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FEATURES

Versatile Op Amp Front End: Inverting, Non-Inverting,
Differential Applications

Low Nonlinearity: 0.025% max, Model 277K

Low Input Offset Voltage Drift: 1uV/°C max, Model 277K

Floating Power OQutput: 15V @ +15mA

High CMR: 160dB min @ dc

High CMV: 3500V,

APPLICATIONS
Programmable Gain Isolated Amplifier

Isolated Power Source and Amplifier for Bridge Measurements

Instrumentation Amplifier
Instrumentation Grade Process Signal Isolator
Current Shunt Measurements

GENERAL DESCRIPTION

Model 277 is a versatile isolation amplifier which combines a
high-performance, uncommitted operational amplifier front
end with a precision, isolated output stage and a floating power
supply section. This configuration, shown in Figure 1, makes
the 277 ideally suited to instrumentation applications where
the need for various forms of signal conditioning, high CMV
protection and isolated transducer power requirements are
encountered.

The input stage is a low drift (+ IHVIOC max, model 277K)
differential op amp that may be connected for use in inverting,
non-inverting and differential configurations. The circuitry
employed around the operational amplifier input stage can be
designed by the user to suit each application’s particular signal
processing needs. A full £10V signal range is available at the
output of the front end amplifier.
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Figure 1. Model 277 Functional Block Diagram

The isolated outpur stage includes a special modulator/demodu-
lator technique which provides the 277 with 160dB minimum
DC common mode rejection between input and output com-
mon and an input-to-output CMV rating of 3500V ... When
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Precision Isolation Amplifier
High CMV/CMR, £15V Floating Power

MODEL 277

combined with the output stage’s low nonlinearity (0.05%,
models 277]/A and 0.025% model 277K), these high CMR and
CMV ratings facilitate accurate measurements in the presence
of noisy electrical equipment such as motors and relays. In
addition, model 277A offers a -25°C to +85°C rated operating
temperature range. All versions of model 277 have a 10 volt
output range.

The floating power supply section provides isolated £15 volt
outputs capable of delivering currents up to £15mA. This
feature permits model 277 to power transducers and auxilliary
isolated circuitry, thereby eliminating the need for a separate
isolated DC/DC converter.

All of the features of the modc] 2?? lsoiatmn amplifier are
packaged in a compact (3" x 2.2" x 0.59") module. As an
assurance of high performance reliability, every model 277 is
factory tested for CMV rating by application of 3500V ¢
(+4900V peak) between input and output common terminals
for one minute (meets NEMA and CSA requirements for
660V g service.) In addition, the 277 has a calculated MTBF
of 133,000 hours.

PHONE: 781-551-5500 FAX: 781-551-5555



SPECIFICATlo Ns (typical at +25°C and 15V unless otherwise noted)

MODEL 277) 277K 277A 0
UTLINE DIMENSION
INPUT STAGE PERFORMANCE " SIONS
OPEN LOOP GAIN 106dB min s . Dimensions shown in inches and (mm)
INPUT OFFSET VOLTAGE
Initial, @ +25°C (Adjustable 1o Zero) £1.5mV max - . 0.595 MAX (16.1)
vs. Temperature
Offsct Untrimmed £5uVI°C max » £5uv/°C | 277
Offset Trimmed to Zero £3pV/°C max £1uV/°C max » 20 MIN [5.08]
ve. Supply Voltage £304VIV p . —-”—— 0.040 {1.02) " 025 MAX [6.35)
vs. Time 350V imo » . 3,08 MAX [77.2) =——eeeeeeeeeeeion]
INPUTN.HSCUGRRF.NT T T TTTI TTTI TTTIT T
el _ = + - + —
Initial, @ +25 C +20nA max . 51 Vs L - Il b DUTFUT 10 64
vs. Temperature ‘tSﬂpAf’DC L . -t + t +——+
vs. Supply Voltage £100pA/V . . 2 M A e e B B
4 — - . —
INPUT DIFFERENCE CURRENT 3 -IN "*I {' T T OE'I'. G'h"l‘lllﬂoi
Initial, @ +25°C +6nA e . 4 N ! OUT TRIM 13 04
vs. Supply Voltage 150pASY . . lo's Wimo it | [ Vs 1401 253 max
INPUT IMPEDANCE 41— {56.64)
Differential 4aMQ . . —-?f.- ':'Fllln_n T |
Common Mode? 100ME2}4pF ¢ . o7 TRIM 1
INPUT NOISE 08 TAIMARM -
Voltage, 0.01Hz 1o 10Hz 1V pp . ’ :;‘;Pk;,},zéul
10Hz to 1kHz 3uV rms * * 1 g
Current, 0.01Hz to 10Hz ISpA pp . . I [ H' 1 B _i'_
INPUT VOLTAGE RANGE = *
Common Mode Voltage® 110V min ’ 4 SUTIOM.VIEW Ll I"“ 03 [2.54) GRID
Common Mode Rejection®, CMV = £10V, 60Hz  100dB . . WEIGHT: 150 ges
Max Safe Differential Voltage 13V - .
ISOLATED FOWER OUTFUT® MATING SOCKET — AC1053
Voltage/Current ? 115V @ 15mA max 4 .
Load Regulation (No Load — Full Load) +0, 6% Ly .
Line Regulation ViV . .
Ripple, Full Load I0mV pp @ T0kHz = .
120
OUTPUT STAGE PERFORMANCE
GAIN VIV . .
Gain Error £0.5% max * & 100
vs. Temperature £50ppm/°C max * - k]
Nonlinearity, £10V Qutput £0.05% max £0.025% max = &
VOLTAGE RATINGS® 8. %
Max CMV, Output Com/Input Com g i
AC, 60Hz, 1 Minute 3500V gy max - » z4 60
Nonrecurring Spike (<1 Second) £5000V pk max . . 5,:
Peak AC or DC, Continuous £2500V max . . T
CMR, Output Com/Input Com* } & 40
DC 160dB min . . z4
60Hz 12048 min 5 i &%
Leak. Cur., Input/Output 115V ., 60H: 1A rms max » u 20
ISOLATION IMPEDANCE® |
Input Com/Output Com lﬂ)nﬂlllﬁpl: » . 1 | | |
L L 1
OUTPUT OFFSET VOLTAGE 01 1 10 100 1k 10k 100K w
Initial, @ +25°C (Adjustable to Zero) *+10mV max . . FREQUENCY — Hz
vs. Temperature £100uV/°C max +50uV/ Cmax  £100uV/" C max
vs, Supply Voltage EImViv . -
vs. Time +100uV/mo . - Fi .
ure 2. Input Stage Gain, CMR and Phase
FREQUENCY RESPONSE 9 P g !
Small Signal, -3dB 2.5kHz . . vs. Frequency
Full Power, 20V p-p Outpur 1.5kHz = "
Settling Time £10V Step to 0.1% 1ms * =~

RATED OUTPUT
Voltage/Current

10V min @ *5mA min

OUTPUT NOISE I I I

Voltage, 0.01Hz to 10Hz TV p-p . ¥ ° 4
10Hz to 1kHz 251V rms . * g

POWER SUPPLY - 5
Voltage, Rated Performance +15VDC . » B i iy
Voltage, Operating #(14 1o 16)VDC * ; e | | z
Current, Quiescent +35, -5mA * . z <o T o

TEMPERATURE RANGE 3 g
Rated Performance 0 to +70°C L -25°C 10 +85°C 80 [— '
Operating -25°Cro +85°C » . [
Storage -55°C 1o +85°C o =

: — - - - 100 1 10k 100k

CASE SIZE 30"x22 x0.59 * FREQUENCY — Hz

NOTES Figure 3. Output Stage Gain and Phase

*Current drawn from INPUT FEEDBACK terminal must be <5mA. vs. Frequency
" Tow! current drawn from IN FEEDBACK and either +V g1 01 -V gy must be <15mA,
¥ input common mode specifications are measured at « 1N and -IN terminals with respeet o INPUT COM,
* Protected for momentary shorts to [N COM,
*lsolation specifications are measured at INPUT COM with respect to OUT COM and PWR COM,
*Specifications same as model 277).
Specifications subject to change without notice.



Applying the Isolation Amplifier

PERFORMANCE CHARACTERISTICS

Gain Nonlinearity: Nonlinearity error is expressed as a % of
peak-to-peak output voltage span; e.g. 0.05% @ 10V p-p out-
put = *5mV max RTO nonlinearity error. Model 277 is available
in two maximum nonlinearity grades — £0.05% (277]/A),
+0.025% (277K).

The nonlinearity of model 277 is virtually independent of out-
put voltage swing. Therefore, the 277 can be used at any level
of gain and output signal range up to 10V while maintaining
its excellent linearity characteristics.

Output Voltage Noise: Peak-to-peak output voltage noise is
dependent on bandwidth, as shown in Figure 4. The graph
shows RTO noise, that is, output noise for a gain of 1V/V
through the isolator, For lowest noise performance, a low pass
filter at the output can be used to roll-off noise and undesired
signal frequencies beyond the bandwidth of interest. As gain
increases, voltage noise referred-to-input decreases, resulting in
higher input signal to noise ratios. The next section demon-
strates how voltage noise, referred-to-input, can be calculared.
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Figure 4. Output Voltage Noise vs. Bandwidth

RTI Offset Voltage, Drift and Noise: Offset voltage, referred
to input (RTI) for model 277 may be computed by treating
the isolator as two cascaded amplifier stages. The input stage
has variable gain Gy while the output isolation stage has a fixed
gain of 1. RTI offset is given by:

Egs (RTI) = Eosl + EOSz"GI

Eps, = total input stage offset volrage

Egps, = output stage offset voltage

G = input stage gain

where:

Offset voltage drift, RTI, may be calculated in the same manner.

._'__

| | |

1 0 100 A 10k
FREQUENCY — Hz

Figure 5. Input-to-Output CMR vs. Frequency with 1k§)
Source Imbalance

RTI noise, in a given bandwidth, (for Figure 8a) may be calcu-

lated as follows:
En (rms, RTD =VEN,? + (Ey,/Gy)?

where: Ey, = total rms input stage voltage noise
En, = rms output voltage noise (RTO)

Common Mode Rejection: A 160dB rejection of potential
differences between input and output common is achieved in
model 277 by maintaining low coupling capacitance between
the input and outpurt stages. Input-to-output rejection is a
function of frequency as shown in Figure 5 under the adverse
condition of 1k{2 in series with IN COM. CMR versus frequency
for the input stage is shown in Figure 2.

The section on GUARDING TECHNIQUES & INTERCON-
NECTION demonstrates how to calculate total CMR error for
the isolator and indicates the precautions to be taken to pre-
serve the model 277’s inherently excellent CMR performance.

GUARDING TECHNIQUES & INTERCONNECTION

Model 277 CMR performance is best preserved by using shield-
ed signal cable with the shield connected as close as possible to
signal low and IN COM to reduce pickup (see Figure 6).

R e st

Overall CMR error at the output (€er) is due to the CMR of
the input amplifier and the CMR between input and output
stages and is given by:

- San (Gq) + (0]
CMR N CMR o

€em = input amp CMV with respect to IN COM
ejg = CMV between OUT COM and signal ground
CMR|N = CMR of the input op amp

CMR|g = CMR from input IN COM to OUT COM
G = input stage gain

Cerr

where:

To preserve CMRyy, amplifier source impedances should be
balanced with respect to IN COM. Components connected to
the input should be enclosed by a shield tied to IN COM to
reduce CMR g degradation due to unguarded capacitance to
ground.

High CMR|q is maintained with low capacitance between IN
COM and OUT COM. For best CMR performance, printed cir-
cuit layouts should minimize stray capacitance between input
and output stages. Do not run a ground plane under the isolato;
since this increases input-output coupling. CMRq also degrade:



at high frequencies by resistance (Rg) between IN COM and
signal ground. Voltage between OUT COM and source ground
divides between this resistance (generally wire resistance) and
the input-to-output capacitance resulting in an input error sig-
nal. If Rg becomes excessive, a capacitor from +IN to QUT
COM will help compensate for its effect on CMR. The capacitor
must withstand the isolation voltages encountered.
ADJUSTMENT PROCEDURE

The input and output offset voltage of model 277 can be
trimmed as shown below with the isolator set up in the desired
circuit configuration.

(1) Refer to Figure 6 for terminal and component designations.
(2) Connect IN COM to OUT COM and set input signal to zero.

(3) Place floating DVM across IN FDBK and OUTPUT terminals.

(4) Null DVM reading using output offset trim potentiometer
Ro.

(5) Disconnect IN COM from OUT COM.

(6) Place DVM across IN FDBK and IN COM terminals.

(7) Adjust input offset trim potentiometer, Ry, until DVM
reads zero volts.

The overall gain of the isolator may be increased over a limited
range (5%) with a 5k{2 potentiometer connected between pins
10 and 12.

APPLICATIONS

Programmable Gain Bridge Transducer Amplifier: The versa-
tility of model 277 is shown by the programmable gain bridge
transducer amplifier application of Figure 7. In this circuit the
277’s uncommitted front end and floating voltage output per-
mit both bridge excitation and signal gain conditioning to be
provided by the isolation amplifier.

Control switches are driven by TTL inputs which are isolated
from source ground by the opto-isolators in the control
switch. Control signals operate the CMOS switch network to
establish the gains shown in the table in Figure 7. The CMOS
switch network is operated in a manner that causes the resis-
tance of the switches only to be in series with the negative in-
put of the isolator and not in series with the gain setting resis-
tors. With this arrangement the switch resistance does not
affect gain accuracy. A resistor, Rg, should be in series with
-IN to reduce errors due to bias current drift.

With this circuit the isolator gain can be remotely set at a value
that optimizes input signal-to-noise ratio and eliminates the

need for high quality post-amplifiers at the isolator output.
This network is extremely useful in wide dynamic range meas-
urements such as flow, level or pressure where auto-gain rang-
ing would be a desirable system instrumentation feature.

INPUT CONFIGURATION

Model 277’s input stage is an isolated, uncommitted operation-
al amplifier that may be configured to suit a variety of applica-
tions. Model 277 may be used in the same way as any op amp
except that the feedback is taken from the FDBK terminal
rather than the OUTPUT pin. Figure 8 shows four typical input
configurations for interfacing with a wide range of signal
sources.

SOURCE com LOAD
/77 GROUND GROUND

(a) Non-Inverting Configuration

SOURCE

777 Grounp GROUND

(b) Summing Configuration

3
,.;, SOURCE L % LOAD

GROUND GROUND

fc) Isolated Differential Configuration

SOURCE
/77 GROUND

(d) Current Source Amplifier Configuration
Figure 8. Model 277 Input Amplifier Configurations
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Figure 7. Programmable Gain Bridge Transducer Amplifier



Intronics

Power ®©
FEATURES
High CMV Isolation: +5000V pk, 10ms Pulse; £2500V dc
Continuous

High CMR: 110dB min with 5k$2 Imbalance
Low Nonlinearity: 0.05% @ 10V pk-pk Output
High Gain Stability: £0.0075%/°C, +0.001%/1000 hours
Low Input Offset Voltage Drift: 10uV/°C, G = 100V/V
(Model 286J)
Resistor Programmed Gain: 1 to 10V/V (284J)
1 to 100V/V (286J)
Isolated Power Supply: +8.5V dc @ +5mA (284J)
+15V dc @ +15mA (2864J)
Meets IEEE Std 472: Transient Protection (SWC)
Meets UL Std 544 Leakage @ 115V ac, 60Hz:
2.0uA max (284J)
2.5uA max (286J)

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 Isolated Current Loop Receiver

GENERAL DESCRIPTION

The models 284], 286] 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-
lation, the models 284], 286] protect both patients and ultra-
sensitive equipment from high CMV transients up to £5000V
pk (10ms pulse) or 2500V dc continuous, high CMR of 110dB
(5kS2 imbalance) and feature maximum leakage current of less
than 3uA ms, @ 115V ac, 60Hz (inputs to power common),

The model 284] is a self-contained isolation amplifier for
single channel applications. For multi-channel applications,
the model 286] combined with an external synchronizing
oscillator such as the model 281 may be used; up to 16 model
286] amplifiers can be driven from 1 model 281 oscillator.
Additional channels may be obtained by configuring an un-
limited number of 284]Js with several ganged 281 oscillators,

Both models also provide resistor-programmable gain of 1 to
10V/V (284]) or 1 to 100V/V (286]), high gain stability of
0.0075%/°C, low nonlinearity of 0.05% @ 10V pk-pk output
and isolated power supply outputs of £15V dc @ +15mA
(286]) or £8.5V dc @ £5mA (284]).

WHERE TO USE MODELS 284], 286]

Industrial Applications: In data acquisition systems, computer
interface systems, process signal isolators and high CMV instru-
mentation, models 284], 286] offer complete galvanic isola-
ton and protection against damage from transients and fault
voltages. High level transducer interface capability is afforded
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High CMV.

High Performance Isolation Amplifiers
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4 CHANNEL. ISOLATED DATA ACOUISITION SYSTEM

with model 286]’s 20V pk-pk or model 284]’s 10V pk-pk in-
put signal range at a gain of 1V/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
recorders, models 284], 286] 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 (8uV pk-pk @ G = max gain) and high CMR
(110dB, min @ 60Hz),

DESIGN FEATURES AND USER BENEFITS

High Reliability: Models 284], 286] are conservatively de-
signed, compact modules, capable of reliable operation in
harsh environments. Models 2847, 286] have calculated MTBF
of over 390,000 hours and are designed to meet MIL-STD-
202E environmental testing 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 (+2500V dc isolation),
provides the capability to 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 1V/V to 100V/V (286]) or 1V/V to 10V/V (284])
providing the flexibility of applying models 284], 286] in
both high-level transducer interfacing as well as low-level
Sensor measurements.

PHONE: 781-551-5500 FAX: 781-551-5555



E, SPECIF|CAT|0NS (typical @ +25°C and Vg = +15V dc unless otherwise noted)

MDEL Lo IS B T OUTLINE DIMENSIONS
GAIN (NON-| ;1;1:1:11 rlNc..) . = Dimensions shown in inches and (mm).
. Gine 114 1002y ¢SOV oo _, ;
107k + Ry(kQ) 1kQ + R;(k ) LAY RN
Deviation from Formula 3% +40,
vs. Time +0.001%/1000 Hours . 062
vs. Temperatre (0 to +70 °c)? +0.0075%/°C . MODEL 284, 286J {:‘&;p
honlm:a.rn)f, 10V pk-pk Ourput +0.05% .

INPUT VOLTAGE RATINGS ]l lI 2010026
Linear Differential Range, G = 1V/V £5V min +10V min U 570 6.4)
Max Safe Differential Input Q 004 (102) 1A —e]jm- |}

Continuous 240V e .
Pulse, 10ms duration, 1 pulse/10 sec® 6500V max " :?c"u?.'f‘o‘ﬂ?é“égs FIGURE 3

Max CMV, Inputs to Outputs [ o T
AC, 60Hz, 1 minute duration 2500V s » R COM- - -I.r, 01
Pulse, 10ms duration, 1 pulse/10 sec® 2500V 5y, max * mn'm B R }

With 510k£2 in series with Guard #5000V py max .
Continuous, AC or DC *2500Vpy e B 152 1 R 35§

CMR, Inputs to Qurputs, 60Hz, Rg < 5k 151
Balanced Source Impedance 114dB b ) 'ﬁ;’
5k{l Source Impedance Imbalance 110dB min ' LoouT 86|

CMR, Inputs to Guard, 60Hz el g i
1k£2 Source Impedance Imbalance 78dB " HiouT 106-

Max Leakage Current, Inputs to Power Common ot 3 1
B'115VAG, 60Hy e HOMACSONE e JESIK ORI ittt

INPUT IMPEDANCE a'g}',;g;‘ VIEW | w0280 6RiD
Differential 10* QI70pF 10% 2|150pF
Overload 300k§2 . Model 284
‘Common Mode __ 5x10'° Ql20pF ¥ FOR GUARDING

INPUT DIFFE RE\ICF CURRENT TECHNIGUES SEE FIGU “.‘

Initial, @ +25 °c +7nA max *

_vs. Temperature (0 to +70°C) +0.1nA/°C *
INPUT NOISE
Vo!usc‘
0.05Hz 1o 100Hz 8uV pk-pk .
10Hz to 1kHz 10uV rms 3uV rms i il |
Current O 5 I TRIM 1
. . ok . |

_ OOSHzwol00H2  SpApkpk ' : FSiht

FREQUENCY RESPONSE : I T R
Small Signal, -3dB 1kHz L
Slew Rate 25mV/us » S S a———— . N
Full Power, 10V p-p Output 200Hz 900H BOTTIOMVIEN ] |- 1 (254 GRID
Full Power, 20V p-p Output N/A 400Hz
Recovery Time, to £100uV after Appl:cauon Model 286.J

of *6500Vpy Differential Input ?uisc 200ms *

OFFSET VOL] TAGE 'REFERRED TO INPUT neur @ E SN i i | ! ...

Initial, @ +25°C, Adjustable to Zero (5 + 20/G)mV (5 + 45/G)mV & | () ouTPuT
vs. Temperature (0 to +70°C) 1 + 150/G)uV/C 7+ 250/G)UVIC sy {}|
vs. Supply \-"oluge *1mV/% o alg) i om

RATED OUTPUT ot i i
Voltage, 50k§2 Load 5V min 210V min coM |
Output Impedance 1k * m::“ “l

__Output Ripple, IMHz Bandwidch  smvpkpk  20mVpkpk  gg i rouen

ISOLATED POWER OUTPUTS | e
Voltage, +5mA Load *8.5V dc +15V dc —

Accuracy 5% @, -6%

Current +5mA min +15mA min GAIN =1+ %I vV TO 10V

Regulation, No Load to Full Load +0, -15% +0, -10%

Ripple, 100kHz Bandwidth 100mV pk-pk 200mV pk-pk Figure 1. Block Diagram — Model 284J

POWER SLIPPL‘: SINGLE POL.#\RIT\:'s
Vaoltage, Rated Performance +15V de o
Valtage Operating +(8 1o 15.5)V de . Hi T
Currcnt Qmes:em o +1 l:_nm\ o +13mA aam

TEMPERATURE RANGE g
Rated Performance 0o +70°C - o
Operating -25°C to +85°C L4 o
Storage -ss"c to +85°C . “‘;’: :

CASE DIMENSIONS® 1. s X 1 s xDﬂZ * Vo

NOTES rowLR

*Specifications same as model 284]. nans. SR Lol

! Specifications for :m‘d:l 286] apply when driven by ADI model 281 oscillacor. e

E:(;:::“;::J‘:m il and guin Y asesp b ge of qaiN= e e ;?:—i-ﬁ' 1WA TO 100V
*Rise time of pulse must be >10us,
“Mode! 284): Gain = 10V/V; Model 286): Gain = 100V/V, ngum 2. Bfock Dfmmm — MO(#-" 28&,'

* Recommened power supply, ADI model 904, £15V & 50mA.
¢ Recommended moummg sockets — model 284): ADI Part Number AC1049;
maode] 286): ADI Part Number AC1054.

Specifications subject to change without notice.



Understanding the Isolation Amplifier Performance

INTERCONNECTION AND GUARDING TECHNIQUES
Models 284], 286] can be applied directly to achieve rated
performance as shown in Figures 3 and 4. To preserve the high

TRANSDUCER ACINE oL 20
CABLE MOUNTING

TRANSDUCER e CHARD.

SIGNAL

~ - sulcu)/ > 1n, JBaY
TRANSOUCER oL i\ rwe L.
GROUND v 2z
) e
REOUIRED) 0wl TRIM ADJUST
i ETY
Ho R22 g  n
Ll T
NOTES % POWER COM

12500V de MAX

NOTE 1. GAIN RESISTOR, Rj, 1%, S0ppm/”C METAL FILM TYPE IS RECOMMENDED,
FOR GAIN = WV, I.EAVE TERMINAL 2 OPEN,
FOR GAIN = 10V/V, SHORT TERMINAL 2 TO TERMINAL 1
100k
ANt 10.7ki2 + Rjikit]
NOTE 2, GUARD RESISTOR, Rg, REQUIRED ONLY FOR CMV > 22600Vey (25kVipy MAX).
Fg MAY BE MOUNTED ON AC1049 MOUNTING SOCKET USING STANDOFF PROVIDED,
(USE % WATT, 5%, CARBON COMPOSITION TYPE: ALLEN BRADLEY RECOMMENDED),

NOTE 3. QUTPUT FILTER CAPACITOR, C. SELECT TO ROLLOFF NOISE
AND OUTPUT RIPPLE: fo.g. SELECT C = 1.54F FOR dc TO 100Hz BANDWIDTH),

NOTE 4. A2~ 2000, G = 1; A2 ~ 2k01, G=>1

Figure 3. Model 284, Basic Isolator Interconnection

TRANSDUCER L
i o FLOATING
TRANSDUCER & 5
SIGNAL ~ o1 L L
07 svne
"é n/ 261 WTO
\ SHIELS
TRANSDUCER “," iy
GROUND
(reSSinec) I
REQUIRED
!L“‘H —:
ot 2 [
F o)
NS i
2500V de MAX POWER GROUND =

NOTE 1. GAIN RESISTOR, R, USE €, METAL FILM TYPE.
FOR GAIN » /v, LEAVE TERMINAL 2 OPEN,
R GAIN = 100V/V, SHORT TERMINAL 2 TO TERMINAL 1
FOH GNNB FROM 1V/V TO 100V/V: 1
GAIN=1* SH R, Wil

NOTE 2. OPTIONAL GUARD RESISTOR, Rg. REQUIRED ONLY FOR CMV = =,
Fg MAY BE CONVENIENTLY MOUNTED ON AC10564 MOUNTING SOCKET USING
THE STANDOFF PROVIDED (Rg ). USE 1/4 WATT, 5% CARBON COMPOSITION TYPE;
(ALLEN BRADLEY RECOMMENDED),

NOTE 3. OUTPUT FILTER CAPACITOR C. SELECT TO ROLL-OFF NOISE AND OUTPUT
RIPPLE: (eg. SELECT C~1.5:F FOR dc TO 100Hz BANDWIDTH}

1
U P

Figure 4. Model 286 Basic Isolator Interconnection

BANDWIDTH ROLLOFF
f(-3d8) =

+15V 15V
1 9 ©
2w (1h52)

+15V

b
20ki} | OFFSET VOLTAGE
L Ro TRIM ADJUST

2" 16V
10K}

*AZ ~ 20001 G = 1: A2 ~ 2k0}, G=1

= POWER COM

Figure 5. Model 286J Optional Connection: Offset Voltage
Trim Adjust, Bandwidth (-3dB) Rolloff and Gain Adjust
{G>100V/V)

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 284] 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
+50V,, max, offering three-port isolation. A 0.1uF capacitor
is required 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.

INTERELECTRODE 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 50kMS). Figures 6 and 8 illustrate
the CMR ratings at 60Hz and 5k§2 source imbalance between
signal input/output terminals, along with their respective
capacitance.

o
LT GUARD

*WHEN GUARD TIED TO INPUT COMMON MODE SOURCE

Figure 6. Model 284.J
Terminal Capacitance
and CMR Ratings

Figure 7. Model 284/
Terminal Ratings

DR <- GUARD

SWHEN GUARD TIED TO INPUT COMMON MODE SOURCE

Figure 8. Model 286.J
Terminal Capacitance
and CMR Ratings

Figure 9. Model 286J
Terminal Ratings

Terminal Ratings: CMV performance is given in both peak
pulse and continuous ac or dc peak ratings. Pulse ratings are
intended to support 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 1
illustrate models 284], 286] ratings between terminals.

SYMBOL RATING REMARKS
\’l-(pu!sci‘ 1 £6500Vpk (10ms) | Withstand Voltage, Defibrillator
V1 (cont,) *240Vpms Withstand Voltage, Steady State

V2 (pulse)* |
V2 (pulse)*

*2500Vpg (10ms) R = 0
*5000Vpg (10ms) R = 510kS2

‘Transient
Isolation, Defibrillator

V2 (cont.} *2500Vpyk Isolation, Steady State

V3 (cont.) | *50Vpy Isolation, de

Z1 | SOKMS20pF Isolation Impedance

1{286)) 50pA rms Input Faulr Limit, de 1o 200kHz
1(284] 35m\ s Input Fault Limit, de to 60kHz

*Rise time ol pulse must be ""li.ly(

Table I. Isolation Ratings Between Terminals



Leakage Current Limits: The low coupling capacitance between
inputs and output yields a ground leakage current of less than
2.0pA rms (284]) and 2.5uA rms (286]) at 115V ac, 60Hz
(or 0.02uA/V ac). As shown in Figures 10 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 284], 286].

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

In patient monitoring equipment, such as ECG recorders,
models 284], 286] will provide adequate isolation without
exposing the patient to potentially lethal microshock hazards.
Using passive components for input protection, this design
limits input fault currents even under amplifier failure

conditions.

TEST CIRCUITS & MAX CURRENT LIMITS FOR
ANY SWITCH CLOSURE COMBINATION

S~—] —o +18v

S——] =0 | 100kHz
—E 2840, 2860 [0} 100KH: )
5000 S~

INTERNALLY
GENERATED
TEST (1}

m@

r
~— =0 _+15v
I—E\-« 284, 286J :_:}m';r (2889)
m'@ 1L {3 soon LINE INDL
T {1}
p 116V, B0Hz

10mA
s [
4
2
1mA |
e REJECT
w \/ REGION REGION
= 2
‘; 100uA UL & AAMI
= 6 | PATIENT SAFETY 28
o AL LiMiTS INTERNALLY GENERATED
% 2} (TYPEAEQUIR} LEAKAGE CURRENT
<
= 10pA
< 6k
o 1 § 284
LINE INDUCED LEAKAGE
2 [ CURRENT
e " [
4 i L= 2.0uA rms | M= S rms
2 @ 60z, 117V & BOkMHz
(MAX) typ)
0uA -
T 100 T« o 100k ™

FREQUENCY — Hz
Figure10. Model 284J Leakage Current Performance from
Line Induced and Internally Generated (Modulator) Operating
Conditions
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2
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WA 100 [ 10k 100k ™
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Figure 11. Model 286J Leakage Current Performance from
Line Induced and Internally Generated (Modulator) Operating
Conditions

GAIN AND OFFSET TRIM PROCEDURE, MODEL 284]

1. Apply epy = 0 volts and adjust Rg, for e = 0 volts.

2. Apply ey = +1.000V dc and adjust Rg; for e = +5.000V de.

3. Apply ey = -1.000V dc and measure the output error (see
curve a).

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

5. Apply ey = +1.000V dc and adjust Rg until the output
error is one half that measured in step 4 (see curve c).

2

E
[
(=3
&
«
W
b
>
a
i
3
]

Ag 5k
GAIN
ADJUST

*R2~20001,G=1
R2 ~ Zkil, G=1

1082 S50k

Figure 12. Gain and Offset Adjustment

GAIN AND OFFSET TRIM PROCEDURE, MODEL 286])

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 = 10V/V

is desired.

1. Apply epy = 0 volts and adjust Rgy for e = 0 volts.
2. Apply ey =+0.500V dc and adjust Rg for eg =+5.000V dc.

3. Apply ey = -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 +0.500V dc and adjust R until the output error is
one half that measured in step 4 (see curve c).

%5
20

OUTPUT ERROR — mV
o

Figure 13. Gain and Offset Adjustment
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Figure 14. Model 284J Common Mode Rejection vs.
Frequency
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Figure 15. Model 286J Common Mode Rejection vs.
Frequency
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Figure 16. Model 284J Common Mode Rejection vs. Source
Impedance Imbalance
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Figure 17. Model 286J Common Mode Rejection vs.
Source Impedance Imbalance
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Figure 18. Model 284J Input Voltage Noise vs. Bandwidth
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Figure 19. Model 286J Input Voltage Noise vs. Bandwidth
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Figure 20, Model 284J Input Offset Voltage Drift vs. Gain
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Figure 21. Model 286J Input Offset Voltage Drift vs. Gain



Applying the Multi-Channel Isolation Amplifier

0.20

018

0.8

e
=

NONLINEARITY — % of Output Voltage

2 4 & B W 12 14 W 18 20
OUTPUT VOLTAGE -~ Voltspp

Figure 22. Model 286J Gain Nonlinearity vs. Output Voltage
REFERENCE EXCITATION OSCILLATOR*

When applying model 286], the user has the option of building

alow cost 100kHz excitation oscillator, as shown in Figure 23,
or purchasing a module from Analog Devices — model 281,

FREQ.

HEX SCHMITT TRIGGER
ADJUST j 3.01ki2 ; e.g., MMTAC14N DR F40014PC
kil L
sy E—»I 14} ——o +15v0C
U
=
G 5 ﬂ}
o [3] 12} 03 out
S¥YNC o —
i — <HH
10000F ==
SEENOTED | —E%‘ E]—
{&] El‘““
=
o 7 s 09 out
POWER —
o TTOP VIEW)
potes:
1. DJUST: ADJUST TRIM POT FOR OUTPUT FREQGUENCY OF 100KHz +5%.

z FDI\ su\re OFERATION, REMOVE JUH’ER FROM SYNC OUT AND SYNC IN PINS.
3 USE CERAMIC CAPACITOR, “COG" OR "NPO™ CHARACTERISTIC.

Figure 23. Model 281 100kHz Oscillator — Logic and
Interconnection Diagram

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 de.

12V
REGULATOR

100k Hz
QSCILLATOR

*LEAVE TERMINAL 6 OPEN, WHEN POWER 1S APPLIED TO TERMINAL 7,

Figure 24, Model 281 Block Diagram

Model 281 oscillator is capable of driving up to 16 model
286]s as shown in Figure 25. An additional model 281 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 1000 channels
may be easily configured.

*CAUTION:

1 to 16 Isolators

86J
5
aur i w1016
4| svne ME || 1soLATORS
(L] 281

EXTERNAL OSCILLATOR INTERCONNECTION

Figure 25. Model 281/286 Connection for Driving from

4] syne
N

Figure 26. Model 281/286 Connection for Driving > 16

Isolators
SPECIFICATIONS
(typical @ +25°C and Vg = +15V dc unless otherwise noted)
MODBL 281"
OouTPUT
Frequency 100kHz £5%
Waveform _ Squarewave
Voltage (¢ and ¢ terminals) Oto +12V pk
Fan-Out! 16 max

POWER SUPPLY RANGE?
High Inpurt, 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

+(14 to 28)V dc
+5mA

+16mA

+(8 to 14)V dc
+12mA

+33mA

0o +70°C
-55°C to +85°C

1.4" x 0.6" x 0.49"
10 grams

' Model 286] oscillator drive input represents unity oscillator load.
2 For applications requiring more than 16 286]s, additional 281s may be used

in & master/slave mode. Refer to Figure 26,

*Full load consists of 16 model 286)s and 281 oscillator slave,
Specifications subject to change without notice.

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

]-—— 1.4 (35.6) MAX —-—|

MODEL 281

IR

0.48112.4.
MAX

).
tm% U

0.02 (5.2)
0.25 (6.35) MAX ""“!i""' DIA
06
76 54321 1152}
20 00000 MAX
BOTTOM VIEW

WEIGHT: 10G

..._‘ I_._ 0.1 {2.54)
GRID

MATING SOCKET: Cinch #16

ESD(Electro-static-discharge) sensitive device. Permanent damage 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.

=B

1

PIN TERMINAL IDENTIFICATION
POWER COMMON

#OUTPUT

¢ OUTPUT

SYNC INPUT

SYNC QUTPUT

+Vg: HIGH RANGE +{14 to 28]V,
+Vg: LOW RANGE +(8 to 1]V

YT TE R

DIP or Equivalent

WARNING!

ESD SENSITIVE DEVICE
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FEATURES
Low Nonlinearity: +0.012% max (289L)
Frequency Response: (-3dB) dc to 20kHz
(Full Power) dc to 5kHz
Gain Adjustable 1 to 100V/V, Single Resistor
3-Port Isolation: £2500V CMV Isolation Input/Output
Low Gain Drift: £+0.005%/°C max
Floating Power Output: £15V @ t5mA
120dB CMR at 60Hz: Fully Shielded Input Stage
Meets UL Std. 544 Leakage: 2uA rms max, @ 115V ac, 60Hz

APPLICATIONS

Multi-Channel Data Acquisition Systems
Current Shunt Measurements

Process Signal Isolator

High Voltage Instrumentation Amplifier
SCR Motor Control

GENERAL DESCRIPTION

Model 289 is a wide-band, accurate, low cost isolation ampli-
fier designed for instrumentation and industrial applications.
Three accuracy selections are available offering guaranteed
gain nonlinearity error at 10V p-p output: £0.012% max
(289L), £0.025% max (289K), £0.05% max (289]). All ver-
sions of the 289 provide a small signal frequency response
from dc to 20kHz (-3dB) and a large signal response from dc
to SkHz (full power) at a gain of 1V/V. This new design offers
true 3-port isolation, #2500V dc between inputs and outputs
(or power inputs), as well as 240V rms between power supply
inputs and signal outputs. Using carrier modulation tech-
niques with transformer isolation, model 289 interrupts
ground loops and leakage paths and minimizes the effect of
high volrage transients. It provides 120dB Common Mode
Rejection between input and output common. The high CMV
and CMR ratings of the model 289 facilitate accurate measure-
ments in the presence of noisy electrical equipment such as
motors and relays.

WHERE TO USE THE MODEL 289

The model 289 is designed to interface single and multichannel
data acquisition systems with dc sensors such as thermo-
couples, strain gauges and other low level signals in harsh in-
dustrial environments. Providing high accuracy with complete
galvanic isolation, and protection from line transients of fault
voltages, model 289's performance is suitable for applications
such as process controllers, current loop receivers, weighing
systems, high CMV instrumentation and computer inter-

face systems.

Use the model 289 when data must be acquired from floating
transducers in computerized process control systems, The
photograph above shows a typical multichannel application
allowing potential differences or interrupting ground loops,
among transducers, or between transducers and local ground.

Precision, Wide Bandwidth,

| _Synchromzed Isolatlon Ampllfuer

I\/IODEL 289

Fee—-
I rein

|+ i)

[E——

aaTa s

‘ﬁ?\/‘ﬂ

4 CHANNEL ISOLATED DATA ACQUISITION SYSTEM

DESIGN FEATURES AND USER BENEFITS

Isolated Power: The floating power supply section provides
isolated 15V outputs @ *5mA., Isolated power is regulated to
within £5%. This feature permits model 289 to excite floating
signal conditioners, front-end buffer amplifiers and remote
transducers such as thermistors or bridges, eliminating the need
for a separate isolated dc/de converter.

Adjustable Gain: A single external resistor adjusts the model
289’s gain from 1V/V to 100V/V for applications in high and
low level transducer interfacing.

Synchronized: The model 289 provides a synchronization
terminal for use in multichannel applications. Connecting the
synchronization terminals of model 289s synchronizes their
internal oscillators, thereby eliminating the problem of oscil-
lator “‘beat frequency” interference that sometimes occurs
when isolation amplifiers are closely mounted.

Internal Voltage Regulator: Improves power supply rejection
and helps prevent carrier oscillator spikes from being broad-
cast via the isolator power terminal to the rest of the system.

Buffered Qutput: Prevents gain errors when an isolation ampli-
fier is followed by a resistive load of low impedance. Model
289 can drive a 2kS2 load.

Three-Port Isolation: Provides true galvanic isolation between
input, output and power supply ports. Eliminates need for
power supply and output ports being returned through a com-
mon terminal.

Reliability: Model 289 is conservatively designed to be capable
of reliable operation in harsh environments. Model 289 has a
calculated MTBF of 271,835 hours. In addition, the model
289 meets UL Std. 544 leakage, 2uA rms @ 115V ac, 60Hz.

1400 PROVIDENCE HIGHWAY « BUILDING 2 NORWOOD, MASSACHUSETTS 02062-5015

PHONE: 781-551-5500 FAX: 781-551-5555



SPEC'F'CAT'ONS (typical @ +25°C and Vs +14.4V to +25V dc unless ntherwme noted)

Model 289)

GAIN (NONINVERTING)
Range

Formula

Deviation from Formula
vs. Temperature (0 1o +70°Cy’
Nonhnearity. (£5V Swing)*

INPUT VOLTAGE RATINGS
Linear Differential Range (G = 1V/V)
Max Safe Differential Input
Continuous
1 Minute
Max CMV (Inputs to Outpuis)
Connnuous ac or de
ac, 60Hz, 1 Minute Duration
CMR, Inputs to Ourputs 60Hz
Rg < 12, Balanced Source Impedance
Rg = 1k, HIIN Lead Only
Max Leakage Current, Input to Outpur @
115V rms, 60Hz ac
INPUT IMPEDANCE
Differennial
Overload
Common Mode
INPUT DIFFERENCE CURRENT
Initial @ +25°C
vs. Temperatre (0 to 70°C)

INPUT NOISE (GAIN = 100V/V)
Voltage
0.05H: to 100Hz
10Hz to 1kHe
Current
0.05Hz to 100Hz
FREQUENCY RESPONSE
Small Signal -3dB
G=1V/iv
G=100V/IV
Full Power, 10V p-p Qurput
G=1VIV
G = 100V/V
Full Power, 20V p-p Output
G=1ViV
G = 100V/V
Slew Hare
Sertling Time* £0.05%, 10V Step
OFFSET VOLTAGE, REFERRED TO INPUT
Initial, @ +25°C

*().05% max

200

vs, Temperature (0 to +70°C) 120 ¢ o max

vs. Supply Voltage (+15V to +20V change)

RATED OUTPUT
Voltage, 2k Load
Output Impedance
Output Ripple, 0.1MHz Bandwidth
No Signal IN
OV

ISOLATED POWER SUPPLY
Voltage
Accuracy
Current
Regulation No Load to Full Load
Ripple, 0.1MHz Bandwidth, No Load
Full Load
POWER SUPPLY, SINGLE POLARITY®
Voltage, Rated Performance
Voltage, Operating
Current, Quiescent (@ Vg = +15V)
TEMPERATURE RANGE
Rated Performance

Operarting
Storage
CASE DIMENSIONS
NOTES:
' Gain drift s S ifledasap ge of outpur signal level.
* Gain incarity is dasap ge of 10V pk-pk output span

289K 2891

1 to 100V/V
10kEL

G=1+ R, (kED)

*1.5% max

1Sppm."°(; vp (SDppm-’°C max)

+0.025% max £0.012% max

*10V min

120V rms
240V rms

+2500V peak max
2500V rms

120dB
104dB min

2uA rms max

33pFll1ot R
100Kk
20pF(5 X 100

10nA (75nA max)
0.15nA°C

BuV pp
3uV rms

IpA rms

20kHz
SkHe

5kHz
3.5kHz

2.3kHz
2.3kHz
0.14V/us
400us

10
x5 tf mV max

15 _,_}_QQ max

50
+ + ——
C _IO_G uV/I C max

10
¥ A"
reilad

*10V min
<1{lde 10 100Hz}

smV pp
s0mV p-p

+15V de
*10%
£5mA, min
5%
25mV pp
75mV p-p

+144V 1o +25V
+8.5V 1o +25V
+25mA

0o +70°C
-15°C o +75°C
-55°C 1o +85°C
1.5"%X 2.0" X 0.75

* When isolated pnwu uutput is used nonlinearity increases by 10.002%/mA of current drawn,

*G = IV/V; with 2-pole, SkHz output filter (see Figure 13).
* Recommended power supply, ADI model 904, £ 15V & 50mA ourput.

Specifications subject to change without notice,

_2-

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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POWER COM 7 ©
SYNC & 1.5
138.1)
toour so | 381
HIQOUT 100

BOTTOM VIEW
WEIGHT: 40 GRAMS "'4 |--u||254| GRID

SHIELDED MATING SOCKET
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4 | cowm CLAD SHIELD
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=/ | REF
wiout 00
ALOG DEVICES AC1214
3

BOTTOM VIEW ‘
WEIGHT: 15 GRAMS

] |« 011250 6riD

COPPER CLAD

SHIELD
INTERCONNECTIONS AND SHIELDING
TECHNIQUE
To preserve the high CMR performance of
model 289, care must be taken to keep the
capacitance balanced about the input terminals.
A shield should be provided on the printed cir-
cuit board under model 289 as illustrated in the
outline drawing above (screened area). The LO
IN/ISO PWR COM (pin 1) must be connected
to this shield. This shield is provided with the
mounting socket, model AC1214 (solder feed-
through wire to the socket pin 1 and copper
foil surface). A recommended shielding tech-
nique using model AC1214 is illustrated in
Figure 1.

Best CMR performance will be achieved by
using twisted, shielded cable for the input signal
to reduce inductive and capacitive pickup. To
further reduce effective cable capacitance, the
cable shield should be connected to the com-
mon mode signal source as close to signal low
as possible (see Figure 1).



TRANSDUCER
CABLE ACIZI4
MOUNTING EL 289
TRANSDUCER SOCKET FLOATING
SIGNAL

TRANSDUCER
~—""6ROUND

INOT
REQUIRED)

Vs I ‘
22500V de MAX

NOTE:

GAIN RESISTOR Rg, 1% S0ppm/“C METAL FILM TYPE IS RECOMMENDED,

FOR GAIN = 1V/V, LEAVE PIN 4 OPEN

FOR GAIN > 1W/V, CONNECT GAIN RESISTOR (Rg | BETWEEN PIN 4 AND PIN 1
1082

GalN=1+ gkl

Figure 1. Basic Isolator Interconnection

THEORY OF OPERATION

The remarkable performance of the model 289 is derived from
the carrier isolation technique used to transfer both signal and
power between the amplifier’s input stage and the rest of the
circuitry. A block diagram is shown in Figure 2,

Vour
10w

OUTPUT

- ISOLATED
1 R

| sueeLy
2

'
LINPUT SHIELD

Figure 2. Model 289 Block Diagram

The input signal is filtered and appears at the input of the non-
inverting amplifier, Al. This signal is amplified by A1, with its
gain determined by the value of resistance connected exter-
nally between the gain terminal and the input common termi-
nal. The output of Al is modulated, carried across the isola-
tion barrier by signal transformer T1, and demodulated. The
demodulated volrage is filtered, amplified and buffered by
amplifier A2, and applied to the output terminal. The voltage
applied to the Vg terminal is set by the regulator to +12V
which powers the 100kHz symmetrical square wave power
oscillator. The oscillator drives the primary winding of trans-
former T2. The secondary windings of T2 energize both input
and output power supplies, and drives both the modulator

and demodulator.

INTERELECTRODE CAPACITANCE AND TERMINAL
RATINGS

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 50GS2. Figure 3 illustrates model
289’s capacitance. between terminals.

_-.'-:.U-'r_ide'rstanding the Isolation Amplifier Performance

2500V rms 1 MINUTE
2800V pk or de CONT

120V rms CONT UTPU
240V rms 1MIN

2500V rms 1 MINUTE
2500V pk o de CONT

Figure 3. Model 289
Terminal Capacitance

Figure 4. Model 289
Terminal Ratings

Terminal Ratings: CMV performance is given in both peak
pulse and continuous ac, or d¢ peak ratings. Continuous peak
ratings apply from dc up to the normal full power response
frequencies. Figure 4 illustrates model 289 ratings between
terminals,

GAIN AND OFFSET TRIM PROCEDURE

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 Gain = 10V/V.

1. Apply Ey = 0 volts and adjust Rg for Eg = 0 volts.

2. Apply Ein = +0.500V dc and adjust Rg; for Eg =
+5.000V dc.

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

4, Adjust Rg; until the output error is one-half that measured
in step 3 (see curve b).

5. Apply +0.500V dc and adjust R until the output error is
one-half that measured in step 4 (see curve ¢).

OUTPUT ERROR — mV

s R
>
S ma

Figure 5a. Recommended Offset and Gain Adjustment
for Gains > 1

HI
out

r
@
@
L
=

10k
aYio AAA— +15V

OUT  20km ERD
PWE b ADJUST

COM < 3 _L
200 DAuF —VW—o 15V
I 10k12

Fiaure 5b. Recommended Offset Adiustment for G=1V/V



PERFORMANCE CHARACTERISTICS

Figure 6 shows the phase shift vs. frequency, The low phase
shift and wide bandwidth of the model 289 make it suitable
for use in SCR Mortor Controller and other high frequency
applications.

PHASE SHIFT  DEGREFS

o 1 =3 100k
FREGUENCY b

Figure 6. Typical 289 Phase vs. Frequency

Figure 7 illustrates the effect of source impedance imbalance
on CMR performance at 60Hz for gains of 1V/V, 10V/V, and
100V/V. CMR is typically 120dB at 60Hz and a balanced
source impedance. CMR is > 60dB for source impedance im-
balances up to 100k{2.

LLIMMCIN MOLIE 1Tt

0 0 [ e ik
SOUNCE IMBALANCE 11

Figure 7. Typical 289 Common Mode Rejection vs.
Source Impedance

Input Voltage Noise: Voltage noise, referred to input, is
dependent on gain and bandwidth. Figure 8 shows rms voltage
noise in a bandwidth from 0.05Hz to the frequency shown on
the horizontal axis. The noise in a bandwidth from 0,05Hz to
100Hz is 8uV pk-pk at a gain of 100V/V. The peak-to-peak
value is derived by multiplying the rms value at F = 100Hz
(1.2uV rms) by 6.6,

For best noise performance in particular applications, a low
pass filter at the output should be used to selectively roll-
off noise and undesired signal frequencies beyond the band-
width of interest. Increasing gain will also reduce the noise,
referred to input.
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Figure 8. Typical Input Voltage Noise vs. Bandwidth

Gain Nonlinearity: Linearity error is defined as the deviation
of the output voltage from the best straight line and is speci-
fied as a % peak-to-peak output voltage span; e.g., nonlin-
earity of model 289] operating at an outputspan of 10V pk-pk
(£5V) is £0.05% or £5mV. Figure 9 illustrates gain nonlin-
earity for any output span to 20V pk-pk (£10V). Figure 10
shows the effect of gain vs. gain nonlinearity.
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Figure 9. Typical Gain Nonlinearity vs. Output Swing
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Figure 10. Typical Gain Nonlinearity vs. Gain

Common Mode Rejection: Input-to-output CMR is dependent
on source impedance imbalance, signal frequency and ampli-
fier gain. CMR is rated at 115V ac, 60Hz and 1k$2 balanced
source at a gain of 100V/V. Figure 11 illustrates CMR per-
formance as a function of signal frequency. CMR approaches
156dB at dc with source imbalance as high as 1k§2. As gain is
decreased, CMR is reduced, At a gain of 1V/V, CMR is typi-
cally 6dB lower than at a gain of 100V/V.

COMMON MODE REJECTION  dR

FREQUENCY  He

Figure 11. Typical Common Mode Rejection vs. Frequency



MULTICHANNEL APPLICATIONS

Isolation amplifiers containing internal oscillators may exhibit
a slowly varying offset voltage at the output when used in
multichannel applications. This offset voltage is the result of
adjacent internal oscillators beating together. For example, if
two adjacent isolation amplifiers have oscillator frequencies of
100.0kHz and 100.1kHz respectively, a portion of the dif-
ference frequency may appear as a slowly varying output
offset voltage error. Model 289 eliminates this problem by
offering a synchronization terminal (pin 8). When this terminal
is interconnected with other model 289 synchronization ter-
minals, the units are synchronized. Alternately, one or more
units may be synchronized to an external 100kHz 2% square-
wave generator by the connection of synchronization termi-
al(s) to thar generator, The generator output should be
2.5V--5.0V p-p with 1k£2 source impedance to each unit.

Use an external oscillator when you need to sync to an ex-
ternal 100kHz source, such as a sub-multple of a micropro-
cessor clock. A differential line driver, such as SN75158, can
be used to drive large clusters of model 289. When using the
synchronization pin, keep leads as short as possible and do

not use shiclded wire. These precautions are necessary to avoid
capacitance from the synchronization terminal to other points.
Itshould be noted that units synchronized must share the same
power common to ensure a return path.

APPLICATIONS IN INDUSTRIAL MEASUREMENT AND
CONTROL SYSTEMS

Isolated DAS: In data acquisition systems where multiple
transducers are powered by a single supply and the magnitude
of that supply is low enough for a multiplexer to handle the
voltages on all the transducers, it is economical to multiplex
ahead of an isolator. The fast settling time of the model 289
makes this configuration practical where slower isolators would
not be usable.

Figure 12 shows an application where the difference in voltage
between any two terminals of any of the transducers does not
exceed 30 volts. Though the input of the model 289 is pro-
tected against line voltage, its power terminals are not; neither
is the multiplexer so protected. This circuit will not, therefore,
withstand the differential application of line voltage,

Multiplexer addressing is binary, an enable providing selection
of the circuit shown as a signal source. Optical isolation is pro-
vided for digital signals, When several of these circuits are used
for several groups of transducers, the model 289's should be
synchronized,
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Figure 12. DAS with MUX Ahead of Isolator
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Figure 13. 2-Pole, 5kHz Active Filter

Noise Reduction in Data Acquisition Systems: Transformer
coupled isolators must have a carrier to pass dc signals through
their signal transformers. Inevitably some carrier frequency
ripple passes through to the isolator output. As the bandwidth
of an isolator becomes a larger fraction of its carrier frequency,
this ripple becomes more difficult to control. Despite this dif-
ficulty, the model 289 produces very low ripple; therefore,
additional filtration will usually be unnecessary. However, in
some applications, particularly where a fast analog-to-digital
converter is used following the isolator, it may be desirable to
add filtration; otherwise, ripple may cause inaccurate conver-
sions. The 2-pole low-pass shown in Figure 13 limits isolator
bandwidth to 5kHz, which is the full power bandwidth of the
model 289. Carrier ripple is much reduced. Another beneficial
effect of an output filter is smoothing of discontinuous high
frequency waveforms.

Motor Control and AC Load Control: Phase shift and band-
width are important considerations for motor control and ac
load control applications. The model 289 possesses sufficient
bandwidth and acceptable phase shift for such rasks.

Figure 14 shows two model 289’s sensing the armature voltage
and current of a motor, Faithful replicas of the waveforms

of these variables are applied to the motor control. Al oper-
ates at unity gain from divided R1—R3 to deliver an output
that is 1/100 of the armature voltage of the motor, A2
operates at a gain of 100V/V to deliver a voltage 100 times
that developed across the current sensing shunt.
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Figure 14. Isolating a Motor Controller



Figure 15 shows three model 289’s sensing the voltages on the
three phases of an ac load. The ¥ network shown divides the
voltages of the three phases and creates a neutral for the input
commons of the isolators. The ourput of each isolator is a
faithful replica of the phase of the waveform it senses. The
isolator outputs provide the feedback necessary for the trig-
ger control to correctly fire the triacs. In other applications,
the outputs of the isolators might have been fed to rms-to-de

converters,
I ; 10
2 —8\ g °

o rng u - ;Ti"m,k F
‘ I

FIRING
CIACUITS

o1 —0p /ﬁ —

e W W Bl

o
SENSE

TRIGGERING o3 | —
INPUT CONTROL  SgpsE %
o :] 289 (&
;EMS‘ 9
coMm ()
oA
0

Figure 15, Isolating a 3 Phase Load Controller

Isolated DAGs: Figure 16 shows a 12-bit DAC with 5V
isolated output. A buffered -5V reference voltage is provided
to the DAC by Ala, Alb and'associated circuitry. The digital
input causes a proportion of DAC current to flow into OUT1
of the DAC. The remaining DAC current flows into OUT2.
Current flowing into OUT1 causes positive voltage at the out-
put of Alc. Current flowing into OUT2 causes a positive volt-
age at the output of Ald, which in turn causes a negative
voltage at the outpurt of Alc. Voltage appearing at the output
of Alc is reproduced at the output of the model 289, R5 and
R8 must be adjusted to produce less than 0.5mV at OUT1 and
OUT?2 of the DAC respectively. R15 may be used to adjust gain
and R11 to adjust offset with the binary code 1000 0000 0000
to zero.
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Figure 16. 12-Bit Isolated Voitage DAC

Figure 17 shows the model 289 providing an isolated 4-to-
20mA output from a 12-bit DAC. Ala provides a -4V refer-
ence to the DAC. The digital input causes a portion of DAC
current to flow into OUT1, causing a positive voltage at the
output of Ald. Alb produces a voltage across R4 proportional
to DAC current. Alc and associated circuitry sink a current
which is one-fourth of the full scale current of the DAC,
causing a positive voltage of 1 volt at the outpur of Ald.
With the code 1111 1111 1111, +5 volts appears at the out-
put of Ald. Operation is unipolar with a positive offset. The
output voltage of Ald is reproduced at the output of the
isolator, where the circuitry shown converts it into a 4-to-
20mA current which may be applied to the load Ry .
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Figure 17. 12-Bit Isolated Process Current DAC

Temperature Measurement: Figure 18 shows the model 289
providing a ground-referred output in an application measuring
the temperature of an object floating at a high common mode
voltage. The AD590 temperature sensor sinks a current of
-14A/K. This current flows into the gain terminal of the model
289, developing +10mV/K across the internal feedback resistor.
This voltage also appears at the output of the model 289.

The circuitry shown connected by a dotted line may be useful
if an output of 10mV /°C is desired. A current of +273uA

is sourced through the 8.66k resistor and the potentiometer
cancelling the AD590 current at 0°C (273K), resulting in
OmV at the output at 0°C,

10mVIK
oR
WV C

CONNECTIONS TO GAIN TERMINALS SHOULD
BE KEPT A5 SHORT AS POSSIBLE

Figure 18. Isolated Temperature Measurement
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FEATURES

Low Cost

Multichannel Capability Using External Oscillator (292A)

Isolated Power Supply: 13V dc @ +5mA (290A) or +156mA
(292A)

Low Nonlinearity: 0.1% @ 10V pk-pk Output

High Gain Stability: 0.001%/1000 Hours; 0.01%/°C

Small Size: 15" X 1.6" X 0.62"

Low Input Offset Voltage Drift: 10uV/°C (Gain = 100V/V)

Wide Input/Output Dynamic Range: 20V pk-pk

High CMV lIsolation: 1500V d¢, Continuous

Wide Gain Range: 1 to 100V/V

APPLICATIONS

Ground Loop Elimination in Industrial and Process Control
High Voltage Protection in Data Acquisition Systems

Fetal Heart Biomedical and Monitoring Instrumentation
Off-Ground Signal Measurements

GENERAL DESCRIPTION

Models 290A and 292A are low cost, compact, isolation ampli-
fiers that are optimized for single and multichannel industrial
applications, respectively. The model 290A has a self-contained
oscillator and is intended for single channel applications. A
single external synchronizing oscillator can drive up to 16
model 292A’s or, a virtually limitless number of model 292A’s
can be configured using multiple oscillators. The user can sup-
ply the external oscillator circuit or specify model 281 oscil-
lator module, which includes a voltage regulator for operation
over a wide single supply voltage range of +8V to +28V.

Models 290A and 292A design features include: adjustable gain,
from 1 to 100V/V, dual isolated power, £13V dc, £1500V dc
off ground isolation, 100dB minimum CMR at 60Hz, 1k§2
source imbalance, in a compact 1.5" X 1.5" X 0.6" module.
Models 290A and 292A achieve low input noise of 1uV pk-pk
(10Hz bandwidth, G = 100V/V), nonlinearity of £0.1% @ 10V
pk-pk output, and an input/output dynamic range of 20V
pk-pk.

Using modulation techniques with reliable transformer isola-
tion, models 290A and 292A will interrupt ground loops,
leakage paths, and voltage transients, while providing dc to
2kHz (-3dB) response.

WHERE TO USE MODELS 290A AND 292A

Industrial Applications: In data acquisition systems, computer
interface systems, process signal isolators and high CMV instru-
mentation, models 290A and 292A offer complete galvanic iso-
lation and protection against damage from transients and fault
voltages. High level transducer interface capability is afforded

Low Cost, Single and

Multichannel Isolation Amplifier

 MODEL 290A, 292A

muu““"

Introp;e,

o
20

with 20V pk-pk input signal range at a gain of 1V/V operation.
In portable single or multichannel designs, single power supply
operation (+8V to +16V) enables barttery operation.

DESIGN FEATURES AND USER BENEFITS

Isolated Power: Dual +13V dc output, completely isolated from
the input power terminals (£1500V dc isolation), provides the
capability to excite floating signal conditioners, front end buf-
fer amplifiers and remote transducers such as thermistors or
bridges.

Adjustable Gain: Models 290A and 292A adjustable gain offers
compatibility with a wide class of input signals. A single ex-
ternal resistor enables gain adjustment from 1V/V to 100V/V
providing flexibility in both high level transducer interfacing

as well as low level sensor measurement applications.

Floating, Guarded Front-End: The input stage of models 290A
and 292A can directly accept floating differential signals or it
may be configured as a high performance instrumentation
front-end to accept signals having CMV with respect to input
power common.

High Reliability: Models 290A and 292A are conservatively
designed, compact modules, capable of reliable operation in
harsh environments. They have a calculated MTBF of over
400,000 hours and are designed to meet MIL-STD-202E en-
vironmental testing as well as the IEEE Standard for Transient
Voltage Protection (472-1974: Surge Withstand Capability).

1400 PROVIDENCE HIGHWAY « BUILDING 2 NORWOOD, MASSACHUSETTS 02062-5015

PHONE: 781-551-5500 FAX: 781-551-5555



SPECIFICATIONS (typical @ +25°C; G = 100V/V and Vs =+15V dc, unlgs_s otherwise noted)

MODEL 290A 292A

GAIN (NONINVERTING) OUTLINE DIMENSIONS
Range (50kS2 Load) 110 100V/V Dimensions shown in inches and (mm).
Formula Gain= [1 + ___.%]

1k$2 + R (kS2) 1.-— th—-—-I

Deviation from Formula +3% : bt
vs. Time %0.001%/1000 Hours _l-
vs. Temperature (-25°C 1o +85°C)’ £0,0075%/°C 052
Nonlinearity, G = 1V/V to 100V/V? +0.1% (£0.25%)% 290A/292A 1‘1&11

INPUT VOLTAGE RATINGS
Linear Differential Range, G = 1V/V

£5V min (£10V min)*

Ul

020 TO 025

Max Safe Differential Input J mroed
Continuous, 1 min ’ 110V rms bz IL‘E’—-—}-— {

Max CMV, Inputs to Outputs (= 3
ac, 60Hz, 1 Minute Duration 1500V rms max ©1 LO INISO PR COM — +vg 70
Continuous ¢ 1000V pi max A e
Continuous, dc +1500V pk max

CMR, Inputs to Qutputs, 60Hz, Rg = 1k O4-Viso "l' 90
Balanced Source Impedance 10648 *3 Sl ‘;1‘.:,
1k§2 Hi In Lead Only 100dB min MAX

Max Leakage Current, Inputs to Power Common O5HIN LoouT 119
@® 115V ac, 60Hz 10pA rms max HIOUT 120

INPUT IMPEDANCE
Differential 10% QUi70pF © 6 GUARD
Overload 100k82

Common Mode
INPUT DIFFERENCE CURRENT

5 ¥ 10" Q)|100pF

BOTTOM VIEW
WEIGHT: 40 Grams —'"I

|u-—- GRID 0.1 (2.54]

*PINS 9 AND 10 NOT PRESENT ON 2004

Initial, @ +25°C +3nA
vs. Temperature (-25°C to0 +85°C} #0.1nA/°C
SHIELDED MOUNTING SOCKET
INPUT NOISE 1054
Vaoltage, G = 100V/V AC105
0.01Hz 1o 10Hz 1uV pp
10H:z 1kH: 1.5uV
s R B s COPPER CLAD SHIELD GUARD FEEDTHROUGH WIRE (M]
0.05Hz to 100Hz SpA pp —'—r
FREQUENCY RESPONSE T [
Small Signal, -3dB, G = 1V/V 2.5kHe
Slew Rate S0mV /s

Full Power, 10V p-p Output

Gain - 1V/V thru 100V/V 2.0kHa(1.0kHz)* 3.0kHz(1 OkHz)? i
OFFSET VOLTAGE REFERRED TO INPUT Jor By B Mo L1
Initial, @ +25°C, Adjustable to Zero (5 + SNGImV @ @ @ @ @ @
vs. Temperature (-25°C to +85°C) H10+ 150/GuvV/°C (8 + 250/G)uV/C 8 T TLELE LU
vs. Supply Voltage L1mV % g s = (2 PLACES)
-
RATED OUTPUT R i ]
Voltage, 50k Load £S5V min (£10V min)® 0. '\O,: r'g' Ty e ki = TN )
Ourtput Impedance 1k§2 == :__% e SHIELDGLIN::] ¥ 5
Output Ripple, 1IMHz Bandwidth 10mV pk-pk s "3‘\3 g - 20 !
z O]
OSCILLATOR DRIVE INPUT 2 @3 SR B 5 i Ba
Input Voltage N/A 8 to 16V pk-pk 3¢ @ @ H @ @ i ©
Input Frequency N/A 100kHz £5%, max L H .
ISOLATED POWER OUTPUTS BOTTOMVIEW  WEIGHT: 156rems ] |- GRi001 254
Voltage Full Load 13V de
Rcruru;y +5%
Current £5mA min +15mA min
Regulation, No Load to Full Load +0, -15%
Ripple, 100kHz Bandwidth 200mV p-p 250mV p-p
POWER SUPPLY, SINGLE POLARITY
Voltage, Rated Performance +15V dc
Voltage, Operating +8V dc to +15.5V dc
Current, Quicscent +20mA

TEMPERATURE RANGE
Rarted Performance
Storage

CASE DIMENSIONS

-25°C o +85°C
-55°C 1o +85°C

L5"X 15"X0.62"

" Gain emperature deift is specified as a percentage of output signal level,
nononhncanty s specified as a percentage of 10V pkopk output span,
Phese spees apply for s 20V phepk output span.

* Do not load Vign when operating at output spans greater than 10V pk-pk

Figure 1. Model 290A and 292A Terminal Ratings

sSpeatiatons subject 10 change without notice.

Symbol Rarting Remarks
Vi +110V rms (cont.) Withstand Volrage, Steady State
Vs 1000V pk (cont.) Isolation, Steady State, ac
Va +1500V pk (cont.) Isolation, Steady State, de
Vs #1500V rms (1 min}  Isolation, ac, 60Hz
Vi 450V pk (cont.) Isolation, dc
Z S0GL2| 20pF Isolation Impedance

Table 1. Isolation Ratings Between Terminals



THEORY OF OPERATION

The remarkable performance of models 290A and 292A are
derived from the carrier isolation technique which is used to
transfer both signal and power between the amplifier’s guarded
input stage and the rest of the circuitry. The block diagram for
both models is shown in Figure 2 below.

The bipolar input preamplifier operates single-ended (non-
inverting). Only a difference bias current flows with zero net
bias current. A third wire return path for input bias current is
not required. Gain can be set from 1V/V to 100V/V by chang-
ing the gain resistor, R. To preserve bigh CMR, the gain resis-
tor must be guarded. Best performance is achieved by shorting
terminal 2 to terminal 1 and operating the isolator at a gain

of 100V/V.

For powering floating input circuitry such as buffer amplifiers,
instrumentation amplifiers, calibration signals and transducers,
dual isolated power is provided. High CMV isolation is achieved
by the low-leakage transformer coupling between the input

preamplifier, modulator section and the output circuitry. Only
the 10pF leakage capacitance between the floating input section
and the rest of the circuitry keeps the CMR from being infinite.

MO
DRIVE -]

LO N/ INPUT FLT
1S0 PR COM oM.
GUARD (6)

OSCILLATOR
12904 ONLY)

GAIN=1+ VAV TO W0avv)

_tooust
W1t + R, fkid)

Figure 2. Block Diagram — Models 290A and 292A

GUIDELINES ON EFFECTIVE SHEILDING &

GROUNDING PRACTICES

® Use twisted shielded cable to reduce inductive and capaci-
tive pickup.

® Drive the transducer cable shield, S, with the common
mode signal source, E, to reduce the effective cable ca-
pacitance as shown in Figure 3. This is accomplished by
connecting the shield point S, as close as possible to the
transducer signal low point B. This may not always be pos-
sible. In some cases the shield may be separated from signal
low by a portion of the medium being measured (e.g. pres-
sure transducer). This will cause a common mode signal,
Ep, to be generated by the medium between the shield and
the signal low. The 86dB CMR capability of both models
between the input terminals (HI IN and LO IN) and
GUARD, will work to suppress the common mode signal,
Em-

® Dress unshielded leads short at the connection terminals
and reduce the area formed by these leads to minimize
inductive pickup.

~ Understanding the Isolation Amplifier Performance

P.C.CARD SHIELD

MEDILM —~
COMMON

OFF GROUND
Eg | COMMON MODE
VOLTAGE

(TRANSDUCER
TERMINALS A B, C]

MODE
VOLTAGE

GROUND COMMON MODE =
VOLTAGE SYSTEM
GROUND

TRANSDUCER
GROUND

Figure 3. Transducer — Amplifier Interface

GAIN AND OFFSET TRIM PROCEDURE

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 outpurt error. In this example, the
output span is +5V to -5V and operation at Gain = 10V/V

is desired.

1. Apply Eqy = 0 volts and adjust Rg for Eg = 0 volts.

2. Apply Ejy = +0.5V dc and adjust Rg for Eg = +5.0V de.

3. Apply Eyy = 0.5V dc and measure the output error (see
curve a).

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

5. Apply +0.5V dc and adjust Rg until the outpur error is
one half that measured in step 4 (see curve c).

QUTPUT ERROR — mV

Y
ac’l

GAIN RESISTOR, R, 1%, 50ppm/°C METAL FILM TYPE IS RECOMMENDED.
FOR GAIN = 1V/V, LEAVE TERMINAL 2 OPEN.
FOR GAIN = 100V/V, SHORT TERMINAL 2 TO TEAMINAL 1

GAIN=1+ lm:‘“

OUTPUT FILTER, 10kil RESISTOR AND CAPACITOR, C.
SELECT C TO ROLL-OFF NOISE AND OUTPUT RIPPLE:

= - 1
f=1-3dB) = oo

Figure 4. Gain and Offset Adjustment



SELECTING BANDWIDTH

In low frequency signal measurements, such as thermocouple
temperature measurements, strain gage measurements and
geophysical instrumentation, an external filter is used to
select bandwidth and minimize output noise.

When used with a buffer amplifier as shown in Figure 5a be-
low, a series resistor (Rg) is used to lower the effective value
of the filter capacitor required to achieve very low frequency
(under 200Hz) noise filtering.

BANDWIDTH = {-3481 = gyt

>

:
R 10k
T
&

NOTE: MOUNT FILTER AS CLOSE TO EXTERNAL
AMPLIFIER AS POSSIBLE

Figure 5a. Selecting Bandwidth with External Capacitor and
Buffer

An active filter, as illustrated in Figure 5b will significantly
improve 60Hz noise reduction at the output by providing a
sharp roll-off characteristic. The 5Hz 3-pole active filter design
illustrated in Figure 5b, will increase the 60Hz noise reduction
by 50dB. Overall CMR performance of models 290 and 292
and the 5Hz active filter approaches 150dB @ 60Hz and 1k§2
imbalance.

'_____

e

H
t
J 510K ° WE |
iy m" smm mmll
w» I uF 0.033uF
_______ -
NOTE: MOUNT FILTER AS CLOSE TO EXTERNAL

AMPLIFIER AS POSSIBLE
Figure 5b. Selecting Bandwidth with a 3-Pole 5Hz Active Filter

PERFORMANCE CHARACTERISTICS

Common Mode Rejection: Input-to-Output CMR is dependent
on source impedance imbalance, signal frequency and ampli-
fier gain. CMR is rated at 115V ac, 60Hz and 1k§2 imbalance
at a gain of 100V/V. Figure 6 illustrates CMR performance as
a function of signal frequency. CMR approaches 130dB at dc
with source imbalances as high as 1k§2. As gain is decreased,
CMR is reduced. At a gain of 1V/V, CMR is typically 12dB
lower than at a gain of 100V/V,

GUARANTEED CMR @ G = 100/
1008 MIN @ B0H:
WITH 1ki2 SOURCE IMBALANCE

COMMON MODE REJECTION - dB
& 2

2

“TEST CIRCUIT — 1k{l EACH RESISTOR
CMRA VALUE GIVEN FOR HI IN LEAD AND LO IN LEAD

1 10 100 1000 10k
FREQUENCY — Hz

Figure 6. Typical Common Mode Rejection vs. Frequenc y

Figure 7 illustrates the effect of source imbalance on CMR per-
formance at 60Hz and Gain = 100V/V. CMR is typically
110dB at 60Hz and a balanced source. CMR is maintained
greater than 70dB for source imbalances up to 100k§2.
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*TEST CIRCUIT — EACH RESISTOR ADJUSTED 051 TO 100k1:
CMR VALUE GIVEN FOR HI IN LEAD AND LO IN LEAD

10 100 T 10k 1008
SOURCE IMPEDANCE IMBALANCE — 11

Figure 7. Typical Common Mode Rejection vs. Source
Impedance Imbalance

Gain Nonlinearity: Linearity error is defined as the deviation
of the output voltage from the best straight line and is speci-
field as a % of peak-to-peak output voltage span; e.g., nonlinear-
ity of models 290A and 292A operating at an output span of
10V pk-pk (*5V) is £0.1% or *10mV., Figure 8 illustrates gain
nonlinearity for any output span to 20V pk-pk (+10V).
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Figure 8. Typical Gain Nonlinearity vs. Output Voltage

Input Voltage Noise: Voltage noise, referred to input, is de-
pendent on gain and bandwidth as illustrated in Figure 9.
RMS voltage noise is shown in a bandwidth from 0.01Hz to
the frequency shown on the horizontal axis. The noise in a
bandwidth from 0.01Hz to 10Hz is 14V pk-pk at a gain of
100V/V. This value is derived by multiplying the rms value at
f = 10Hz shown in Figure 9 by 6.6.

For best noise performance in particular applications, a low
pass filter at the output should be used to selectively roll-off
noise and undesired signal frequencies beyond the bandwidth
of interest, Increasing gain will also reduce the input noise,

10

G=100

INPUT VOLTAGE NOISE — uV rms

1 1 100 1000
BANDWIDTH (-3dB) - Hz

Figure 9. Typical Input Voltage Noise vs. Bandwidth



The Multi-Channel Isolation Amplifier

Input Offset Voltage Drift: Total input drift is composed of
two sources, input and output stage drifts and is gain depend-
ent. The curve of Figure 10 illustrates total input drift over
the gain range of 1 to 100V/V.
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Figure 10. Typical Input Offset Voltage Drift vs. Gain

REFERENCE EXCITATION OSCILLATOR, MODEL 281
When applying model 292 A, the user has the option of building
a low cost 100kHz excirtation oscillator, as shown in Figure 11,
or purchasing a module from Analog Devices—model 281,

FREQ. HEX SCHMITT TRIGGER
aviust[ § soms [ ©5.. MM7ACIAN OR FA0014PC
S 7
i E [} +——o-15vdc
ouT
=
z] roé]—Eh
3] Q. el T
SYNC o —
M <
1000pF ——
[SEE NOTE 3} —E%‘ }
iy Ll Y > I
=1 5 1
o 7 8 9 out
POWER — —
com |T00 VIEW)

NOTES:

1. FREQ. ADJUST: ADJUST TRIM POT FOR DUTPUT FREQUENCY OF 100kH: =5%.

2. FOR SLAVE OPERATION, REMOVE JUMPER FROM SYNC OUT AND SYNC IN PINS.
3. USE CERAMIC CAPACITOR, “COG” OR “NPO” CHARACTERISTIC.

Figure 11. 100kHz Oscillator Interconnection Diagram

The block diagram of model 281 is shown in Figure 12. 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.

|

W,
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t+1av 76 +28v) (8] recuLaToR
syne out (@ "o
0
100kHz # outpuT
sync N (5 OscILLATOR [~ o=
o LIL
PWR COM SOUTPUT

*LEAVE TERMINAL 6 OPEN, WHEN POWER IS APPLIED TO TERMINAL 7.

Figure 12. Model 281 Block Diagram

Model 281 oscillator is capable of driving up to 16 model
292A’'s. Asshown in Figure 13, an additional model 281 may be
driven in a slave-mode to expand the total system channels
from 16 to 32. By adding additional model 281’s in this man-
ner, systems of over 1000 channels may be easily configured.

TO PINS 9 AND 10 OF ISOLATORS 2 THRU 18

TOPINS § AND 10 OF ISOLATORS 18 THRU 32

o2
SYNC n

Figure 13. External Oscillator Interconnection

SPECIFICATIONS
(typical @ +25°C and V§ = +15V dc unless otherwise noted)
MODEL 281
OuUTPUT
Frequency LOOkHz £5%
Waveform Squarewave
Voltage (¢ and § terminals) 0rto +12V pk
Fan-Out!" 16 max

POWER SUPPLY RANGE®

High Input, Pin 6 +(14 10 28)V dc

Quiescent Current, N.L, +5mA
F.L. +16mA
Low Input, Pin 7 +(8 to 14)V dc
Quiescent Current, N.L. +12mA
F.L: +33ImA
TEMPERATURE
Rated Performance 0o +70°C
Storage -55°C ro +85°C

' Model 292A oscillator drive input represents unity oscillator load.

*For applications requiring more than 16 292A’%s, additional 281"s may be used
in a master/slave mode, Refer to Figure 13,

*Full load consists of 16 model 292A"s and 281 oscillator slave.

Specifications subject 1o change without notice.

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

1 1.4 MAX [
| (35.6) ]
281 g
” [l “u“ “” 0.20 (5.08) MIN
0.25 {6.35) MAX
—4 0.02 (5.2) DIA
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BOTTOM VIEW
WEIGHT: 10 GRAMS

PIN TERMINAL IDENTIFICATION

1 POWER COMMON 5§ SYNC INPUT

2 FOUTPUT 6 +Vg: HIGH RANGE +{14 10 28|V de
3 ¢ QUTPUT 7 #Vg: LOW RANGE +(8 1o 14)V dc

4 SYNC OUTPUT

MATING SOCKET:
CINCH #16 DIP OR EQUIVALENT



AFFLICALIUND IN INUUD 1 KIAL MEADUKEMENT AND
CONTROL SYSTEMS

Remote Sensor Interface: In chemical, nuclear and metal pro-
cessing industries, models 290A and 292A can be applied to
measure and control off-ground millivolt signals in the pres-
ence ¥1500V dc CMV signals. In interface applications such
as pH control systems or on-line process measurement sys-
tems such as pollution monitoring, models 290A and 292A
offer complete galvanic isolation to eliminate troublesome
ground loop problems. Isolated power outputs and adjust-
able gain add to the application flexibility of these models.

Figure 14 illustrates how model 290A or 292A can be com-
bined with a low drift, 1uV/°C front-end amplifier, model
ADS517L, to interface low level transducer signals. Both
products provide isolated £13V dc power and front-end
guard in addition to eliminating ground loops and pre-
serving high CMR (100dB @ 60Hz).
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Figure 14. Input Signal Conditioning Using Isolated Power for
Transducer Buffer Amplifier

Instrumentation Amplifier: Models 290A and 292 A provide

a floating guarded input stage capable of directly accepting
isolated differential signals. The noninverting, single-ended
input stage offers simple two wire interconnection with
floating input signals,

In applications where the isolated power is applied to trans-
ducers such as bridges which generate differential inputsignals
with common mode voltages measured with respect to the iso-
lated power common, models 290A and 292A can be con-
nected as shown in Figure 15. To achieve high CMR with
respect to the ISO PWR COM, the following trim procedure

1s reccommended.

CMR Trim Procedure

1+ Connect a 1V pk-pk oscillator between the +IN/~IN and
IN COM terminals as shown in Figure 15.

2) Set the input frequency at 0.5Hz and adjust R1 for mini-
mum Eg.

3) Set the input frequency at 60Hz and adjust R2 for mini-
mum Eg.

+1 Repeat steps 2 and 3 for best CMR performance.
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Figure 15. Application of 290A as Instrumentation Amplifier

Isolated Temperature Measurements: Industrial temperature
measurements are often performed in harsh environments
where line voltages or transients can sometimes be impressed
on the temperature sensor. To provide protection for the deli-
cate recording instrumentation, models 290A and 292A can be
applied as shown in Figure 16. The Analog Devices’ AC2626
probe is a temperature sensor whose output is a current di-
rectly proportional to absolute temperature. The isolation
amplifier provides the isolated power (+13V dc) as well as the
input/output isolation. Zero calibration is performed by
placing the AC2626 probe in a zero temperature bath and
adjusting Rg for Eq to 0 volts. Full scale output adjustment
is performed by placing the AC2626 probe in boiling water
(100°C) and adjusting Rg for 1.000V output,

Figure 16. Isolated Temperature Measurements

Current Loop Receiver: Model 290A and 292A can be applied
to measurement of analog quantities transmitted via 4-20mA
current loops over substantial distances through harsh environ-
ments. Figure 17 shows an application of model 290A or 292A
as a current loop receiver. A 2582 resistor converts the 4-20mA
current input from a remote loop to a 100—500mV differen-
tial voltage inpurt, which the isolator amplifies, isolates, and
translates to a 0 to +5V output level at local system ground.

Among the most-helpful characteristics of the isolator in this
kind of measurement are the high common-mode rejection
(100dB minimum at 60Hz with 1k{2 source unbalance) and
the high common-mode rating (1500 volts dc). The former
means low noise pickup; the latter means excellent isolation
and protection against large transients. The high common-
mode rejection, permitting relatively low input voltage to be
used (0.4V span, in this case), permits the use of a low current-
metering resistance, which in turn results in low compliance-
voltage loading on the current loop, and therefore permits in-
sertion into existing loops without encountering overrange
problems. The gain of 12.5 provides a substantial output
span, and the floating output permits biasing to a 0 to 5V
range,

2581

4-20mA MEASURING
CURKENT RESISTOR G=125V/V ZERD ADJUST:
L
SHIELDED )
CABLE
] ' :
j 76841
SPAN
RESISTOR
(= 1sow¢="J—_-‘
MAX A5V

Figure 17. Isolated Analog Interface; 4 to 20mA is Converted
to 0 to +5V at the Output, with Up to *1500V of Isolation
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FEATURES

£10V min Input/Output Range
50ns Aperture Delay

0.5ns Aperture Jitter

6us Settling Time

+0.001% Max Gain Linearity Error
Complete with Input Buffer

APPLICATIONS

Track and Hold

Peak Measurement Systems
Data Acquisition Systems
Simultaneous Sample-and-Hold

GENERAL DESCRIPTION

The SHA 1144 is a fast sample-hold amplifier module with ac
curacy and dynamic performance appropriate for applications
with fast 14-bit A/D converters. In the “sample” mode, it acts
as a fast amplifier, tracking the input signal. When switched to
the “hold’ mode, the output is held at a level corresponding
to the input signal voltage at the instant of switching, The
droop rate in “hold" is appropriate to allow accurate conver-
sion by 14-bit A/D converters having conversion times of up
to 150us.

DYNAMIC PERFORMANCE

The SHA1144 was designed to be compatible with fast 14-bit
A/D converters such as the Analog Devices’ ADC1130 and
ADC1131 series, which convert 14 bits in 25us and 12us, re-
spectively. Maximum acquisition time of 8us for the SHA1144
permits high sampling rates for 14-bit conversions. The
SHA1144 is guaranteed to have a maximum gain nonlinearity
of £0.001% of full scale to insure 1/2LSB accuracy in 14-bit
systems. When in the “hold"” mode, the droop rate is 1uV/us,
so the SHA1144 will hold an input signal to £0.003% of full
scale (20V p-p) for over 600us.

PRINCIPLE OF OPERATION

The SHA 1144 consists basically of two high speed operational
amplifiers, a storage capacitor, and a digitally controlled
switch. It differs from typical sample-and-hold modules in one
important respect; application versatility. The user completes
the SHA 1144 feedback circuit external to the module. There-
fore, the module may be used in inverting or noninverting con-
figurations and can easily be arranged to provide circuit gain of
more than unity to simplify signal conditioning in a subsystem.

High Resolution 14-Bit
Sample and Hold Amplifier

. Intronics

7 pawer

FEEDBACK CONNECTIONS
A block diagram of the SHA1144 is shown in Figure 1. The in-
put section acts as a voltage-to-current converter, providing the
current needed to charge the “hold” capacitor. The output
amplifier isolates the “hold” capacitor and provides low out-
put impedance for driving the load. Since feedback is not hard-
wired in the module, both inverting and noninverting input
terminals are available, and the SHA1144 can be connected as
a follower with unity gain or potentiometric gain, as well as
inverter or even a differential amplifier. Since the unity gain
follower mode will be the most frequent application, perform-
ance data listed in the specification table is based on this oper-
ating mode.

ANALOG

15V GROUND “15v
? 7 f
HOLD CAPACITOR
]
1
HMNPUT O——+ VOLTAGE I 1500pF
TO CURRENT P\
NPUT o—f—] — CQRVERTER o
+ oUTPUT
MODE o i BuT
CONTROL = AMP
DIGITAL ‘
GrounD

Figure 1. Block Diagram — SHA1144

1400 PROVIDENCE HIGHWAY « BUILDING 2 NORWOOD, MASSACHUSETTS 02062-5015

PHONE: 781-551-5500 FAX: 781-551-5555



SPECIFICATIONS (typical @ +25°C, gain = +1V/V and nominal supply voltages unless otherwise noted)

MODEL SHA1144
ACCURACY
Gain +1V/IV
Gain Error 10.005%
Gain Nonlinearity +0.0005% (£0.001% max)
Gain Temperature Coefficient (0 to +70°C) +1ppm/°C (*2ppm/°C max)
INPUT CHARACTERISTICS
Input Voltage Range +10V
Impedance 101 Q| 10pF
Bias Current 0.5nA max
Initial Offset Voltage Adjustable to Zero
Offset vs. Temperature (0 to +70°C) £30uV/°C max
OUTPUT CHARACTERISTICS
Voltage £10V min
Current *20mA min
Resistance <192
Capacitive load 350pF
Noise @ 100kHz Bandwidth 70uV p-p
@ 1MHz Bandwidth 175uV p-p
SAMPLE MODE DYNAMICS
Frequency Response
Small Signal (-3dB) 1MHz
Full Power 50kHz
Slew Rate 3Vius
SAMPLE-TO-HOLD SWITCHING
Aperture Delay Time 50ns
Aperture Uncertainty 0.5ns
Offset Step 1mV
Offset Nonlinearity 160uV
Switching Transient
Amplitude 50mV
Settling Time to £0.003% 1us
HOLD MODE DYNAMICS
Droop Rate 1uV/us (2uV /us max)
Variation with Temperature double every +10°C
Feedthrough (for 20V p-p Input @ 1kHz) -80dB
HOLD-TO-SAMPLE SWITCHING
Acquisition Time to £0.003%  (20V Step) 6us (8us max)
(10V Step) Sus
+0.01% (20V Step) 5us
(10V Step) 4ps

DIGITAL INPUT
Sample Mode (Logic “1")

Hold Mode (Logic “0"")

+2V<lLogic “1" <+5.5V
@ 15nA max

0V<Logic “0" <+0.8V
@ S5uA (20pA max)

POWER REQUIRED!

+15V 3% @ 60mA
~15V +3% @ 45mA

TEMPERATURE RANGE
Operating
Storage

0to +70°C
-55°C to +85°C

! Recommended Power Supply ADI Model 902-2, 15V @ 100mA output.

Specifications subject to change without notice.

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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‘Applying the SHA1144

Figure 2 shows feedback connections to the SHA1144 for the
unity gain follower mode. Output (pin 9) is connected to in-
put (pin 4). Input signal is applied to pin 3.

OUTPUT

Figure 2. Unity Gain Follower

Figure 3 shows feedback connections for noninverting op-
eration with potentiometric gain. When the indicated values
are installed, gain will be +5. As in all operational amplifiers,
gain-bandwidth product is a constant for a given sample-and-
hold. Effective 3dB bandwidth will be inversely proportional
to gain.

R1 1k

Figure 3. Noninverting Operation

By using conventional operational amplifier feedback con-
nections, the SHA1144 can be connected for use as an inverter,
with various gains (as determined by the Rg/R; ratio), orasa
differential amplifier.

DATA ACQUISITION APPLICATION
Successive-approximation A/D converters can generate substan-
tial linearity errors if the analog input varies during the period
of conversion; even the fast 14-bit models available cannot
tolerate input signal frequencies of greater than a few Hz. For
this reason, sample-and-hold amplifiers like the SHA1144 are
connected between the A/D and its signal source to hold the
analog input constant during conversion.

When the SHA1144 is connected to an A/D, its aperture time
uncertainty, rather than the A/D’s conversion time, is the fac-
tor which limits the allowable input signal frequency. The
SHA1144, with a typical aperture delay time of 50ns and an
uncertainty of 0.5ns, will change from the sample mode to the
hold mode 50 to 50.5ns after the “1" to ““0" transition of the
mode control input. If the system timing is so arranged as to
initiate the mode control signal 50ns early, then switching will
actually occur within 0.5ns of the desired time as shown
below.

v
— SHA INPUT SIGNAL
—= SHA OUTPUT SIGNAL
anaos (Ll L____
INPUT/OUTPUT TR
SIGNALS
UNCERTAINTY
- | APERTURE
[~ UNCERTAINTY {0.50s)
I
SHATI44MODE 777777 SAWPLE /777 /XS HOLD sy
SHA1144 1
MODE CONTROL 1
INPUT I ‘SOns
DESIRED
SWITCHING
POINT

Figure 4. Aperture Uncertainty

The maximum allowable slew rate will thus equal the quotient
of the maximum allowable voltage uncertainty and the 0.5ns
aperture uncertainty. For sinewave inputs, the corresponding
maximum frequency is expressed by:

E 1 8 (AE
f = (F—) (—=) =3.18x10° (——
X EFS) ( Zi'r&t) X (Eps )
where: AE = the allowable voltage uncertainty

Epg = the sinewave magnitude

For a system containing a SHA1144 and a 14-bit A/D with
+10V input signals and an allowable input uncertainty of
*1/2LSB (*620uV), the maximum allowable signal frequen-
cy will be 19.7kHz.

POWER SUPPLY AND GROUNDING CONNECTIONS
The proper power supply and grounding connections are shown
shown below in Figure 5.

+15V
9022
+15V COM -15V

+5v
| = 10 DIGITAL

LOGIC

7
0 ANALOG GND

B8
0 -15V

10uF L
L -[+

Figure 5. Power Supply and Grounding Connections

SHATI4

L 1ouF

Tesv n

DIG GND O—

6
O +15V

The £15V power supplies must be externally bypassed as shown,
The capacitors should be tantalum types and should be installed
as close to the module pins as possible. The analog and digital
ground lines should be run separately to their respective power
supply commons to prevent coupling of digital switching noise
to the sensitive analog circuit section.

g



OPERATION WITH AN A/D CONVERTER

Figure 6 below shows the appropriate connections between
the SHA1144 and a successive approximation A/D converter
in block diagram form.

—
ANALOG —
SHA1144 To =
DIGITAL ~ | biaima
INPUT ©—— INPUT  QUTPUT —— INP! CONVERTER | —
NEUY [~ [ ouTtruTt
MODE CONVERT |—
CONTROL STATUS  COMMAND |—
convert L
COMMAND

Figure 6. SHA 1144 and A/D Connections

The resulting timing sequence at the start of conversion is illus-
trated in Figure 7.

SHA1144 L~ i T Em——
INPUT A~
ouTPUT |
SIGNALS —— INPUT
| | — ouTPUT
| |
SHA1144 MODE SAMPLE /Lo S HOLD St
CONVERT 1
COMMAND :
STATUSOUTPUT/ 1 ——————
MODE CONTROL
INPUT - =~ APERTURE DELAY ~ 50ns
SWITCHING TRANSIENT
SETTLING = lus

Figure 7. A/D and SHA Timing at Start of Conversion

Note that the leading edge of the convert command pulse causes
the converter's STATUS outpur to go to Logic “0" which in
turn switches the SHA1144 from sample to hold. As discussed
previously, the typical SHA1144 actually changes modes 50
to 50.5ns after the “1" to “0" transition of the mode control
input. This mode switching causes a transient on the output
terminal which decays to within 0.003% of the final value in
approximately 1us. Once the transient has settled, the convert
command input is returned to Logic “0”" and the conversion
proceeds. As shown in Figure 8, the STATUS signal returns

to Logic 1" and the SHA1144 returns to the sample mode

at the end of conversion. Within 6us, it will have acquired the
input signal to 0.003% accuracy and a new conversion cycle
may be started.

= —= INPUT

SHAT144 - _—

INPUT/ ouTPuT

QUTPUT

SIGNALS ‘

SHAT1144 MODE NHOLD WY/ 7 SAMPLE /7
ACQUISITION
TIME=8yus

STATUS OUTPUT/

MODE CONTROL | |

INPUT

Figure 8. A/D and SHA Timing at End of Conversion
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OPERATION WITH AN A/D AND MULTIPLEXER
The subsystem of Figure 9 may also be connected to a multi-
plexer like the Harris HISO8A as shown below.

CHANNEL 1 INPUT O—| =
] 5 HIS08A SHATIA4 AD L
! b CONVERTER -
Ot —
1
1 OUTPUT ——{INPUT  OUTPUT ——{ INPUT L G IamAL
H o— -
i o—| -
il MODE -
PHAYLRITO]: | ADONERS CONTROL STRYUS STATUS -
e
BINARY
COUNTER
CONVERT o,
INPUT

Figure 9. A/D, SHA, and MPX Connections

The leading edge of the convert command pulse sets the
STATUS output to Logic “0” thereby switching the SHA1144
to “‘hold"; the corresponding change to Logic “1” of the
STATUS output increments the binary counter and changes
the multiplexer address. Since the SHA1144's aperture time is
small with respect to the multiplexer switching time, it will
have switched to the hold mode before the multiplexer actu-
ally changes channels. The multiplexer switching transients
will settle out long before the SHA returns to “‘sample” at the
end of conversion. The timing sequence described above is
illustrated in Figure 10.

CONVERT
COMMAND n i n
STATUS oUTPUT/ —
MODE CONTROL INPUT M 1 .
MULTIELEER CH1-+8V]  CHz -10v | CH3.+3vV_ | cHa OV
“1ov
MULTIPLEXER l '\,...,..._._ﬁ
ouTRUT/ ov s
SHA INPUT
-0V
SHA1144 MODE SAMPLE L33 HOLD s 5400 HOLD ot S0 HoLD o) s-
10V
SHA DUTPUT/ o i Mh—\
A/D INPUT ‘ v
10V
CHANNEL BEING
DIOITIZED [CHANNEL T ] [CHARNEL S |

Figure 10. A/D, SHA, and MPX Timing

This method of sequencing the multiplexer may be altered to
permit random addressing or addressing in a preset pattern.
The timing of the multiplexer address changes may also be
altered but consideration should be given to the effects of
feedthrough in the SHA1144. Feedthrough is the coupling of
analog input signals to the output terminal while the SHA is
in “hold”. Large multiplexer switching transients occuring
during A/D conversion may introduce an error.



GENERAL DESCRIPTION

High resolution, high speed data acquisition demands that con-
siderable thought be given to wiring connections, even when
simply evaluating the unit in a temporary laboratory bench
set-up. To assm with such evaluations, an AC1580 is available.
This 4 1/2" X 6" printed circuit card has sockets that allow a
SHA1144 and ADC1130 or ADC1131 to be plugged directly
onto it. It also has provisions for two optional Harris HIS08A
multiplexers. This card includes gain and offset adjustment
potentiometers and power supply bypass capacitors. It mates
with a Cinch 251-22-30-160 (or equivalent) edge connector
(P1) and Cinch 251-06-30-160 (or equivalent) edge connector
(P2) which are supplied with every card.

To use the AC1580, program as shown in the wiring chart of
Table 1, by installing the appropriate jumpers. An outline
drawing and schematic are provided for reference.

Calibration Procedure

Set up the SHA1144 for the desired gain per the wiring chart
of Table 1. Short W9 which drives the SHA MODE CONTROL
with the STATUS of the ADC. Calibrate offset and gain in the
manner described below. When calibration is completed W9

Mounting Card AC1580

may be removed and the SHA MODE CONTROL may be driv-
en in accordance with the option chart.

Offset Calibration

For the 0 to +10V unipolar range set the input voltage pre-
cisely to +0.0003V. Adjust the zero potentiometer until the
converter is just on the verge of switching from 00. . ... 0

For the +5V bipolar range, set the input voltage precisely to
-4.9997V; for £10V units set it to -9.9994V. Adjust the zero
potentiometer until offset binary coded units are just on the
verge of switching from 00 0 to 00 1 and two’s
complement coded units are just on the verge of switching
from 100....0t0100..... 1.

Gain Calibration

Set the input voltage precisely to +9.9991V for 0 to +10V
units, +4.9991V for £5V units or +9.9982V for 210V units.
Note that these values are 1 1/2LSB’s less than the nominal
full scale. Adjust the gain potentiometer until binary and off-
set binary coded units are just on the verge of switching from
11....0to11....1 and two's complement coded units
are just on the verge of switching from 011...10t0011...11
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Figure 11. Schematic and Pin Designations
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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NOTES
1. P1 15 CINCH CONMECTOR TYPE 251-22-30-160.
2. P2 15 CINCH CONNECTOR TYPE 2561.06-30-160.

Figure 12. AC1580 Mounting Board

A to D Converter Options

Range Jumpers
0V to 10V Jumper W11
15V Jumper W11 and Jumper G to F on Board
10V Jumper W10 and Jumper G to F on Board

SHA Options

SHA Unity Gain (+1)
SHA with Gain'”

Jumper W1 and Jumper W7

Jumper W1 and Install RW4 and RW7
in W4 and W7 Locations®

Jumper W2 and Jumper W5 and
Install RW3 and RW7 in W3 and W7
Locations®

SHA Mode Control

SHA as an Inverter®?

Internal
(Driven from Status of
the ADC)

External
(Apply External Signal
to Pin 9 of Connector P1) Jumper W8

Jumper W9

Multiplexer Option
When Using Multiplexers Jumper W16

INPUT OPTIONS

Inputs From Connector P1 From Connector P2
Analog Input Jumper W15 Jumper W12
Analog Ground Jumper W14 Jumper W13
NOTES

RW7 RW7
1G= — 10 - —
G=1+3wa RW3

*See Figure 11 for appropriate gain setting resistor locations
(RW3, RW4, RW7)

Table 1. Option Chart

“ON" Channel 1 2 3 4

1 E 1 & L L L=TTL Logic “0"
2 L L H L (ovV<*"0"<+0.8V)
i :: : h II: H=TTL Logi.c"l"
5 H L L L (F2VE"1"<+5.5V)
6 H L H L
7 H H L L
8 H H H L
9 L L L H

10 L 1 H H

11 L H L H

12 L H H H

13 H L L H

14 H L H H

15 H H L H

16 H H H H

Table 2. Multiplexer Address
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