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Current loops have become the standard for signal transmis|
sion in the process control industry. Current loops are
insensitive to noise and are immune to errors from line
impedance. Adding isolation to the 4-20mA current loop

protects system electronics from electrical noise and tran-
sients. It also allows transducers to be electrically separated
by hundreds of volts. Burr-Brown now offers all of the

integrated circuit building blocks needed to assemble com-
plete isolated 4-20mA current-loop systems. The product
line includes two-wire transmitters, two-wire receivers, low

cost isolation amplifiers, and low cost isolation power sup-
plies. Three two-wire transmitters are available: one is
general purpose, one designed for use with RTD tempera:
ture sensors, and one designed for use with bridge circuits

THE BASIC ISOLATED 4-20mA
TWO-WIRE SYSTEM

Figure 1 shows a typical isolated 4-20mA system. An
XTR101 converts a position sensor output into a two-wire
4-20mA current-loop signal. An ISO122 low-cost isolation
amplifier isolates the 0-5V signal. PowerlpV for the
RCV420, 30V for the current loop) is supplied by the
HPR117 low-cost DC/DC converter.

In this example, a Penny & Giles Model HLP 190 50mm
linear potentiometer is used as the position transducer. Ong
of the 1mA current sources in the XTR101 is used to bias the
transducer. A 2R fixed resistor in parallel with the 2k
potentiometer sets its output range to 0-1V. The .5k
resistor sets a 5V common-mode input level to bias the
XTR101 instrumentation amplifier input into its linear re-
gion.

With the span-setting resistor connections open, the XTR101
current-loop output is:

lo = 4mA + V|/62.12

Where:

o= current loop output (A)

V| = Differential 1A input voltage between
pins 3 and 4 (V)

The XTR101 directly converts the 0-1V position sensor
output into a 4-20mA current loop output. The isolated
voltage output from the 1SO122 is 0-5V for 0-50mm dis-
placement.

Other, more specialized two-wire transmitters are also avail-
able. See the brief summary at right of available building

HPR117 LOW-COST ISOLATED DC/DC CONVERTER
Provides 15V, 30mA isolated output power with 15V
input. Key specifications are:
+Vour = VN, £5%

(Viy = 13.5V to 16.5V, ¢yt = 25mA)
lour = 30mA continuous at 7C.
8mA quiescent current, no load; 80% efficiency, full loag
750VDC isolation rating

ISO122 LOW-COST PRECISION ISOLATION AMPLIFIER
Precision analog isolation amplifier in a standard 16-p
plastic DIP. Key specifications are:

Unity gain ¢10V in to£10V out),+0.05%

0.02% max nonlinearity

5mA quiescent current

140dB isolation mode rejection at 60Hz

1500Vrms continuous isolation rating (100% tested)

RCV420

Self-contained 4-20mA receiver. Conditions and offse
4-20mA input signals to give a precision 0-5V outpu
Contains precision voltage referenceQ7precision sense
resistor andt40V common-mode input range differencg

amplifier. The RCV420 has a total combined span and z¢

error of less than 0.1%—adjustable to zero.

XTR101

General purpose two-wire 4-20mA current-loop transmittg
This transmitter has an instrumentation amplifier input a
two 1mA current sources for transducer excitation al
offsetting.

XTR103

Two-wire RTD 4-20mA current-loop transmitter with 9\
compliance. Similar to XTR101, but with internal linearizg
tion circuitry for direct interface to RTDs (Resistance Ten|
perature Detectors). The XTR103, along with an RTI
forms a precision temperature to 4-20mA current-loop tra
mitter. Along with an RTD, the XTR103 can achieve bett
than 0.1% span linearity over a —2@0to +850C tempera-
ture span.

XTR104
Two-wire bridge 4-20mA current-loop transmitter with 9\
compliance. Similar to XTR101, but with shunt regulatd
and linearization circuitry for direct interface to resistd
transducer bridges. The XTR104 can provide better th
0.1% span linearity from bridges with uncorrected lineari
in excess of 2%.
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NOTE: Position sensor is Model HLP 190
50mm available from Penny & Giles Controls,
Inc., 35 Reynolds St., Attleboro, MA 02703,
(508)226-3008.

FIGURE 1. Four IC Packages and Transducer Form Complete Isolated 4-20mA Current-Loop System.

THERMISTOR-BASED Figure 2 shows the circuit for a thermistor-based two-wire 4-
TEMPERATURE MEASUREMENT 20mA current-loop temperature measurement system. A

The most often measured physical parameter is temperature2ridge is formed with a thermistor;R and a SR variable

Of the many commonly used temperature measuremenf€Sistor. The bridge is excited by the two 1mA current
transducers, the thermistor is the least expensive. BothSources inthe XTR101. The Gkvariable resistor is used to
positive and negative temperature coefficient types are avail-Sét the temperature-range zero for 4mA current loop output.
able in all sorts of packages. Due to their high temperatureTh€ XTR101 span setting resistors, Rets the span to get
coefficients, negative temperature coefficient types are the20mA current-loop output at full-scale. XTR101 current-
most common and widely used types. Thermistors are useful00P output is:

for temperature measurement from 2G51p to 306C. o= 4mA + V(1 + 250@/Ry)/62.5Q
XTR101
1oy
1mA N\
s
1mA \ 8 Vi
1%
3 h T3
5 [=}
! J—— lour
0.01pF —— Rg 4-20mA Out
6
+
4
RTl
@)
ST(E;\/*\/ Zero Adjust

FIGURE 2. Basic Thermistor-Based Two-wire Temperature Measurement Using XTR101.



Where: at the same temperature—heat-sinked by the liquid. The
o= Current loop output (A) potentiometer, R is used to correct for component toler-
V\\ = Differential IA input voltage between pins 3 and 4 ances and zero the bridge for 4mA current-loop output.

V) ) ) When the liquid level falls below thermistotfas shown in
Rs= Span-setting resistofj Figure 3B, the temperature ofrRincreases due to self-
Keep in mind that the maximum differential input range for heating. The resulting bridge imbalance is measured by the
the XTR101 is 1V. XTR. Span-setting resistor,sRis selected to give 10mA

Since the thermistor is a powered sensor, self heating can b@UtPut under low liquid level conditions. There is no simple

a problem. For example, with a thermistor voltage of 5V, "ule for selecting B Its value depends on thermistor selec-

power dissipation is 5V « 1mA = 5mW. If a bead-in-glass fion and liquid properties and conditions.

type thermistor with a thermal resistance of @OV is When compared to level detectors using floats and moving

used, self-heating can increase the thermistor temperature bparts, a thermistor-based liquid level indicator can have

3°C. To minimize this error, use a thermistor in a low much better reliability.

thermal resistance package or lower the thermal resistance

by heat sinking the thermistor to a thermal mass residing at

the temperature to be measured. For example, if air temperaGAS FLOW MEASUREMENT

ture in an enclosure is to be measured, attach the thermisto\JSlNG THERMISTORS

to the package instead of mounting it in free air. The liquid level indicator uses thermistor self-heating for a
two-state high/low measurement. The gas flow measure-

ment system shown in Figure 3C gives a quantitative flow
THERMISTOR-BASED LIQUID LEVEL INDICATOR rate measurement.

Due to high nonlinearities, thermistors can only be used for o5 iy the previous example, a matched thermistor bridge is
accurate temperature measurement over relatively smallijcaq by the two 1mA current sources in the XTR101. One
temperature spans. The high output of thermistors, howeveg,emistor is positioned in the air flow stream. The other
makes them attractive for other applications. In some appli-thermistor resides in still air—baffled from the air stream.
cations thermistor self-heating can be used to advantageye thermal resistance of the thermistor is proportional to
Consider, for example, the liquid level indicator shown in e air flow rate. PotentiometergRs used to balance the
Figures 3A and 3B. A bridge is formed by a pair of matched yjqge for 4mA out at zero flow rate. Span setting resistor,
thermistors. The bridge is excited by the 1mA current p_ g selected to give a full-scale 20mA output at maximum

sources in the XTR101. When both thermistors are sub-gq rate. The value of Rdepends on thermistor character-
merged in liquid as shown in Figure 3A, the thermistors are|gtics and gas flow dynamics.
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NOTE: When liquid covers both thermistors, the bridge is in balance
and output is 4mA.

FIGURE 3A. Thermistor-Based Two-wire Liquid Level Detector Using XTR101.

XTR101

-
1mA

-
1mA 8 V+

|
I
0.01pF

. lout
0.01pF = Rs 10mA Out

NOTE: When liquid level falls below thermistor Ry, its temperature
increases, imbalancing the bridging and producing a 10mA
output.

FIGURE 3B. Thermistor-Based Two-wire Liquid Level Detector Using XTR101.
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FIGURE 3C. Thermistor-Based Air Flow Rate Measurement Using XTR101.

Many systems today use resistance wire instead of therfigure 4 shows a cryogenic temperature measurement cir-
mistors for gas flow rate measurement. These are sometimesuit using a silicon diode temperature sensor. The sensor
called hot-wire anemometers, and can have faster responseequires an accurate 1A current source for excitation. One

due to lower (thermal mass)/(heat transfer) ratio. of the current sources from the XTR101 is scaled by a
precision mirror to supply the U@ excitation current.
DIODE-BASED TEMPERATURE MEASUREMENT To convert a ImA current-source output into a precig10

Cousin to the thermistor is the semiconductor diode tem-for sensor eXCitatiOﬂ, a precision current mirror is formed
perature transducer. Regular silicon diodes, biased withwith Ry, Rs, and A. The 1mA current source is connected
constant current, have a forward voltage of about 0.6V witht0 R, and the inverting input of the op amp. The op amp
a temperature coefficient of about —2r®/ The usable  drives its inputs to the same voltage throughe result
upper temperature range for silicon semiconductors is abouts a precision 0.1V across both &d R. The output current
125°C. Some high-temperature types are useful up tt200  at the noninverting input is 1ImA *fR; = 10uA. With the

In the future, novel semiconductor types such as siliconamplifier specified, op amp bias currents add negligible
carbide and diamond promise to raise the upper usableerror.

temperature range of semiconductors into the°G0®  The other 1mA current source in the XTR101 supplies both
600°C range. For now, thermocouples and RTDs can beg precision zero-set voltage and power for the op amp. The
used for higher temperature measurements. current source is connected to a 5.1V zener throygfite

Consider semiconductors for measurement of very low tem-current through Ris precisely 1mA — 10A. Zero-set
peratures. Specialized silicon diodes can be used at very lowoltage is R « 99QUA. The 5.1V zener sets the supply
temperatures. For example, the LakeShore Cryotronics, Inc.voltage of the op amp. The 249kesistor in series with the
DT-470 series silicon diode cryogenic temperature sensortemperature sensor diode forces the op amp to operate in its
can be used to measure temperatures near absolute zerolinear common-mode and output ranges.

from 1.4K to 475K.
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51V —— 0.01pF LakeShore Cryotronics, Inc., 64 Walnut St.,
1N4689 Westville, Ohio 43081, (614)891-2243.

FIGURE 4. Silicon-Diode-Based Cryogenic Temperature Measurement System Using XTR101.

OTHER SILICON TEMPERATURE SENSORS exists along the length, between the two ends of the thermo-

Although diodes are common in temperature measuremenfouple, a voltage output proportional to the temperature
applications, their accuracy is limited. The temperature co-difference is generated. This phenomenon is knowp as the
efficient of a silicon diode has a nonlinearity of about 1% Seebeck effect The measure Of the SeebeCk effect IS knOWn

over a 0-100C temperature span. Also, the stability of the @s the Seebeck coefficient. Seebeck coefficients for common
forward voltage with time is limited. thermocouple types range from about6°C to 6QuV/°C.

Better accuracy can be obtained from silicon diodes byA thermocouple responds to the temperature difference
measuring the difference in forward voltage drops betweenP€tween its output and the temperature measuring point
diodes operating at different current densities. This voltageWhere the thermocouple wires are joined. To determine the
has a positive temperature coefficient proportional to abso-temperature at the measuring point you must know the
lute temperature. If the diodes have low bulk resistance andemperature at the thermocouple output. One way to do this

are well-matched, temperature coefficient linearity of better iS {0 keep the output in an ice bath 8&€0Thermocouple
than 0.01% is possible. calibration tables were derived this way, and, following

tradition, the thermocouple output junctions have come to be
known asthe cold junction In reality, the measurement

THERMOCOUPLE-BASED junction may be colder.

TEMPERATURE MEASUREMENT

In the United States, the most commonly used precision
temperature sensor is the thermocouple. Depending on th
type, wire size, and construction, thermocouples can be use
to measure temperatures from about <250p to 170€C.

In most modern thermocouple-based temperature measure-
ment systems, the thermocouple output end simply resides at
ﬁwe ambient temperature. To compensate for variations in
ambient temperature, a temperature-dependent voltage is

summed with the thermocouple output. This method is
When designing thermocouple-based measurement systemgnown as cold-junction compensation.

it is helpful to understand how thermocouples work. A
. T A thermocouple-based 4-20mA temperature measurement
common misconception is that temperature somehow cre- . : . Do I
. - . system with cold-junction compensation is shown in Figure
ates an EMF in the thermocouple junction. . L . .
5. In this application, @&pe Jthermocouple is combined
Thermocouples are based on the Thomson effect, whichwith an XTR101 to give a 4-20mA output for a 0-1600
states that, in a single conductor, a voltage difference will temperature change. One of the 1mA current sources in the
exist between two points that are at different temperaturesxTR101 biases a silicon diode used as a temperature trans-
The voltage difference is proportional to the temperature ducer for cold-junction compensation. For good accuracy,
differential, and its magnitude and direction depends on thethe thermocouple output junctions and the diode must be

conductor material. maintained at the same temperature. The diode has a for-

A thermocouple is formed when a pair of dissimilar conduc- Ward-voltage temperature dependance of about —2mV/
tors are connected at one end. If a temperature differencd he R, R; resistor divider attenuates the temperature depen-



dence to match the thermocouple Seebeck coefficient. The
other 1ImA current source is connected tg fBr zero
adjustment. The 2.%kresistor establishes a 5V bias to keep
the XTR101 IA in its linear range. AdjustRor 4mA out

with the thermocouple measurement end°@t. Che span-
setting resistor is chosen to give a 4-20mA output for the
58mV/1000C thermocouple output. Nominal component
values and Seebeck coefficients for recommended thermo
couples are shown in the table in Figure 5 below.

RTD-BASED TEMPERATURE MEASUREMENT

The highest performance temperature measurement trans
ducer in common use is the platinum resistance temperatur
detector (RTD). RTDs can be used to accurately measur
temperatures from —200 to 850C. As with other tempera-
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FIGURE 6. RTD Output Voltage vs Temperature.

ture transducers, best performance requires correction for

nonlinearities. The XTR103 is a special purpose 4-20mA

current-loop transmitter with built-in circuitry for RTD lin-

earization.

To understand how the linearization circuitry works, con-

sider how an RTD works. In the range frofitQo 850C,

the temperature/resistance relationship of a Pt-type RTD is:
RTID=R*(1+AT+B+P

Where:

RTD = DC resistance value of RTY

at temperature T°C)
R, = Value of RTD at €C (Q)

R, = 102 for Pt100 = 200 for Pt200
A = Detector constant = 3.908103 (°C}) (for Pt100)
B = Detector constant = -5.802107 (°C9 (for Pt100)

The second-order term, B 4Tin the temperature/resistance
relationship causes a nonlinearity in the response3 &%

for a ®C to 850C temperature change. Figure 6 shows a
plot of the voltage across an RTD with constant current
excitation. The nonlinearity is exaggerated to show its char-
acteristic shape. Increasing the current through the RTD by
an appropriate amount as temperature increases will
“straighten out” the curve and reduce the nonlinearity.

XTR101
)
-
1mA
11
1mA y 8
o)
S %Eﬁg "
z 1%
sl 7 -3
3 ; ;
> 7 |
= CU R R ouT
- S 4-20mA Out
(€]
A _/\ cu 6 R SEEBECK
ISA THERMO- COEFFICIENT Ry R, R3
R R COUPLETYPE | MATERIAL | ATOCcuve) | (Q | @ | ©
3 2
20Q —»% %519 R E Chromel 58.5 2k 60.3 | 19.0
Zero 2 5;9 Constantan
Adjust AN J Iron 50.2 2 | 515 16.3
Constantan
K Chromel 39.4 2k 40.2 | 12.8
0.01pF Alumel
T Copper 38.0 2k 38.7 | 12.3
NOTE: (1) For 4-20mA with 0-1000°C, Rs = 153.9Q, nominal R, = 16.3Q. Constantan

FIGURE 5. Thermocouple-Based Two-wire Temperature Measurement Using XTR101.
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FIGURE 7. RTD-Based Two-wire Temperature Measurement Using XTR103.

An RTD measurement circuit using the XTR103 is shown in Figure 8 shows the residual nonlinearity for a 0 to°850

Figure 7. The XTR103 is similar to the XTR101, but span of both a linearized and an uncorrected RTD. The
contains two instrumentation amplifiers—one in the main nonlinearity is improved from 3.6% to better than 0.1%, an
current control loop, one for linearization. improvement of better than 30 to 1. Correction of nonlinearity

As with the thermistor-based system, a bridge is formed with fOr Smaller spans is even better. The nonlinearity 6Cat0

an RTD and a fixed resistor,RThe bridge is excited by the 100°C span can theoretically be improved from 0.38% to
two current sources in the XTR103, R selected to set the 0.001%. In practice, nonlinearity of better than 0.01% can be
temperature-range zero for 4mA current loop output. The €XPected.

span-setting resistor, R sets the IA gain for a 20mA
current-loop output at full-scale. The 1.ZYkesistor biases

the 1A into its linear range. 4
3.5

The two instrumentation amplifiers are internally connected pd Uncorrected
in parallel. The second IA controls the current sources used 3 /

to excite the RTD bridge. Gain of the second IA is set by 25 7/ N
R - With Ry open the current sources are fixed at 0.8mA. 2 / \
Under control of the second IA, current source output can be 15

increased to 1.0mA—adequate for —20Q0 850C linear- 1

ization of both Pt100 and Pt200 type RTDs. Current source 0s / \
output is controlled by the IA input signal according to the

following equation.

Nonlinearity (%)

0

-05
Ir = 0.0008 + /(2 * Ryn) 0 85 170 255 340 425 510 595 680 765 850

Where: Temperature (°C)

Ir = Current source output (A)
V\n = Voltage difference at the input of the 1As (V)

FIGURE 8. Nonlinearity vs Temperature Plot Comparing

With the proper Ry, current source output is increased at Residual Nonlinearity of Corrected and Uncor-
the correct rate to correct RTD nonlinearity. Simple selec- rected RTDs.

tion procedures for g are outlined in the XTR103 product

data sheet.



XTR104

)

12

4
— 4.5V
8= ° ©
s 5.5V 10 Vi
e} [e] - ° + Shunt 13 2N
L
= = i Regulator 4922 L=
3 11 TS
o
2
+Eg 7 |
— —_— ouT
a a o 5 4-20mA Out
X 4 O B
T2 [Te} 24 &
6 +

Eo = 10mV
R,y for 1% nonlinearity

NOTE: Rspan for 10mV FS Eg, Ry for 1% bridge nonlinearity.

FIGURE 9. Bridge-Based Two-wire Measurement System Using XTR104.

BRIDGE MEASUREMENT 4-20mA signal may need to be either polarity for bridge linearizaton.
CURRENT-LOOP SYSTEMS Simple selection procedures for R are outlined in the

Another common transducer is based on the four-resistorTR104 product data sheet.

(Wheatstone) bridge. Wheatstone bridges are commonlyThe complete bridge-based 4-20mA current loop transmitter
used for pressure measurement. Bridges are usually intendegircuit is shown in Figure 9. The XTR104 requires an
to be biased with a voltage rather than a current source. Byexternal pass transistor as shown. Using an external pass
changing the voltage bias in response to the bridge outputdevice keeps power dissipation out of the XTR104 and
bridge nonlinearities can be eliminated. improves accuracy. As an option, the XTR103 can use an

The XTR104 is a two-wire 4-20mA current loop transmitter external pass transistor. In either case, a garden variety
designed specifically for use with bridges. It is similar to the bipolar transistor such as the 2N4922 shown is adequate.
XTR103 in that it contains two instrumentation amplifiers— Notice that, as with the other two-wire transmitters, only
one for signal, one for linearization. The difference is the 2mA is available for bridge excitation. This means that, for
addition of a 5V shunt regulator. The shunt regulator can beaccurate 5V regulation, bridge elements can be no less than
adjusted from 4.5V to 5.5V range under control of the 2.75kQ unless additional resistance is added in series with
second IA. The inputs to the second IA are brought outthe bridge.

separately because, unlike RTD linearization, the correction

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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