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Derivation of transfer function
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Transmitter input
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Transmitter input
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IRET

VREF
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I RET XTR116 Loop+
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IRET
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Iy = (ISOURCE + Ao )
0S

N = (160”A T 102.4k0

VREF R4
lout = (ISOURCE + Row ) * <1 + —
0S

I 20004 * [ 1 + 2372) _ 54
p— * p—
OUT HA 250

Vioap = lout * RLoap

VLOAD = 20mA * 2500 = 5V

Vi, =V_ =Vgs = Vgro

Vi=Vrz =IIn*Ry

Vi, = 200pA * 24750 = 0.495V

VirRer = VR2 + VLoaDp

v
) = 200pA

160pA
mA Isource

XTR116

Loop-

wi# TEXAS INSTRUMENTS

8



Compliance voltage
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Compliance voltage
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4mA Current budget

Vit 5\/1 XTR116 Ve
O] = *—O *—o [o]Loop+
E VREF_4.096VI
ROS
102.4kQ
IIN‘\
RIN
25kQ 10 nF
IRET
[} o
2475Q
o [o]Loop-
>
lIour= Iin + Irer +
MIN TYP MAX
POWER SUPPLY
Specified Voltage Range V+ +24 Vv
Operating Voltage Range +7.5 +40 Vv
Quiescent Current lq 130 200 UA
Over Temperature Ta =-40°C to +125°C 250 LA
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Input Isolation
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Input 1solation
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Input I1solation
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XTR parts

Description Loop Full-Scale Input | Reference | Regulator

Voltage (V) | Range

XTR101 IA + Current Excitation 11.6-40 Settable Current - Settable
reference

XTR115 IIN to IOUT Converter. 7.5-36 40pA to 200uA 2.5V 5V 100A/A
External Resistor Scales
VIN to lIN

XTR116 IIN to IOUT Converter. 7.5-36 40pA to 200uA 4.096V 5V 100A/A
External Resistor Scales
VIN to IIN

XTR117 |IN to IOUT Converter. 7.5-40 40pA to 200uA - 5V 100A/A

External Resistor Scales
VIN to IIN
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XTR parts

Description Sensor Loop Nonlinearity Regulator | Gain

Excitation | Voltage (V) | Correction

XTR105 100Q RTD Conditioner Two 800uA 7.5-36 40:1 improvement 5.1V Settable

XTR112 1kQ RTD Conditioner Two 250uA 7.5-36 40:1 improvement 5.1V Settable

XTR106 Bridge Conditioner 5V and 7.5-36 20:1 improvement 5.1V Settable
2.5V

XTR108 Smart Programmable RTD Settable 7.5-36 40:1 improvement 5.1V Settable

or Bridge Conditioner
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Thanks for your time!
Please try the quiz.
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To find more Current Transmitter
technical resources and search
products, VISIt:

www.ti.com/amplifier-circuit/special-
function/4-20ma-signal-conditioners.htmi
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Quiz: 2-wire 4-20mA Trana
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Quiz: 2-wire 4-20mA Transmitters || Question

1. Which statement about a 2-wire transmitter is false?

a) The transmitter, sensor, and input circuitry must consume less than 4mA of current
b) Izer cannot be grounded to V| 5op

c) Input isolation can be used to connect multiple 2-wire transmitters in parallel
d) The V|, oop VOItage needs to be greater than the compliance voltage
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Quiz: 2-wire 4-20mA Transmitters || Answer

1. Which statement about a 2-wire transmitter is false?

a) The transmitter, sensor, and input circuitry must consume less than 4mA of current
b) Izer cannot be grounded to V| 5op

c) Input isolation can be used to connect multiple 2-wire transmitters in parallel
d) The V 5op VOltage needs to be less than than the compliance voltage
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Quiz: 2-wire 4-20mA Transmitters || Question

2. Given the 2-wire transmitter below, what is the gain of the transmitter if R1 is
1975Q and R2 is 2507

P ot [ Lo
a) 10 é
b) 40 R

Vce = E Vioor
C) 80 DAC Vbac Y ¢ +\
Al Q1
d) 100 GND |~ |

/

\
F\

7 ——WWv
E;U
<

wi3 TEXAS INSTRUMENTS = 4



Quiz: 2-wire 4-20mA Transmitters || Answer

2. Given the 2-wire transmitter below, what is the gain of the transmitter if R1 is

19750 and R2 is 2507

a) 10

VReG

b) 40
c) 80

d) 100

Vcc

DAC

GND

The transfer function of this 2-wire

transmitter is Iogyt = Ijy * (1 + %). The
2

gain is defined by (1 + %).
2

Vpac

/

5V

Regulator

\?i

Q1

|

Riim

7 ——\W\,
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Quiz: 2-wire 4-20mA Transmitters || Question

3. Given the 2-wire transmitter below, what value for R, and R, should be

chosen to get an output of 4-20mA with V, voltage of 0-5V?

a) 5kQ and 75kQ

b) 25
c) 30
d) 50

K() anc
K() anc

K() anc

100
125
150

k()
k()

k()

VReG

Vcc

DAC

GND

0-5V

Vpac

5V
é Regulator T HB-I Loop+
Ros
— Vioop
Rin
SN
! TA> ' Q1
_ '\.\
/ ¢
Rim
§ Rioap

7 —— VW

{0] Loop-
4-20mA

—
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Quiz: 2-wire 4-20mA Transmitters || Answer

3. Given the 2-wire transmitter below, what value for R, and R, should be
chosen to get an output of 4-20mA with V, voltage of 0-5V?

a) 5kQ and 75kQ

b) 25kQ and 100kQ
c) 30kQ and 125kQ)
d) 50kQ and 150k

The input to this 2-wire transmitter is
IIN = (VDAC + VREG). With a gain of 80

RIN Ros
and a 5V reqgulator, the correct values
for R,y and Ryg are 25kQ and 100kQ.

VReG

Vcc

DAC

GND

Vpac

0-5V

é Ros

Rin
¢ N

5V

Regulator

Q1

F\

Riim

7 ——\W\,

4-20mA
—

{0] Loop-
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Quiz: 2-wire 4-20mA Transmitters || Question

4. Due to the compliance voltage of the XTR116, what is the minimum V qqp that
can be used If the wire resistance and load is as given in the figure and the

expected transmitter output is 4-20maA.

a) 10V
b) 21V
c) 36V
d) 40V

VRrec_5V

VR E|:_4096V

XTR116

- V+ >

IQWIRE

150Q
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Quiz: 2-wire 4-20mA Transmitters || Answer

4. Due to the compliance voltage of the XTR116, what is the minimum V qqp that
can be used If the wire resistance and load is as given in the figure and the
expected transmitter output is 4-20maA.

a) 10V The XTR116 has a compliance voltage of
b) 21V 7.5V. This means that the VLOOP supply
needs to be greater than the compliance
c) 36V
voltage plus the max current and total
d) 40V resistance.
MIN TYP MAX
POWER SUPPLY V+
Specified +24 ¥* Vv
Voltage Range @ +36 * \"
Quiescent Current 200 250 ¥ % UA
Over Temperature, —40°C to +85°C 240 300 ¥* ¥ HA
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Quiz: 2-wire 4-20mA Transmitters || Question

5. With a current input of 35UA and R,g, and R, 5.p &s shown in the figure, what
IS the voltage at I, referred to ground?

A EG_5V1 XTR116

Loop+

a) 1.65V VREF—“-O%VI 1.
b) 2.06V % =_
c) 3.79V = e pol

d) 4.54V s (1)

Loop-
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Quiz: 2-wire 4-20mA Transmitters || Answer

5. With a current input of 35UA and R,g, and R, 5.p &s shown in the figure, what
IS the voltage at I, referred to ground?

VREG_5V1 XTR116

Loop+

a) 1.65V - ton] L.
b) 2 06V 10202k0% T —
C) 3.79V B s
d) 4.54V o @
The voltage at Iyt Is given by Viger =
Vr2 + Vioap: Vg, IS calculated to be
0.186V and V q,p IS calculated to be =206V |
1.875V, SO VlRET IS 2.06V ’ + Loop-
v_ B0 1875y
1
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Thanks for your time!
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To find more Current Transmitter
technical resources and search
products, Visit:

https://www.ti.com/amplifier-
circuit/special-function/4-20ma-signal-

conditioners.html
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