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APPLICATION BULLETIN

4-20mA TO 0-20mA CONVERTER AND
CURRENT SUMMING CURRENT-TO-CURRENT CONVERTERS

By R. Mark Stitt and David Kunst (602) 746-7445

Current loops have become the standard for signal transmisf R
sion in the process control industry. Current loops are o W
insensitive to noise and are immune to errors from line —
impedance. Burr-Brown offers a complete line of monolithic n
4mA to 20mA current loop transmitters and receivers.

Jour R,
XTR101 5 A
General purpose two-wire 4-20mA current-loop transmitter. e RJR
This transmitter has an instrumentation amp“ﬁer input and NOTE: The minus sign in tr?::equa;\lon mzea;s that the Iy, loyr currents
two 1mA current sources for transducer excitation and flow as shown.
offsetting.

FIGURE 1. Basic Inverting Current-to-Current Converter.

XTR103

Two-wire RTD 4-20mA current-loop transmitter. Similar to  XTR output must be converted to 0-20mA. This bulleti
XTR101, but with internal linearization circuitry for direct Shows the suggested circuit and also discusses summ
interface to RTDs (Resistance Temperature Detectors). Thecurrent-to-current converters in general.

XTR103 along with an RTD forms a precision temperature

to 4-20mA current loop transmitter. INVERTING CURRENT-TO-CURRENT

CONVERTERS

XTR104 Figure 1 shows the basic inverting current-to-current co

Two-wire bridge 4-20mA current-loop transmitter. Similar Vverter. The input current all flows through Rsulting in an

to XTR101, but with shunt regulator and linearization cir- lin* Rz voltage drop across,RThe op amp forces the same

cuitry for direct interface to resistor transducer bridges. ~ Vvoltage across f50 that there is no voltage difference at th
op amp inputs. They|yt current is therefore:

XTR110 For Figure 1:

Three-wire 4-20mA transmitter. The XTR110 converts a O- lour = —hn * Re/Ry
5V or 0-10V high-level input into a 0-20mA or 4-20mA Notice that, like its cousin the inverting voltage amplifier
current-soruce output.

Iy ——
RCV420 | -

2
Self-contained 4-20mA receiver. Conditions and offsets 4- | © [ R,
20mA input signals to give a precision 0-5V output. Con- "o YW
tains precision voltage reference (¥ precision sense resis-
tor and+40V common-mode input range difference ampli-
fier.
The 4mA to 20mA current loop is the most often used lout .
standard. Since the minimum signal current is 4mA, the O' W
transducer and transmitter can be powered by the same twp oo = )RR
W|_re_s used for the current Ioop connection. This feature NOTE: The minussingin thelequ;tion megnstzhatlthe Iins louT Currents
eliminates the need for a remote power supply. Also, open flow as shown.
circuits are easy to detect since the signal goes to OmA

Some systems, however, use a 0 to 20mA current I00pFIGURE 2. Equal-Gain Summing Inverting Current-to-Cur
standard instead. To interface to these systems, the 4-20mA rent Converter.
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apply to the noninverting circuits.

b= For Figure 4:
L lout = IIn(1 + R/Ry)
N M 1 AN Notice that, like its cousin the noninverting voltage ampli-

fier, the gain is always greater than 1.0 so that the output
current must always be greater than the input current.

As with the inverting summing current-to-current converter,
so long as the gain is the same, any number of currents can
be summed at the current-to-current converter input as
shown in Figure 5.

lout = =l * Ro/R1 = I(R; + R3)/R; — ** — Iy(Ry + R3 + *+ + Ry)/R; For Figure 5:
NOTE: The minus sign in the equation means that the Iy, loyt currents 9 ’
flow as shown.

lout
—

O

FIGURE 3. Arbitrary-Gain Summing Inverting Current-to-
Current Converter. |
N O—-
the output current can be greater than or less than the inpyt l2 o
current. Of course, the output can also be equal to the input I, —=
so the circuit can be used as a unity-gain current inverte o
with R; = R,. lour
So long as the gain is the same, any number of currents cah o
be summed at the current-to-current converter input ag
shown in Figure 2. lour = (I 12+ =0+ In)(1 + Ra/Ry)
For Figure 2: FIGURE 5. Equal-Gain Summing Noninverting Current-
lout = (g — I — e — KRR, to-Current Converter.
Any number of currents can be summed with arbitrary gain
by using separate gain-setting resistors as shown in Figure 3. lout = (I3 + I + eee + [\)(1 + R/Ry)
For Figure 3: Likewise, any number of currents can be summed with
loutr = =l * R/R; — (R, + Ry)/R; — eee — arbitrary gain by using separate gain-setting resistors as
IN(Ry + Rg + o0 + RY)/R; shown in Figure 6.
For Figure 6:
NONINVERTING CURRENT-TO-CURRENT lour = (1 + R/Ry) + 1p(Ry + Ry + Re)/Ry + eee +
CONVERTERS IN(Ry + Ry + Ry + ee0 + RY/Ry
Figure 4 shows the circuit for the basic noninverting current-
to-current converter. As before, all the input current flows
through R resulting in a ||, * R, voltage drop across,RIn
this circuit, the op amp is connected as a unity-gain buffer
forcing the same voltage drop across Fhe output current
is the sum of the input current flowing through d&hd the Iy—"
current flowing through R The following relationships ©
RN
l,——
O_.
lour = Iin(1 + R2/Ry) ly—
O—.
i |
O——f % Rs lour
O
R2 Rl |
o lout = 11(1 + RofRy) + 12(Ry + Ry + R3)/Ry + ooe +
O IN(R1 + Rz + R3 + ee« + R\)/R;
FIGURE 4. Basic Nomverting Current-to-Current FIGURE 6. Arbitrary-Gain Summing Noninverting Current-
Converter. to-Current Converter.



INVERTING AND NONINVERTING
CURRENT-TO-CURRENT CONVERTERS

4-20mA to 0-20mA CONVERTER
There are two ways to make a 4-20mA to 0-20mA converter

The inverting and noninverting circuits can be used simulta- using current summing circuits and a REF200.40@ur-
neously either with equal gains or arbitrary gains as shownrent source for offsetting. Since the polarity of the 0-20mA

in Figures 7 and 8:
For Figure 7:

lout = {(-11a — Ioa — *** — Na)Roa/Ryg} +
{(T1g + log + o + I\g)(1 + Rp/Rip)}

RZA

IOUT

lout = {(~11a = l2a — *** — Ina)R2a/R18} + {(l1g + l2g + *** + Ing)(1 + Rog/Rig)}

FIGURE 7. Eqal-Gain Summing Inverting and
Noninverting Current-to-Current Converter.

For Figure 8:

loutr = {~l1a * Roa/Rig — ba(Roa + Rea)/Rig — oo —
Ina(Roa + Roa + o0 + Rya)/Ryg} +
{l18(1 + Rg/Rip) + Ie(Rig + Rog + Reg)/Ryp + o0 +
Ing(Rig + Rog + Rsg + o + Ryg)/Rig}

l1ia 5 ”
loa—™
a7
o YW W —e—\\—
Rna Raa Ron
Ins A
+
Rys
|y —
|
R %
I
oO— e
% Ree lout
—_—
O
lout = {114 * R2a/R1p — 12a(Raa + R3p)/Ryp — ** —
INa(R2a + Raa + *** + Rya)/Rug} +
{l18(1 + Rog/Rig) + I28(R1p + Rop + Rap)/Ryp + o= +
Ins(Rig + Rag + Rag + *** + Ryg)/Rig}

FIGURE 8.Arbitrary-Gain Summing Inverting and
Noninverting Current-to-Current Converter.

output current must be the same as the 4-20mA input signal,
the noninverting circuit is used in the main signal path. The

REF200 10QA current source can be connected in either

polarity so either inverting or noninverting summing can be

used to offset the signal for OmA out with 4mA in.

4-20mA to 0-20mA CONVERTER USING BOTH
INVERTING AND NONINVERTING CURRENT-TO-
CURRENT CONVERTER CIRCUITS

One implementation of the 4-20mA to 0-20mA converter is
shown in Figure 9. From the Figure 4 and Figure 1 equa-
tions:

For Figure 9:
loutr = (1 + R/Ry) — b * Ry/Ry
Where:

I, = 4-20mA input current
I, = 10QuA REF200 offsetting current

Two equations can be written: one fgy+ = OmA with Iy

= 4mA and one fordyt = 20mA with |y = 20mA. Since
there are three unknowns (RR,, and R) and only two
equations, one resistor value must be selected first. A value
of 100Q was selected as an arbitrary but adequate value for
R,. With R, = 10@2, the maximum voltage drop across it is
2V at 20mA. A smaller value for Rwill reduce the voltage
burden and power dissipation in the circuit, but since the
signal-to-noise ratio is reduced, it will be more sensitive to
op amp errors.

To solve for R:
Notice that the current gain is:

(20mA — 0mA)/(20mA — 4mA) = (20mA)/(16mA)
= 1.25mA/mA

Rewriting the Figure 4 equation in terms of gain:

GAIN =1 + R/R;

Solving the gain equation for;R
R; = RJ/(GAIN - 1)
Substituting R = 10QQ:

R, = 100/(1.25 — 1)
R; = 400

Then, solving the Figure 9 equation fog: R
Rs = 1Ry + Ry)/l,
Substituting | = 4mA, L = 10QuA:
Rs = 40(R + Ry)
Substituting R = 10Q, R, = 40M:
R; = 20.0iQ
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NOTE: This circuit has excellent compliance with positive power-supply

NOTE: This circuit has poor compliance with positive power-supply rail. rail.

FIGURE 9. 4-20mA to 0-20mA Quent-to-Current FIGURE 10.4-20mA to 0-20mA Current-to-Current

Converter Using Inverting and Noninverting Converter Using Only Noninverting Summing
Summing Circuits. Circuits.
4-20mA TO 0-20mA CONVERTER USING ONLY OUTPUT FIGURE 9 CIRCUIT FIGURE 10 CIRCUIT
NONINVERTING CURRENT-TO-CURRENT CURRENT | OPAMPV,, | OPAMP Vo | OPAMP YV, | OP AMP Vg,
CONVERTER CIRCUIT omA 04 16 156 156
The other possible circuit is shown in Figure 10. From the| 20mA 2.0 0.0 0.04 0.04
Flgure 6 equatlons: NOTE: With the 0-20mA output connection node held at OV.

For Figure 10:
loutr = (1 + R/RY) + (R + Ry + Ry)/Ry

Where, as before:
I, = 4-20mA input current

TABLE I. Op Amp Input/Output Voltages for Figures 9
and 10 Circuits.

I2 = 10QuA REF200 offsetting current Both circuits have an op ampy)y of approximately —1.6V

The relationships for Rand R are the same as for the at one extreme. This limits the compliance to the negative
Figure 9 circuit: with R = 1002, R; = 40. power-supply rail to SL + 1.6V where SL is the op amp
Solving the Figure 10 equation fok:R output negative swing limit. For example, if an op amp can

swing to —12V (4 = £15V), its swing limit is SL = 3V. The

Rs = (1= LRy + R/l closest the circuit can swing to the negative rail is 3V + 1.6V

Substituting | = 4mA, |, = 10QA: = 4.6V or Vpur = —10.4V (\4 = £15V).
Rs=39(R + R) The Figure 10 circuit has an advantage for compliance to the
Substituting R = 10@Q, R, = 40@: positive power-supply rail. The Figure 9 circuit has a worst-
Rs = 19.5K0 case |y = 2V. Also, the REF200 (with a min compliance of

2.5V) is connected between the input ands+Vhis limits

the compliance to the positive power-supply rail to 2V +
WHICH 4-20mA TO 0-20mA 25V = 4.5V.

CONVERTER IS BETTER? . o

N . . . The Figure 10 circuit has a worst-casg ¥ 0.04V. Also,
The only significant functional difference between the Fig- the REF200 is connected between the input ang FKis
ure 9 and Figure 10 converter circuits is the output voltageaIIOWS the Figure 10 circuit to swing to the positive power-
compliance range. Output range of the current-to-currentsupply rail within the limits of the op amp input compliance.

converter circuit is limited by the op amp input and output Ob amps are available with inout compliance ta-+&om-
ranges and by the minimum compliance range of the REF200 b amp b P ot

current source. Voltages for the two circuits at the OmA and pliance of the Figure 10 circuit (using the OPA177) is:
20mA output current extremes are shown in Table I. +13V (+14V typ), —10.9V (-11.4V typ) with /= +15V.

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.



IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

Customers are responsible for their applications using TI components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.
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