output
voltage is \§ = V5(RA/R,)- To adjust \g, see Figure 10. If
Vo5 ADJUSTMENTS R, is a high value (because the amplifier is in a low gain or
While both the input and output amplifiers of the 1S0100 has & current source input) the output contribution of V
have provisions for adjusting offset voltage, it is generally Will be minimal. Even in a high gain, whergyhas a larger
not necessary to do so because the contribution to total errofffect on the output, the signal/offset ratio is constant.
is small. Only Vg has practical significance (in most If the system offset must be adjusted from the output side of
applications), and then only when, & small. In most cases  the 1SO100, the output amplifier can be placed in a gain
the output amplifier is configured so that it has a voltage configuration. As shown in Figure 11, the output voltage
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FIGURE 7. Effect of Gain Error (4. Az will cause an error in the slope of the transfer function, rotating the line about a point
determined by the quiescent current ipadd D. Unipolar, this point is near the origin. In the bipolar mode, the

internal references cause this point to shift to the right and up as shown above. In either case, the change in slope
is the same.
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FIGURE 8. Adjusting the Gain. Changing the ratjéRg, will change the gain by rotating the transfer function about the point
where |, = 0. This will be true for both the unipolar and bipolar casgss Izero in these examples.



offset (V5o is now multiplied by a gain of 1 + (IR)). If

R: = 1M, and R = 1kQ, the output will be 1001 times,¥,

This connection does not alter the input signal gain, but it
does amplify all output stage errors including.y and SUMMARY OF CORRECTION
noise. It is also important to realize that adjusting offset TECHNIQUES—SEE FIGURE 12
voltage in the 1S0100 (and most op amps) causes a chang
in the offset voltage drift of aboupu®/°C for each millivolt
introduced. Offset drift will be amplified by the same gain
factors (as the ;) above.

Example 4—see Figure 12Using the methods described The gain error can b.e cqmpensated by gdju.stin_g either R
previously, the output errors of an 1ISO100 can be adjustedR'.N' In most C.IrCUItS 't. wil not. matter W.h'Ch 'S tr|mmed.. n
to zero. In this example, an ISO100BP is in the standardthIS case R will be adjusted V|a.g€AII0W|r?g.fora2% gan
bipolar configuration with a gain of 100. Let R 1M. From error, Ry should be 2% low with Rproviding a 4% trim

the data sheet, the maximum errors arg: A 2% range. This makes,R= 9.8K2 with 4002 of trim. Using
| = 70nA. V. _ 3001V ' standard values, Rwould be a 50Q pot and the fixed
os — » Vos .

) o ) . resistor will be 9.76R. The gain is corrected by making a
los correction uses a variation of previous techniques. Theknown change in the input voltage, and by adjustiggoR
adjustment not only trims the 70nA ofgl but also the  the correct change at the output. Remember that in the
apparentds caused by the gain error. This additional current pinojar mode there is an interaction between the adjustment

could be as large as 250nAdfqeel) = 0.02 (1RA)]. The  of A_ and |, Repeat these adjustments until the desired
total trim range should then be 70nA +250nA = 320nA. accyracy is obtained.

Because the input of the second amplifier is a virtual ground
R,, has the same voltage across it as R, is then:

R,, must be twice B. The calculated value of,Rs 632K,
so a standard 1M pot is selected.

o trim |, disconnect the input source and let it float. This
minimizes voltage offset effects, & then adjusted to bring
the output to zero.

'The last step is to adjust,Y Because the output stage is in
a gain of one, Y;, can be ignored. }, on the other hand,

is multiplied by 101 and should be trimmed, R adjusted

so that there is no shift in the output when the input side of
R, is switched between floating and ground. Any shift is
due to the offset voltage causing a current to flow jp R
which is then gained up to the output .

Riz = [(Ri) (1) = (Igee — )]
= 10MQ (320nA)+ (10.51A — 320nA)
= 316kQ

The 10.pA is the minimum |- specification on the data
sheet. Conservative design allows thgd®ider to produce
twice the compensation current of thg évider. Therefore,

All errors should now be minimized.
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FIGURE 9. Offset Introduced by Gain Error (Bipolar Only).

The gain error (A will cause an apparengg| FIGURE 10. Preferred Method for Voltage Offset Trim. In

term to appear when in the bipolar mode. A
causes the ideal transfer line A to rotate to
position B. Adjusting Ror R, can correct the
slope, as suggested by line C. The line will rotate
about the point whereg,|= 0. The result is a line
with the correct slope, but having an offset equal
to l,er; (Ap). This offset term can be adjusted out
in the same way as regulag.|

those rare applications where offset voltage is
significant, it is best to adjust the input offset
voltage, Vg, as shown above. .y, and its drift
appear at the output multiplied by the factor
R/R - Voso Will usually not be gained up, and
thus will not need adjustment. Adjusgyuntil
opening up and closing $auses no shiftin the
output voltage.



TEST CIRCUIT

A circuit is shown in Figure 13 that will allow all the major
errors of the ISOIO0 to be measured.
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FIGURE 11. Alternate Method for Offset Voltage Trim. If the offset voltage has to be adjusted on the output side of the isolation
barrier, the output amplifier can be put in an offset multiplying gaie, \drift of V5, and output stage noise
appear at the output, multiplied by(R,) + 1. However, the signal is unaffected. Signal-to-noise ratio could be
adversely affected.
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FIGURE 12. Adjusting the Bipolar Errors (Example 4). Each of the errors are adjusted in turn, Witbpén,” L5 is trimmed
by adjusting R, to make the output zero R then adjusted to trim the gain error. The effects of offset voltage
are removed by adjusting, R
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FIGURE 13. Standard Test Configuration. Each of the major errors in the ISO100 can be measured with the circuit shown. The
test circuitry is similar in concept to the methods used in the actual production test equipment. To make
measurements, the switches are placed in the positions indicated in the table, and the input voltage is set
accordingly. The voltage or current reading is then used to compute the error.
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IMPORTANT NOTICE
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pertaining to warranty, patent infringement, and limitation of liability.
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Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
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