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Until recently, isolating amplifiers were generally accessible to professional
engineers only. These integrated circuits, widely used in laboratory and
industrial measuring instruments, were simply too expensive for amateurs. -
Now, Burr Brown have available a series of isolating devices that,
without any relaxation of specification, are available
at prices that are affordable for most.

An isolating ampiifier. as its name sug-
gesls is a circuil between whose input and
ouiput no electrical connection exists (at
jeust in theory). Normally. such a device
consists of an input amplifier, o modulator
an isolating barrier and a demodulator
with a voliage follower o the output. The
signal paths i the input and output sec-
tions me clectrically Lully isolated from
each other. An important teature of an iso-
fating ampiitier is that it bas a completely
floating input, which helps ciiminaie cum-
bersome connections to source ground

Fundamentals

The btock diagrant of a typical isolating
amplifier is shown in Fig 2 The input
section may take one of niany forms from
a complete insttumentation amplitier with
programmable gain to a simple impedance
converter that uscs only one input pin

The signul at the output of the input
secdion is superimposed on to an b carriet
to enable it being transfeired ucross the in-
ductive or capacitive isolating barricr

Fig. 1 Capacitive isolating bartier.

There are isolating amplitiers with an
optical burrier. These devices do not need
a modulator or (external) low-pass filters
for teducing the modulation residue at the
output.

Of the three types of isolating barrier
already mentioned. inductive. capacitive
and optical. 1he inductive one is the oldest
and most widely used. Although it has not
the bandwidih of the less expensive opti-
cal type 1t has some important advan-

tages: a very high isolating voltage (up 1o
8 kV) and great accuracy (see later)

The barrier of a typical capacitive type
is shown in Fig. 1 The two spirals in the
centre form the | pF coupling capacitors
to whicl the modulated signal is applicd
in push-pull Since the capacitors and the
two signals are of equal value. e resui-
tant sum signal is ze10. This is vital as oth-
erwise cnergy might be transferred trom
Ihe input to the output. which would mani-
fest itsell as interference This technigue
attords good bandwidth without detriment
to the precision of operation or the maxi-
mum isolaling voltage

Theory of operation

The description that Tollows is bascd on
Burr-Brown s Type 1SO 122P isolating
amplitier This device uses an inpul and
an oulpui section that are galvanically iso-
lated by maiched | pF isolating capacitors
built into the plastic packiege The inpat is
duty-tactor modulated and (ransmitted
digitally across the bartier
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Fig 2. Block diagram of a typical isolating amplifier Fig 3 Theisolating vollage exists between the two earths




COMPONENTS

The output section receives the modu-
lated signal converts it back to an ana-
logue voltage and removes the ripple com-
ponent inherent in the demodulated signat

The input and output sections are laser
trimmed for accurate circuit matching
after which they are mounted at opposite
ends of the package with the isolating ca-
pacitors mounted between the sections

Modulator  The input amplifier. Al in
Fig. 4 integrates the difference between
the input current (V;,/200 k€2) and a
switched £100 pA current source. This
current source 15 implemented by a
switchable 200 pA source and a fixed
100 LA cusrent sink

To understand the basic operation of
the modulator. assume that V;, =00V
The integrator will ramp in one dizection
until the comparator threshold is ex-
ceeded The comparator and sense ampli-
fier will force the current source to switch;
the resultant signal is a trisngular wave-
form with a 50% duty tactor The internal
oscillator torces the current source to
switch at a frequency of 500 kHz It V;,
changes. the duty factor of the integrator
will change to keep the average d ¢ value
at the output of Al near zero volts

Demodulator  The sense amplifier
drives a switched current source into inte-
grator A2, The output stage balances the
duty-tactor modulated current against the
feedback current through the 200 k€ teed-
back resistor resulting in an average value
at the Vo pin equal to V;,. The sample
and hold amnplifiess in the output feedback
loop serve to remove undesired ripple
voltages inherent in the demodujation pro-
cess.

Signal and power connections Each
power supply pin should be bypassed with
| uF tantalum capacitors located as close
to the amplifier as possible. The

Isolatian Bartiar

200pA ; 2008 (¥
BF g
4 .
it g
Sense 1pF 1pF Sense
200K 15pF 100 :
v, @ et —3 " @
{ 100pA
_ ..
i't/ If
A

OECHO;

W, Gedt ¥,

Fig. 4 Block diagram of the IS0 122P

ential input voltage; its level is £10-15V

Vem is the common-mede voltage
that is. the voltage between the signal in-
puts and the input earth The maximum
level at either input pin with respect to
carth, should not be higher than V¢ y—in
practice about £10 V If levels higher than
that are needed. there can be no carth at
the input. ondy at the output ft may also be
impossible to use an earth In that case,
Vo becomes the reference

Vigq is the maximum isolating vollage
between the reference earths of the input
and output signal Its level may be several
kitovolts

CMRR the common-mode rejection
ratio shows the change in output voltage
with respect to output eatth ftor simultane-
ous changes in input voltages referred to
the input earth. that is, Ve

IMRR. the isolation-mode rejection
ratio, 1s AVgo/AV o,

The foregoing parameters can now be

used to express the amplication function:
Voum 0 Y o TV e nfOMRREV4/IMRR)

where o is the amplification factor

Another importans parameter is the ac-
curacy, which takes acoount of tempera-
ture stability long-term stability. amplifi-
cation error and non-tinearity. which are
well known from opamps Peculiar to iso-
lating amplificrs is the leakage current
which expresses the input crror carrent as
a function of the isolating voltage and fre-
guency. In data sheets these are normally
given as 240 V und 60 Hz respectively;
the leakage current is expressed m 1A

WARNING In medicine. isoluting
amplitiers wre used primarily lor goound
loop elimination. Readers are warned not
to use isolating ampliticrs (for instance
for mains isolation} in equipment that is in
frequent contact with their bodies

Basic circuits

trequency of the modulator/de-
modulator is set at 500 kHz by an tsolation Barrier Isolating ampliticrs like all ¢ir-
1 . . . .
internal osciliator. Therefore it it ! cuits that combine digital and ana-
is desired to minimize any i logue techniques. are particularly
feedthrough noise (beat frequen- ' sensitive to external interference
]
cies) from & dc /dc. converter, | ! Relerence has already been made
o . L] . - ‘
use a pie filter on the supplies as e — ‘ to the need ot decoupling capaci-
- ! .
shown in Fig 5 ! tors al the power supply pins
Gad | Since the 18O 122P supetin-
pall i .
oses the signal on to a 500 kHz
Parameters | ALL L 10mH poss e transter function £
e ! ALL G 1 1 tantalm carrier the tumsi.cr unction for
Although it is as easy to work with L signals af trequencies up to 25 kHz
. i e P & - .
most isolating amplifiers as it is —rYY_o | TP, may  be considered lincar Al
i i 5 are a few pa- s, Vs, rgher freguencics. the n-
with opamps there are a few pa . _MB__ m—:__ gher 1regu culput ol
rameters that need closer examina- = o pr——s X - p tains more residual modulation as
tion or that do net exist in opamps »——1——1_—~U —L»——I—I——I— may be seen from Fig 60 A sinu-
Typical voltages in isofating am- v = 900048 - 13 soidal input at a tevel of 10V and

plitiers are shown in Fig 3.

vsig

is. as in opamps, the differ- Fig 5. Decoupling for [inear and switch-mode power supplies.

a frequencey. £, ot 2 kHz resulls in
an undistorted output signal The

Fig
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Fig 6 The higher the input voltage, the greater the modufation residue and distoriicn

®
3

890065 - 15

Fig. 7 Active low-pass filter for the suppression
of modulation residue.

same is true for a rectangular signal even
though the leading edge rising to +10 V is
seen as a small overshoot

When the frequency is increased by a
factor of 11}, the modulation residue on the
waveforms is clearly visible Furthermore
the edges of the rectangular signal have
become tess sicep and the input rise time
has increased appreciably

Most of the modulation residue miay be
removed with the aid of an active low-pass
tilter of the first or second order as shown
in kig 7 The cut-oft frequency of that {il-

ISOLATING AMPLIFIERS

ter is 100 kiHz. when R1=R2=13 kQ2; R3=
=385 ) Cl=100 pF; C2=4700 pF. For
most applications, this is a good compto-
mise between etfective bandwidth and
modulation suppression

Error sources

Normaliy, the maximum signal frequency
of a scanning circuit should be limited to
half the scanning rate—at least. according
to the relevant Nyguist or Shannon theo-
rems However, here there is u little lee-
way: up to 30 kHz. the specified band-
width the output signal is identical to the
input signal as tar as hrequency and level
are concerned QOver the range 50-250 kHz
the amplification factor diops from [ to
(} 063 but these 15 no discernible increase
in distortion

At even higher frequencies, the isolat-
ing amplitiet produces a relatively small
noise signal at & trequency below 250 kHz
in addition 10 the normal output signal.
This belaviour may be explained with the
aid of Fig. 8 The composition of the
whole output signal may be considered in
steps for which on the one hand the fie-
guency behaviour and on the other the am-
plitucle must be taken into account

The trrangular characteristics show the
relation between input freguency and the
interference frequency at the output
(siraight y-uxis). When the input fre-
quency lies between 250 kHz und
500 kHz the interference frequency drops,
rises again when the input frequency in-
creases (0 750 kHez, drops unul the first
harmonic (| MHz) is reached then rises
again and 50 on

The amplification factor may also be
evaluated ftom Fig 8 and it is seen that
at frequencies above that of the carvier it

SIGNAL AESPONSE TO

INPUTS GREATER THAN 250kHZ
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out

le——

KA A
\

Vious/ Vi dBM

SO
RIFANVIVAP

TN

\

¢ 500kHz 1MHz
Input Frequancy

IMRR vs FREQUENCY
160 q] -
\
Freq ™
out H 250 140 iy
™
200 3 120
Q o »
3 2 ™
150 % x 100 S
=)
2| | £ N
100 w - 80 ~
\_—% \\
4 50 60 M
40
1 5MHz 1 10 100 1k 10k 100k ™M
Frequency (Hz}
90004820 800048-19

Fig & For input signals above 250 kHz, aperation of the isolating amplifier

is no longer linear.

Fig. 9 To work with high isolating frequencies, the ¢ircult must be de-

signed for smailer maximum isofating peak voltages
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lias a pronounced irregutar behaviour For SPEC'F[CA’TIONS

example a [0-volt 800 kHz input signal 47 _250¢ ang¥,1 = V,2 = £15V unless otherwise noted

results in an adtenvated (=30 dB} 800 kHz
output signal {this may be read from the | PARAMETER CONDITIONS MiN e MAX UNTS
ampliciation characteristic and the left- ISOLATION
e et - - Veitage Aated Contiavcus AC 60Hz 1500 VAL
%\.md A-aXiS) At the s.ame time a 200 le7 100% Test 1 1s 5pc PD 2400 VAG
interference signal is produced (which Isalation Mode Rejection 140 dB
2 oy i av e har o Barrier Impedance -2 0 pF
may be read fm_m the trmnguldr- character Coakage Currant at 60Hz v, - 240vrms 018 05 pArms
istic and the right-hand y-axis) At the
200 kiz point on the -axis it will be se o Chia
Z p(mF on {he w-axis it witl be seen Nomina! Gain 1 v
that the interference signal s attenuated by Gain Emor 105 +30 %FSR
. ) e HH . e Gain vs Temperatura 310 ppmvC
a further ]IO dB!. Expressed in flgures this Nontnaarity + 008 £ 015 <SR
means that t SIsts {
e t L the output consists of a INPUT OFFSET VOLTAGE
800 kHz signal at a level of 316 mV and titiad Offset 15 150 mv
one of 200 kHz at a level of 100 mV. If the vs Temperatura 1200 v C
. feri denal is elimin: { with th vs Supply 12 mvv
1r'1icr ering slgna .xs eliminated wli the Nolsa 4 wViFiz
aid of a .hltex:: the isolating a_mplmer can \NPUT
work with signal frequencies that are voltaga Range +10 v
higher than the cartier frequency Resistance ' 200 ko
The same applies to the isolating volt- CUTPUT
ave. t hich the N it 1t is of Yolge Range 110 12 v
* age. to which the Nyquist theorem is. 0 Current Drive 5 115 mA
o course. equally applicable To eliminate an Capaditive Load Drive 1000 pF
interfering signab caused by the isolating | Reple voltaga® e mve-p
& 3 voltage from the output the IMMR as a FREQUENCY RESPONSE
g : T ) $mall Signal Bancwidth 50 KHz
g function of frequency should be added 10 Slew-Rate 15 Vis
Fig 8 Forexample. when Vigo=1000 V Sattling Time _ Vo = £10V
1%
at 800 kHz, the IMMR= —62 dB as may be S b bs
. . . : 50 K8
seen from Fig 9. Part of the output signal, Overload Recover Time 150 us
viz. 794 mV at 800 kHz was already seen POWER SUPPLIES
to be an interfering signal From Fig 8 it j Raled Vohtage ' 15 v
o ; e Vohage Range 145 118 v
is seen that the output additionally con- Quiescant Currant: V,, 145 165 A
tains a 200 kHz signal at a level 30 dB Ve +4.5 165 ma
below that of the first interfering signal. TEMPERATURE RANGE
that is. 92 dB below 1000 V o1 23 mV Spacication 0 70 c
. . . Operating -25 85 °C
; In this connection Figures 10 and 11 Storaga —25 85 o
should also be taken into account The B 100 T

i maximum permissible isolating voltage  novEs: (1)Testedat1.4 X rated failon 5pC partial discharge leakage current on fiva succassive pulses  (2) Ripple fraquency
5 decreases with rising frequency Further-  Is atcamer frequency (S00kHz)

" more, when Vigg rises and the rise time

exceeds 1000 V/us, the triggering of the

sense amplifier may go awry with the re-

sult that the condition of energy-less sig-

- nal transfer is no loriger met, and a com-  Table 1. Technical specification for the 150 122P at Ta = 25 °Ci Vst = Vse=x15 Vand R =2 kQ
ISOLATION VOLTAGE ISOLATION LEAKAGE CURRENT
vs FREQUENCY vs FREQUENCY
100mA 3= w1
1
2 o 271Kk _ 1omA
g £ LA
E 1k = 1imA .
[
g g 1500vems ||1A" LA
a1 g 3 toouA it
@ 2 IZTL el
X 100 32 10uA i
L 9 @ 11y
a " 240Vrms
e |+ Performance R i e et
1 HIEL 1] Pl || I
0 0 1pA I~ o 1 300 O 1 1|
: 100 1k 10k 100k ™M tcM 100M 1 10 100 1k 10k 100k 1M
Frequency {Hz) Frequency (Hz)
I 900048 - 14 900048 - 15

Fig. 10. Isolating voltages at high frequencies cause degrading of the out-  Fig 11 A high frequency isolating voltages there is no longer en energy-
z put signai free transfer across the barrer
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Fig. 12 Typical application of an isolalion amplifier: a measuring instrument with current, voltage and power indication

mon mexle current lows acioss the barrier
It should be noted that supply voltages
below 15 Voeduce the maximum per-
missible slew rate by aboul half

A typical application: a
power measuring insfrument

Finally as an cxample ol what kinds ot
application may be satisticd with a typical
isolating amplitict such as the 150 §22P
{although other types may also be used of
course). we have chosen a power measwr-
ing instrument. whose chicuit is shown in
Fig 12, The instrument can indicate the
load current the source voltage und the re-
sulting power dissipated in the load

One of the isolating amphtiers is used
to evaluate the source vollage with the aid
ol polential divider Rp-Rppa and ihe
other o measure the load current with the
aid of cutent sensor R, Both amplifiers
are connecled in an identical manner

[ input carth that serves as the refer-
ence tor the inpat polential at pin 15 is not
gromiled Ondy the ontput secions are re-

fered 10 ground potential

The Type PWS740-1 PWST740-2 und
PWS740-3 devices are Distributed Mulii-
channel Isolated DC-to-DC Converters
from Burr-Brown These converters are
able to produce up to cight 2720V sup-
ply voltages. which we galvanicaliy iso-
lated trom one another [rom a single 7-20
V ditect veltage. Currents of up 1o 60 mA
may be drawn trom each ol the resulting
supplies

Although this is not a cheap way of
producing power supplies, it guaraniees
that no interfercnce will be translerred
trom 1he mains to the isolating amplifiers.

The MPY 100 is a four-guadrant multi-
pliet-divider that apart from multiplica-
tion, performs analogue square-root and
division without the bother ol external am-
plifiers or potentiometers. Here it is used
to compute the power. P =/} 10

Since the multiplier atways divides by
14, the output ot the voltage-indicaling
amplitict may be used directly as the mul-
liplicand whereas that of the current-indi-
cating amplitier must first be amplitied by

10 belore it can be so used

The Type OPA6G02 high-speed preci-
sion operational ampliticr. also from Burr-
Brown. is used as an sctive fow-pass filter
and impedance converter. Other types of
high-specd precision operational amplitier
may ol course also be used [}

Further information on all devices dis-
cussed in this article may be obtained {rom

Burr-Brown Worldwide Headguarters
P O Box 11400

TUCSON, AZ 87734

USA

Telephone (602) 746 1111
Fax (602) 889 1510

(6]

Burr-Brown International Ltd
1 Miiltield House
Woodshots Meadow
WATFORD WD 8YX
England

Llephone (0923) 33837

Fux (09233 33979



