Designing with Avago Technologies
Isolation Amplifiers

Introduction

One of the more difficult problems that designers may
face is trying to isolate precision analog signals in an
extremely noisy environment. A good example is moni-
toring the motor phase current in a high- performance
motor drive. A typical three-phase induction motor
drive, shown in Figure 1, first rectifies and filters the
three-phase AC line voltage to obtain a high-voltage DC
power supply; the output transistors then invert the DC
supply voltage back into an AC signal to drive the three-
phase induction motor. The motor drive commonly uses
pulse-width modulation (PWM) to generate a variable
voltage, variable frequency drive signal for the motor.
High performance motor drives usually incorporate
some form of current sensing in their design. The dif-
ficulty in isolating precision analog signals arises from
the large voltage transients that are generated by the
switching of the inverter transistors. These very large
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transients (at least equal in amplitude to the DC supply
voltage) can exhibit extremely fast rates of rise (greater
than 10 kV/us), making it extremely difficult to sense the
current flowing through each of the motor phases.

Avago Technologies' line of isolation amplifiers was spe-
cifically developed as a compact low-cost solution for
just this type of design problem; these isolation ampli-
fiers allow designers to sense current in extremely noisy
environments while maintaining excellent gain and
offset accuracy. They exhibit outstanding stability over
both time and temperature, as well as unequaled com-
mon-mode transient noise rejection (CMR). The small
input voltage range helps minimize power dissipation
in the current-sensing resistor (current shunt), and both
positive and negative input voltages can be sensed with
only a single +5 V input power supply.
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Figure 1. Typical Three-Phase AC Induction =Motor Drive.



Compared to Hall-effect sensors, another commonly
used current-sensing device, Avago Technologies'
isolation amplifiers have excellent gain and offset char-
acteristics, including very low drift over temperature. In
addition, they exhibit superior common-mode transient
noise immunity, are not affected by external magnetic
fields, and do not exhibit residual magnetization effects
that can affect offset. They are also easily mounted on a
printed circuit board and are very flexible for designers
to use. This flexibility allows the same circuit and layout
to be used to sense different current ranges simply by
substituting different current-sensing resistors. These
features make the Avago Technologies line of isolation
amplifiers an excellent choice for sensing current in
many different applications.

Functional Description

Figure 2 shows the primary functional blocks of the HCPL-
7820, a representative Avago Technologies isolation
amplifier. In operation, the sigma-delta modulator
converts the analog input signal into a high-speed serial
bit stream; the time average of the bit stream is directly
proportional to the input signal, as shown in Figure
3. This high-speed stream of digital data is encoded
and optically transmitted to the detector circuit. The
detected signal is decoded and converted back into an
analog signal, which is filtered to obtain the final output
signal.

In the sigma-delta modulator, the input signal is sampled
at a very high rate (5-10 million samples per second)
using a switched-capacitor circuit similar to that shown
in Figure 4. Because the input sampling capacitors need
to fully charge within only one half of a clock cycle, the
peak input current of the isolation amplifier can be much
larger than the average input current. These peak input
currents are the primary reason for the recommended
bypass capacitors at the inputs of the isolation amplifier.

The input bypass capacitors also form part of a simple
anti-aliasing filter, which is recommended to prevent
high-frequency noise from aliasing down to lower fre-
quencies and interfering with the input signal.

Avago Technologies isolation amplifiers incorporate ad-
ditional features specifically designed to improve their
performance in current-sensing applications, particu-
larly in motor drives. Chopper stabilization of all critical
internal amplifiers and a fully differential circuit topology
allow operation with small full-scale input voltages while
maintaining excellent input offset and offset drift per-
formance. Small input voltages help to minimize power
dissipation in the external current sensing resistor. In
addition, a unique input circuit allows accurate sensing
of input signals below ground, eliminating the need for
split supplies for the input circuit and allowing the use of
a single +5 V supply.
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Application Circuit

The recommended application circuit is shown in Figure
5. A floating power supply (which in many applica-
tions could be the same supply that is used to drive the
high-side power transistor) is regulated to 5 V using a
simple three-terminal voltage regulator (U1). The voltage
from the current sensing resistor or shunt (Rsense) is
applied to the input of the HCPL-7820 (U2) through an
RC anti-aliasing filter (R5 and C3). And finally, the dif-
ferential output of the isolation amplifier is converted
to a ground-referenced single-ended output voltage
with a simple differential amplifier circuit (U3 and as-
sociated components). Although the application circuit
is relatively simple, a few recommendations should be
followed to ensure optimal performance.

Supplies and Bypassing

The power supply for the isolation amplifier is most
often obtained from the same supply used to power the
power transistor gate drive circuit. If a dedicated supply
is required, in many cases it is possible to add an addi-
tional winding on an existing transformer. Otherwise,
some sort of simple isolated supply can be used, such as
a line powered transformer or a high-frequency DC-DC
converter.

As mentioned above, an inexpensive 78L05 three-
terminal regulator (U1) can be used to reduce the gate-
drive power supply voltage to 5 V. To help attenuate
high-frequency power supply noise or ripple, a resistor
or inductor can be used in series with the input of the
regulator to form a low-pass filter with the regulator’s
input bypass capacitor.
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Figure 5. Recommended Application Circuit for the HCPL-7820.
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As shown in Figure 5, 0.1 uF bypass capacitors (C2 and
C4) should be located as close as possible to the input
and output power-supply pins of the isolation amplifier
(U2). The bypass capacitors are required because of
the high-speed digital nature of the signals inside the
isolation amplifier. A 0.01 uF bypass capacitor (C3) is also
recommended at the input pin(s) due to the switched-
capacitor nature of the input circuit.

The placement of the power supply and input bypass
capacitors can change the offset at the input of the
isolation amplifier. This change in offset arises from
inductive coupling between the input power-supply
bypass capacitor and the input circuit, which includes
the input bypass capacitor and the input leads of the
isolation amplifier. A portion of the high-frequency
power-supply bypass current is at the sampling
frequency of the input signal; induced voltages at this
frequency will alias down to DC, increasing the effective
offset of the isolation amplifier. Because of this effect,
metallic objects in close proximity to the input circuit can
also affect the offset due to the permeability of the metal
changing the relevant inductances.

Several steps can be taken to minimize the mutual
coupling between these two parts of the circuit, thereby
improving the offset performance of the design.
Separate the two bypass capacitors (C2 and C3) as much
as possible (even placing them on opposite sides of
the printed circuit board), while keeping the total lead
lengths, including traces, of each bypass capacitor less
than 20 mm. The printed circuit (PC) board traces should
be made as short as possible and placed close together
or over a ground plane to minimize loop area and pickup
of stray magnetic fields. Avoid using sockets, as they will
typically increase both loop area and inductance. Finally,
using capacitors with small body size and orienting them
(C2 and C3) perpendicular to each other on the PC board
can also help. Figure 6 shows an example through-hole
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Figure 6. Example PC Board Layout for Isolation Amplifier Input Circuit

PC board layout for the isolation amplifier input circuit
which illustrates some of the suggestions described
above. The layout shown in Figure 6 is meant for illustra-
tive purposes and cannot be reproduced photographi-
cally to generate a working PC board.

It is also possible to utilize this mutual coupling to
advantage. For example, the layout shown in Figure 6
can be modified to enhance the inductive coupling in
such a way as to minimize offset drift over temperature,
as shown in Figure 7. The objective of this layout is to
cancel the mutual coupling effects as much as possible.
To accomplish this, the input leads cross over each other
close to the package and then form a loop with the input
bypass capacitor (C3). This input loop is inside of another
loop formed by the power supply traces and the power
supply bypass capacitor (C2). The polarity of the coupling
between these two loops is such that it tends to cancel
the undesirable mutual coupling effects described
above. By adjusting the area of the inner loop (e.g., by
shifting the position of the input bypass capacitor left
or right on the layout), the amount of coupling can be
varied to achieve the correct amount of cancellation.
This method of offset temperature coefficient cancel-
lation can shift the mean temperature coefficient of
a group of devices closer to zero, but cannot perfectly
cancel the temperature coefficient for every device due
to part-to-part variations. The offset temperature coeffi-
cient can typically be reduced by a factor of two or more.
Unfortunately, this reduction in offset drift comes at the
price of a slight increase in initial offset, on the order of
1-2 mV of additional offset for the HCPL-7820. Similar to
Figure 6, the layout in Figure 7 is meant for illustrative
purposes only.
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Shunt Resistors

The current-sensing shunt resistor should have low re-
sistance (to minimize power dissipation), low inductance
(to minimize di/dt induced voltage spikes which could
adversely affect operation), and reasonable tolerance (to
maintain overall circuit accuracy). Choosing a particu-
lar value for the shunt is usually a compromise between
minimizing power dissipation and maximizing accuracy.
Smaller shunt resistances decrease power dissipa-
tion, while larger shunt resistances can improve circuit
accuracy by utilizing the full input range of the isolation
amplifier.

The first step in selecting a shunt is determining how
much current the shunt will be sensing. The graph in
Figure 8 shows the RMS current in each phase of a three-
phase induction motor as a function of average motor
output power (in horsepower, hp) and motor drive
supply voltage. The maximum value of the shunt is deter-
mined by the current being measured and the maximum
recommended input voltage of the isolation amplifier.
The maximum shunt resistance can be calculated by
taking the maximum recommended input voltage and
dividing by the peak current that the shunt should see
during normal operation. For example, if a motor will
have a maximum RMS current of 10 A and can experi-
ence up to 50% overloads during normal operation, then
the peak current is 21.1 A (= 10 - 1.414 . 1.5). Assuming
a maximum input voltage of 200 mV, the maximum value
of shunt resistance in this case would be about 10 mQ.

The maximum average power dissipation in the shunt
can also be easily calculated by multiplying the shunt re-
sistance times the square of the maximum RMS current,
which is about 1 W in the previous example.

If the power dissipation in the shunt is too high, the
resistance of the shunt can be decreased below the
maximum value to decrease power dissipation. The
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Figure 8. Motor Output Horsepower vs. Motor
Phase Current and Supply Voltage.

minimum value of the shunt is limited by precision and
accuracy requirements of the design. As the shunt value
is reduced, the output voltage across the shunt is also
reduced, which means that the offset and noise of the
isolation amplifier, which are fixed, become a larger per-
centage of the signal amplitude.

Usually, the actual value of the shunt will fall somewhere
between the minimum and maximum values, depending
on the particular requirements of a specific design.

Avago Technologies recommends four different two-
terminal shunts from Dale which can be used to sense
average currents in motor drives up to 35 A and 35 hp.
Table 1 shows the maximum current and horsepower
range for each of the recommended LVR-series shunts.
Even higher currents can be sensed with lower value
four-terminal shunts available from vendors such as
Dale, IRC, and Isotek (Isabellenhuette); it is also possible
to make your own four-terminal shunts by stamping out
an appropriate pattern from a sheet of metal alloy that
has a low temperature coefficient.

When sensing currents large enough to cause signifi-
cant heating of the shunt, the temperature coefficient
(tempco) of the shunt can introduce nonlinearity due to
the signal dependent temperature rise of the shunt. For
example, Figure 9 shows how the resistance of the LVR
shunt resistors typically changes as a function of average
current flowing through it with the shunt mounted in
a typical PC board configuration. Although the effect
shown in Figure 9 is relatively small, it increases as the
shunt-to-ambient thermal resistance increases. This
effect can be minimized either by reducing the thermal
resistance of the shunt or by using a shunt with a lower
tempco. Lowering the thermal resistance can sometimes
be as easy as repositioning the shunt on the PC board, or
it might sometimes require the use of a heat sink.
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Table 1. Current Shunt Summary

Maximum Maximum Maximum
Shunt Resistor Shunt Power RMS Horsepower
Part Number Resistance Tolerance Dissipation Current Range
LVR-3.05-1% 50 mQ 1% 3w 8A 0.8-3.0hp
LVR-3.02-1% 20 mQ 1% 3w 8A 2.2-80hp
LVR-3.01-1% 10 mQ 1% 3w 15A 4.1-15hp
LVR-5.005-1% 5mQ 1% 5w 35A 9.6-35hp

As the value of shunt resistance decreases, the resist-
ance of the shunt leads becomes a significant percent-
age of the total shunt resistance. This has two primary
effects on shunt accuracy. First, the effective resistance
of the shunt can become dependent on factors such as
how long the leads are, how they are bent, how far they
are inserted into the board, and how far solder wicks up
the lead during assembly (these issues will be discussed
in more detail shortly). Second, the leads are typically
made from a material, such as copper, which has a much
higher tempco than the material from which the resistive
element itself is made, resulting in a higher temperature
coefficient for the shunt overall.

Both of these effects are eliminated when a four-terminal
shunt is used. A four-terminal shunt has two additional
terminals that are Kelvin-connected directly across the
resistive element itself; these two terminals are used
to monitor the voltage across the resistive element
while the other two terminals are used to carry the load
current. Because of the Kelvin connection, any voltage
drops across the leads carrying the load current will have
little, if any, impact on the measured voltage.

Although four-terminal shunts can perform better than
two-terminal shunts, they are more expensive, generally
limiting their use to higher precision applications. Two-
terminal shunts, however, can deliver good performance
when they are used properly. One of the most difficult
aspects of using a two-terminal shunt is achieving an
accurate, repeatable connection to the shunt, which is
typically mounted on a PC board. Figure 10 shows an il-
lustrative example of a PC board layout that can achieve
good performance with two-terminal shunts with resist-
ances down to about 5 mQ.

There are several things to note about this layout. Two
“quasi-Kelvin” connections are provided to make as close
to a point contact as possible to the shunt leads where
they contact the PC board. The quasi-Kelvin connec-
tions are brought together under the body of the shunt
and then run very close to each other to the input of the
isolation amplifier; this minimizes the loop area of the
connection and reduces the possibility of stray magnetic

fields (of which there are plenty in a motor drive) from
interfering with the measured signal. If the shunt is not
located on the same PC board as the isolation amplifier
circuit, a tightly twisted pair of wires can accomplish the
same thing.

Also note that both sides of the PC board are used to
increase current carrying capacity. Numerous plated-
through vias (shown as circles with a center cross in
Figure 10) surround each terminal of the shunt to help
distribute the current between the two sides of the PC
board. The PC board should use 2 or 4 oz. copper for the
two layers, resulting in a current carrying capacity of 10
to 20 A. Making the current carrying traces on the PC
board fairly large can improve the shunt's power dissipa-
tion capability by acting as a heat sink. Liberal use of
vias where the load current enters and exits the PC board
is also recommended for the same reasons they are rec-
ommended for use at the shunt.

The final recommendation regarding the use of two-ter-
minal shunts is to ensure that the leads of the shunt are
consistently bent in the same way and inserted into the
PC board the same distance every time. This is usually
not a problem for automated assembly, but it could be
for low-volume hand-assembled boards. For hand-as-
sembled boards, a lead bending jig should be used and
care should be taken that the shunt is inserted all the
way into the board every time, minimizing any variability
in the length of each shunt’s leads.

An alternative to using shunts for measuring large AC
currents is to use an inexpensive current transformer
connected to the input of the isolation amplifier, as
shown in Figure 11. Using a transformer is less invasive
than a current shunt and can significantly reduce power
dissipation when measuring large currents (greater than
50 A). Because the isolation amplifier is providing the
primary isolation barrier, a low-cost current transformer
can be used that has little or no isolation of its own.
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Shunt Connections

The recommended method for connecting the isolation
amplifier to the shunt resistor is shown in Figure 5.V
(pin 2 of the HPCL-7820) is connected to the positive
terminal of the shunt resistor, while V. (pin 3) is shorted
to GND1 (pin 4), with the power-supply return path func-
tioning as the sense line to the negative terminal of the
current shunt. This allows a single pair of wires or PC
board traces to connect the isolation amplifier circuit
to the shunt resistor. By referencing the input circuit to
the negative side of the sense resistor, any load current
induced noise transients on the shunt are seen as a com-
mon-mode signal and will not interfere with the current-
sense signal. This is important because the large load
currents flowing through the motor drive, along with
the parasitic inductances inherent in the wiring of the
circuit, can generate both noise spikes and offsets that

are relatively large compared to the small voltages that
are being measured across the current shunt.

If the same power supply is used both for the gate
drive circuit and for the current sensing circuit, it is
very important that the connection from GND1 of the
isolation amplifier to the sense resistor be the only return
path for supply current to the gate drive power supply in
order to eliminate potential ground loop problems. The
only direct connection between the isolation amplifier
circuit and the gate drive circuit should be the floating
positive power supply line.

In some applications, however, supply currents flowing
through the power-supply return path may cause offset
or noise problems. In this case, better performance may
be obtained by connecting V,, and V,_directly across
the shunt resistor with two conductors, and connecting
GND1 to the shunt resistor with a third conductor for the
power-supply return path, as shown in Figure 12. When
connected this way, both input pins should be bypassed.
To minimize electromagnetic interference of the sense
signal, all of the conductors (whether two or three are
used) connecting the isolation amplifier to the sense
resistor should be either twisted pair wire or closely
spaced traces on a PC board.

The 39 Q resistor in series with the input lead (R5) forms a
low-pass anti-aliasing filter with the 0.01 uF input bypass
capacitor (C3) with a 400 kHz bandwidth. The resistor
performs another important function as well; it dampens
any ringing which might be present in the circuit formed
by the shunt, the input bypass capacitor, and the induct-
ance of wires or traces connecting the two. Undamped
ringing of the input circuit near the input sampling
frequency can alias into the baseband producing what
might appear to be noise at the output of the device.
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PCBoard Layout

In addition to affecting offset, the layout of the PC board
can also affect the common mode rejection (CMR) per-
formance of the isolation amplifier, due primarily to stray
capacitive coupling between the input and the output
circuits. To obtain optimal CMR performance, the layout
of the PC board should minimize any stray coupling by
maintaining the maximum possible distance between
the input and output sides of the circuit and ensuring
that any ground plane on the PC board does not pass
directly below or extend much wider than the body of
the isolation amplifier. Using surface-mount compo-
nents can help achieve many of the PC board objectives
discussed in the preceding paragraphs. An example
through-hole PC board layout illustrating some of the
more important layout recommendations is shown in
Figure 6. Note that the ground plane does not extend
directly below the body of the isolation amplifier.

A surface-mount layout of the complete application
circuit shown in Figure 5 is available from the Avago Tech-
nologies Applications Engineering Department; the size
of the layout, including shunt resistor, is approximately
3 cm square. Contact your local Avago sales office for
more information.

Post-Amplifier Circuit

The recommended application circuit shown in Figure
5 includes a post-amplifier circuit that serves three
functions: to reference the output signal to the desired
level (usually ground), to amplify the signal to appro-
priate levels, and to help filter output noise. The par-
ticular op-amp used in the post-amplifier circuit is not
critical; however, it should have low enough offset and
high enough bandwidth and slew rate so that it does
not adversely affect circuit performance. The maximum
offset of the op-amp should be low relative to the output
offset of the HCPL-7820, or less than about 5 mV. The
gain is determined by resistors R1 through R4; assuming
that R1 = R2 and R3 = R4, the gain of the post-amplifier
is R3/R1.

To maintain the fastest overall circuit bandwidth and
speed, the post-amplifier circuit should have a bandwidth
at least twice the minimum bandwidth of the isolation
amplifier, or about 400 kHz; lower bandwidths can be
used to decrease output noise at the expense of slower
response times. If capacitors C5 and C6 are not used in
the post-amplifier circuit, the post-amplifier bandwidth
is determined by the gain-bandwidth product (GBW) of
the op-amp. To obtain a bandwidth of 400 kHz with a
gain of 5, the op-amp should have a GBW greater than
2 MHz. Using the op-amp GBW to set the overall circuit
bandwidth is generally not a very good idea because the
op-amp GBW is usually specified only as a typical, with
no guaranteed values.

More accurate control of the post-amplifier circuit
bandwidth can be achieved by using capacitors C5 and
C6 to form a single-pole low-pass filter with a nominal
bandwidth of 1/(2 - - R3 . C5), assuming that R3 = R4
and C5 = C6. These capacitors allow the bandwidth of
the post-amplifier to be adjusted independently of the
gain and are useful for reducing the output noise of the
isolation amplifier.

To accurately set the low-pass filter frequency using C5
and C6, the op-amp should have a specified GBW greater
than approximately ten times the product of the post-
amplifier gain and the desired low-pass frequency; a GBW
lower than that would change the low-pass frequency by
more than 10 - 15%. For a post-amplifier gain of 5and a
low-pass frequency of 200 kHz, the GBW of the op-amp
should be at least 7 - 10 MHz. The component values
shown in Figure 5 form a differential amplifier with a gain
of 5 and a cutoff frequency of approximately 200 kHz and
were chosen as a compromise between low noise and
fast response times. The overall recommended applica-
tion circuit, including a typical isolation amplifier, has a
bandwidth of about 130 kHz, a rise time of 2.6 us and
delay to 90% of 4.2 ps.

In addition to having enough bandwidth, the op-amp
should have adequate slew rate to accurately reproduce
large amplitude waveforms. The required slew rate can
be conservatively estimated by dividing the maximum
expected voltage swing at the output of the amplifier
circuit by the filter time constant, which is equal to the
product of R3 and C5. This estimate is more conservative
at higher filter bandwidths because the overall response
time of the circuit is then dominated by the response
time of the isolation amplifier. For example, assuming
a £200 mV input swing, a post-amplifier gain of 5 and
a filter bandwidth of 200 kHz, the required slew rate of
the op-amp is estimated to be approximately 20 V/us,
whereas less than 10V/us is actually needed.

The gain-setting resistors in the post-amp should have a
tolerance of 1% or better to ensure adequate CMRR and
gaintolerance forthe overall circuit. Significant mismatch
of the gain-setting resistors can degrade the CMRR of
the post-amplifier, contributing to offset of the circuit.
Figure 13 shows how much additional offset (referred to
the input of the isolation amplifier, assuming an isolation
amplifier gain of 8) can be expected versus post-amplifi-
er gain for different values of resistor tolerance. Shown in
Figure 13 is the standard deviation of the resulting dis-
tribution of input offsets; the mean of the distribution is
zero, as would be expected from a differential amplifier
circuit. In a similar way, Figure 14 shows how much ad-
ditional gain tolerance the post-amplifier contributes to
the overall circuit versus post-amplifier gain for different
values of resistor tolerance. Figure 14 indicates the
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standard deviation of the resulting gain distribution of
the post-amplifier circuit. The data in Figures 13 and 14
were generated by Monte Carlo simulation and conserv-
atively assume that resistor values are uniformly distrib-
uted around their nominal value. Resistor networks with
very tight ratio tolerances, from suppliers such as Dale,
can be used which offer excellent performance as well as
reduced component count and board space.

The post-amplifier circuit can be easily modified to allow
for single-supply operation. Figure 15 shows a schematic
for a post-amplifier for use in 5V single-supply applica-
tions. One additional resistor (R4a) is needed and the
gain is decreased to allow circuit operation over the full
input voltage range. Adding the resistor shifts the output
reference voltage from zero to one-half of the supply
voltage.

Output Noise

The noise-shaping characteristic of the sigma-delta
modulator results in a slightly unusual output noise
spectrum, as shown in Figure 16 for the HCPL-7820. The
noise spectrum is flat up to about 40 kHz, where it breaks
up at 12 dB per octave. The internal filter begins to roll off
the noise spectrum at about 200 kHz, with a steep drop
just below 1 MHz. The shape of the noise spectrum has
some implications regarding the most effective method
of filtering output noise for a given signal bandwidth.

As mentioned before, reducing the bandwidth of the
post-amplifier circuit reduces the amount of output noise
(as well as increasing the response time). Due to the in-
creasing noise behavior above 40 kHz, a second-order
filter response can be much more effective at filtering
noise than a first-order filter, depending on the particular
filter bandwidth. Figure 17 shows how the output noise
changes as a function of the post-amplifier bandwidth
for both first- and second-order filter responses. The ap-
plication circuit shown in Figure 5 exhibits a first-order
low-pass filter characteristic. By adding two additional
resistors and a capacitor (R1a, R2a and C9), as shown in
Figure 18, a second-order filter response can be obtained.
Capacitor C9 should be chosen so that the product of
R1a and C9is equal to the product of R3 and C5.

Changing the bandwidth of the post-amplifier will also
affect the delay of the circuit. Figure 17 also indicates
how the delay (to 90%) of the application circuit changes
as a function of the post-amplifier bandwidth for both
first- and second-order filter responses. From this graph
it is easy to determine the trade-offs between output
noise, circuit delay and amplifier bandwidth.
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The output noise of the modulator is also affected by
the amplitude of the input signal. Figure 19 shows the
relative amplitude of the RMS output voltage versus the
DCinput voltage. The curve is relatively flat out to about
+200 mV and increases rapidly for input signals larger
than that. The increase in noise with amplitude is inde-
pendent of the output filter bandwidth.

The statistical characteristics (probability density
function) of the output noise are important when the
isolation amplifier is used to sense an overload or fault
condition and you need to determine how close the
signal can get to the threshold before you start to get
false overload indications. The output noise of the
isolation amplifier is nearly gaussian when the input
voltage is near zero. As the input voltage moves away
from zero, the noise becomes less gaussian, with the tails
of the probability distribution function lengthening in
the direction of mid-scale and shortening in the direction
of full-scale, as shown in Figure 20. For the HCPL-7820,
Figure 21 shows how much above a particular DC input
the fault detection threshold (input referred) should be
for different levels of false alarm probability. For example,
to limit the probability of a false alarm to 0.01% for a 200
mV input, the fault detection threshold should be at
least 214 mV (a 14 mV threshold margin). The maximum
recommended fault detection threshold is about
275 mV.

To reduce offset in some applications, the offset is
measured by a microprocessor at power-up and then
subtracted from every subsequent measurement. For
these types of auto-calibration applications, accuracy
can be improved by waiting until the internal junction
temperature stabilizes before measuring the offset of
the isolation amplifier. For example, the HCPL-7820 has
an offset drift at power-up of about 100 uV with a time
constant of approximately 15 seconds when mounted
on a relatively small evaluation board. Accuracy can also
be improved by additional filtering or averaging of the
measured signal to reduce any noise during the auto-
calibration procedure.



6.0 50 ‘ ‘ ‘
w 0.01% PROBABILITY —|
050 > 40
o £
=z I
= =
5 z
& 4.0 g 30 /
3 E 0.1% PROBABILITY /
(2]
= 4 /
T 3.0 220 ! ! i
w & 1% PROBABILITY —L//
= [
g T / B
@ 2.0 10 - 2
o _-—”/ ------- Q
1.0 0
03 -02 -01 0 01 02 03 0 50 100 150 200 250 300
DC INPUT VOLTAGE - V MAGNITUDE OF INPUT VOLTAGE - mV
Figure 19. Relative Output Noise vs. DC Input Voltage. Figure 21. HCPL-7820 Threshold Detection Margin vs.
Input Voltage and False Alarm Probability.
SKEWED GAUSSIAN SKEWED
DISTRIBUTION DISTRIBUTION DISTRIBUTION
| C I CC {
I ) T o)) 1
—FULL-SCALE 0 +FULL-SCALE
INPUT VOLTAGE

Figure 20. Noise Statistical Characteristics vs. Input Voltage.

11



Voltage Sensing

Avago Technologies isolation amplifiers can also be
used to isolate signals with amplitudes larger than its
recommended input range with the use of a resistive
voltage divider at its input. The only restrictions are
that the impedance of the divider be relatively small
(less than 1 kQ) so that the input resistance (280 kQ)
and input bias current (1 uA) of the isolation amplifier
do not affect the accuracy of the measurement. An
input bypass capacitor is still required, although the
39 Q series damping resistor is not (the resistance of the
voltage divider provides the samefunction).The low-pass
filter formed by the divider resistance and the input
bypass capacitor may limit the achievable bandwidth.
To obtain higher bandwidths, the input bypass capacitor
(C3) can be reduced, but it should not be reduced much
below 1000 pF to maintain gain accuracy of the isolation
amplifier.
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SPICE Models

SPICE models for Avago Technologies isolation amplifi-
ers are available from the Avago Applications Engineer-
ing Department. Contact your local Avago sales office for
more information.
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