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XTR115
XTR116

4-20mA CURRENT LOOP TRANSMITTERS

®

FEATURES
● LOW QUIESCENT CURRENT: 200µA

● 5V REGULATOR FOR EXTERNAL CIRCUITS

● VREF FOR SENSOR EXCITATION:

XTR115: 2.5V
XTR116: 4.096V

● LOW SPAN ERROR: 0.05%

● LOW NONLINEARITY ERROR: 0.003%

● WIDE LOOP SUPPLY RANGE: 7.5V to 36V

● SO-8 PACKAGE

APPLICATIONS
● 2-WIRE, 4-20mA CURRENT LOOP

TRANSMITTER

● SMART TRANSMITTER

● INDUSTRIAL PROCESS CONTROL

● TEST SYSTEMS

● COMPATIBLE WITH HART MODEM

● CURRENT AMPLIFIER

● VOLTAGE-TO-CURRENT AMPLIFIER

DESCRIPTION
The XTR115 and XTR116 are precision current out-
put converters designed to transmit analog 4-to-20mA
signals over an industry standard current loop. They
provide accurate current scaling and output current
limit functions.

The on-chip voltage regulator (5V) can be used to
power external circuitry. A precision on-chip VREF
(2.5V for XTR115 and 4.096V for XTR116) can be

used for offsetting or to excite transducers. A current
return pin (IRET) senses any current used in external
circuitry to assure an accurate control of the output
current.

The XTR115 is a fundamental building block of
smart sensors using 4-to-20mA current transmission.

The XTR115 and XTR116 are specified for opera-
tion over the extended industrial temperature range,
–40°C to +85°C.

XTR115

XTR116

International Airport Industrial Park  •  Mailing Address: PO Box 11400, Tucson, AZ 85734  •  Street Address: 6730 S. Tucson Blvd., Tucson, AZ  85706  •  Tel: (520) 746-1111
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✻ Specifications the same as XTR115U and XTR116U.

NOTES: (1) Does not include initial error or TCR of RIN. (2) Voltage measured with respect to IRET pin.

SPECIFICATIONS
At TA = +25°C, V+ = 24V, RIN = 20kΩ, and TIP29C external transistor, unless otherwise noted.

XTR115U XTR115UA
XTR116U XTR116UA

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

OUTPUT
Output Current Equation IO IO = IIN • 100 ✻

Output Current, Linear Range 0.25 25 ✻ ✻ mA
   Over-Scale Limit ILIM 32 ✻ mA
   Under-Scale Limit IMIN IREG = 0, IREF = 0 0.2 0.25 ✻ ✻ mA

SPAN
Span (Current Gain) S 100 ✻ A/A
Error (1) IIN = 250µA to 25mA ±0.05 ±0.2 ✻ ±0.4 %

vs Temperature  TA = –40°C to +85°C ±3 ±20 ✻ ✻ ppm/°C
Nonlinearity IIN = 250µA to 25mA ±0.003 ±0.01 ✻ ±0.02 %

INPUT
Offset Voltage (Op Amp) VOS IIN = 40µA ±100 ±250 ✻ ±500 µV

vs Temperature TA = –40°C to +85°C ±0.7 ±3 ✻ ±6 µV/°C
vs Supply Voltage, V+ V+ = 7.5V to 36V ±0.1 ±2 ✻ ✻ µV/V

Bias Current IB –35 ✻ nA
vs Temperature 150 ✻ pA/°C

Noise: 0.1Hz to 10Hz en 0.6 ✻ µVp-p

DYNAMIC RESPONSE
Small Signal Bandwidth CLOOP = 0, RL = 0 380 ✻ kHz
Slew Rate 3.2 ✻ mA/µs

VREF
(2)

XTR115 2.5 ✻ V
XTR116 4.096 ✻ V

Voltage Accuracy IREF = 0 ±0.05 ±0.25 ✻ ±0.5 %
vs Temperature TA = –40°C to +85°C ±20 ±35 ✻ ±75 ppm/°C
vs Supply Voltage, V+ V+ = 7.5V to 36V ±1 ±10 ✻ ✻ ppm/V
vs Load IREF = 0mA to 2.5mA ±100 ✻ ppm/mA

Noise: 0.1Hz to 10Hz 10 ✻ µVp-p
Short-Circuit Current 16 ✻ mA

VREG
(2)

Voltage 5 ✻ V
Voltage Accuracy IREG = 0 ±0.05 ±0.1 ✻ ✻ V

vs Temperature TA = –40°C to +85°C ±0.1 ✻ mV/°C
vs Supply Voltage, V+ V+ = 7.5V to 36V 1 ✻ mV/V
vs Output Current See Typical Curves

Short-Circuit Current 12 ✻ mA

POWER SUPPLY V+
Specified +24 ✻ V
Voltage Range +7.5 +36 ✻ ✻ V
Quiescent Current 200 250 ✻ ✻ µA

Over Temperature, –40°C to +85°C 240 300 ✻ ✻ µA

TEMPERATURE RANGE
Specification –40 +85 ✻ ✻ °C
Operating –55 +125 ✻ ✻ °C
Storage –55 +125 ✻ ✻ °C
Thermal Resistance θJA 150 ✻ °C/W
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Power Supply, V+  (referenced to IO pin) .......................................... 40V
Input Voltage (referenced to IRET pin) ........................................ 0V to V+
Output Current Limit ............................................................... Continuous
VREG, Short-Circuit .................................................................. Continuous
VREF, Short-Circuit .................................................................. Continuous
Operating Temperature ................................................ –55°C to +125°C
Storage Temperature Range ....................................... –55°C to +125°C
Lead Temperature (soldering, 10s) .............................................. +300°C
Junction Temperature ................................................................... +165°C

NOTE: (1) Stresses above these ratings may cause permanent damage.
Exposure to absolute maximum conditions for extended periods may degrade
device reliability.

ABSOLUTE MAXIMUM RATINGS (1)

Top View SO-8

PIN CONFIGURATION

ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric
changes could cause the device not to meet its published
specifications.

PACKAGE/ORDERING INFORMATION

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.

PACKAGE SPECIFIED
DRAWING TEMPERATURE PACKAGE ORDERING TRANSPORT

PRODUCT PACKAGE NUMBER RANGE MARKING NUMBER (1) MEDIA

XTR115UA SO-8 182 –40°C to +85°C XTR115UA XTR115UA Rails

" " " " " XTR115UA/2K5 Tape and Reel

XTR115U SO-8 182 –40°C to +85°C XTR115U XTR115U Rails

" " " " " XTR115U/2K5 Tape and Reel

XTR116UA SO-8 182 –40°C to +85°C XTR116UA XTR116UA Rails

" " " " " XTR116UA/2K5 Tape and Reel

XTR116U SO-8 182 –40°C to +85°C XTR116U XTR116U Rails

" " " " " XTR116U/2K5 Tape and Reel

NOTES: (1) Models with a slash (/ ) are available only in Tape and Reel in the quantities indicated (e.g., /2K5 indicates 2500 devices per reel). Ordering 2500 pieces
of “XTR115UA/2K5” will get a single 2500-piece Tape and Reel.
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TYPICAL PERFORMANCE CURVES
At TA = +25°C, V+ = 24V, RIN = 20kΩ, and TIP29C external transistor, unless otherwise noted.

10k 100k

Frequency (Hz)

CURRENT GAIN vs FREQUENCY

1M

40

30

20

10

G
ai

n 
(d

B
)

COUT = 10nF
RL = 250Ω

COUT = 0
RL = 0Ω

–75 –50 –25 0 25 50 75 100

Temperature (°C)

REFERENCE VOLTAGE vs TEMPERATURE

125

0.1

0

–0.1

–0.2

–0.3

∆ 
R

ef
er

en
ce

 V
ol

ta
ge

 (
%

)

–75 –50 –25 0 25 50 75 100

Temperature (°C)

QUIESCENT CURRENT vs TEMPERATURE

125

260

240

220

200

180

160

Q
ui

es
ce

nt
 C

ur
re

nt
 (

µA
)

(V+) = 36V

(V+) = 24V

(V+) = 7.5V

–75 –50 –25 0 25 50 75 100

Temperature (°C)

OVER-SCALE CURRENT vs TEMPERATURE

125

34

33

32

31

30

29

28

O
ve

r-
S

ca
le

 C
ur

re
nt

 (
m

A
)

V+ = 7.5V

V+ = 36V

V+ = 24V

With External Transistor

–1 0 1 2 3

IREG Current (mA)

VREG VOLTAGE vs VREG CURRENT

4

5.5

5.0

4.5

V
R

E
G
 V

ol
ta

ge
 (

V
)

+25°C

+25°C

–55°C

+125°C
Sinking
Current

Sourcing
Current

–55°C

+125°C

SUNSTAR传感与控制 http://www.sensor-ic.com/ TEL:0755-83376549 FAX:0755-83376182 E-MAIL:szss20@163.com

SUNSTAR自动化 http://www.sensor-ic.com/ TEL: 0755-83376489 FAX:0755-83376182 E-MAIL:szss20@163.com



5
®

XTR115, XTR116

APPLICATIONS INFORMATION
The XTR115 and XTR116 are identical devices except for
the reference voltage output, pin 1. This voltage is available
for external circuitry and is not used internally. Further
discussions that apply to both devices will refer to the
“XTR115/6.”

Figure 1 shows basic circuit connections with representative
simplified input circuitry. The XTR115/6 is a two-wire
current transmitter. Its input signal (pin 2) controls the output
current. A portion of this current flows into the V+ power
supply, pin 7. The remaining current flows in Q1. External
input circuitry connected to the XTR115/6 can be powered
from VREG or VREF. Current drawn from these terminals
must be returned to IRET, pin 3. This IRET pin is a “local
ground” for input circuitry driving the XTR115/6.

The XTR115/6 is a current-input device with a gain of 100.
A current flowing into pin 2 produces IO = 100 • IIN. The
input voltage at the IIN pin is zero (referred to the IRET pin).
A voltage input is created with an external input resistor, as
shown. Common full-scale input voltages range from 1V

and upward. Full-scale inputs greater than 0.5V are recom-
mend to minimize the effect of offset voltage and drift of A1.

EXTERNAL TRANSISTOR

The external transistor, Q1, conducts the majority of the full-
scale output current. Power dissipation in this transistor can
approach 0.8W with high loop voltage (40V) and 20mA
output current. The XTR115/6 is designed to use an external
transistor to avoid on-chip thermal-induced errors. Heat
produced by Q1 will still cause ambient temperature changes
that can affect the XTR115/6. To minimize these effects,
locate Q1 away from sensitive analog circuitry, including
XTR115/6. Mount Q1 so that heat is conducted to the
outside of the transducer housing.

The XTR115/6 is designed to use virtually any NPN transis-
tor with sufficient voltage, current and power rating. Case
style and thermal mounting considerations often influence
the choice for any given application. Several possible choices
are listed in Figure 1. A MOSFET transistor will not improve
the accuracy of the XTR115/6 and is not recommended.
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XTR115: 2.5V
XTR116: 4.096V

Possible choices for Q1 (see text).

2N4922
TIP29C
TIP31B

TYPE

TO-225
TO-220
TO-220

PACKAGE

I = 100 • IIN

IO

10nF

IREF

IIN

All return current
from IREG and IREF

For IO = 4mA to 20mA
IIN = 40µA to 200µA

With RIN = 20kΩ
VIN = 0.8V to 4V

IREG

Q1
Input

Circuitry

FIGURE 1. Basic Circuit Connections.
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MINIMUM-SCALE CURRENT

The quiescent current of the XTR115/6 (typically 200µA)
is the lower limit of its output current. Zero input current
(IIN = 0) will produce an IO equal to the quiescent current.
Output current will not begin to increase until IIN > IQ/100.
Current drawn from VREF or VREG will add to this minimum
output current. This means that more than 3.7mA is avail-
able to power external circuitry while still allowing the
output current to go below 4mA.

OFFSETTING THE INPUT

A low scale of 4mA is produced by creating a 40µA input
current. This can be created with the proper value resistor
from VREF (Figure 2), or by generating offset in the input
drive circuitry.

IIN

IRET

XTR115

R1
2.475kΩ

R0
62.5kΩ

A1

Voltage
Reference

VREG

VREF2.5V

40µA

0 to 160µA

MAXIMUM OUTPUT CURRENT

The XTR115/6 provides accurate, linear output up to 25mA.
Internal circuitry limits the output current to approximately
32mA to protect the transmitter and loop power/measure-
ment circuitry.

It is possible to extend the output current range of the
XTR115/6 by connecting an external resistor from pin 3 to
pin 5, to change the current limit value. Since all output
current must flow through internal resistors, it is possible to
damage with excessive current. Output currents greater than
45mA may cause permanent damage.
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VO
D/A

RIN
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VREG

XTR115
XTR116

IO
D/A

Optical
Isolation

Optical
Isolation

Digital
Control

IIN
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VREF

VREG

≈

XTR115
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PWM
Out

Digital
Control

RINFilter

IRET

VREG5V

≈

FIGURE 2. Creating Low-Scale Offset. FIGURE 3. Digital Control Methods.
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VPS

0.01µF

RL

D1
(1)

NOTE: (1) Zener Diode 36V: 1N4753A or Motorola 
P6KE39A. Use lower voltage zener diodes with loop 
power supply voltages less than 30V for increased 
protection. See “Over-Voltage Surge Protection.”

Maximum VPS must be 
less than minimum 
voltage rating of zener 
diode.

The diode bridge causes 
a 1.4V loss in loop supply 
voltage.

1N4148
Diodes
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FIGURE 4. Reverse Voltage Operation and Over-Voltage Surge Protection.

REVERSE-VOLTAGE PROTECTION

The XTR115/6 low compliance voltage rating (7.5V) per-
mits the use of various voltage protection methods without
compromising operating range. Figure 4 shows a diode
bridge circuit which allows normal operation even when the
voltage connection lines are reversed. The bridge causes a
two diode drop (approximately 1.4V) loss in loop supply
voltage. This results in a compliance voltage of approxi-
mately 9V—satisfactory for most applications. A diode can
be inserted in series with the loop supply voltage and the V+
pin to protect against reverse output connection lines with
only a 0.7V loss in loop supply voltage.

OVER-VOLTAGE SURGE PROTECTION

Remote connections to current transmitters can sometimes be
subjected to voltage surges. It is prudent to limit the maximum
surge voltage applied to the XTR115/6 to as low as practical.
Various zener diode and surge clamping diodes are specially
designed for this purpose. Select a clamp diode with as low a
voltage rating as possible for best protection. For example, a
36V protection diode will assure proper transmitter operation
at normal loop voltages, yet will provide an appropriate level
of protection against voltage surges. Characterization tests on
several production lots showed no damage with loop supply
voltages up to 65V.

Most surge protection zener diodes have a diode character-
istic in the forward direction that will conduct excessive
current, possibly damaging receiving-side circuitry if the
loop connections are reversed. If a surge protection diode is
used, a series diode or diode bridge should be used for
protection against reversed connections.

RADIO FREQUENCY INTERFERENCE

The long wire lengths of current loops invite radio frequency
interference. RF can be rectified by the input circuitry of the
XTR115/6 or preceding circuitry. This generally appears as
an unstable output current that varies with the position of
loop supply or input wiring.

Interference may also enter at the input terminals. For
integrated transmitter assemblies with short connection to
the sensor, the interference more likely comes from the
current loop connections.
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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.

TI 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
TI 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.

TI assumes no liability for applications assistance or customer product design. TI 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 TI 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.

Copyright   2000, Texas Instruments Incorporated
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 SUNSTAR商斯达实业集团是集研发、生产、工程、销售、代理经销 、技术咨询、信息服务等为一体的高

科技企业，是专业高科技电子产品生产厂家，是具有 10 多年历史的专业电子元器件供应商，是中国最早和

最大的仓储式连锁规模经营大型综合电子零部件代理分销商之一,是一家专业代理和分銷世界各大品牌IC
芯片和電子元器件的连锁经营綜合性国际公司。在香港、北京、深圳、上海、西安、成都等全国主要电子

市场设有直属分公司和产品展示展销窗口门市部专卖店及代理分销商，已在全国范围内建成强大统一的供

货和代理分销网络。 我们专业代理经销、开发生产电子元器件、集成电路、传感器、微波光电元器件、工

控机/DOC/DOM电子盘、专用电路、单片机开发、MCU/DSP/ARM/FPGA软件硬件、二极管、三极管、模

块等，是您可靠的一站式现货配套供应商、方案提供商、部件功能模块开发配套商。专业以现代信息产业

（计算机、通讯及传感器）三大支柱之一的传感器为主营业务，专业经营各类传感器的代理、销售生产、

网络信息、科技图书资料及配套产品设计、工程开发。我们的专业网站——中国传感器科技信息网（全球

传感器数据库） www.SENSOR-IC.COM 服务于全球高科技生产商及贸易商，为企业科技产品开发提供技

术交流平台。欢迎各厂商互通有无、交换信息、交换链接、发布寻求代理信息。欢迎国外高科技传感器、

变送器、执行器、自动控制产品厂商介绍产品到 中国，共同开拓市场。本网站是关于各种传感器-变送器-

仪器仪表及工业自动化大型专业网站,深入到工业控制、系统工程计 测计量、自动化、安防报警、消费电

子等众多领域，把最新的传感器-变送器-仪器仪表买卖信息,最新技术供求,最新采购商,行业动态，发展方

向，最新的技术应用和市场资讯及时的传递给广大科技开发、科学研究、产品设计人员。本网站已成功为

石油、化工、电力、医药、生物、航空、航天、国防、能源、冶金、电子、工业、农业、交通、汽车、矿

山、煤炭、纺织、信息、通信、IT、安防、环保、印刷、科研、气象、仪器仪表等领域从事科学研究、产

品设计、开发、生产制造的科技人员、管理人员 、和采购人员提供满意服务。 我公司专业开发生产、代

理、经销、销售各种传感器、变送器、敏感元器件、开关、执行器、仪器仪表、自动化控制系统： 专门从

事设计、生产、销售各种传感器、变送器、各种测控仪表、热工仪表、现场控制器、计算机控制系统、数

据采集系统、各类环境监控系统、专用控制系统应用软件以及嵌入式系统开发及应用等工作。如热敏电阻、

压敏电阻、温度传感器、温度变送器、湿度传感器、 湿度变送器、气体传感器、 气体变送器、压力传感

器、 压力变送、称重传感器、物（液）位传感器、物（液）位变送器、流量传感器、 流量变送器、电流

（压）传感器、溶氧传感器、霍尔传感器 、图像传感器、超声波传感器、位移传感器、速度传感器、加速

度传感器、扭距传感器、红外传感器、紫外传感器、 火焰传感器、激光传感器、振动传感器、轴角传感器、

光电传感器、接近传感器、干簧管传感器、继电器传感器、微型电泵、磁敏（阻）传感器 、压力开关、接

近开关、光电开关、色标传感器、光纤传感器、齿轮测速传感器、 时间继电器、计数器、计米器、温控仪、

固态继电器、调压模块、电磁铁、电压表、电流表等特殊传感器 。 同时承接传感器应用电路、产品设计

和自动化工程项目。 

更多产品请看本公司产品专用销售网站: 

商斯达中国传感器科技信息网：http://www.sensor-ic.com/

商斯达工控安防网：http://www.pc-ps.net/

商斯达电子 元器件网：http://www.sunstare.com/

商斯达微波光电产品网:HTTP://www.rfoe.net/

商斯达消费电子产品网://www.icasic.com/

商斯达军工产品网:http://www.junpinic.com/

商斯达实业科技产品网://www.sunstars.cn/传感器销售热线： 

    地址：深圳市福田区福华路福庆街鸿图大厦 1602 室 

    电话：0755-83607652 83376489 83376549 83370250   83370251   82500323 

    传真：0755-83376182  （0）13902971329  MSN: SUNS8888@hotmail.com

    邮编：518033   E-mail:szss20@163.com     QQ: 195847376 

    深圳赛格展销部：深圳华强北路赛格电子市场 2583 号 电话：0755-83665529   25059422 

    技术支持: 0755-83394033 13501568376 

欢迎索取免费详细资料、设计指南和光盘 ；产品凡多，未能尽录，欢迎来电查询。 
    北京分公司：北京海淀区知春路 132 号中发电子大厦 3097 号 
               TEL：010-81159046  82615020  13501189838  FAX：010-62543996   
    上海分公司：上海市北京东路 668 号上海賽格电子市场 D125 号  
               TEL：021-28311762  56703037  13701955389  FAX：021-56703037 
    西安分公司：西安高新开发区 20 所(中国电子科技集团导航技术研究所)   
           西安劳动南路 88 号电子商城二楼 D23 号   

            TEL：029-81022619  13072977981  FAX:029-88789382 

SUNSTAR传感与控制 http://www.sensor-ic.com/ TEL:0755-83376549 FAX:0755-83376182 E-MAIL:szss20@163.com

SUNSTAR自动化 http://www.sensor-ic.com/ TEL: 0755-83376489 FAX:0755-83376182 E-MAIL:szss20@163.com
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