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High CMV,
High Performance lsolation Amplifiers

FEATURES
High CMV lsolation: t5000V pk, 10ms Pulse;12500V dc

Continuous
High CMR: 110dB min with SkSl tmbalance
Low Nonlinearity: 0,05% @ 10V pk.pk Ouqut
High Gain stability: to.ootswf c,!o.oo1o/ol1o00 hours
Low f nput Offset Voltage Drift: lOpVf C,G = 100VA/

(Model286f )
Resistor Programmed Gain: 1 to 10V/V (2SlUl

1 to 100V4/ (28611
lsolated Power Supply: t8.5V dc @ tSmA (284J)

+15V dc @ +15mA (28GJ)
Meets IEEE Std 472: Transient Protestion (SWG)
Meets UL Std 5tt4 Leakage @ 115V ac, 60Hz:

2,O1tA, max (284J1
2.5pA max {286,}

APPLICATIONS
Fetal Heartbeat Monitoring
Multi-Channel ECG Recording
Ground Loop Elimination in Industrial and Process Control
High Voltage Protection in Data Acquisition Systems
4-20mA lsolated Gurrent Loop Receiver

GENERAL DESCRIPTION
The models 284J, 286J are low cost, high performance iso-
lation amplifiers designed for high CMV isolation and low
leakage in biomedical, industrial and data acquisition systems.
Using modulation techniques with reliable transformer iso-
lacion, the models 284J,286J protect both patients and ultra-
sensitive equipment from high CMV transienrs up to I5OOOV
pk (loms pulse) or 2500V dc conrinuous, high CMR of 110d8
(5kQ imbalance) and feature maximum leakage current of less
than 3ptA rms, @ 115V ac,60Hz (inputs to power common).

The model 2841 is a self-contained isolation amplifier for
single ch annel applications. For multi<hannel ap plications,
the model 286J combined with an external synchronizing
oscillator such as the model 281 may be used; up to L6 model
286J amplifiers can be driven from 1 model 281 oscillator.
Additional channels may be obtained by configuring an un-
limited number of 284Js with several ganged 281 oscillators.

Both models also provide resistor-programmable gain of 1 to
10V/V (294J) or 1 to IOOV/V (286J), high gain stability of
O.OO75o/o/oC,low nonlinearity of O.O57o @ fOV pt-pt< ourput
and isolated power zupply outpurs of t15V dc @ tl5mA
(2861) or +8.5V dc @ t5mA (28+l).

WHERE TO USE MODELS 284J,286J
Indusuial Applications: In data acquisition systems, computer
interface systems, process signal isolators and high CMV instru-
mentation, models 284J,286J offer complete galvanic isola-
tion and protection against damage from transients and fault
r-oltages. High level transducer interface capabiliry is afforded

Informat ion furnished by Analog Oevices is  bel ieved to be accurate
and rel iable.  Hovvever,  no responsibi l i ty  is  assumed by Analog Devices
lor  i ts  use;  nor for  any infr ingements of  patents or  other r ight i  of  th i rd
part ies which may resul t  f rom i ts  use.  No l icense is  granted by impl ica-
rron or  otherwise under any patent  or  patent  r ights of  Analog Devices.

with model 286J's 2OY pk-pk or model 284J's 10V pk-pk in-
put signal range at a gain of LV/V operation. In portable field
designs, single supply, wide range operation (+8V to +16V)
offers simple battery operation.

Medical Applications: In biomedical and patient monitoring
equipment such as multi-channel VCG, ECG, and polygraph
recorden, models 28+J,286J offer protection from lethal
ground fault currents as well as 5kV defibrillator pulse inputs.
Low level bioelectric signal recording is achieved with low
input noise (8pV pk-pk @ G = max gain) and high CMR
(11odB, min @ 6oHz).

DESIGN FEATURES AND USER BENEFITS
High Reliability, Models 28+!, Zg6J are conservatively de-
signed, compact modules, capable of reliable operation in
harsh environmenrs. Models 284J,286J have calculated MTBF
of over 39O,OOO hours and are designed to meet MIL-STD-
2O2E environmental resting as well as the IEEE Standard for
Transient Voltage Protection (472-1974: Surge Withstand
Capability).

Isolated Power Supply: Dual regulated supplies, completely
isolated from the input power terminals (t2500V dc isolation),
provides the capability ro excite floating signal conditioners,
front end buffer amplifiers as well as remote transducers such
as thermistors or bridges.

Adjustable Gain: A single external resistor enables gain adjust-
ment from 1VlV to 100V/V (2B6Jt or 1VlV to 1OV/V (2841)
providing ttre flexibility of applying models 284!,286J in
both high-level transducer interfacing as well as low{evel
sensor measurements.
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SPECIFICATIO}IS(typical @ +25'C and VS = +15V dc unless otherwise noted)
MODEL 2g6lt*?-[4-J--
CAIN (NON-INVERTING)

Range (5ok{-| Load)
Formula

Deviation from Formula
vs. Time
vs .  lempera ture  (u  to  + /u  L r -

* -. f : llr-sry:.l9Y P \:p..-\ -o*::?1,::
INPUT VOLTAGE RATINGS

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

1 to loV/V
cein = [1 +

+ l q

100kQ
_ l

1o.7kQ + R'(kQ) '

10.001%/1OO0 Hours
!o.oo7 5%/" c
10.05%

I to 100V/V
.  -  IUUKIZuarn = lr * 

J[o * n1tg21 t

:o'o

Linear Differential Range, G = 1V/V
Max Safe Differential lnout

Continuous
Pu lse .  1Oms dura t ion .  I  pu lse /10  sec3

Max CMV, Inputs to Outputs
AC. 6OHz. 1 minute duration
Pu lse .  lOms dura t ion .  I  pu lse / lO sec3

With 5lOkfl in series with Guard
Continuous, AC or DC

CMR,  Inputs  to  Outputs ,60Hz,  R5 (  5kQ
Balanced Source Impedance
5kQ Source Impedance lmbalance

CMR, Inputs to Guard, 6OHz
lkSl Source Impedance Imbalance

Max Leakage Current, lnpurs to Power Common
@ 1 15VAC.  6OHz

t5V min

24OVms
t65OOVpt mu

25OOVms
t25OOVpl max
t5OOOVpk max
t25OOVpk

I  14dB
l lOdB min

78dB

2.OpA ms mu

110V min

2.5pA rms mu

tNi;ui i,'lptoe*ii
Differential
Overload
Common Mode 5xloro O l l2opF

toE o llzopr
300kQ

17nA max
t0.1 nA/o c

ro8 Q1p r sopr

INPUT  D IFFERENCE CURRENi
In i t ia l ,  @ +25oC
vs. Temperarure (O to +70,'C)

INPUT NOISE
vor rage

O.O5Hz to  1OOHz
10Hz to  l kHz

Current

- " 0,95!1.!9 l-o_9.!_,"
FREQUENCY RESPONSE

Small Signal, -3dB

Slew Rate
Full Power, 10V p-p Ourpur
Full Power, 2OV p? Output

8pv pk-pk
lOpV rms

l-q*-r!-qL,__-

l kHz
25nY/1ts
2OQHz
N/A

3pV rms

9OOHz
4OOHz

Recovery Time, to tlOO1lV after Application
of 165OOVpt Differential Input Pulsel

OFFSET VOLTAGE REFERRED TO INPUT
Initial, @ +25"C, Adjustable ro zero

vs. Tcmperarure (O ro +7OoC)
vs. Supply Voltage

2OOms

1(5 + 2olc)mv
t(1 + 150/c)lrv/oC
llmY/7o

1(5 + 45lc)mv
!(7 + 250/c\pvloC

RATED OUTPUT
Voltage, 5okQ Load
Output Impedance

-.--9Tcvl-1,!"*::-1-{!l_1Pu9--v_i_d_rl--._
ISOLATED POWER OUTPUTS

Voltage, 15mA Load
Accuracy
Cunent
Regulation, No Load to Full Load
Ripple, 100kHz Bandwidth

POWER SUPPLY,  S INGLE POLARITY5
Voltage, Rated Performance
Voltage Operating

,- -9vtrt!, 9:!.T9lI- . --,,
TEMPERATURE RANGE

Rated Performance
Operating

Storage

CASE DIMENSIONS6

t5V min  t10V min
l k Q  *

-s-:r.Yr-\-p.\" _._._ -l9lfr!:l!

L o r N / I \
rsmnY

1 8 . 5 V  d c
! 5 %
t5mA min
+O,  -15%

100mV pk-pk

+ 1 5 V  d c
+ ( 8  t o  1 5 . 5 ) v  d c

o ro +7ooc
-25"C to +85"C *
-55 "c  t o  +85 "c  *

J;' ;?*oi2l 
*"*"

i 1 5 V  d c
o, -6yo

115mA min
+0,  -10%

200mV pk-pk Figure 1. Block Diagram - Model2StH
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NOTES
tSpccifietions soe s model 284J.
rSpccificetions for model 286J epply when driven by ADI modcl 281 oscill.tor.'G.in tempcraturc drift md gain nonlincarity ere spcciFrcd as a percentage of
- output signal lcEl.
"  Ri* r ime of pul$ must be )  lOgs.'Model 284J, Cain = 1OV/Vi Model 286J, Gain = IOOV/V.
rRecommened power supply,  ADI model 904, t t5V @ 5OmA.
oRccommendcd mounring soclcts -  model 284J: ADI pan Number AC1O49i

model 286J: ADI Pen Numb€r AClO54.

Specificatioos subjcct to ch.nge without notice.
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Figurc 2. Block Diagram - Model 286.1
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INTERCONNECTION AND GUARDING TECHNIQUES
Models 284J,2861 can be applied directly to achieve rated
performance as shown in Figures 3 and 4. To preserve the high

NOTE t.  GAIN BESISTOR, Ri,  1%. 50prf  C METAL FILM TYPC lS RECOMMENDED.
FOR GAIN = 1V/V, LEAVE TERMINAL 2 OPEN.
FOR GAIN = 10v1r ' ,  SHORT TERMINAL 2 TO TERMINAL 1

c n t l = t +  1 0 k o
10.7ko + Ri{ka}

NOTE 2. GUARD R ESISTOR, R6, R EOUIRED ONLY FOR CMV > 1250OVpx {l5kVpx MAX}.
Rc MAY B€ MOUNTED ON AClO49 MOUNTING SOCKET USING STANDOFF PROVIDED
(USE % WAn,5%, CARrcN COMTSIT|ON TYPE; ALLEN BRADLEY RECOMMENOED).

NOTE 3. OUTPUT FILTER CAPACITOR, C. SELECT TO ROLLOFF NOISE
AND OUTPUT RIPPI E: (€.s.  SELECT C - 1.5!F FOR dc TO lmHz BANmIDTH).

NOTE 4. R2 - mO, G = l ;  R2 - 2kO, G>l

Figurc 3. Model 28N Basic lslator lnterconnection

iIOTE I. GAIN RESISTOR. &. USE 56Mf C, METAL FILM TYPE.
FOR GAIN = 1VAr'-  LEAVE TERMINAL 2OPEN.
FOR GAIN - 1oOVN. SaORT TERiTINAL 2 TO TERMINAL 1
FOR GATNS FROM lVAr' TO 100v^r': 

641X = 1 * ___JgtL

NOTE 2. OPTTONAL GUARO RESTSTOR, Rc, R€OUIRED ONLY FOR CtV > t2flVp(
RG TAY BE CONVENIENTLY MOUNTED ON ACIOg MOUNTING SOCKET USING
THE STANMFF PROVIDED {RGI. USE 1/4 WATT,5% CARBOil COMPOSITION ilPE;
(ALLEN BRADLEY RECOMMENDED).

NOTE 3. OUNUT FILTER CAPACITOR C. SELECT TO ROLLOFF NOISE AND OUTPUT
RIPPLE: {a.s.  SELEcT c=r.5sF FOR e TO 100H. BANDWIOTH,

F (-3dB)-2'c l ike)

Figure 4, Model 28N Basic lslator lnterconnfftion

Figurc 5. Model 28N Optional Conneetion: Offset Voltage
Trim Adjux, Bandwidth (-sdB) Rolloff and Gain Adiust
rc>toavN)

CMR performance, care must be taken to keep the capacitance
balanced about the input terminals. A shield should be pro-
vided on the printed circuit board under model 284J or 286!.
The GUARD (Pin 6) should be connected to this shield. The
guard-shield is provided with the mounting socket. To reduce
effective cable capacitance, cable shield should be connected
to the common mode signal source by connecting the shield as
close as possible to the signal low.

Offset Voltage Trim Adjust: The trim adjust circuits shown in
Figures 3 and 5 can be used to zero the output offset voltage
over the specified gain range. The output terminals, HI OUT
and LO OUT, can be floated with respect to PWR COM up to
t5OVDk max, offering three-port isolation. A O.1trtF capacitor
is reqirired from LO OUT to PWR COM whenever the output
terminals are floated with respect to PWR COM. LO OUT can
be connected directly to PWR COM when output offset trim-
ming is not required.

INTERE LECTRODE CAPACITANCE, TERMINAL RATINGS
AND LEAKAGE CURRENTS LIMITS
Capacitance: Interelectrode terminal capacitance arising from
stray coupling capacitance effects between the input terminals
and the signal output terminals are each shunted by leakage
resistance values exceeding 50kMQ. Figures 6 and 8 illustrate
the CMR ratings at 6OHz and 5kQ source imbalance between
signal input/output terminals, along with their respective
caPacitance.

c0M
.WHEN GUAFD TIED TO INPUTCOMMON MODE 9URCE

Figure 6. Model 284J
Terminal Capacitance
and CMR Ratings

Figure 7. Model 284J
Terminal Ratings
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Terminal Ratings: CMV performance is given in both peak
pulse and continuous ac or dc peak ratings, Pulse ratings are
intended to suppoft defibrillator and other transient voltages.
Continuous peak ratings apply from dc up to the normal full
power response frequencies. Figures 7 and,9 and Table I
illustrate models 284J,286J ratings between terminals.

.WBEN GUARD TIED TO INPUTCOMMON MODE SURCE

Figure 8. Model 286J
Terminal Capacitance
and CMR Ratings

SYMBOL ] RATING

V1 (pulse)* i 165OOVpK (10ms)
V1 (cont.) I 1240Vpyg
V2 (pulse)* I 12500VpK (10ms) nc = o
V2 (pu lse)*  r5000Vpr  (1Oms)  Rc =  5 tOkQ
V2 (cont.) r t25O0Vp1
V3 (cont.) I t5ovpr
21 I  5okMAl l2opF
| (286J) i 5opA rms
l ( 2 8 4 J . .  3 5 g A - m s

'Rise time of pulse must be >1ops.

Figure 9. Model 286J
Terminal Ratings

REMARKS

w;i;;;;;J'n;ii,s;,-ii.iil.li".i 
"

Withstand Voltage, Sready State
Transient
lsolation, Defibri l lator
Isolation, Steady Srate
Isolation, dc
lsolation Impedance
Input Fault Limit, dc ro 2OOkHz

11P, 1I l1lll,!1ll': e :,:,19k1'_

c NorE 3 ,uolrl
1&O

2 0 k O t -
_ .  IOFfSET VOTTAGE I

f  I  rRrM ApJUsr  I

IRAN9UCER
GFOUND

\FEoUrFEO, l

BANDWIDTH ROLLOFF

r (-3dB) = 
2rc aks))----L
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Table l. lsolation Ratings Between Terminals



kakage Current Limits: The low coupling capacitance between
inputs and output yields a ground leakage current of less than
2.OpA rms (28+I) and, 2.51tA rms (286J) at 115V ac, 6OHz
(or O.O21tA/Y ac). As shown in Figures 1O and 11, the trans-
former coupled modulator signal, through stray coupling,
also creates an internally generated leakage current. Line
frequency leakage current levels are unaffected by the power
on or off condition of models 2841 , 286J.

For medical applications, models 284land 2861 are designed
to improve on patient safety current limits proposed by
F.D.A., U.L., A.A.M.I. and other regulatory agencies (e.g.,
model 286J complies with leakage requirements for the Under-
writers Laboratory STANDARD FOR SAFETY, MEDICAL
AND DENTAL EQUIPMENT as established under UL544 f.or
type A and B patient connected equipment - rcfercnce Leak-
age Current, paragraph 27.5).

In patient monitoring equipment, such as ECG recorders,
models 284J,2861 will provide adequate isolation without
exposing the patient to potentially lethal microshock hazards.
Using passive components for input protection, this design
limia input fault currents even under amplifier failure
conditions.

+15V

\ roorx. ,^^^..
J rnrur ' 'o-'

INTERNALLY
GENEFATED

TEST {I I

+15V

Jro*x'  12sgy
J INPUT

LINE INDUCEO
TEST { i l )

, BEJECT .' ACCEPT

( arcroru 
. /  

REGToN

u...ooo", '  . /  Y
pATitNTSAFETy---- \ . /  

r*
LlMrrs 7 rruiinrunllv ceruennreo
(TYPE A EOUIP.) . t  LEAKAGE CURRENT

i?il ,"or.ro ,-.o*oo. | |
cuRRENr I  I

l ,*,.Jl-" l l ,-=.1^...
i@MXoiri. 

ll?vtr 
ll f,fr.".

tk 10k 100k lM
FREOUENCY - Ht

Figurel0. Model 28N Leakage Current Pertormance from
Line lnduced and lntemally Generated (Modulator) Operating
Conditions

,/1"'":3'" ,/ i:3131
, . r .ooot , '  t /  Y
PATI€NT SAFETY ----VZ 

286J
LlMlIs. -^...^ 7 nviisrurr-rv crrenareo
r rYPE A EOUIP. )  t  l l n inc r  cunnrur

286J
LINE INDUCED LEAKAGE
CURRENT

i l  l l  I

,  L  = 2 . 5 ! A r m i  I  l r  M = s l A r m s

@ 6 0 H r , 1 1 5 v e  I l  @ 1 0 0 k H z
(MAX) :  

l t  { tvp}

FREOUENCY - Hz

Figure I l. Model 286J Leakage Current Pertormance f rom
Line lnduced and lnternally Generated (Modulator) Operating
Conditions

GArN AND OFFSET TRrM PROCEDURE, MODEL 284J
1. Apply ew = 0 volts and adjust R9 for eo = 0 volts.
2. Apply et* = +1.000V dc and adjust R" for eo = +5.000V dc.
3. Apply erN = -1 .000V dc and measure the output error (see

curve a).
4. Adjust R6 until the output error is one half that measured

in step 3 (see curve b).
5. Apply ex{ = +1.OOOV dc and adjust Rs unti l the output

error is one half that measured in step 4 (see curve c).

20

1 0
5
0

, 1 0
5 , 4

I

o
t

F)
F
l
o

2 1 0 + 1 + 2 + 3

O U T P U T  V O L T A G E  - - V o l t s

+ 1 5 V

1 orhA

2

6

H toosr

U z
$ rour

4
2

0 . 1 s A

1 0mA
6
4
2

6

E rooce

5 6o 4

S 6
) 4

6
4

2

0 . l t A

. R 2 - 2 0 0 0 , G = 1
R2 - 2kO, G>1

Figure 12. Gain and Offset Adjustment

GAIN AND OFFSET TRIM PROCEDURE, MODEL 286J
In applying the isolation amplifier, highest accuracy is achieved
by adjustment of gain and offset voltage to minimize the peak
error encountered over the selected output voltage span. The
following procedure illustrates a calibration technique which
can be used to minimize output error. In this example, the
output span is +5V to -5V and oPeration at Gain = 1OV/V
is desired.

1. Apply .n..r = o volts and adjust Ro for eo = o volts'

2. Applyet* = +0.500Vdcand adjust R" for eo = +5.000Vdc.

3. Apply enq = -0.500V dc and measure the output error
(see curve a).

4. Adjust R" until the output error is one half that measured
in step 3 (see curve b).

5. Apply +O.50OV dc and adjust Rs until the output error is
one half that measured in step 4 (see curve c).

20

1 5

t 0

5

0
-5

-5 -4 2 - 1 0 + 1 + 2 + 3

OUTPUT VOLTAGE -- Volts

* R 2 - 2 0 0 0 , G = r
R2 - 2kO, c>l

E

f

F
l

TEST CIRCUITS & MAX CURREilT LIMTTS FOR
ANY SilITCH CLOSURE COMBINATIOI, :*gi* @

lookHz OSC INPUT FROM MODEL 281 OSCTLLATOR
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Figure 14. Model 28N Common Mode Reiection vs.
Frequency

Figure 15. Model 286J Common Mode Reiection vs.
Frequency
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Figure 18. Model 284J lnput Voltage Noise vs, Bandwidth

0 . 1
1 10 100

BANDWIDTH (-3dB) -  Hz

Figurc 19. Model 286,1 lnput Voltage Nois vs.Bandwidth
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Figure 21. Model286J lnput Off*t Voltage Drift vs. Gain



Applying the Multi-Channel lsolation Amplifiu
0 . l 8

I  o. ro

: 0 . 1 4

!  o. rz
-1 

0.10

tr o.o8

= 0.06

6 o.oo

o.o2

0.01
o 2 oorrur' 

io.llortl u.l,o, o.otu 
tt 'o

Figure 22. Model 286J Gain Nonlinearity vs, Output Voltage

REFERENCE EXCITATION OSCILLATOR*
When applying model 286J, the user has the option of building
a low cost 100kHz excitation oscillator, as shown in Figure 23,
or purchasing a module from Analog Devices - model 281.

lmopF
{SEE NOTE 3)

NOTESI
I.  FREO. AOJUST: AOJUST TRIM POT FOR OUTPUT FREOUENCY OF IOOKH2 15%.
2, FOR SLAVE OPERATION. REMOVE JUMPER FROM SYNC OUT AND SYNC IN PINS,
3. USE CERAMIC CAPACITOF, "COG" OR "NPO" CHARACTERISTIC.

Figure 23. Model 281 lOOkHz Oscillator - Logic and
I n te rcon n ect i o n D iag ra m

The block diagram of model 281 is shown in Figure 24, An
internal +12V dc regulator is provided to permit the user
the option of operating over two, pin selectable, power in-
put ranges; terminal 6 offers a range of +14V dc to +28V dc;
terminal 7 offers an input range of +8V dc to +14V dc.

t+8v lo1

(+r4v Td

;;; ; ;; 

" 

;; ; ;" ;; ;;:; ;;; ;'

Model 281 oscillator is capable of driving up to 16 model
286Js as shown in Figure 25. An additional model 28t may
be driven in a slave-mode, as shown in Figure 26 to expand
the total system channels from 16 to 32, By adding additional
model 281's in this manner, systems of over 10OO channels
may be easily configured.

ICAUTION:

SPBCIFICATIONS
(typical @ +25'C and VS = +15V dc unless otherwise noted)
y9-D"P-L_ _,
OUTPUT

Frequency
Waveform
Voltage (@ and @ terminals)
Fan-Out"'

powpn supplv RANGET
High Input, Pin 6

Quiescent Current, N.L.
F .L .

Low Input, Pin 7
Quiescent Current, N.L.

F .L .

TEMPERATURE
Rated Performance
Storage

MECHANICAL
Case Size
Weight

NOTES
I Modcl 286J o*illrtor drive input reprc*nts unity orcilletor lo8d,
r For rpplicetions requiring morc thu 16 2a6ls, additiongl 281s msy bc usd

in . msEr^l.vc modc. Rcfcr to Figuc 26.
rFuU load consists of 16 model 286Js md 281 osillrtor slsvc.
Spccificrtions zubject to chmge without notice.

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

0 . 4 9 { 1 2 . 4 )
MAX

I

-ll<- o oz ts zt

100kHz t57o
Squarewave
0  t o  +12V  pk
16 max

+(14 to 28)V dc
+5mA
+16mA
+(8 to 14)V dc
+12mA

o to +7o"C
-55oc  t o  +85oc

1 .4 "  x0 .6 "  xo .49 "
l0 grams

_T
0.6

115.2J
MAX

_tL

P I N  T E R M I N A L  I D E N T I F I C A T I O N

1 POWER COMMON
2 dOUTPUT
3 d OUTPUT
4 SYNC INPUT
5 SYNC OUTPUT
6 +VS: HIGH RANGE +(14 tO 28)V&
7 +Vs: LOW RANGE +(8 to 14lV&"-il:YYiT *{ |*g;,o*,

MATTNG SOCKET: Cinch #16 DIP or Equivalent

ESD(Electro-static-discharge) sensitive device. Permanent dam age may occur on unconnected
devices subjected to high-energy electrostatic fields. Unused devices must be stored in con-
ductive foam or shunts. The protective foam should be discharged to the destination socket
before devices are removed.

EXTERNAL OSCILLATOR INTERCONNECTION
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Figure 25. Model 281/286 Connection for Driving from
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