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Harnessing wasted energy in 4- to 20-mA 
current-loop systems

A 4- to 20-mA current-loop signal is frequently used in 
industrial environments to transmit measurements across 
long distances, such as the temperature of a process or 
the pressure in a tank. This type of signaling is preferred 
because of its simplicity, noise immunity, safety, and ability 
to traverse great lengths without data corruption. These 
current loops are also low-power systems, since relatively 
low currents transmit the data. Previously, whatever power 
was not used or lost in the signal transmission was merely 
dissipated in the transmitter; but now, with modern inte-
grated circuits, even this small amount of power can be 
harnessed to support necessary functions in these systems.

The basics of 4- to 20-mA current-loop systems
Figure 1 shows a typical 4- to 20-mA current-loop system. 
A semiregulated 24-VDC source provides power to the 
current loop and to the transmitter element. The transmit-
ter measures the signal of interest (such as temperature, 
pressure, and many others) and outputs a 4- to 20-mA 
current that is proportional to that signal. This current 
passes through the wiring to a receiver system. There, the 
current develops a voltage across a resistor that is read 
by an analog-to-digital converter (ADC) and then further 
proc essed. The loop is completed with a connection back 
to the voltage source that powers the loop.

These current loops provide several benefits in indus-
trial applications:

• The current loops are simple circuits requiring only a 
crude power supply; a transmitter to make the mea-
surement and source the current; a wire; and a 
receiver circuit. The power supply needs to provide 
only enough voltage to overcome the various voltage 
drops in the system; any excess loop voltage is just 
dropped across the transmitter. Due to the low current, 
this is only a small amount of power, which creates  
little heat.

• The current loop contains only one loop for current 
flow. Therefore, from Kirchhoff’s current law, the cur-
rent through all the elements in the loop is equal. This 
provides high noise immunity, which is critical in indus-
trial environments.

• Safety is provided since the lowest signal level is 4 mA. 
If something in the loop is broken or becomes discon-
nected, the receiver reads no current, which demon-
strates a fault instead of the lowest signal level.

• As long as the power-supply voltage is high enough to 
overcome system voltage drops, the desired current 
rep resenting the measured signal is maintained by the 
trans mitter. Thus, smaller wire gauges with their higher 
voltage drops and lower cost are used for the intercon-
nections, requiring only an increase to the supply volt-
age. Most importantly, the relatively large voltage drops 
permitted across the wiring allow a large amount of wire 
to be used. This allows physical separation of the instru-
ment being measured and the control room that proc-
esses the measurement, providing safety to those in the 
control room.
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Figure 1. Basic 4- to 20-mA current-loop system

4-20mA电流环路系统废能利用
作者：Chris Glaser，
德州仪器 (TI) 应用工程师

4-20mA电流环路信号常用于工业环境，实现远距测量
数据传输，例如：加工温度或者容器压力等。这种信号
传输方式之所以成为人们的首选，因为它简单便捷、抗
噪、安全，并且可以在没有数据损坏的情况下实现远距
离传输。由于传输数据的电流相对较低，这些电流环路
还是低功耗系统。以前，没有获得利用的功率，或者信
号传输过程中损失的功率，都在发送器内耗散掉；但现
在，利用现代集成电路以后，即使这一小部分功率也被
节省下来，以支持系统中必需功能的正常工作。

4-20mA 电流环路系统基础知识

图 1 显示了一个典型的 4-20mA 电流环路系统。一个
半稳压式 24V DC 电源同时向电流环路和发送器组件供
电。发送器对重要信号（例如：温度、压力和其他参
数）进行测量，然后输出一个 2-20mA 电流，其与该信
号强弱成比例。该电流通过线路，传输至某个接收机系
统。之后，电流遇到电阻器形成电压，其通过一个模数
转换器 (ADC) 读出，然后再经过进一步处理。通过连
线，连接回到为环路供电的电压源，这样构成一个完整
的环路。

工业应用中使用这些电流环路具有诸多好处：

 电流环路是一些简单电路，仅要求一个简易电源、一
个完成测量然后产生电流的发送器、一条传输线以及
一个接收机电路。电源只需提供足以克服各种系统压
降问题的电压；多余的环路电压刚好在发送器处得
到降低。由于电流较低，仅有少量功耗，因此发热较
少。

图 1 基本的 4-20mA 电流环路系统

 电流环路仅包含一个电流环路。因此，根据基尔霍夫
电流定律，通过环路中所有组件的电流相等。这样便
实现了较高的抗噪性，而抗噪性又是工业环境应用的
关键。

 由于信号电平最低达到 4mA，从而实现了安全性。
如果环路内部出现损坏，或者环路连接断开，则接收
机无法读出电流，其表明出现故障，而非最低信号电
平。

 只要电源电压高到足以克服系统压降，则代表测得信
号的理想电流由发送器维持。因此，高压降和低成本
的小规格线材用于进行互连，其仅要求增加电源电
压。最为重要的是，线路允许相对较大的压降，便可
以使用大量的连线。这样，受测仪器和对测量数据进
行处理的控制室之间便可实现物理隔离，从而为控制
室内的人员提供安全保护。
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Basic system improvement
The excess loop voltage that would otherwise be dropped 
across the transmitter can be harnessed and used to pro-
vide power to the receiver circuitry. Figure 2 shows a 
power supply inserted into the current loop. This power 
supply is located in the control room with the receiver  
circuitry it powers—efficiently converting the excess loop 
voltage to useful output power.

Since the receiver resistor is no longer ground- 
referenced, a level-shift circuit is likely necessary to inter-
face with the data converter’s input. This very simple circuit 
is provided by any high-side current-shunt monitor, such 
as the Texas Instruments (TI) INA138. These devices mea-
sure very small sense-resistor voltage drops at a common-
mode voltage, thus lowering the necessary voltage drop 
across the receiver resistor. This allows more voltage for 
the power supply to harness, reducing the amount of 
wasted energy.

The power supply typically provides a regulated 3.3 V to 
power this level shifter, the data converter, and any other 
low-power devices in the control room. Examples of these 
devices are a microprocessor from TI’s MSP430™ platform 
to review the incoming data and make decisions, and pos-
sibly a low-power RF device from TI’s CC430 family to 
wirelessly transmit the data to other locations. A wireless 
transmitter is particularly useful if its cost is offset by sav-
ings from not having to buy and install the wire required 
for a particularly lengthy current loop. These devices must 
use very low power due to the limited amount of excess 
energy harnessed from the current loop.

Finally, the power supply must be able to operate with 
such a low-power source—4 mA being the minimum cur-
rent, and 20 mA being the most it ever gets. Since the 
voltage generated by this current is the excess voltage in 
the loop, the power supply must accept a wide input- 
voltage range and still provide a regulated output. What is 
more difficult for the power supply is starting up the sys-
tem from such a current-limited source. Typically, a higher 
output power is required during start-up to charge up the 

output capacitors and provide the load with its start-up 
current. This can be much higher than what the system 
consumes in normal operation. If the power supply 
attempts to provide this higher power during start-up, its 
input power can exceed what the current loop provides. If 
this happens, the voltage into the power supply drops 
until the power supply turns off. Then, its input voltage 
rises again until it turns back on and repeats the process. 
Such start-up oscillations are a difficult challenge to be 
overcome when the power supply runs from such small 
amounts of input power.

Energy-harnessing solution
As just described, the energy-harnessing power supply 
must have a wide input-voltage range, be able to operate 
on a very small amount of input power, and avoid start-up 
oscillations when powered from current-limited sources. 
TI’s TPS62125 is such a power supply, because it operates 
from a 3- to 17-V input, requires only 11 µA to operate, 
and has a programmable enable threshold voltage with 
adjustable hysteresis. The circuit recommended in the 
TPS62125 datasheet is used with three small modifications:

1. A 15-V Zener diode is added on the input to the device 
to protect it in cases where the excess loop voltage 
applied to it exceeds its 17-V rating. If a lower-voltage 
current-loop system is used, this diode may not be  
necessary. A Zener diode that clamps at a maximum of 
15.6 V gives good results.

2. Bulk capacitance is added on the input to the device to 
store enough energy for start-up and load changes. 
Depending on the load’s power demands during start-up, 
this capacitor may not be needed at all. A total of about 
200 µF provides a smooth start-up for the example load, 
which draws 50 mA at 3.3 V for 30 ms at start-up, and 
10 mA once started. The bulk capacitance also provides 
stored energy for periodic higher power demands that 
might occur, such as for measuring a temperature, tak-
ing a reading with the data converter, or transmitting 
the data via an antenna.
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Figure 2. Harnessing excess loop voltage in 4- to 20-mA 
current loops

基本系统改进

我们可以利用多余的环路电压，用于向接收机电路供
电，否则其会在发送器被降下来。图 2 显示了一个在电
流环路中插入的电源。该电源与其供电的接收机电路一
起放置于控制室中——有效地将多余环路电压转换为有
用输出功率。

由于接收机电阻不再接地参考，因此可能会需要电平移
动电路，以连接数据转换器输入。任何高端分流监测器
（例如：TI INA138等）都可提供这种极为简单的电路。
这些器件对共模电压的小检测电阻压降进行测量，从而
降低接收机电阻的必要压降。这样便让更多的电压可以
为电源所利用，从而降低能源浪费。

这种电源通常会提供经过稳压的 3.3V 输出，以为电平
位移器、数据转换器以及控制室内的所有其他低功耗设
备供电。例如，来自 TI MSP430TM 平台的微处理器，
其对接收数据进行检查，然后做出决策；来自 TI CC430 
系列的低功耗 RF 器件，其将数据无线传输至其他地
方。如果无需为特别长的电流环路购买和安接线路，从
而实现成本节省，则无线发送器特别有用。这些器件的
功耗必须非常低，因为榨取自电流环路的多余能源数量
有限。

最后，这种电源还必须能与此类低功耗电源一起工作—
最小电流 4mA，最大电流 20mA。由于这种电流所产生
的电压为环路的多余电压，因此电源必须接受一个宽输
入电压范围，并且仍然提供稳定的输出。对这种电源而
言，更困难的是通过限流电源来启动系统。一般而言，
启动期间要求更高的输出功率，对输出电容器充电，同
时为负载提供启动电流。它远高于正常运行时系统消耗
的量。如果电源要在启动期间提供这种高功率，则其输
出功率会超出电流环路提供的量。如果出现这种情况，
进入电源的电压会在电源关闭以前不断下降。这样，在

图 2 4-20mA电流环路中多余环路电压的
 利用

重新开启以前，其输入电压会再次上升，并不断重复该过
程。当电源通过这种小输入功率工作时，启动振荡是我们
需要克服的一个难题。

能源利用解决方案

正如前面所述，废能利用型电源必须拥有较宽的输入电压
范围，能够通过非常小的输入功率工作，并能在通过限流
电源供电时避免出现启动振荡。TI 的 TPS62125 便是一
个这种电源，因为它通过一个 3-17V 输入工作，仅要求 
11 µA 的工作电流，并且拥有带可调磁滞的可编程使能阈
值电压。TPS62125 产品说明书中建议的电路有三个小改
动：

1. 给器件输入添加一个 15V 齐纳二极管，以在其承受的
多余环路电压超出其17V额定值时提供保护。如果使用
一个低压电流环路系统，则无需使用这种二极管。最大
电压控制在 15.6V 的齐纳二极管可以获得较好的结果。

2. 给器件输入端添加大容量电容，以存储足够的能源，
用于启动和负载变化。根据启动期间负载的功率需求情
况，可能会不需要使用这种电容器。总计约200 µF　的
电容，便可让举例负载实现平稳的启动，其在启动时需
要 3.3V、50Ma 的电源持续供电30ms，而启动以后则
只需要 10mA 的电流。大容量电容还可为可能出现的定
期高功率需求提供存储能源，例如：温度测量、数据转
换器读取操作或者通过天线发送数据。

3. 对器件的使能阈值电压进行调节，这样器件便可在其电
压达到 12V 时开启。对器件编程，让其在输入降至 4V 
时关闭。一旦启用，器件便高效地将这种重新得到利用
的能源转换为其 3.3V 输出。
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3. The device’s enable threshold voltage is adjusted 
such that the device turns on when its voltage 
reaches 12 V. The device is programmed to turn 
off if its input drops down to 4 V. Once enabled, 
the device efficiently converts the harnessed 
energy to its 3.3-V output.

For an example power-supply solution, 4 V was 
chosen as the turn-off voltage in order to provide 
the required headroom of input voltage to output 
voltage, allowing the device to keep the 3.3-V out-
put regulated. A turn-on voltage of 12 V was cho-
sen for system considerations. It was assumed that 
the 24-V source varied between 18 and 30 V and 
that the voltage dropped in the current-loop sum to 
a maximum of 6 V, leaving a minimum of 12 V 
applied to the device under worst-case conditions. 
Thus, 12 V was chosen as the point at which to 
start the power supply, since it is the minimum 
voltage that would ever be applied to the device. 
Also, 12 V achieved sufficient separation between 
the turn-on and turn-off voltages such that the 
power supply started into its higher-powered load 
without start-up oscillations.

The described power-supply solution starts up 
from and runs off of TI’s XTR111, a 4- to 20-mA 
current-loop transmitter delivering less than 4 mA 
at all times. Figure 3 shows this solution’s start-up. 
Once the transmitter is enabled, it begins sourcing 
current, which raises the input voltage to the 12-V 
turn-on point of the power supply. The power sup-
ply’s output voltage ramps up into regulation and 
immediately supplies the load’s start-up current of 
50 mA. This slightly reduces the input voltage of 
the power supply, but the supply keeps regulating 
the output voltage because of its wide voltage 
range and bulk input capacitor. After the 30-ms 
duration of the load’s start-up power draw, the load 
current reduces to a steady-state, 10-mA level. The 
input voltage rises further and is clamped by the 
Zener diode at a safe 15-V level. As already noted, 
the current provided by the current loop remains 
below 4 mA at all times.

Figure 4 shows a close-up version of Figure 3. 
The power supply draws stored energy from the 
bulk capacitor to supply the start-up load current’s 
demands, while the current loop provides less than 
4 mA at all times. Drawing this energy reduces the 
input voltage by about 2 V, which is acceptable for 
this power supply.
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Figure 3. Start-up of energy-harnessing power supply
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Figure 4. Energy-harnessing power supply providing 
load’s start-up current

例如，一个电源解决方案，我们选择 4V 作为关
闭电压，目的是提供输入电压到输出电压的规定
余量，从而让器件能够保持 3.3V 稳压输出。使
用 12V 的开启电压，用于满足系统的各种要求。
我们假设，24V 电源的变化范围为 18V 到 30V 
之间，并且电流环路压降共计为 6V 最大值，从
而让器件在极端情况时承受 12V 的最小值。因
此，我们选择 12V 作为启动电源的点，因为它是
器件可能会承受的最小电压。另外，12V 最小电
压可以在开启电压和关闭电压之间实现充分的间
隔，这样电源便在没有启动振荡的情况下启动进
入高功率负载状态。

上述电源解决方案通过 TI 的 XTR111 启动和关
闭。XTR111 是一个 4-20mA电流环路发送器，
能够始终提供 4Ma 以下的电流。图 3 显示了这
种解决方案的启动情况。发送器启用以后，它便
开始提供电流，其将输入电压升高至电源的 12V 
开启点。电源输出电压上升进入调节区域，然后
立即提供 50 mA 的负载启动电流。这会稍微降
低电源的输入电压，但电源保持对输出电压的调
节，原因是其宽电压范围和大容量输入电容器。
负载启动能耗持续 30ms 以后，负载电流减少至
稳定状态，即 10mA 电平。输入电压进一步上
升，并受齐纳二极管控制，保持在 15V 电平。正
如我们已经注意到的那样，电流环路提供的电流
始终保持在4mA以下。

图 4 显示了图 3 的放大图。电源从大容量电容器
吸取存储的电能，以满足启动负载电流需求，同
时电流环路始终提供低于 4mA 的电流。这种吸
能过程，会使输入电压降低约 2V，但对这种电
源而言，这是可以接受的。

图 3 废能利用型电源的启动

图 4 提供负载启动电流的废能利用型电源
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Finally, the energy-harnessing power supply stores 
enough energy in the bulk capacitor and operates over a 
wide enough input-voltage range to supply continuous 
pulses of power to the load. Figure 5 shows the supply pro-
viding 20 mA to the load for a duration of 100 ms every sec-
ond, with the supply’s output voltage remaining regulated.

Conclusion
In 4- to 20-mA current-loop systems, energy that otherwise 
would be wasted can be harnessed for useful purposes. 
This energy powers data converters and microprocessors 
that the control room needs to process the incoming data 
from the current loop, but it can also power low-power RF 
trans mitters that extend the application possibilities of  
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Figure 5. Energy-harnessing power supply providing 
power pulses to the load

4- to 20-mA current loops, as well as potentially save costs 
in such systems by reducing the amount of wire required. 
A power supply that has a wide input-voltage range, oper-
ates on very small amounts of power, and starts from  
current-limited sources with out oscillations enables the 
energy to be harnessed and the continued usefulness of 
these systems.
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power.ti.com
www.ti.com/cc430
www.ti.com/msp430
www.ti.com/product/partnumber
Replace partnumber with INA138, TPS62125, or XTR111

最后，废能利用的电源在大容量电容器中存储足够的电
能，然后在一个足够宽的输入电压范围工作，以向负载
提供持续的功率脉冲。图 5 所示电源，每秒为负载提供
持续时间 100ms 的 20mA 电流，并且保持对电源输出
电压进行稳压。

结论

在4-20mA电流环路系统中，我们可以对那些被浪费掉电
能加以有效利用。这种电能可以为控制室需要的数据转
换器和微处理器供电，以对来自电流环路的数据进行处
理，并且它还可以为低功耗RF发送器供电，从而扩展了

4-20mA电流环路的应用范围，同时通过减少要求的布线

图 5提供负载电源脉冲的废能
 利用型电源

数量，节省了此类系统的成本。拥有宽输入电压范围、
可使用极小功率工作且能够在没有振荡的情况下通过限
流电源启动的电源，可让废能重新得到利用，并在系统
中继续发挥其作用。

相关网站

www.ti.com.cn/lsds/ti_zh/analog/powermanagement/power_
portal.page

www.ti.com.cn/cc430

www.ti.com.cn/msp430

www.ti.com /product/ partnumber

Replace partnumber with INA138, TPS62125, or XTR111
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Phone Domestic 0120-92-3326

Fax International +81-3-3344-5317
 Domestic 0120-81-0036

Internet/Email International support.ti.com/sc/pic/japan.htm
 Domestic www.tij.co.jp/pic

Asia
Phone
 International +91-80-41381665
 Domestic Toll-Free Number
   Note: Toll-free numbers do not support 

mobile and IP phones.
  Australia 1-800-999-084
  China 800-820-8682
  Hong Kong 800-96-5941
  India 1-800-425-7888
  Indonesia 001-803-8861-1006
  Korea 080-551-2804
  Malaysia 1-800-80-3973
  New Zealand 0800-446-934
  Philippines 1-800-765-7404
  Singapore 800-886-1028
  Taiwan 0800-006800
  Thailand 001-800-886-0010
Fax +8621-23073686
Email  tiasia@ti.com or ti-china@ti.com
Internet support.ti.com/sc/pic/asia.htm
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Important Notice: The products and services of Texas Instruments 
Incorporated and its subsidiaries described herein are sold subject to TI’s 
standard terms and conditions of sale. Customers are advised to obtain the 
most current and complete information about TI products and services 
before placing orders. TI assumes no liability for applications assistance, 
customer’s applications or product designs, software performance, or 
infringement of patents. The publication of information regarding any other 
company’s products or services does not constitute TI’s approval, warranty 
or endorsement thereof.
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重重要要声声明明

德州仪器(TI) 及其下属子公司有权根据 JESD46 最新标准, 对所提供的产品和服务进行更正、修改、增强、改进或其它更改， 并有权根据
JESD48 最新标准中止提供任何产品和服务。客户在下订单前应获取最新的相关信息, 并验证这些信息是否完整且是最新的。所有产品的销售
都遵循在订单确认时所提供的TI 销售条款与条件。

TI 保证其所销售的组件的性能符合产品销售时 TI 半导体产品销售条件与条款的适用规范。仅在 TI 保证的范围内，且 TI 认为 有必要时才会使
用测试或其它质量控制技术。除非适用法律做出了硬性规定，否则没有必要对每种组件的所有参数进行测试。

TI 对应用帮助或客户产品设计不承担任何义务。客户应对其使用 TI 组件的产品和应用自行负责。为尽量减小与客户产品和应 用相关的风险，
客户应提供充分的设计与操作安全措施。

TI 不对任何 TI 专利权、版权、屏蔽作品权或其它与使用了 TI 组件或服务的组合设备、机器或流程相关的 TI 知识产权中授予 的直接或隐含权
限作出任何保证或解释。TI 所发布的与第三方产品或服务有关的信息，不能构成从 TI 获得使用这些产品或服 务的许可、授权、或认可。使用
此类信息可能需要获得第三方的专利权或其它知识产权方面的许可，或是 TI 的专利权或其它 知识产权方面的许可。

对于 TI 的产品手册或数据表中 TI 信息的重要部分，仅在没有对内容进行任何篡改且带有相关授权、条件、限制和声明的情况 下才允许进行
复制。TI 对此类篡改过的文件不承担任何责任或义务。复制第三方的信息可能需要服从额外的限制条件。

在转售 TI 组件或服务时，如果对该组件或服务参数的陈述与 TI 标明的参数相比存在差异或虚假成分，则会失去相关 TI 组件 或服务的所有明
示或暗示授权，且这是不正当的、欺诈性商业行为。TI 对任何此类虚假陈述均不承担任何责任或义务。

客户认可并同意，尽管任何应用相关信息或支持仍可能由 TI 提供，但他们将独力负责满足与其产品及在其应用中使用 TI 产品 相关的所有法
律、法规和安全相关要求。客户声明并同意，他们具备制定与实施安全措施所需的全部专业技术和知识，可预见 故障的危险后果、监测故障
及其后果、降低有可能造成人身伤害的故障的发生机率并采取适当的补救措施。客户将全额赔偿因 在此类安全关键应用中使用任何 TI 组件而
对 TI 及其代理造成的任何损失。

在某些场合中，为了推进安全相关应用有可能对 TI 组件进行特别的促销。TI 的目标是利用此类组件帮助客户设计和创立其特 有的可满足适用
的功能安全性标准和要求的终端产品解决方案。尽管如此，此类组件仍然服从这些条款。

TI 组件未获得用于 FDA Class III（或类似的生命攸关医疗设备）的授权许可，除非各方授权官员已经达成了专门管控此类使 用的特别协议。

只有那些 TI 特别注明属于军用等级或“增强型塑料”的 TI 组件才是设计或专门用于军事/航空应用或环境的。购买者认可并同 意，对并非指定面
向军事或航空航天用途的 TI 组件进行军事或航空航天方面的应用，其风险由客户单独承担，并且由客户独 力负责满足与此类使用相关的所有
法律和法规要求。

TI 已明确指定符合 ISO/TS16949 要求的产品，这些产品主要用于汽车。在任何情况下，因使用非指定产品而无法达到 ISO/TS16949 要
求，TI不承担任何责任。

产产品品 应应用用

数字音频 www.ti.com.cn/audio 通信与电信 www.ti.com.cn/telecom

放大器和线性器件 www.ti.com.cn/amplifiers 计算机及周边 www.ti.com.cn/computer

数据转换器 www.ti.com.cn/dataconverters 消费电子 www.ti.com/consumer-apps

DLP® 产品 www.dlp.com 能源 www.ti.com/energy

DSP - 数字信号处理器 www.ti.com.cn/dsp 工业应用 www.ti.com.cn/industrial

时钟和计时器 www.ti.com.cn/clockandtimers 医疗电子 www.ti.com.cn/medical

接口 www.ti.com.cn/interface 安防应用 www.ti.com.cn/security

逻辑 www.ti.com.cn/logic 汽车电子 www.ti.com.cn/automotive

电源管理 www.ti.com.cn/power 视频和影像 www.ti.com.cn/video

微控制器 (MCU) www.ti.com.cn/microcontrollers

RFID 系统 www.ti.com.cn/rfidsys

OMAP应用处理器 www.ti.com/omap

无线连通性 www.ti.com.cn/wirelessconnectivity 德州仪器在线技术支持社区 www.deyisupport.com
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