
_______________General Description
The MAX471/MAX472 are comp le te , b id irec tiona l, high-
s id e current-sense amp lif iers for porta b le P C s , te le-
p h o n e s ,  a n d  o t h e r  s y s t e m s  w h e r e  b a t t e ry / D C
power-line monitoring is critica l. H igh-side power-line
monitoring is espec ia lly use ful in ba ttery-powered sys-
tems, since it does not interfere with the ground pa ths
o f  th e  b a t t ery c h arg ers or mon i tors o f t e n foun d  in
“smart” ba tteries.
The MAX471 has an interna l 35mΩ current-sense resis-
tor and measures ba ttery currents up to ±3A . For app li-
ca tions requiring higher current or increased flexib ility,
the MAX472 func tions with externa l sense and ga in-se t-
ting resistors. Both devices have a current output tha t
can be converted to a ground-re ferred voltage with a
s ing le res istor, a llowing a wid e rang e of b a ttery vo lt-
ages and currents. 
An op en-co lle c tor SIG N output ind ic a tes current-flow
d irec tion, so the user can monitor whe ther a ba ttery is
b e ing charg e d or d ischarg e d . Both d ev ic es op era te
from 3V to 36V, draw less than 100µA over tempera-
ture , and inc lude a 18µA max shutdown mode .

________________________Applications
Portab le PCs:

Notebooks/Subnotebooks/Pa lmtops

Smart Ba ttery Packs

C e llular Phones

Portab le Phones

Portab le Test/Measurement Systems

Ba ttery-O pera ted Systems

Energy Management Systems

____________________________Features
♦ Complete High-Side Current Sensing
♦ Precision Internal Sense Resistor (MAX471)
♦ 2% Accuracy Over Temperature
♦ Monitors Both Charge and Discharge
♦ 3A Sense Capability with Internal Sense Resistor

(MAX471)
♦ Higher Current-Sense Capability with External

Sense Resistor (MAX472)
♦ 100µA Max Supply Current
♦ 18µA Max Shutdown Mode
♦ 3V to 36V Supply Operation
♦ 8-Pin DIP/SO Packages

______________Ordering Information
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_________________Pin Configurations

MAX471

RS+

RS+ RS-

RS-

SIGN

OUT
GNDSHDN

3V�
TO�
36V

100k

ILOAD�
2000

2k

ILOAD TO�
LOAD or CHARGER

LOGIC�
SUPPLY

DISCHARGE/CHARGE

VOUT (1V/A)

__________Typical Operating Circuit

19-0335; Rev 2; 12/96

PART
MAX471CPA
MAX471CSA
MAX471EPA -40°C to +85°C

0°C to +70°C
0°C to +70°C

TEMP. RANGE PIN-PACKAGE
8 Plastic DIP
8 SO
8 Plastic DIP

MAX471ESA -40°C to +85°C 8 SO
MAX472CPA 0°C to +70°C 8 Plastic DIP
MAX472CSA 0°C to +70°C 8 SO
MAX472EPA -40°C to +85°C 8 Plastic DIP
MAX472ESA -40°C to +85°C 8 SO

MAX472 Pin Configuration continued on last page.

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

ELECTRICAL CHARACTERISTICS—MAX471
(RS+ = +3V to +36V, TA = TMIN to TMAX, unless otherwise noted . Typ ica l va lues are a t TA = +25°C .)

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device . These are stress ratings only, and functiona l
operation of the device at these or any other cond itions beyond those ind icated in the operationa l sections of the spec ifications is not imp lied . Exposure to
absolute maximum rating cond itions for extended periods may affect device re liab ility.

Supp ly Voltage , RS+ , RS-, VC C to G ND ....................-0.3V, +40V
RMS Current, RS+ to  RS- (MAX471 only) .......................... ±3.3A
Peak Current, (RS+ to RS-) ......................................see F igure 5
D ifferentia l Input Voltage , RG1 to RG2 (MAX472 only) ..... ±0.3V
Voltage a t Any Pin Excep t SIG N

MAX471 only ...........................................-0.3V to (RS+ - 0.3V)
MAX472 only ..........................................-0.3V to (VC C + 0.3V)

Voltage a t SIG N ......................................................-0.3V to +40V
Current into SHDN , G ND , O UT, RG1, RG2, VC C ................±50mA
Current into SIG N ................................................. +10mA , -50mA

Continuous Power D issipa tion (TA = +70°C)
MAX471 (Note 1):
Plastic DIP (dera te 17.5mW/°C above +70°C) ..................1.4W
SO (dera te 9.9mW/°C above +70°C) .............................791mW
MAX472 :
Plastic DIP (dera te 9.09mW/°C above +70°C) ..............727mW
SO (dera te 5.88mW/°C above +70°C) ...........................471mW

O pera ting Tempera ture Ranges
MAX47_C_A ........................................................0°C to +70°C
MAX47_E_A .....................................................-40°C to +85°C

Junc tion Tempera ture Range ............................-60°C to +150°C
Storage Tempera ture Range .............................-60°C to +160°C
Lead Tempera ture (soldering , 10sec) ............................. +300°C

VSHDN = 2.4V

ILO AD = 0A , exc ludes ISIG N

VSHDN = 0V

VSHDN = 2.4V; VC C = 3V to 20V

VSIG N = 0.3V

VSIG N = 36V

ILO AD = 30mA ,
RS+ = 10V

MAX471E

MAX471C

ILO AD = 0A , 
RS+ = 10V

ILO AD = 1A ,
RS+ = 10V

3V ≤ RS+ ≤ 36V, ILO AD = 1A

CONDITIONS

V0 VRS+ - 1.5VO UTO UT Output Voltage Range

µA1.0IIHSHDN Input H igh Current

V2.4VIHSHDN Input H igh Voltage

µA1.0IILSHDN Input Low Current

V0.3VILSHDN Input Low Voltage

µA1.5 18.0IRS+(SHDN)Shutdown Supp ly Current

mA0.1IOLSIG N Sink Current

µA1.0SIG N Output Leakage Current

mA
±4.0 ±6.0SIG N Threshold (ILO AD required

to switch SIG N)

%/V0.1PSRRPower-Supp ly Re jec tion Ra tio

ARMS±3ILO ADSense Current

V

50 113IRS+

3 36VRS+Supp ly Voltage

Supp ly Current

µA
±3.0

Low-Leve l O UT Error
±2.5

µA
3.0

No-Load O UT Error

mΩ35 70RSENSESense Resistor
0.490 0.500 0.510

mA/A
0.4875 0.500 0.5125

IO UT/
ILO AD

Current-Sense Ra tio

2.5

UNITSMIN TYP MAXSYMBOLPARAMETER

O UT Output Resistance RO UT ILO AD = 3.0A , VO UT = 0V to (VRS+ - 1.5V) 1 3 MΩ

O UT Rise , Fa ll Time tR, tF
ILO AD = 50mA to 3.0A , RO UT = 2kΩ, 
C O UT = 50pF , 10% to 90% 4 µs

O UT Se ttling Time to 1% 
of F ina l Va lue ts

ILO AD = 100mA to 3.0A , RO UT = 2kΩ, 
C O UT = 50pF 15 µs

MAX471C

MAX471C

MAX471C

MAX471E

MAX471E

MAX471E

±7.0

µA

Note 1: Due to spec ia l packag ing considera tions, MAX471 (DIP, SO) has a higher power d issipa tion ra ting than the MAX472.  RS+
and RS- must be soldered to large copper traces to achieve this d issipa tion ra ting .
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ELECTRICAL CHARACTERISTICS—MAX472
(VC C = +3V to +36V, RG1 = RG2 = 200Ω, TA = TMIN to TMAX, unless otherwise noted . Typ ica l va lues are a t TA = +25°C .)

Note 2: VOS is de fined as the input voltage (VSENSE) required to g ive minimum IO UT.
Note 3: VSENSE is the voltage across the sense resistor.

VSHDN = 2.4V

MAX472C

VSHDN = 0V

ILOAD = 0A , excludes ISIGN; VC C = 3V to 20V

VSHDN = 2.4V; VC C = 3V to 20V

VSIG N = 0.3V

VSIG N = 36V

VC C = 10V,
VSENSE = 3mV

VC C = 10V

MAX472E

IRG1 - IGR2

3V ≤ VC C ≤ 36V, VSENSE = 100mV

CONDITIONS

V0 VC C - 1.5VO UTO UT Output Voltage Range

µA1.0IIHSHDN Input H igh Current

V2.4VIHSHDN Input H igh Voltage

µA1.0IILSHDN Input Low Current

V0.3VILSHDN Input Low Voltage

µA1.5 18.0IC C(SHDN)Shutdown Supp ly Current

mA0.1SIG N Output Sink Current

µA1.0SIG N Output Leakage Current

µV
60 140

SIG N Threshold (VSENSE
required to switch SIG N)

60 120

%/V0.1PSRRPower-Supp ly Re jec tion Ra tio

120

µA20 48IC C

V3 36VC CSupp ly Voltage

Supp ly Current

µA
±3.0

Low-Leve l O UT Error
±2.5

µA
2.5

µV
140

VOS
Input O ffse t Voltage
(Note 2)

µA20 35IRG1, IRG2Input B ias Current

µA±0.4 ±3.0IOSInput B ias-Current Ma tching

UNITSMIN TYP MAXSYMBOLPARAMETER

O UT Output Resistance RO UT IO UT = 1.5mA 1 3 MΩ

O UT Rise , Fa ll Time tR, tF
VSENSE = 5mV to 150mV, RO UT = 2kΩ, 
C O UT = 50pF , 10% to 90% 4 µs

O UT Se ttling Time to 1% 
of F ina l Va lue ts

VSENSE = 5mV to 150mV, RO UT = 2kΩ, 
C O UT = 50pF 15 µs

Maximum Output Current IO UT 1.5 mA

MAX472C

MAX472E

MAX472C

MAX472E

VC C = 10V,
VSENSE = 0V 3

No-Load O UT Error
MAX472C

MAX472E

VSENSE = 100mV, 
VC C = 10V (Note 3)IRG/IO UTO UT Current Accuracy

MAX472C
%

±2

MAX472E ±2.5
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__________________________________________Typical Operating Characteristics
(Typ ica l O pera ting C ircuit (MAX471) or c ircuit of F igure 4, RG1 = RG2 = 200Ω, RO UT = 2kΩ (MAX472), TA = +25°C , unless 
otherwise noted .)
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____________________________Typical Operating Characteristics (continued)
(Typ ica l O pera ting C ircuit (MAX471) or c ircuit of F igure 4, RG1 = RG2 = 200Ω, RO UT = 2kΩ (MAX472), TA = +25°C , unless 
otherwise noted .)

100µs/div

VCC = 10V, ROUT = 2kΩ 1%, SIGN PULL-UP = 50kΩ 1%

�

�

LOAD�
CURRENT�
50mA/div
�

VOUT�
50mV/div

MAX471�
 0mA to 100mA TRANSIENT RESPONSE

0A

10µs/div

ILOAD = 1A, ROUT = 2kΩ 1%

�

VOUT�
500mV/div

MAX471�
 START-UP DELAY

�

VSHDN�
5V/div

10µs/div

ROUT = 2kΩ 1%

�

ILOAD�
1A/div

MAX471�
 0A TO 3A TRANSIENT RESPONSE

�

VOUT�
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100µs/div
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�
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�

SIGN�
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_______________Detailed Description
The MAX471 and MAX472 curren t-sense amp l if ier’s
unique topology a llows a simp le design to accura te ly
monitor current flow. The MAX471/MAX472 conta in two
amp lifiers opera ting as shown in F igures 1 and 2. The
b a tt ery/loa d curren t f lows from RS +  to RS- (or v i c e
versa) through RSE NSE . C urrent flows through e ither
RG1 and Q1 or RG2 and Q2, depend ing on the sense-
resistor current d irec tion. Interna l c ircuitry, not shown in
F igures 1 and 2, prevents Q1 and Q2 from turning on a t
t h e  s a m e  t i m e .   T h e  M A X 4 7 2  i s  i d e n t i c a l  t o  t h e
MAX471, excep t tha t RSENSE and ga in-se tting resistors
RG1 and RG2 are externa l (F igure 2).
To ana lyze the c ircuit of F igure 1, assume tha t current
flows from RS+ to RS- and tha t O UT is connec ted to
G N D through a res istor. In th is c ase , amp lifier A1 is
ac tive and output current IO UT flows from the emitter of
Q1. Since no current flows through RG2 (Q2 is off), the
ne g a tive input of A1 is e qua l to VS O UR C E - (IL O A D x
RSENSE). The open-loop ga in of A1 forces its positive
input to essentia lly the same leve l as the nega tive input.
T h e r e f or e ,  t h e  d ro p  a c ro s s  R G 1  e q u a l s  I L O A D x
RSE NSE . Then , s inc e IO UT flows through Q 1 and R G
(ignoring the extreme ly low base currents), IO UT x RG1
= ILO AD x RSENSE , or: 

IO UT = (ILO AD x RSENSE) / RG1

Current Output
The output voltage equa tion for the MAX471/MAX472 is
g iven be low. In the MAX471, the current-ga in ra tio has
b e e n pre s e t  to 500µ A /A so th a t  a n ou t p u t  re s is tor
(RO UT) of 2kΩ yie lds 1V/A for a full-sca le va lue of +3V
a t ±3A . O ther full-sca le voltages can be se t with d iffer-
en t R O UT va lues ,  bu t the ou t pu t vo lt a g e c an b e  no
grea ter than VRS+ - 1.5V for the MAX471 or VRG_ - 1.5V
for the MAX472.

VO UT = (RSENSE x RO UT x ILO AD) / RG
where V O UT =  the d es ire d fu ll-sc a le ou tpu t vo lta g e ,
ILO AD = the full-sca le current be ing sensed , RSENSE =
the current-sense resistor, RO UT = the voltage-se tting
resistor, and RG = the ga in-se tting resistor (RG = RG1
= RG2).
The above equa tion can be mod ified to de termine the
RO UT required for a particular full-sca le range:

RO UT = (VO UT x RG) / (ILO AD x RSENSE)
For the MAX471, this reduces to: 

RO UT = VO UT / (ILO AD x 500µA/A)
O UT is a h igh-imp e d anc e current-sourc e output tha t
can be connec ted to other MAX471/MAX472 O UT p ins

Precision, High-Side 
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______________________________________________________________Pin Description

Load side of the interna l current-sense resistor. The “-” ind ica tes d irec tion of flow for SIG N
output only. Connec t p ins 6 and 7 toge ther a t the package .RS-6, 7

G a in Resistor. Connec t to load side of current-sense resistor through the ga in resistor.RG2—

Power input for MAX472. Connec t to sense resistor (RSENSE) junc tion with RG1.VC C—

Current output tha t is proportiona l to the magnitude of the sensed current flowing through
RSENSE . A 2kΩ resistor from this p in to ground will result in a voltage equa l to 1V/Amp of
sensed current in the MAX471.

O UT8

G a in Resistor. Connec t to ba ttery side of current-sense resistor through the ga in resistor.RG1—

Ground or Ba ttery Nega tive Termina lG ND4

An open-collec tor log ic output. For the MAX471, a low leve l ind ica tes current is flowing from
RS- to RS+ . For the MAX472, a low leve l ind ica tes a nega tive VSENSE (see F igure 2). SIG N is
high impedance when SHDN is high.  Leave open if SIG N is not needed .

SIG N5

No Connec t—no interna l connec tionN . C .—

Ba ttery (or power) side of the interna l current-sense resistor. The “+” ind ica tes d irec tion of
flow for SIG N output only. Connec t p ins 2 and 3 toge ther a t the package .RS+2, 3

Shutdown. Connec t to ground for norma l opera tion. When high, supp ly current is 
less than 5µA . SHDN1

FUNCTION
MAX471

NAME

—

6

7

8

3

4

5

2

—

PIN

1

MAX472
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MAX471

Q2

8

5

OUT

SIGN

6, 7 RS-2, 3RS+

Q1

COMP

A2

RG2RG1

A1

RSENSE

MAX472

Q2

8

5

OUT

SIGN

TO LOAD/CHARGERPOWER SOURCE�
OR�

BATTERY

Q1

COMP

A2

RG2RG1

A1

RSENSE

3 6

VSENSE

VCC
7

F igure 1.  MAX471 Func tiona l D iagram

F igure 2.  MAX472 Func tiona l D iagram
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f or c urr e n t  summ i n g .  A  s i n g l e  s c a l i n g  r e s i s t or i s
re qu ire d when summ ing O UT currents from mu ltip le
devices (F igure 3).  Current can be integra ted by con-
nec ting O UT to a capac itive load .

SIGN Output
The current a t O UT ind ica tes magnitude . The SIG N out-
put ind ica tes the current’s d irec tion. O pera tion of the
SIG N compara tor is stra ightforward . When Q1 (F igures
1 and 2) conduc ts, the output of A1 is high while A2’s
output is zero. Under this cond ition, a high SIG N output
ind ica tes positive current flow (from RS+ to RS-). In ba t-
tery-op era te d systems , th is is use fu l for d e term in ing
whe ther the b a ttery is charg ing or d ischarg ing . The
SIG N output may not correc tly ind ica te if the load cur-
rent is such tha t IO UT is less than 3.5µA . The MAX471’s
SIG N output accura te ly ind ica tes the d irec tion of cur-
rent flow for load currents grea ter than 7mA .
SIG N is an open-collec tor output (sinks current only),
a llowing easy interface with log ic c ircuits powered from
any vo lta g e . C onne c t a  100kΩ pu l l-up res is tor from
SIG N to the log ic supp ly . The convention chosen for
the polarity of the SIG N output ensures tha t it draws no
current when the ba ttery is be ing d ischarged . If current
d irec tion is not needed , floa t the SIG N p in.

Shutdown
When SH D N is h igh , the MAX471/MAX472 are  shu t
down and consume less than 18µA . In shutdown mode ,
SIG N is high impedance and O UT turns off.

__________Applications Information
MAX471

The MAX471 ob ta ins its power from the RS- p in. This
inc ludes MAX471 current consump tion in the tota l sys-
tem current measured by the MAX471. The sma ll drop
a cross RSENSE does not a ffe c t the MAX471’s p erfor-
mance .

Resistor Selection 
Since O UT de livers a current, an externa l voltage ga in-
se tting resistor (RO UT to ground) is required a t the O UT
p in in order to ge t a voltage . RSENSE is interna l to the
MAX471. RG1 and RG2 are fac tory trimmed for an out-
pu t curren t ra t io (ou t pu t curren t to loa d curren t) o f
500µA /A . S inc e they are  manu f a c ture d o f the same
ma teria l and in very c lose proximity on the chip , they
provide a high degree of tempera ture stab ility. Choose
RO UT for the desired full-sca le output voltage up to RS-
- 1.5V (see the Current Output sec tion).
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F igure 3.  Para lle ling MAX471s to Sense H igher Load Current F igure 4.  MAX472 Standard App lica tion C ircuit



Peak Sense Current
The MAX471’s maximum sense current is 3ARMS.  For
power-up , fault cond itions, or other infrequent events,
larg er p e ak currents are a llowe d , prov id e d they are
short—that is, within a safe operating reg ion, as shown
in F igure 5.

MAX472
RSE NSE , R G 1 , and R G 2 are externa lly conne c te d on
th e  M A X472 .  V C C c a n b e  c onn e c t e d  to e i th er th e
load/charge or power-source/ba ttery side of the sense
re s i s t or .  C onn e c t  V C C t o t h e  l o a d / c h arg e  s i d e  o f
RSENSE if you want to inc lude the MAX472 current dra in
in the measured current.

Suggested Component Values 
for Various Applications

The genera l c ircuit of F igure 4 is useful in a wide variety
of app lications. It can be used for high-current app lica-
tions (greater than 3A), and a lso for those where the full-
sca le load current is less than the 3A of the MAX471.

Tab le 1 shows suggested component va lues and ind i-
cates the resulting sca le factors for various app lications
required to sense currents from 100mA to 10A .
H igher or lower sense-current c ircuits can a lso be built.
Se lec t components and ca lcula te c ircuit errors using
the guide lines and formulas in the following sec tion.

RSENSE
Choose RSENSE based on the following criteria:
a) Voltage Loss: A high RSENSE va lue will cause the

power-source voltage to degrade through IR loss .
For least voltage loss, use the lowest RSENSE va lue .

b) Accuracy: A  h i g h RS E N S E v a l u e  a l l ows l ow er 
currents to be measured more accura te ly.  This is
because offse ts become less significant when the
sense voltage is larger.

c) Efficiency and Power Dissipation: A t high current
leve ls, the I2R losses in RSENSE may be significant.
T a k e  th is in to c ons i d era t ion wh e n c hoos in g  th e
resistor va lue and power d issipa tion (wa ttage) ra t-
ing .  A lso, if the sense resistor is a llowed to hea t up
excessive ly, its va lue may drift.

d) Inductance: If there is a large high-frequency com-
ponent to ISENSE , you will want to keep induc tance
low . Wire-wound resistors have the highest induc-
t anc e , wh i le me t a l f i lm is somewha t b e tt er. Low-
induc tance me ta l-film resistors are ava ilab le . Instead
of be ing sp ira l wrapped around a core , as in me ta l-
f i lm or w ire-wound res is tors , these are  a  s tra igh t
band of me ta l. They are made in va lues under 1Ω.

e) Cost: If the cost of RSENSE becomes an issue , you
may want to use an a lterna tive solution, as shown in
F igure 6. This solution uses the PC board traces to
crea te a sense resistor. Because of the inaccurac ies
of the copper “resistor,” you will need to ad just the
full-sca le current va lue with a potentiome ter. A lso ,
the resistance tempera ture coe ffic ient of copper is
fa irly high (approxima te ly 0.4%/°C), so systems tha t
experience a wide tempera ture variance should take
this into account.
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Table 1.  Suggested Component Values for the MAX472
FULL-SCALE

LOAD
CURRENT, 
ISENSE (A)

CURRENT-
SENSE

RESISTOR,
RSENSE

(mΩ)

GAIN-SETTING
RESISTORS,
RG1 = RG2 

(Ω)

OUTPUT 
RESISTOR,

ROUT
(kΩ)

FULL-SCALE
OUTPUT

VOLTAGE, 
VOUT (V)

SCALE
FACTOR,

VOUT/ISENSE
(V/A)

0.1 500 200 10 2.5 25
1 50 200 10 2.5 2.5
5 10 100 5 2.5 0.5

10 5 50 2 2 0.2

0.9
0.9
1.1
1.6

14 2.5
14 2.5
13 2.0
12 2.0

TYPICAL ERROR AT X% 
OF FULL LOAD (%)

1% 100%10%

50

45

0
10µ

5

40

PULSE WIDTH (sec)

DIP safe�
operating region

Small Outline safe�
operating region

SE
NS

E 
CU

RR
EN

T 
(A

)

100µ 1m 10m

30

35

15

20

25

10

DIP�
    fuse�

        time

Small�
  Outline�
       fuse�
           time

TA = +25°C

F igure 5.  MAX471 Pulse Current Sa fe O pera tion for 10,000
Pulses and Fuse Time for Continuous Current. Pulse tests done
with 250mW average power d issipa tion.
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2 In F igure 6, assume the load current to be measured is

10A and tha t you have de termined a 0.3 inch wide , 2
ounce copper to be appropria te . The resistivity of 0.1
inch wide , 2 ounce copper is 30mΩ/ft (see Note 4). For
10A you may want RSENSE = 5mΩ for a 50mV drop a t
full sca le . This resistor will require about 2 inches of 0.1
inch wide copper trace . 

RG1 and RG2
Once RSENSE is chosen, RG1 and RG2 can be chosen
to de fine the current-ga in ra tio (RSENSE/RG). Choose
RG = RG1 = RG2 based on the following criteria:
a) 1Ω Input Resistance. The minimum RG va lue is lim-

ited by the 1Ω input resistance , and a lso by the out-
put current limita tion (see be low). As RG is reduced ,
the input resistance becomes a larger portion of the
tota l g a in-se tt ing res istanc e . W ith R G  =  50Ω, the
input resistance produces a 2% d ifference be tween
the expec ted and ac tua l current-ga in ra tio. This is a
ga in error tha t does not a ffec t linearity and can be
removed by ad justing RG or RO UT.

b) Efficiency. As RG is reduced , IO UT ge ts larger for a
g iven load current. Power d issipa ted in RO UT is not
going to the load , and there fore reduces overa ll e ffi-
c iency. This is significant only when the sense cur-
rent is sma ll.

c) Maximum Output Current Limitation. IO UT is limit-
ed to 1 .5mA , requiring RG ≥ VSENSE / 1 .5mA . For
VSENSE = 60mV, RG must be ≥ 40Ω.

d) Headroom. The MAX472 re qu ires a  m in imum o f
1 .5V b e twe en the lower o f the vo lta g e a t R G 1 or
RG2 (VRG_) and VO UT. As RG becomes larger, the
voltage drop across RG a lso becomes larger for a
g iven IO UT. This voltage drop further limits the maxi-
mum fu l l-sc a le V O UT . Assum ing the drop a cross
RSENSE is sma ll and VC C is connec ted to e ither side
of RSENSE , VO UT (max) = VC C - (1.5V + IO UT (max) x
RG).

e) Output Offset Error at Low Load Currents. Large
RG va lues reduce IO UT for a g iven load current. As
IO UT ge ts sma ller, the 2.5µA max output offse t-error
current becomes a larger part of the overa ll output
current. Keep ing the ga in high by choosing a low
va lue for RG minimizes this offse t error.

f) Input Bias Current and Input Bias Current
Mismatching. The size of RG a lso a ffec ts the errors
in troduc e d by the inpu t b ias and inpu t b ias m is-
ma tching currents. A fter se lec ting the ra tio, check to

make sure RG is sma ll enough tha t IB and IOS do
not add any apprec iab le errors. The full-sca le error
is g iven by:

% Error = (RG1 - RG2) x IB + IOS x RG  x 100
IFS x RSENSE

where RG1 and RG2 are the ga in resistors , IB is the
b ias current, IOS is the b ias-current misma tch, IFS is the
full-sca le current, and RSENSE is the sense resistor.
Assuming a 5A load current, 10mΩ RSENSE , and 100Ω
RG , the current-ga in ra tio is 100µA/A , yie ld ing a full-
sca le IO UT of 500µA . Using the maximum va lues for IB
(20µA) and IOS (2µA), and 1% resistors for RG1 and
R G 2 (R G 1 - R G 2 =  2Ω), the wors t-c ase error a t fu ll
sca le ca lcula tes to:

2Ω x 20µA + 100Ω x 2µA =  0.48%
5mΩ x 5A

The error may b e re duc e d by: a) b e tter ma tch ing of
RG1 and RG2, b) increasing RSENSE , or c) decreasing
RG .

Current-Sense Adjustment 
(Resistor Range, Output Adjust)

Choose RO UT a fter se lec ting RSENSE , RG1, and RG2.
C hoos e  R O U T to o b t a in th e  fu l l-s c a l e  vo l t a g e  you
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Note 4: Printed C ircuit Design, by G era ld L. G insberg; Mc Graw-H ill, Inc .; page 185.
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F igure 6.  MAX472 Connec tions Showing Use of PC Board
Trace



r e q u ir e ,  g i v e n  t h e  f u l l-s c a l e  I O U T d e t e rm i n e d  b y
RSENSE , RG1, and RG2. The high comp liance of O UT
p erm its us ing R O UT va lues up to 10kΩ w ith m in ima l
error. Va lues above 10kΩ are not usua lly recommend-
ed . The impedance of O UT’s load (e .g ., the input of an
op amp or A D C) mus t b e  much gre a t er than R O UT
(e .g . , 100 x RO UT) to avo id d e gra d ing the me asure-
ment accuracy.

High-Current Measurement
The MAX472 can achieve higher current measurements
than the MAX471 can. Low-va lue sense resistors may
b e p ara lle le d to ob ta in even lower va lues , or the P C
board trace may be ad justed for any va lue .
An a lterna tive me thod is to connec t severa l MAX471s in
p ara l l e l  a n d  c onn e c t  th e  h i g h- im p e d a n c e  c urre n t-
source O UT p ins toge ther to ind ica te the tota l system
curren t (F igure 3). Pay a tten t ion to layou t to ensure
e qua l IR drops in the p ara lle le d conne c t ion . Th is is
necessary to achieve equa l current sharing .

Power-Supply Bypassing and Grounding
The MAX471 has been designed as a “high side” (posi-
t i v e  t e rm i n a l) c urre n t  mon i t or t o e a s e  t h e  t a sk  o f
ground ing any b a ttery charg er, therm is tor, e tc . tha t
m a y b e  a  p art  o f  th e  b a t t ery p a c k .  G roun d in g  th e
MAX471 re qu ires no sp e c ia l pre c au t ions; fo llow the
same cautionary steps tha t app ly to the system as a
whole . H igh-current systems can experience large volt-
age drops across a ground p lane , and this drop may
add to or sub trac t from VO UT. For highest current-mea-
surement accuracy, use a sing le-point “star” ground .

The MAX471/MAX472 re qu ire no sp e c ia l byp ass ing ,
and respond quickly to transient changes in line cur-
rent. If the noise a t O UT caused by these transients is a
prob lem, you may want to p lace a 1µF capac itor a t the
O UT p in to ground . You can a lso p lace a large capac i-
tor a t the RS- termina l (or “load” side of the MAX472) to
d e coup le the loa d and , there by , re duc e the current
tr a ns i e n t s .  Th e s e  c a p a c i t ors  a re  no t  r e q u ir e d  f or
MAX471/MAX472 opera tion or stab ility , and the ir use
will not degrade performance .
For the MAX472, the RG1 and RG2 inputs can be fil-
tered by p lac ing a capac itor (e .g ., 1µF) be tween them
to average the sensed current.

MAX471 Layout
The MAX471 must be soldered in p lace , since socke ts
c an c ause uneven current sharing b e twe en the RS+
p ins (p ins 2 and 3) and the RS- p ins (p ins 6 and 7),
resulting in typ ica l errors of 0.5%.
In ord er to d iss ip a t e sense-res is tor he a t from larg e
sense currents, solder the RS+ p ins and the RS- p ins to
larg e cop p er tra c es . K e e p the p art away from other
he a t-g enera ting d ev ic es . Th is proc e dure w ill ensure
continuous power d issipa tion ra ting .
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