
_______________General Description
The MAX4172 is a low-cost, precision, high-side current-
sense amplifier for portable PCs, telephones, and other
systems where battery/DC power-line monitoring is criti-
cal. High-side power-line monitoring is especially useful in
battery-powered systems, since it does not interfere with
the battery charger’s ground path. Wide bandwidth 
and ground-sensing capability make the MAX4172 
suitable for closed-loop battery-charger and general-
purpose current-source applications. The 0V to 32V input
common-mode range is independent of the supply volt-
age, which ensures that current-sense feedback remains
viable, even when connected to a battery in deep dis-
charge.

To provide a high level of flexibility, the MAX4172 func-
tions with an external sense resistor to set the range of
load current to be monitored. It has a current output that
can be converted to a ground-referred voltage with a sin-
gle resistor, accommodating a wide range of battery volt-
ages and currents. 

An open-collector power-good output (PG) indicates
when the supply voltage reaches an adequate level to
guarantee proper operation of the current-sense amplifi-
er. The MAX4172 operates with a 3.0V to 32V supply
voltage, and is available in a space-saving, 8-pin µMAX
or SO package.

________________________Applications
Portable PCs: Notebooks/Subnotebooks/Palmtops
Battery-Powered/Portable Equipment
Closed-Loop Battery Chargers/Current Sources
Smart-Battery Packs
Portable/Cellular Phones
Portable Test/Measurement Systems
Energy Management Systems

____________________________Features
♦ Low-Cost, High-Side Current-Sense Amplifier

♦ ±0.5% Typical Full-Scale Accuracy Over
Temperature 

♦ 3V to 32V Supply Operation

♦ 0V to 32V Input Range—Independent of 
Supply Voltage

♦ 800kHz Bandwidth [VSENSE = 100mV (1C)]
200kHz Bandwidth [VSENSE = 6.25mV (C/16)]

♦ Available in Space-Saving µMAX and SO
Packages
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__________Typical Operating Circuit

19-1184; Rev 0; 12/96

PART

MAX4172ESA

MAX4172EUA -40°C to +85°C

-40°C to +85°C

TEMP. RANGE PIN-PACKAGE

8 SO

8 µMAX*

______________Ordering Information

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800

*Contact factory for availability.
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TA = 0°C to +85°C
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(V+ = +3V to +32V; RS+, RS- = 0V to 32V; TA = TMIN to TMAX; unless otherwise noted. Typical values are at V+ = +12V, RS+ = 12V, 
TA = +25°C.)

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

V+, RS+, RS-, PG ...................................................-0.3V to +36V
OUT ..............................................................-0.3V to (V+ + 0.3V)
Differential Input Voltage, VRS+ - VRS-............................±700mV
Current into Any Pin..........................................................±50mA
Continuous Power Dissipation (TA = +70°C)

SO (derate 5.88mW/°C above +70°C)..........................471mW
µMAX (derate 4.10mW/°C above +70°C) .....................330mW

Operating Temperature Range
MAX4172E_A....................................................-40°C to +85°C

Storage Temperature Range .............................-65°C to +150°C
Lead Temperature (soldering, 10sec) .............................+300°C

IOUT = 0mA

3V ≤ V+ ≤ 32V, VRS+ > 2.0V

VSENSE = 100mV, V+ = 12V,
VRS+ = 12V

VSENSE = 6.25mV, V+ = 12V,
VRS+ = 12V (Note 1)

V+ = 12V, VRS+ = 12V

VRS+ ≤ 2.0V

2.0V < VRS+ < 32V

CONDITIONS

µA/V0.03∆IOUT / ∆VRS+
OUT Common-Mode 
Rejection Ratio

mA0.8 1.6IV+Supply Current

V0 32VRS-

V3 32V+Operating Voltage Range

Input Voltage Range

µA/V0.2∆IOUT / ∆V+
OUT Power-Supply
Rejection Ratio

±20

µA
±8.0

Low-Level Current Error

±0.1 ±0.75

4

mV150 175Maximum VSENSE Voltage

UNITSMIN TYP MAXSYMBOLPARAMETER

VRS+ > 2.0V, IOUT = 0mA

VRS+ ≤ 2.0V, IOUT = 0mA

0 27 42.5
µA

-325 42.5
IRS+Positive Input Bias Current

VRS+ > 2.0V

VRS+ ≤ 2.0V

0 50 85
µA

-650 85
IRS-Negative Input Bias Current

MAX4172ESA,
TA = -40°C to 0°C

MAX4172ESA

MAX4172ESA

VOSInput Offset Voltage mVMAX4172EUA ±0.2 ±1.6

MAX4172EUA ±15

MAX4172EUA,
TA = -40°C to 0°C

±50

MAX4172EUA,
TA = 0°C to +85°C

µAOutput Current Error

±15

MAX4172ESA,
TA = 0°C to +85°C

±10
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ELECTRICAL CHARACTERISTICS (continued)
(V+ = +3V to +32V; RS+, RS- = 0V to 32V; TA = TMIN to TMAX; unless otherwise noted. Typical values are at V+ = +12V, RS+ = 12V, 
TA = +25°C.)
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__________________________________________Typical Operating Characteristics
(V+ = +12V, VRS+ = 12V, ROUT = 1kΩ, TA = +25°C, unless otherwise noted.)

Note 1: 6.25mV = 1/16 of typical full-scale sense voltage (C/16).
Note 2: Valid operation of the MAX4172 is guaranteed by design when PG is low.

IOUT ≤ 1.5mA

CONDITIONS

VV+ - 1.2
Maximum Output Voltage
(OUT)

UNITSMIN TYP MAXSYMBOLPARAMETER

V+ = 2.5V, TA = +25°C

ISINK = 1.2mA, V+ = 2.9V, TA = +25°C

µA1Leakage Current into PG

V0.4VOLPG Output Low Voltage

VSENSE = 5mV to 100mV

VSENSE = 0mV to 100mV, 10% to 90%

µs
6

OUT Settling Time to 1%
1.3

ns400OUT Rise Time

VSENSE = 150mV MΩ20OUT Output Resistance

VSENSE = 100mV to 0mV, 90% to 10% ns800OUT Fall Time

Rising

Falling

V+ = 0V, VRS+ = VRS- = 32V µA0.1 1
Power-Off Input Leakage
Current (RS+, RS-)

VSENSE = 100mV
kHz

800
Bandwidth

Gm = IOUT / (VRS+ - VRS-),
VSENSE = 100mV, VRS+ > 2.0V

mA/V
9.8 10 10.2

GmTransconductance

mA1.5 1.75IOUTMaximum Output Current

V+ rising
V

2.77V+ Threshold for PG Output
Low (Note 2)

VSENSE = 6.25mV (Note 1)

TA = 0°C to +85°C

V+ falling 2.67

TA = -40°C to 0°C 9.7 10 10.3

200
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____________________________Typical Operating Characteristics (continued)
(V+ = +12V, VRS+ = 12V, ROUT = 1kΩ, TA = +25°C, unless otherwise noted.)
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______________________________________________________________Pin Description

____________________________Typical Operating Characteristics (continued)
(V+ = +12V, VRS+ = 12V, ROUT = 1kΩ, TA = +25°C, unless otherwise noted.)

Current Output. OUT is proportional to the magnitude of the sense voltage (VRS+ - VRS-). A 1kΩ
resistor from OUT to ground will result in a voltage equal to 10V/V of sense voltage.

OUT6

Power Good Open-Collector Logic Output. A low level indicates that V+ is sufficient to power the
MAX4172, and adequate time has passed for power-on transients to settle out.PG7

Supply Voltage Input for the MAX4172V+8

GroundGND5

No Connect. No internal connection. Leave open or connect to GND.N.C.3, 4

PIN

Load-side connection for the external sense resistor. The “-” indicates the direction of current flow.RS-2

Power connection to the external sense resistor. The “+” indicates the direction of current flow.RS+1

FUNCTIONNAME

_______________Detailed Description
The MAX4172 is a unidirectional, high-side current-sense
amplifier with an input common-mode range that is inde-
pendent of supply voltage. This feature not only allows
the monitoring of current flow into a battery in deep dis-
charge, but also enables high-side current sensing at
voltages far in excess of the supply voltage (V+).

The MAX4172 current-sense amplifier’s unique topolo-
gy simplifies current monitoring and control. The
MAX4172’s amplifier operates as shown in Figure 1.
The battery/load current flows through the external
sense resistor (RSENSE), from the RS+ node to the RS-

node. Current flows through RG1 and Q1, and into the
current mirror, where it is multiplied by a factor of 50
before appearing at OUT.

To analyze the circuit of Figure 1, assume that current
flows from RS+ to RS-, and that OUT is connected to
GND through a resistor. Since A1’s inverting input is
high impedance, no current flows though RG2 (neglect-
ing the input bias current), so A1’s negative input is
equal to VSOURCE - (ILOAD x RSENSE). A1’s open-loop
gain forces its positive input to essentially the same
voltage level as the negative input. Therefore, the drop
across RG1 equals ILOAD x RSENSE. Then, since IRG1
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2 flows through RG1, IRG1 x RG1 = ILOAD x RSENSE. The
internal current mirror multiplies IRG1 by a factor of 50
to give IOUT = 50 x IRG1. Substituting IOUT / 50 for IRG1,
(IOUT / 50) x RG1 = ILOAD x RSENSE, or:

IOUT = 50 x ILOAD x (RSENSE / RG1)

The internal current gain of 50 and the factory-trimmed
resistor RG1 combine to result in the MAX4172
transconductance (Gm) of 10mA/V. Gm is de-
fined as being equal to IOUT / (VRS+ - VRS-). Since
(VRS+ - VRS-) = ILOAD x RSENSE, the output current
(IOUT) can be calculated with the following formula:

IOUT = Gm x (VRS+ - VRS-) =

(10mA/V) x (ILOAD x RSENSE)

Current Output
The output voltage equation for the MAX4172 is given
below:

VOUT = (Gm) x (RSENSE x ROUT x ILOAD)

where VOUT = the desired full-scale output voltage,
ILOAD = the full-scale current being sensed, RSENSE =
the current-sense resistor, ROUT = the voltage-setting
resistor, and Gm = MAX4172 transconductance
(10mA/V). 

The full-scale output voltage range can be set by
changing the ROUT resistor value, but the output volt-
age must be no greater than V+ - 1.2V. The above
equation can be modified to determine the ROUT
required for a particular full-scale range:

ROUT = (VOUT ) / (ILOAD x RSENSE x Gm)

OUT is a high-impedance current source that can be
integrated by connecting it to a capacitive load.

PG Output
The PG output is an open-collector logic output that
indicates the status of the MAX4172’s V+ power sup-
ply. A logic low on the PG output indicates that V+ is
sufficient to power the MAX4172. This level is tempera-
ture dependent (see Typical Operating Characteristics
graphs), and is typically 2.7V at room temperature. The
internal PG comparator has a 100mV (typical) hystere-
sis to prevent possible oscillations caused by repeated
toggling of the PG output, making the device ideal for
power-management systems lacking soft-start capabili-
ty. An internal delay (15µs typical) in the PG compara-
tor allows adequate time for power-on transients to
settle out. The PG status indicator greatly simplifies the
design of closed-loop systems by ensuring that the
components in the control loop have sufficient voltage
to operate correctly.

__________Applications Information
Suggested Component Values 

for Various Applications
The Typical Operating Circuit is useful in a wide variety
of applications. Table 1 shows suggested component
values and indicates the resulting scale factors for vari-
ous applications required to sense currents from
100mA to 10A.

Adjust the RSENSE value to monitor higher or lower cur-
rent levels. Select RSENSE using the guidelines and for-
mulas in the following section.

Sense Resistor, RSENSE
Choose RSENSE based on the following criteria:

• Voltage Loss: A high RSENSE value causes the
power-source voltage to degrade through IR loss.
For minimal voltage loss, use the lowest RSENSE
value.

Low-Cost, Precision, High-Side
Current-Sense Amplifier
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Figure 1.  Functional Diagram
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• Accuracy: A high RSENSE value allows lower cur-
rents to be measured more accurately. This is
because offsets become less significant when the
sense voltage is larger. For best performance,
select RSENSE to provide approximately 100mV of
sense voltage for the full-scale current in each
application.

• Efficiency and Power Dissipation: At high current
levels, the I2R losses in RSENSE can be significant.
Take this into consideration when choosing the
resistor value and its power dissipation (wattage)
rating. Also, the sense resistor’s value might drift if it
is allowed to heat up excessively.

• Inductance: Keep inductance low if ISENSE has a
large high-frequency component. Wire-wound resis-
tors have the highest inductance, while metal film is
somewhat better. Low-inductance metal-film resis-
tors are also available. Instead of being spiral
wrapped around a core, as in metal-film or wire-
wound resistors, they are a straight band of metal
and are available in values under 1Ω.

• Cost: If the cost of RSENSE is an issue, you might
want to use an alternative solution, as shown in
Figure 2. This solution uses the PC board traces to
create a sense resistor. Because of the inaccura-
cies of the copper resistor, the full-scale current
value must be adjusted with a potentiometer. Also,
copper’s resistance temperature coefficient is fairly
high (approximately 0.4%/°C).

In Figure 2, assume that the load current to be mea-
sured is 10A, and that you have determined a 0.3-inch-
wide, 2-ounce copper to be appropriate. The resistivity
of 0.1-inch-wide, 2-ounce (70µm thickness) copper is
30mΩ/ft. For 10A, you might want RSENSE = 5mΩ for a
50mV drop at full scale. This resistor requires about 2
inches of 0.1-inch-wide copper trace.

Current-Sense Adjustment 
(Resistor Range, Output Adjust)

Choose ROUT after selecting RSENSE. Choose ROUT to
obtain the full-scale voltage you require, given the full-
scale IOUT determined by RSENSE. OUT’s high imped-
ance permits using ROUT values up to 200kΩ with
minimal error. OUT’s load impedance (e.g., the input of
an op amp or ADC) must be much greater than ROUT
(e.g., 100 x ROUT) to avoid degrading measurement
accuracy.

High-Current Measurement
The MAX4172 can achieve high-current measurements
by using low-value sense resistors, which can be paral-
leled to further increase the current-sense limit. As an
alternative, PC board traces can be adjusted over a
wide range.
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Table 1.  Suggested Component Values
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Figure 2.  MAX4172 Connections Showing Use of PC Board
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___________________Chip Information

________________________________________________________Package Information

Power-Supply Bypassing and Grounding
In most applications, grounding the MAX4172 requires
no special precautions. However, in high-current sys-
tems, large voltage drops can develop across the
ground plane, which can add to or subtract from VOUT.
Use a single-point star ground for the highest current-
measurement accuracy.

The MAX4172 requires no special bypassing and
responds quickly to transient changes in line current. If
the noise at OUT caused by these transients is a prob-
lem, you can place a 1µF capacitor at the OUT pin to
ground. You can also place a large capacitor at the RS
terminal (or load side of the MAX4172) to decouple the
load, reducing the current transients. These capacitors
are not required for MAX4172 operation or stability. The
RS+ and RS- inputs can be filtered by placing a capac-
itor (e.g., 1µF) between them to average the sensed
current.
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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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