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FEATURES
Low Cost
Complete Signal Conditioning Function
Low Drift: 0.5uV/°C max (“L"); Low Noise: 14V p-p max
Wide Gain Range: 1 to 2000V/V
Low Nonlinearity: 0.0025% max (L")
High CMR: 140dB min (60Hz, G = 1000V/V)
Input Protected to 130V rms
Adjustable Low Pass Filter: 60dB/Decade Roll-Off (from 2Hz)
Programmable Transducer Excitation: Voltage (4V to 15V @
100mA) or Current (100uA to 1T0mA)
APPLICATIONS
Measurement and Control of:
Pressure, Temperature, Strain/Stress, Force, Torque
Instrumentation: Indicators, Recorders, Controllers
Data Acquisition Systems
Microcomputer Analog 1/0

GENERAL DESCRIPTION

Models 2B30 and 2B31 are high performance, low cost, com-
pact signal conditioning modules designed specifically for high
accuracy interface to strain gage-type transducers and RTD’s
(resistance temperature detectors). The 2B31 consists of three
basic sections: a high quality instrumentation amplifier; a
three-pole low pass filter, and an adjustable transducer excita-
tion. The 2B30 has the same amplifier and filter as the 2B31,
but no excitation capability.

Available with low offset drift of {).SuVHOC max (RTIL, G =
1000V/V) and excellent linearity of (0.0025% max, both
models feature guaranteed low noise performance (1uV p-p
max) and outstanding 140dB common mode rejection (60Hz,
CMV =+10V, G = 1000V/V) enabling the 2B30/2B31 to main-
tain total amplifier errors below 0.1% over a 20°C temperature
range. The low pass filter offers 60dB/decade roll-off from
2Hz to reduce normal-mode noise bandwidth and improve
system signal-to-noise ratio. The 2B31’s regulated transducer
excitation stage features a low output drift (0.015%/°C max)
and a capability of either constant voltage or constant cur-

. rent operation.

Gain, filter cutoff frequency, output offset level and bridge
excitation (2B31) are all adjustable, making the 2B30/2B31
the industry’s most versatile high-accuracy transducer-interface
modules. Both models are offered in three accuracy selections,
J/K/L, differing only in maximum nonlinearity and offset drift
specifications.

APPLICATIONS

The 2B30/2B31 may be easily and directly interfaced to a wide
variety of transducers for precise measurement and control of
pressure, temperature, stress, force and torque. For ap-
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plications in harsh industrial environments, such characteristics
as high CMR, input protection, low noise, and excellent tem-
perature stability make 2B30/2B3 1 ideally suited for use in
indicartors, recorders, and controllers.

The combination of low cost, small size and high performance
of the 2B30/2B31 offers also exceptional quality and value to
the dara acquisition system designer, allowing him to assign a
conditioner to cach transducer channel. The advantages of this
approach over low level multiplexers include significant im-
provements in system noise and resolution, and elimination of
crosstalk and aliasing errors.

DESIGN FEATURES AND USER BENEFITS

High Noise Rejection: The true differential input circuitry
with high CMR (140dB) eliminating common-mode noise
pickup errors, input filtering minimizing RFI/EMI effects, out-
put low pass filtering (f.=2Hz) rejecting 50/60Hz line frequen-
cy pickup and series-mode noise.

Input and Qutput Protection: Input protected for shorts to
power lines (130V rms), output protected for shorts to ground
and either supply.

Ease of Use: Direct transducer interface with minimum exter-
nal parts required, convenient offset and span adjustment
capability.

Programmable Transducer Excitation: User-programmable
adjustable excitation source-constant voltage (4V to 15V @
100mA) or constant current (100uA to 10mA) to optimize
transducer performance.

Adjustable Low Pass Filter: The three-pole active filter
(fc=2Hz) reducing noise bandwidth and aliasing errors with
provisions for external adjustment of cutoff frequency.
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SPECIFICATIONS .{typical @.+25°C and_ Vg = 1T§V u_nless otherwise noted)

2B30] 2B30K

11021 R gy ) - 1 L8 < L
GAIN'

Gain Range 1 to 2000V/Y *

Gamn Equation Go=(1+94kIURG) [ 20kL(RE +

16.2k(1)]
Gain Equanon Accuracy 2% =
Fine Gain (Span) Adjust. Range +20% x

Gain Temperature Coefficient
Gan Nonlinearity,

OFFSET VOLTAGES'
Toral Offser Voltage, Referred to
Input
1, +25°C
'p Drifr, 10 Min,, G

225ppm/°C max (210ppm/°Cryp) *
0.01% max g =0.005% max

Adjustable to Zero (£0.5mV typ) =
Within £5uV (RT1) of Final Value *

1000

+150uV/"C max
*3uVIC max
(3 + 150/G)uV/"C max

G=1Viv
G = 1000V/V
At Other Gains

£75uV /7 C max
1V G max
2(1 £ 75/G)pV/I C max

S S

v Supply, G = 1000V/V? 25uVIV
s, Tume, G = 1000V/V *5uV/month =
Output Offser Adjust. Range 10V x
INPUT BIAS CURRENT
Initial @ +25°C +200nA max (100nA typ) ¥
vs. Temperatre (0 1o =70°C) ~0.6nA7C .
INPUT DIFFERENCE CURRENT
Imitial @ +25°C t5aA v
vs. Temperature (0 to +70°C) 240pA/STC .
INPLT IMPEDANCE
Differential 100ME2|[47pk .
Common Maode 100ME247pF N
INPUT VOLTAGE RANGE
Linear Differential input 10V .
Maximum Differential or CMV Input
Without Damage 130V rms »
Common Mode Voltage ilov *
CMR, 1k{l Source Imbalance
G = IVIV, de 1o 60Hz' 90d *
G = 100V/V 1o 2000V/V, 60Hz'  140dB min .
de? 90dB min (112 1yp.) *
INPUT NOISE
Valtage, G = 1000V/V
Dotz to 20z 1V pep max e
10H: to 100H® 14V pp ¢
Current, G = 1000
GOz w 201z T0pA p-p -
1001z 1o 100Hz® 30pA rms ¥
RATED OUTPUT!
Voltage, 2k£2 Load® 10V min A
Current £5mA min *
Impedance, de to 2Hz, G = 100V/V 0152 2
1oad Capacitance 0.014F max *
DYNAMIC RESPONSE (Unfiltered)?
Small Signal Bandwidth
=3dB Gain Accuracy, G = 100V/V  30kHz ot
G = 1000V/V 5kH: *
Slew Rare 1Vius .
Full Pawer 15kH: #
Setthng Time, G = 100, 10V Ourput
Step to =0.1% 3ops - ¥
LOW PASS FILTER ( Bessel)
Number of Poles 3 »
Gain (Pass Band) -1 "
Curoff Frequency (-3dB Point) 2Hz L
Rolt-0ff 60dB/decade o
Offset (ax 25°C) £SmV .
Settling Time, G = 100V/V, £10V
Ourput Step o 20.1% 600ms b
BRIDGE P.X_Ci'!'a_\'l'[ON (See Table 1)
POWER SUPPLY*
Voluage, Rated Performance *15V de "
Voltage. Operating {12 1o 1BV dc .
Current, Quiescent® +15mA .
TEMPERATURE RANGE
Rated Performance 0o +70°C -
Operating -25"C 1o +85°C »
Storage B ) -55°C 1o +125°C *
CASE SIZE 2"x2"x04"(51x51 x10.2mm)  *
SUTES

Preatsins same as 2RI0)/2B31 )
arwns referred to output at pin 7 with 3.75k, 1%, 28ppm/°C
7 eesastior installed and internally set 20z filter cutofi

w sborts 1o ground and/or either supply voltage.
ded power supply ADI model 902-2 or model 2835
" Tracking power supplies.

* Does not include bridge excitation and load currents.
Specifications subject 1o change without notice.

1B30L

£0.0025% max

£50uV/C max
£0.5uV/°C max
£(0.5 + 50/G)uV/°C max

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).
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PIN DESIGNATIONS

PIn FUNCTION PIN FUNCTION
1 [ OUTPUT 1 (UNFILTERED) 18 | EXCSEL 1
2 | FINE GAIN (SPAN) ADJ, 17 | I1SEL
3 | FINE GAIN {SPAN| ADJ, W | Vexc our
4 | FILTER OFFSET TRIM 12 | excour
5 | FILTER OFFSET TRiM 0 | SENSE HIGH [+]
B | BANDWIDTH ADJ. 3 21 | EXCSEL 2
T | OUTPUT 2 (FILTERED) 22 | REFOUT
B | BANDWIDTH ADJ. 2 23 | SENSE LOW ()
9 | BANDWIDTH ADJ. 1 24 | REGULATOR #Vip 1y
10 | Ream 25 | REFIN
1 | Rgam 28 | Vg
12 |- 27
13 | INPUT OFFSET TRIM 28 | common
W | INPUT OFFSET TRIM 28 | QUTPUT DFFSET TRIM
16 | +INPUT

Mate: Pins 16 thru 25 are not connected in Model 2830

AC1211/AC1213 MOUNTING CARDS

-

PRl LR L L L

———3smmos——=  ~oasziin
AC1211/AC1213
CONNECTOR DESIGNATIONS
[FR] Funcrion PIN]___FunCTION
A | REGULATOR +Vp py 1 | EXCSEL Y
B | SENSE LOW [-) 2 | ISEL
€ | REF OUT a | Vexg our
D | REFIN 4 | lgxc our
E 5 | SENSE HIGH [+]
F 6 | ExcseLz
H 7 | OUTPUT OFFSET TRIM
4 8
K | -ve 'R EN
L evs | v
L "
N | cOMMON 12 | cCOMMON
" 1
R | FINE GAIN ADY, "
5 FINE GAIN ADJ, 15
T | FILTER OFFSET TRIM 16
U | FILTER OFFSET TRIM 17 | Rgam
V | OUTPUT 2 (FILTERED} 18 | Agam
W | -INPUT 18 | OUTPUT 1 (UNFILTERED)
X | INPUT OFFSET TRIM 20 | BANDWIDTH ADJ 1
¥ | NPuT oFFSET TRIM 71 | BANDWIDTH ADJ. 3
z = INPUT 22 | BANDWIDTH ADJ, 2

The AC1211/AC1213 mounting card is available for the
2B30/2B31. The AC1211/AC1213 is an edge connector
card with pin receptacles for plugging in the 2B30/2B31.
In addition, it has provisions for installing the gain re-
sistors and the bridge excitation, offset adjustment and
filter cutoff programming components. The AC1211/
AC1213 is provided with a Cinch 251-22-30-160 (or
equivalent) edge connector. The AC1213 includes the
adjustment pots; no pots are provided with the
AC1211,




~ Understanding the ADC1130, ADC1131

FUNCTIONAL DESCRIPTION

Models 2B30 and 2B31 accept inputs from a variety of full
bridge strain gage-type transducers or RTD sensors and con-
vert the inputs to conditioned high level analog outputs. The
primary transducers providing direct inputs may be 6082 to
1000£2 strain gage bridges, four-wire RTD’s or two- or three-
wire RTD’s in the bridge configuration.

The 2B30 and 2B31 employ a multi-stage design, shown in
Figure 1, to provide excellent performance and maximum
versatility. The input stage is a high input impedance (10%2),
low offset and drift, low noise differential instrumentation
amplifier. The design is optimized to accurately amplify low
level (mV) transducer signals riding on high common mode
voltages (£10V), with wide (1-2000V/V), single resistor (Rg),
programmable gain to accommodate 0.5mV/V 1o 36mV/V
transducer spans and 552 to 200082 RTD spans. The input
stage contains protection circuitry for accidental shorts to
power line voltage (130V rms) and RFI filtering circuitry.

The inverting buffer amplifier stage provides a convenient
means of fine gain trim (0.8 to 1.2) by using a 10k{2 poten-
tiometer (Rp); the buffer also allows the output to be offset
by up to 10V by applying a voltage to the noninverting input
(pin 29). For dynamic, high bandwidth measurements—the
buffer output (pin 1) should be used.

The three-pole active filter uses a unity-gain configuration and
provides low-pass Bessel-type characteristics-minimum over-
shoot response to step inputs and a fast rise time. The cutoff
frequency (-3dB) is factory set at 2Hz, but may be increased
up to 5kHz by addition of three external resistors (RggpL, -
Rsgrj)-

INTERCONNECTION DIAGRAM AND SHIELDING
TECHNIQUES

Figure 1 illustrates the 2B31 wiring configuration when used
in a typical bridge transducer signal conditioning application.
A recommended shielding and grounding technique for pre-
serving the excellent performance characteristics of the 2B30/
2B31 is shown.

Because models 2B30/2B31 are direct coupled, a ground return
path for amplifier bias currents must be provided either by di-
rect connection (as shown) or by an implicit ground path
having up to 1M£Q resistance between signal ground and condi-
tioner common (pin 28). The sensitive input and gain setting

terminals should be shiclded from noise sources for best per-
formance, especially at high gains. To avoid ground loops, sig-
nal return or cable shield should never be grounded at more
than one point.

The power supplies should be decoupled with 1uF tantalum
and 1000pF ceramic capacitors as close to the amplifier as
possible.

TYPICAL APPLICATION AND ERROR BUDGET
ANALYSIS

Models 2B30/2B31 have been conservatively specified using
min-max values as well as typicals to allow the designer to
develop accurate error budgets for predictable performance.
The error calculations for a typical transducer application,
shown in Figure 1 (35082 bridge, 1ImV/V F.S., 10V excitation),
are illustrated below.

Assumptions: 2B31L is used, G = 1000, AT = +10°C, source
imbalance is 10082, common mode noise is 0.25V (60Hz) on
the ground return,

Absolute gain and offset errors can be trimmed to zero. The
remaining error sources and their effect on system accuracy
(worst case) as a % of Full Scale (10V) are listed:

Effect on Effect on
Absolute Accuracy Resolution
Error Source % of F.S. % of F.S.

Gain Nonlinearity *0.0025 *0.0025
Gain Drift +0.025
Voltage Offset Drift 0.05
Offset Current Drift +0.004
CMR *0.00025 +0.00025
Noise (0.01 to 2Hz) +0.01 10.01

+0.09175 max +0.01275 max

+0.15 (£0.03 ryp)

£0.24175 max
(0.1 typ)

Total Amplifier Error
Excitation Drift

Total Output Error +0.0127 max

(Worst Case)
The total worst case effect on absolute accuracy over +10°C is
less than £0.25% and the 2B31 is capable of 1/2 LSB resolu-
tion in a 12 bit, low input level system. Since the 2B31 is con-
servatively specified, a typical overall accuracy error would be
lower than £0.1% of F.S.

In a computer or microprocessor based system, automatic
recalibration can nullify gain and offset drifts leaving noise,
nonlinearity and CMR as the only error sources. A transducer
excitation drift error is frequently eliminated by a ratiometric
operation with the system’s A/D converter.
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Figure 1. Typical Bridge Transducer Application Using 2B31
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BRIDGE EXCITATION (2B31)

The bridge excitation stage of the model 2B31 is an adjustable
output, short circuit protected, regulated supply with internally
provided reference voltage (+7.15V). The remote sensing
inputs are used in the voltage output mode to compensate

for the voltage drop variations in long leads to the transducer.
The regulator circuitry input (pin 24) may be connected to
+Vg or some other positive dc volrage (pin 28 referenced)
within specified voltage level and load current range. User-
programmable constant voltage or constant current excitation

1% Rggr, for several common filter cutoff (-3dB) frequencies.

Rspuy (k2)  Rsgpz (k) Rgpys (k)
fo(Hz) (Pinltw® (Pin9to8) (PinBt6)
2 Open Open Open
5 1270.000  2050.00 383.000
10 523.000 806.00 154.000
50 90.000 137.00 26.700
100 44.200 68,10 13.300
500 8.660 13.30 2610
1000 4320 6.65 1.300
5000 0.866 133 0.261
Table 1l. Filter Cutoff Frequency vs. RSEL

Voltage Excitation Programming: Pin connections for a con-

mode may be used. Specifications are listed below in Table 1.

MODEL 2B31) 2ZB3 1K 2B31L
Constant Voltage Output Mode

Regulator Input Voltage Range +9.5V (o +28V ” ¥
Output Voltage Range +4V to +15V . ¥
Regulator Input/Output Voltage

Differential IV o 24V * "
Output Current 0 to 100mA max .
Regulation, Output Voltage

vs, Supply 0.05%/V - -
Load Regulation, I = TmA to

I = S0mA 0.1% .
Output Voltage vs. Temperaure  0.015%/°C max " "

0 to +70°C) 0.003%/°C typ C .
Output Nowse imV rms - 1
Reference Voltage {Internal) TA5V 3% =

Constant Current Qutput Mode

Regulator Input Voltage Range +9.5V o +28V - »
Output Current Range 100pA 1o 10mA . b
Compliance Voltage 0 to 10V - .
Load Regulation 0.1% . *
Temperature Coefficient

(010 +70°C) 0.003%/°C .
Output Noise 1A rms i *

f Ourput Current derated to 33mA max for 24V regulator input/output
voltage differential.

Table I. Bridge Excitation Specifications
OPERATING INSTRUCTIONS
Gain Setting: The differential gain, G, is determined according
to the equation:
G = (1 +94kQ/Rg) [20kQ/(RE + 16.2kQ)]

where R is the input stage resistor shown in Figure 1 and Rp
is the variable 10k{2 resistor in the output stage. For best
performance, the input stage gain should be made as large as
possible, using a low temperature coefficient (10ppm/°C) R,
and the output stage gain can then be used to make a £20%
linear gain adjustment by varying Rg.

Input Offset Adjustment: To null input offset voltage, an op-
tional 100k§2 potentiometer connected between pins 13 and
14 (Figure 1) can be used. With gain set at the desired value,
connect both inputs (pins 12 and 15) to the system common
(pin 28), and adjust the 100k potentiometer for zero volts
at pin 3. The purpose of this adjustment is to null the internal
amplifier offset and it is not intended to compensate for the
transducer bridge unbalance.

Output Offset Adjustment: The output of the 2B30/2B31 can
be intentionally offset from zero over the £10V range by apply-
ing a voltage to pin 29, e.g., by using an external potentiometer
or a fixed resistor. Pin 29 is normally grounded if output off-
setting is not desired. The optional filter amplifier offset null
capability is also provided as illustrated in Figure 1.

Filter Cutoff Frequency Programming: The low pass filter cut-
off frequency may be increased from the internally set 2Hz by
the addition of three external resistors connected as shown in
Figure 1. The values of resistors required for a desired cutoff
frequency, f., above SHz are obtained by the equation below:

RgEL, = 11.6 X 10°/(2.67f; - 4.34);
RSEL, = 27-6 X 10°/(4.12f. - 7)
RsgL 3 = 1.05 X 10°/(0.806f - 1.3)

where Rggy is in ohms and f in Hz. Table II gives the nearest

stant voltage output operation are shown in Figure 2. The
bridge excitation voltage, Vgxc, is adjusted between +4V to
+15V by the 20k€2 (50ppm/°C) RyggL, potentiometer. For
ratiometric operation, the bridge excitation can be adjusted

by applying an external positive reference to pin 25 of the
2B31. The output voltage is given by: Vexc ouT = 3.265VREF
in- The remote sensing leads should be externally connected
to the excitation leads at the transducer or jumpered as shown
in Figure 2 if sensing is not required.
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Vieac aur - 3.265%mys o
Vit our = +TISY 3% rTTrer T =

Mg n;
Vi our = 4V TC +15V OF A LOW T.C EXTEANAL REFERENCE

Figure 2. Constant Voltage Excitation Connections

Current Excitation Programming: The constant current excita-
tion vutput can be adjusted between 100uA to 10mA by two
methods with the 2B31. Figure 3 shows circuit configuration
for a current output with the maximum voltage developed
across the sensor (compliance voltage) constrained to +5V. The
value of programming resistor Rigg, may be calculated from
the relationship: RisgL = (VREG IN — VREF IN)/IEXC OUT-
This application requires a stable power supply because any
variation of the input supply voltage will result in a change

in the excitation current output.
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=
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Figure 3. Constant Current Excitation
Connections (Voomer = 0 to +5V)

e out = 100uA 18 10mA
Vage w " Vs aut < 4705V

A compliance voltage range of 0 to +10V can be obtained by
connecting the 2B31 as shown in Figure 4. The 2k§2 potenti-
ometer Ryggy, is adjusted for desired constant current excita-
tion output.

(+86 TO +28V1

W
L " 1w

il
u 7 0 23 kel
v SSENSE  Vags out EXC
SEL1  SELR
XU
SHNSH

(10004 TO 10mAL 18

LAl OUTPUT

MODEL 2831
-SENSE

]
| common

Figure 4. Constant Current Excitation
Connections (Vcompr = 0 to +10V)



Applying the ADC1130, ADC1131

APPLICATIONS

Strain Measurement: The 2B30 is shown in Figure 5 in a strain
measurement system. A single active gage (12082, GF=2) is
used in a bridge configuration to detect small changes in gage
resistance caused by strain. The temperature compensation is
provided by an equivalent dummy gage and two high precision
1202 resistors complete the bridge. The 2B35 adjustable
power supply is set to a low +3V excitation voltage to avoid
the self-heating error effects of the gage and bridge elements.
System calibration produces a 1V output for an input of 1000
microstrains. The filter cutoff frequency is set at 100Hz,
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Figure 5. Interfacing Half-Bridge Strain Gage Circuit
Pressure Transducer Interface: A strain gage type pressure
transducer (BLH Electronics, DHF Series) is interfaced by the
2B31 in Figure 6. The 2B31 supplies regulated excitation
(+10V) to the transducer and operates at a gain of 333.3 to
achieve 0-10V output for 0-10,000 p.s.i. at the pressure trans-
ducer. Bridge Balance potentiometer is used to cancel out any
offset which may be present and the Fine Span potentiometer
adjustment accurately sets the full scale output. Depressing
the calibration check pushbutton switch shunts a system cali-
bration resistor (Rcap,) across the transducer bridge to give an
instant check on system calibration.

13.3k0

15V

CABLE SHIELD

HLH
ELECTRONICS
OMF SERLES

EL

0 - %0000 24051 20k11
" Vexc
ADJ.

Figure 6. Pressure Transducer Interface Application

- Platinum RTD Temperature Measurement: In Figure 7 model
2B31 provides complete convenient signal conditioning in a

wide range (-100°C to +600°C) RTD temperature measure-
ment system. YSI - Sostman four-wire, 10082 platinum RTD
(PT139AX) is used. The four wire sensor configuration, com-
bined with a constant current excitation and a high input im-
pedance offered by the 2B31, eliminates measurement errors
resulting from voltage drops in the lead wires. Offsetting may
be provided via the 2B31’s offset terminal. The gain is set by
the gain resistor for a +10V output at +600°C. This applica-
tion requires a stable power supply.

OUTPUT

Figure 7. Platinum RTD Temperature Measurement

Interfacing Three-Wire Sensors: A bridge configuration is par-
ticularly useful to provide offset in interfacing to a platinum
RTD and to detect small, fractional sensor resistance changes.
Lead compensation is employed, as shown in Figure 8, to
maintain high measurement accuracy when the lead lengths ar
so long that thermal gradients along the RTD leg may cause
changes in line resistance, The two completion resistors (R1,
R2) in the bridge should have a good ratio tracking (t5pme°C)
to eliminate bridge error due to drift. The single resistor (R3)
in series with the platinum sensor must, however, be of very
high absolute stability. The adjustable excitation in the 2B31
controls the power dissipated by the RTD itself to avoid
self-heating errors.
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=16V
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Figure 8. Three-Wire RTD Interface

Linearizing Transducer Qutput: To maximize overall system
linearity and accuracy, some strain gage-type and RTD trans-
ducer analog outputs may require linearization. A simple cir-
cuit may be used with the 2B31 to correct for the curvature
in the input signal as shown in Figure 9. The addition of feed-
back in the excitation stage will allow for the correction of



nonlinearity by the addition of two components. The sense
of the feedback is determined by whether the nonlinearity

is concave upward or concave downward (jumper A to pin 21,
or to pin 25). The magnitude of the correction is determined
by the resistor, RggL, and the linearity adjust pot provides

a fine trim.

If an RTD is to be used, the adjustment can be made effi-
ciently, without actually changing the temperature, by
simulating the RTD with a precision resistance decade. The
offset is adjusted at the low end of the resistance range, the
fine span is adjusted at about one third of the range, and
the linearity is adjusted at a resistance corresponding to
full-scale temperature. One or two iterations of the adjust-
ments will probably be found necessary because of the
interaction of linearity error and scale-factor error. This
circuit’s applications are not restricted to RTD's; it will
work in most cases where bridges are used —e.g., load cells
and pressure transducers.

oM BT

Vexe ADJ

T UWPER SEE
JSELECT WOTE?

)

BRIDGE COMPLETION
RESISTORS $HOULD BE

06%, Hppm’
FOR BEST PERFORMANGE

ALF NC
T SELT SEL2

ATD FINE SPAN
0041 ADSUST

MOTES.
1. SELECT JUMPER TO PIN 25 0R Pl
JUMAPER POTNT

21 DEPENDING DN NOMLINEARITY DIRECTION
T “A" T PIN 25 FOR -~ TR,
T

ANSDUCER NONLINEARITY OF POINT
“A” T0FIN 21 FOR < NONLINEARITY

N
R
T
2 MESISTOR g DETERAMINES MAGNITUDE DF CORRECTION
3. THE SAME CIREUIT MAY BF LISED FOR STRAIN GAGE TYPE THANSDUCERS

Figure 9. Transducer Nonlinearity Correction

PERFORMANCE CHARACTERISTICS

Input Offset Voltage Drift: Models 2B30/2B31 are available

in three drift selections: 0.5, 1 and +3uV/°C (max, RTI, G =
1000V/V). Total input drift is composed of rwo sources (input
and output stage drifts) and is gain dependent. Figure 10 is a
graph of the worst case total voltage offset drift vs. gain for

all versions.

MAX INPUT DRIFT LIMIT
eG-WV

ZBI0NZBIN (1B0LV/C)

2BI0K/ZBINK (TEVCh
2B30L/ZBIIL [50uV/CI

MAX INPUT DRIFT LIMIT
# G = 1000V/V

MODEL 2A304/20831 2B300/2831J (3V"C)
MODEL 2B30K/2831K

WMODEL 2B30L/7831L ZEI0N/ZBIVE 1LVSC)

WO ) CASE TOVAL INPUT DHIET  pvr T

ZBI0L/ZBIIL 0.5V CH

TOTAL INPUT DRIFT =
02| 4| OUTPUTDRIFT@G=1K & OUTPUTBRIET@G =1 |
‘ i N .

o1

1 10 00 1000 2000 10,000
GAIN - ViV

Figure 10. Total Input Offset Drift (Worst Case) vs. Gain

Gain Nonlinearity and Noise: Nonlinearity is specified as a per-
cent of full scale (10V), e.g. 0.25mV RTO for 0.0025%. Three
maximum nonlinearity selections offered are: £0.0025%,

+0.005% and *0.01% (G = 1 to 2000V/V). Models 2B30/2B31

offer also an excellent voltage noise performance by guaran-
teeing maximum RTI noise of 1uV p-p (G = 1000V/V, Rg <
5k) with noise bandwidth reduced to 2Hz by the LPF.

Common Mode Rejection: CMR is rated at 10V CMV and
1k€2 source imbalance. The CMR improves with increasing
gain. As a function of frequency, the CMR performance is en-
hanced by the incorporation of low pass filtering, adding to
the 90dB minimum rejection ratio of the instrumentation am-
plifier. The effective CMR at 60Hz at the output of the filter
(fe = 2Hz) is 140dB min. Figure 11 illustrates a typical CMR
vs. Frequency and Gain.

G =100 TO 2000,
QUTPUT 2

120

COMMON MODE REJECTION - dB
2

ChAR SPLCI 160 PO LIRS0 TER CLGSR

1 0 10a T 10k
FREQUENCY — Mz

Figure 11. Common-Mode Rejection vs. Frequency and Gain

Low Pass Filter: The three pole Bessel-type active filter attenu-
ates unwanted high-frequency components of the input sig-

nal above its cutoff frequency (-3dB) with 60dB/decade roll-
off. With a 2Hz filter, attenuation of 70dB at 60Hz is obtained,
settling time is 600ms to 0.1% of final value with less than 1%
overshoot response to step inputs. Figure 12 shows the filter
responsc.

O CETy<0'C

GAIN - d8

LOAD CURRENT -mA

[ 8] 1 0 100
FREQUENCY — Hz

o ] 10 18 0 %
INPUT-QUTPUT VOLTAGE DIFFERENTIAL -V

Figure 12. Filter Amplitude
Response vs. Frequency

Figure 13. Maximum Load
Current vs. Regulator Input-
Output Voltage Differential

Bridge Excitation (2B31): The adjustable bridge excitation is
specified to operate over a wide regulator input voltage range
(+9.5V to +28V). However, thé¢ maximum load current is a
function of the regulator circuit input-output differential volt-
age, as shown in Figure 13. Voltage output is short circuit
protected and its temperature coefficient is £0.015% Vourt/ C
max (£0.003%/°C typ). Output temperature stability is directly
dependent on a temperature coefficient of a reference and for
higher stability requirements, a precision external reference
may be used.

—6-
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Four Channel
RTD/Strain Gage Conditioner

2B34

FEATURES

Low Input Offset Drift: £1.0uV/C

Low Gain Drift: £25ppm/°C

Low Nonlinearity: £0.01% max (+0.005% typ)
Differential Input Protection: 130V rms

Channel Multiplexing: 3000 chan/sec Scanning Speed
Solid State Reliability

Internal RTD Excitation/Lead Wire Compensation

APPLICATIONS

Multichannel Signal Conditioning
Data Acquisition

Industrial Process Monitoring

GENERAL DESCRIPTION

The model 2B34 is a four channel signal conditioner providing
input protection, multiplexing, and amplification in a single,
low cost package. A multi-purpose device, the 2B34 is design-
ed to effectively condition low level signals (£30mV to
+100mV) such as those produced by RTD and strain gage
sensors. The superior design of the 2B34 provides low input
drift (£1.04V/°C), high common mode rejection (94dB @
60Hz), and extremely stable gain (225ppm/°C). Other fea-
tures include low nonlinearity (+0.01% max), excitation and
lead wire compensation for RTD inputs, and a wide operating
temperature range (-25°C to +85°C).

APPLICATIONS

The 2B34 is a superior alternative to the relay multiplexing
technique used in multichannel data acquisition systems,
computer interface systems, and measurement and control
instrumentation, Advantages over relay circuits include func-
tional versatility, superior signal conditioning, and solid state
speed and reliability.

DESIGN FEATURES AND USER BENEFITS

Solid State Design: Complete solid state construction offers
both high performance and reliability.

Ease of Use: The multichannel, functionally complete design
in a compact (2" X 4" X 0.4") module, conserves board space
and eliminates the need for a number of discrete components
that would otherwise be required.

REV. A
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FUNCTIONAL BLOCK DIAGRAM

ATD EXCITATION

CHANNEL C

CHANNEL B

GAIN/OFFSET
MULTIPLEXER w7 m V.

Lo

CHD CHC CHB CHA
| ——————
TO GAIN & OF5 RESISTORS

CHANNEL A

INTERNAL
JUMPER

NOTE: INPUT i TRANSFARENT LATCH TYPE, WHIN NOT LSING
OUTPUT SWITCH, ENABLE (PIN 3) MUST BE TIED TO COMMON (LOW)

Figure 1.

Low Cost: The 2B34 offers the lowest cost per channel for
solid state, low level sensor signal conditioning.

Wide Operating Temperature Range: The 2B34 has been
designed to operate over -25°C to +85°C ambient tempera-
ture range.

FUNCTIONAL DESCRIPTION
The internal structure of the 2B34 is shown in Figure 1. Four
individual input channels are multiplexed into a single, low

(continued on page 3)
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'2B34— SPECIFICATIONS (ypie @ +25% v

+15V, unless otherwise noted)

Model

2B34J
Strain Gage Mode

RTD Mode

ANALOG INPUT

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

Number of Channels 4 ¥ I—— 2,01 (51.1) MAX ————==]
Input Range +30mV & £100mV 25-17582 & 0-35002 i i
Gain Range (R =9458) 166.6V/V & 50V/V * :1‘::.1‘
Expanded’ 50V/V to 1000V/V . N MAX
4 : ' -3
Transfer Function N/A Vour = [04 X 107 X | 0.02(05) MM——”—'—T
(Rryp) -0.04] G 1
iz 2 N 2 0.2 (5.1) MAX
Gain Error +0.¢° max (G = 50) .
+0.8% max (G = 166.6)  * e e 1
Gain Temperature Cocfficient® +25ppm/°C .
Gain Nonlinearity +0.01% of Span, max *
Offset Voltage
Input Offset, Initial® (Adj. to Zero) +150uV .
vs. Temperature +1uv/°C +0.015 deg/deg
Channel to Channel Offset £25uvV .
Total Offset Drift (RTI) +1pv/°c .
Input Noise Voltage
0.01Hz-100Hz, Rs = 1k 1.5uV p-p ¢
Common Mode Voltage 6V N/A
Common Mode Rejection 19 54 41 "46%2"
Rg = 10082, f = 60Hz 94dB (@ G = 166.6) N/A PR =g m b,
Rs = 1k, f = 60Hz 86dB (@ G = 166.6)
Maximum Safe Differential Inpur (10 min) 130V rms *
Normal Mode Rejection @ 60Hz 24dB b
Input Resistance 20M82 2
Input Bias Current 10nA max .
Lead Resistance Effect N/A +0.03 deg/02
ANALOG OUTPUT
Output Voltage Swing 15V @ ImA e
Output Resistance
Direct Qurput 0.189 * (51 72 4
Switched Output 3582, +0.5%/°C . 1 1 L
Maxi Switched Voltage +9V, no load x BOTTOM V
gl : = £ k-l —-l I--— 0.112.54) GRID
SENSOR EXCITATION
T OTE: TERMINAL PINS INSTALLED ONLY IN
Excitation Level (per channel) NA 0.4mA £1% G SHADED HOLE LOCATIONS
(£1.7% max)
o
Vs Tewiperamare == sy 2B34 PIN DESIGNATIONS
CHANNEL SELECTION
: 3 4 ; .
Channel Selecqon Time to *0.01% F.S. 300us : TRETTET T
Channel Scanning Speed >3000 chan/sec RS s Thr
S 2 38
DYNAMIC RESPONGE F . 3 | SWDOUTPUT ENABLE | 39 | Rg/OFS
Input Settling Time to £0.01% F.S. 0.4 sec 4 | SWDouTPUT © | Re HANNEL A
Bandwidth 4Hz * 5 41 | Lo
" ] DIRECT QUTPUT 42 coM
POWER SLPP‘LY SW'D INPUT 43 | Vggs (+10V)
Voltage, +Vg, Rated Performance 15V dc £5% * W
Current +35mA, ~15mA, max = OUTPUT OFFSET 45
- + + 10 46
Supply Effect on Offset +0.003%/% +0.02%/% Hr 1o e
ENVIRONMENTAL ;'; 1‘1'::'09“ :! e
Temperature * . G
o 4 50 | R
Rated Performance 0to+70°C * 15 51 ,_g cANELE
Operating -25°C 10 +85°C s 16 s2 | com
Storage -55°C 10 +85°C b v ..;.;..._zm {+10v}
CASE SIZE 2" X 4" X 04" 18 | s5
20 56 HI
NOTES 2 57
' Gain range may be expanded by use of external amplifier as shown in Figure 3. 22 | ADR1Y) CHANNEL 58 | Rg/OFS
? Does not include effects of sensor excitation drift. 23 | aproJ SELECT 58 | Rg CHANNEL C
IWith no induced offset, using circuit shown in Figure 2 (pots centered). 24 GAIN SELECT 60 Lo
*Specifications same as Strain Gage Mode. 26 ABL! 81 | cOM
Specifications subject to change without notice. 22: :23 | Vorg (+10v)
28 B4
29 65
30 66 Hi
n DIG COM &7
32 | SYNCIN = 68 | Rg/OFS
33 | SYNCOUT 89 | Rg CHANNEL D
34 70 | Lo
38 n com
| 36 72_| Voggg (+10V)
*SHORTED INTERNALLY FOR FEEDTHROUGH FOR USE WITH
2854/55 MODELS.
~2— REV. A
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(continued from page 1)

drift differential instrumentation amplifier, with the desired
channel specified by the two digital channel select inputs.
This signal is then fed to a digitally controlled programmable
gain amplifier (PGA). The appropriate gain for a particular
sensor type is selected by the gain select input.

User selectable direct or switched output permits direct out-
put connection of several modules, should more than four
channels be required.

An internally selectable constant current excitation source
provides direct connection of 2 or 3 wire RTDs, thus eliminat-
ing the need for external excitation sources. Each channel
contains an input protection and filtering network to preserve
signal integrity in the presence of series mode 50/60Hz noise.

OPERATING INSTRUCTIONS

Connection of the 2B34 with three wire RTD inputs is shown
in Figure 2 and will be all that is needed in most cases. The
following sections describe the basic application, as well as
detail some optional connections that enhance the module’s
performance in more complex applications. All unused inputs
should be shorted to common.

HI
102 Y ATD (32)
- 20) Lo ENABLE
J1) com DIRECT () DUTPU'H
J2) Vors CHANNEL D b OUTPUT
58) Rg/OFS - COM
4.12M | 20001 anacom (2 J
59) Rg -
8450 .
v F +15V
1uF
DIG COM com
@ # POWER
enABLE (3)— [+
1uF
) CHANNEL C
18w
J
OUTPUT
oFFseT A2 2l
2B34 15V
ADR1 (22
CHANNEL
CHANNEL B SELECT
ADRO (23]
Lo 5V
BAIN (“)‘ m RANGE
% SELECT
» CHANNEL A

Figure 2. Basic RTD Application

Channel Selection: Each channnel of the 2B34 is turned on
and off by applying the proper binary code to channel select
inputs (ADRO, ADR1). Channels may be selected in any order
and there are no restrictions on rate other than the 300us
settling time for access to a channel (Table I, channel select
truth table).

Gain Selection: The 2B34 is designed to provide signal con-
ditioning of both RTD and strain gage sensor inputs. To ac-
commodate both of these sensor types, the 2B34 is precali-

AD1 ADO Channel
0 0 A
0 1 B
1 0 C
1 1 D

Table I. Channel Selection
brated to provide gains of 50 and 166.6, with gain components
shown in Figure 2. This provides proper amplification of input
signals over the span of £30mV to *100mV. Selection of the
desired gain and sensor input mode is achieved by applying the
appropriate binary codes shown in Table I1. A 20052 pot
provides 3% full scale span adjustment.

(Pin 24)
Gain Select Input Selected Gain
0 166.6
1 50
(Pin 25)
RTD ENABLE Selected Mode
0 RTD
1 Strain Gage

Table Il. Gain and Mode Selection

Zero Suppression & Gain: In most instances, the gain capa-
bility of the 2B34 will be sufficient. However, in the case of
input signals that may require gains greater than 166, the

FOR MV/STRAIN GAGE MODE CALIBRATION
FOR RTD MODE CALIBRATION

> CHANNEL D w

R1
DIRECT (ﬁg—m

OUTPUT ENABLE

Vo = [ [ (04 x 10-2 Raro) -0.06) 50] - 103 ] 2

Figure 3. Zero Suppressed Switched Output RTD
Application



2B34

gain range of the 2B34 may be supplemented by use of an
external amplifier (Figure 3). A low drift, operational ampli-
fier (such as the AD741K) should be used to maintain signal
integrity.

Optional Offset Adjustment: All channels of the 2B34 are
typically within £150uV (RTI) offset. For use in more de-
manding applications, the module has provisions for fine
adjustment of the input offset (RTI) of each input as well
as the output offset (RTO) of the entire module. None of
the offset adjustments will affect drift performance.

In some applications, where £25uV channel-to-channel offset
voltage can be tolerated, adjustment of only the output offset
will be sufficient. The offset circuit shown in Figure 2 (for
channel “A") is required when a potentiometer is not used to
adjust input offset. The output offset adjustment may then be
used to null the 150uV (RTI) offset, leaving an offset differ-
ence between channels of 25uV. If input offset adjustment
is desired, the input offset circuitry shown in Figure 3 should
be used. This provides approximately £140mV (RTO) of ad-
justment, and should be adequate, in most cases, for elimi-
nation of sensor offset errors.

To calibrate in the mV (strain gage) mode, (Figure 3), short
the signal inputs (for example, pins 66, 70 for channel “D")
to common and center the input offset adjustment potentio-
meter. Adjust the output offset potentiometer until the out-
put is nulled for that channel at the appropriate gain. The
input offset pots on each channel may then be used to elimi-
nate any errors on subsequent channels that are selected.

To calibrate in the RTD mode, follow the same procedure, but
replace the short with a 1002 resistance standard.

ANALOG BUS
{TO ADDITIONAL MODULES)

swiTcHED ouTPuT (4)
switcH ineuT (7)

DIRECT QUTRUT .
EnasLE (3)

2834

ADRO (23,

ADR1T (22

SWITCHED QUTPUT (&

SWITCH INPUT .
pirecT outPuT (6)

ENABLE (3)
2B34 ADRO (23 — annn}CHANNEL
SELECT
ADR1 \‘;, ADR1
A A

MODULE SELECT

Figure 4. Channel Exparision

Channel Expansion: The 2B 34 has provisions for directly inter-
connecting several modules when more than four channels are
required. The series switched outputs of the modules are con-
nected together, the channel select inputs are driven in paral-
lel, and the switched output of the desired module is selected
using the ENABLE pin. This technique is shown in Figure 4.
Channel address and ENABLE (active low) inputs are CMOS/
TTL compatible with an input current of 100uA each.

2B34 Strain Gage Application: Figure 5 shows a four channel
strain gage input system utilizing the multiplexing feature of
the 2B34. Input offset and gain adjustments are used to elimi-
nate inherent sensor errors. The model 2B35 triple output
supply may be used to provide power for the 2B34 as well as
excitation for the strain gage sensors.

CHANNEL
SELECT

2B34

YCHANNEL B

oFFseT (9)

POWER

10V
EXCITATION ¥

L
3
>
3

EXCITATION
> : I ADJUSTMENT

EXCITATION
RTN

LOGIC
COMMON

Figure 5. 2B34 Strain Gage Application
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FEATURES

Accepts J, K, T, E, R, S or B Thermocouple Types
Internally Provided Cold Junction Compensation
High CMV Isolation: £1500V pk

High CMR: 160dB min @ 60Hz

Low Drift: +1uV/°C max (2B50B)

High Linearity: +0.01% max (2B50B)

Input Protection and Filtering

Screw Terminal Input Connections

APPLICATIONS
Precision Thermocouple Signal Conditioning For:
Process Control and Monitoring
Industrial Automation
Energy Management
Data Acquisition Systems

GENERAL DESCRIPTION

The model 2B50 is a high performance thermocouple signal
conditioner providing input protection, isolation and common
mode rejection, amplification, filtering and integral cold junc-
tion compensation in a single, compact package.

The 2B50 has been designed to condition low level analog
signals, such as those produced by thermocouples, in the pres-
ence of high common mode voltages. Featuring direct thermo-
couple connection via screw terminals and internally provided
reference junction temperature sensor, the 2B50 may be jump-
er programmed to provide cold junction compensation for
thermocouple types J, K, T, and B, or resistor programmed for
types E, R, and S.

The high performance of the 2B50 is accomplished by the use
of reliable transformer isolation techniques. This assures com-
plete input to output galvanic isolation (£1500V pk) and
excellent common mode rejection (160dB @ 60Hz).

Other key features include: input protection (220V rms),
filtering (NMR of 70dB @ 60Hz), low drift amplification
(£1pV/°C max - 2B50B), and high linearity (£0.01% max -
2B50B).

APPLICATIONS

The 2B50 has been designed to provide thermocouple signal
conditioning in data acquisition systems, computer inter-
face systems, and temperature measurement and control
instrumentation.

Isolated, Thermocouple
Signal Conditione!

 Model 2B50

COMPENSATOR

In thermocouple temperature measurement applications, out-
standing features such as low drift, high noise rejection, and
1500V isolation make the 2B50 an ideal choice for systems
used in harsh industrial environments.

DESIGN FEATURES AND USER BENEFITS

High Reliability: To assure high reliability and provide isola-
tion protection to electronic instrumentation, the 2B50 has
been conservatively designed to meet the IEEE Standard for
transient voltage protection (472-1974: SWC) and provide
220V rms differential input protection.

High Noise Rejection: The 2B50 features internal filtering
circuitry for elimination of errors caused by RFI/EMI, series
mode noise, and 50Hz/60Hz pickup.

Ease of Use: Internal compensation enables the 2B50 to be
used with seven different thermocouple types. Unique circuit
ry offers a choice of internal or remote reference junction
temperature sensing. Thermocouple connections may be
made either by screw terminals or, in applications requiring
PC Board connections, by terminal pins.

Small Package: 1.5" X 2.5" X 0.6" size conserves board space

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

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



SPEC I Fl CA.[IONS tty_p_ic_ql_ @_+25°C and Vg =+15V unless otherwise noted)

INPUT SPECIFICATIONS
Thermocouple Types
Jumper Configurable Compensation
Resistor Configurable Compensation
Input Span Range
Gain Range
Gain Equation
Gain Error
Gain Temperature Coefficient
Gain Nonlinearity'
Offset Voltage
Input Offset (Adjustable to Zero)
vs. Temperature
vs. Time
Output Offset (Adjustable to Zero)
vs. Temperature

Total Offset Drift

Input Noise Voltage
0.01Hz to 100Hz, Rg = 1k§2
Maximum Safe Differential Input Voltage
CMV, Input to OQutput
Continuous, ac or dc
Common Mode Rejection
@ 60Hz, 1k§2 Source Unbalance
Normal Mode Rejection @ 60Hz
Bandwidth
Input Impedance
Input Bias Current?
Open Input Detection
Response Time?, G = 250
Cold Junction Compensation
Initial Accuracy
vs. Temperature® (+5°C to +45°C)
OUTPUT SPECIFICATIONS
Qutput Voltage Reu-nge6
Output Resistance
Output Protection
POWER SUPPLY
Voltage
Output Vg (Rated Performance)
(Operating)
Oscillator +Viggc (Rated Performance)
ENVIRONMENTAL
Temperature Range, Rated Performance
Operating
Storage Temperature Range
RFI Effect (SW @ 470MHz @ 3ft)
Error
PHYSICAL
Case Size
NOTES
*Specifications same as 2B50A.

__2B50A

LK, T,orB
R,S,orE

£5mV to £100mV
S50V/V to 1000V/V
1+ (200k2/Rg)
+0.25%
+35ppm/°C max
1+0.025% max

+50uV
+2,5uV/°C max
*+1.5uV/month
+10mV
+30uvV/°C

+ (2.5 . %) uvirc

1pV p-p
220V rms, Continuous

1500V pk max

160dB min

70dB min

dc to 2.5Hz (-3dB)
100M$2

*5nA

Downscale

1.4sec

+0.5°C

+0,01°C/°C

15V @ £2mA
0.1Q

Continuous Short to Ground

*15V dc £10% @ £0.5mA

*+12V to 218V dc max
+13V to +18V @ 15mA

0 to +70°C
-25°C to +85°C
-55°C to +85°C
+0.5% of Span

1.5"X2.5"X0.6"

2B50B

+25ppm/°C max
+0.01% max

+1pV/C max
-

:(1 + %},) uviec

® & = @

! Gain nonlinearity is specified as a percentage of output signal span representing peak deviation from the

best straight line; e.g., nonlinearity at an output span of 10V pk-pk (z5V) is £0.01% or +1mV.
?Does not include open circuit detection current of 20nA (optional by jumper connection).

? Open input resp time is dep upon gain,
“When used with internally provided CJC sensor.

* Compensation error contributed by ambient temperature changes at the module.
¢ Qutput swing of 10V may be obtained through output scaling (Figure 5).

Specifications subject to change without notice,

-2-

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).
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FUNCTIONAL DESCRIPTION
The internal structure of the 2B50 is shown in Figure 1. An
input filtering and protection network precedes a low drift,
high performance amplifier whose gain is set by a user supplied
resistor (R ) for gains of 50 to 1000V/V. Isolated power is
brought out to permit convenient adjustment of the input off-
set voltage, if desired.
SooweR

GUTPUT OFFSET
*Vour  -Vour ADJUST

T

1SOLATED [T
POWER

SUPPLY

outPUT
coM
T INPUT PRO 2650
an () TECTION AND ;
FILTERING v
INPUT
Low Q @ Vs

OSCILLATOR

1SOLATION
BARRIER

4 KT X

SENSDOR SENSOR
our N

OPEN INPUT
DETECTION
TTYPE

CJCSENSOR  PROGRAMMING OSCILLATOR
POWER

Figure 1. 2B50 Functional Block Diagram

Internal circuitry provides reference junction compensation.
An integral reference junction sensor is provided for direct
thermocouple connections, or an external reference sensor
(2N2222 transistor) may be used in applications having remote
thermocouple termination. Compensating networks for
thermocouple types ], K, and T are built into the 2B50. A
fourth compensation (X) may be programmed with a single
resistor for any other thermocouple type. The 2B50 can be
programmed for uncompensated output when used with
inputs other than thermocouples.

Transformer coupling is used to achieve stable, reliable input
to output galvanic isolation, as well as elimination of ground
loop error effects.

Normally, the full scale output of the 2B50 is £5V. However,
with the addition of an external resistive divider, the output
buffer amplifier may be scaled for a gain of up to 2, providing
a full scale output swing of £10V.

OPERATING INSTRUCTIONS
The connections shown in Figure 2 are common to most appli-

cations using the 2B50, and, in many cases, will be all that is
required.

&‘_ 15V
= WF
wd com
g + 18V
1
—— COoM

i
-
b

—— W TO
18V

SIGNAL

*DISCONNECT IF SEPARATE
OSCILLATOR SUPPLY 15 USED

Figure 2. Basic 2B50 Application

Applying the ZBE(;

Two sets of parallel thermocouple input connections are pro-
vided. The thermocouple input may be connected by screw
terminals (Input+, Input =) or to terminal Pins 1(-) and

2(+) in cases where thermocouples are to be remotely termi-
nated. The following sections describe a basic thermocouple
application, as well as detail some optional connections to en-
hance performance in more demanding applications. Jumper A
(Figure 2) is used to disconnect cold junction compensation
circuitry during offset adjustments.

INTERCONNECTION GUIDELINES

All power supply inputs should be decoupled with 1uF ca-
pacitors as close to the unit as possible. Any jumpers installed
for programming purposes should also be installed as close as
possible to minimize noise pickup effects.

Since the oscillator section of the 2B50 accounts for most
of the power consumption but can accept a wide range of
voltage (+13V to +18V), it may be desirable to power this
section from a convenient source of unregulated power,

If the same supply is to be used for both amplifier and oscil-
lator circuitry, the power supply returns should be brought
out separately so thart oscillator power supply currents do not
flow in the low lead of the signal output. In either case, a
1uF capacitor must be connected from +Vgc (Pin 28 to
Oscillator COM (Pin 29).

The oscillator and amplifier sections are completely isolated;
therefore, a de power return path is not required between the
two power supply commons.

GAIN SETTING

The gain of the 2B50 is set by a user-supplied resistor (Rg)
connected as shown in Figure 2. Gain will normally be selected
so that the maximum output of the signal source will result in
a plus full scale output swing. The resistor value required is
determined by the equation: Rg = 200k2/G-1).

A series trim on the gain setting resistor can be used to trim
out the resistor tolerance and module gain error (Figure 3).
Since addition of a series resistance will always decrease gain,
the value of the gain-setting resistor should be selected to pro-
vide a gain somewhat higher than the desired trimmed gain. A
good quality (e.g., 10ppm/°C), metal-film resistor should be
used for Rg, since drift of Rg will add to the overall gain
drift of the 2B50. A cermet pot is suitable for the trim. Note
that a minimum gain of 50 is required for guaranteed operation.

Figure 3. Gain Adjustment

INPUT AND OUTPUT OFFSET ADJUSTMENTS

The 2B50 has provisions for adjusting input and output offset
errors of the module. None of the offset adjustments will af-
fect drift performance, and adjustments need not be used
unless the particular application calls for lower offsets than
those specified.

Connections for offset adjustments are shown in Figure 4.
Isolated supply voltages are brought out for input trimming
convenience only and are not for use as a power supply for
external components.



INPUT OF FSET
ADJUST

500kS? 4

= Vigg~ =10V i

1004

Figure 4. (A) Input and (B) Output Offset Adjustment

OFFSET CALIBRATION

1. Short Input + and Input - together.

2. Disconnect cold junction compensation circuitry by
removing Jumper “A’" (Figure 2).

3. Adjust input offset trim pot (£250uV range, RTI) to
zero output while operating at the desired gain. In most
applications, adjustment of the input offset alone will be
sufficient. Output offset adjustment (£30mV range) may
be performed if it is desired to adjust ourput offset on
the nonisolated side.

OPEN INPUT DETECTION

Connecting the open input detection pin (Pin 39) to Input
High (Pin 2) creates a 20nA bias current which will provide a
negative overscale response if the input is opened, or in case
of thermocouple “burn out”. The speed at which this occurs
is dependent on gain, with a typical response time of 1.4sec
@ G = 250. For positive upscale response, connect a 500M£2
resistor between +Vigp (Pin 8) and Input Hi (Pin 2).

OUTPUT SCALING

With the output scale (Pin 16) connected to the output (Pin
17), the full scale output range is £5V and the total gain is
equal to the gain set by Rg. For applications requiring a full
scale output of £10V, a resistive divider may be connected
to provide a gain of 2 at the output amplifier (see Figure 5).
In this configuration, total gain will be twice the gain set by
Rg . Output gains greater than 2 cannot be used.
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Figure 5. Output Scaling Connections

COLD JUNCTION COMPENSATION

The 2B50 may be programmed to provide cold junction
compensation for types J, K and T thermocouples by con-
necting a jumper from Input Low (Pin 1) to the appropriate
programming points (Pin 42 for ], Pin 41 for K or T). To
compensate other themocouple types, a resistor (Rx) is con-
nected from the “X" programming point (Pin 40) to Input
Low (Pin 1). Table I shows the appropriate Rx values for
types E, R, and S. Ry should be a 50ppm{°C, 1% tolerance
resistor.

Type B thermocouples are unique, in that they have almost

no output in the +5°Cto +45°C range, and therefore, do not
require cold junction compensation at all. To accommodate a
type B thermocouple, resistor Ry must be left open. Error due
to cold junction temperature will be less than £1°C for any
measurement above 260°C. In the measurement range above
1000°C (where type B thermocouples are normally used) the
error will be less than £0.3°C.

_€Type, Rx(k))
E 1.85
R,S 19.6
B Open

Table |. Compensation Values for Thermocouple Types E,
R,Sand B

REMOTE REFERENCE SENSING

In applications requiring termination of themocouple leads
at a point located remotely from the 2B50, with connections
brought to the 2B50 (Pins 1, 2) by copper wires, reference
temperature sensing at the remote location will be necessary.
The 2B50 has provisions for connection of a 2N2222 tran-
sistor (metal can version) for use as a reference junction
sensor. The connections are shown in Figure 6. The remote
sensing transistor is calibrated by adjusting Rgay, to obtain
the value of V¢ar as specified in Table II.

(Example: Vear = 570.0mV @ 25°C)
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Figure 6. Remote Reference Junction Sensing

Sensor Temp cc) Vear (mV)
5 616.5
10 604.9
15 593.3
20 581.6
25 570.0
30 558.4
35 546.8
40 535.1
45 523.5

(Values may be interpolated)

Table Il. Calibration Voltages vs. Sensor Temperature

Proper sensor placement is important. Close thermal contact
of the sensor and thermocouple termination point (reference
junction) is essential for accurate operation of the 2B50. The
sensor may be placed any distance from the 2B50. When the
sensor leads are more than ten feet long, or in the presence of
strong noise signal sources, shielded cable should be used.
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