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APPLICATION NOTE 5095

DC Error Budget Calculator Simplifies Selection of
Optimal Current-Sense Amplifiers

By: Akshay Bhat, Senior Strategic Applications Engineer
Apr 09, 2013

Abstract: This article describes a systematic approach for calculating the total DC error budget of a current-sense
amplifier (CSA). The individual sources of error are discussed and a method for estimating the total error budget is
presented. Finally, a step-by-step process explains how to use calculator software, developed to help quickly compute
the total error of the selected CSA.

A similar version of this article appeared in German in the February 6, 2013 issue of Elektronikpraxis magazine.

Introduction

Integrated current-sense amplifiers (CSAs) are frequently used to measure the current flow in electronic circuits. They
amplify the small voltage drop across a sense resistor inserted in the current path to perform critical system-level
functions. Examples include overcurrent-protection and supervising devices, programmable current sources, linear and
switch-mode power supplies, battery chargers, and fuel gauges. While the required current-sense specifications and
implementation schemes are as diverse as these applications themselves, analysis of the CSA error budget is a
fundamental component of every design. A thorough understanding of CSA error specifications and their interactions
will prove immensely helpful when selecting the appropriate device for an application. Needless to say, that
understanding will also minimize last-minute design iterations.

This article discusses CSA error sources and outlines a methodology for estimating the total error budget. A step-by-
step process explains how to use calculator software developed by Maxim Integrated. With a simple web-based GUI,
this software determines the total DC error budget for any selected Maxim CSA. An application example will familiarize
the reader with the basic operation of the calculator. Design tips and message flags will alert you to any circuit
conditions that are inconsistent with the CSA's specifications.

Error Sources in a Current-Sense Amplifier

There are several sources of DC error prevalent in a CSA. Each is reviewed briefly.

Input Offset Voltage

Similar to an op amp, the input offset voltage (Vos) of a CSA is defined as the voltage that must be applied across the
CSA's inputs to drive the output voltage to zero. Offset errors are usually not measured directly, because in single-
supply situations the output of the CSA cannot go below the output voltage low (Vo) limit. Hence, the input Vos is
more accurately inferred as the intersection between the linear regression of the observed Voyt and the Vsense
transfer curve on the Vsgnsg axis as shown in Figure 1.
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Figure 1. A plot of output voltage versus sense voltage is used to determine the offset voltage.

If VouT1 is the measured output voltage with Vsense = Vsensel, and if Voutz is the measured output voltage with
VseNse = Vsense2, then Vos can be calculated with the following formula:

VSENSEZR - VSENSET »

VouTi Eqg. 1
VouTz - VouTi (Ea-1)

Vos = VSENSET - [

The output-referred offset error in the CSA that results from the input offset voltage is given as:
ERRORyos = G x Vos (Eq. 2)

Where G = expected gain of the amplifier.

One method to minimize the offset-voltage-error component is to choose a larger value of sense resistor. The larger
value develops a higher sense voltage, thereby reducing the offset-voltage-error component from the error budget.
There is a caveat, however. Selecting an external Rsgnsg resistor is a delicate balance between an acceptable
voltage drop or power dissipation across the resistor and the offset error of the CSA. For high-current precision
applications where a larger sense resistor cannot be used, a precision CSA can be a better option.

Gain Error

Gain error is defined as the percentage deviation of the observed differential gain with respect to the ideal differential
gain of the CSA. The ideal gain is either internally fixed or set by the ratio of external resistors. Gain error is specified
by:

OBSERVED GAIN - EXPECTED GAIN
EXPECTED GAIN

GE (%) = 100 (Eq. 3)

Where the observed gain is obtained from Figure 1 as:

VouTtz -V
OBSERVED GAIN = ——u12” (OUT1_ (Eq. 4)
VSENSEZ - VSENSE1

Gain error thus measures the percent deviation of the observed slope of the transfer function with respect to the ideal
slope.

The output referred error resulting from the gain error component is specified as:

G = VgENSE * GE(%)
100

ERRORzAIN = (Eq. 5)
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Gain Nonlinearity

A perfectly linear CSA exhibits a constant slope in the transfer curve. Usually the gain nonlinearity is negligible,
compared to the offset and gain error, if the output swing is within the linear region. (This region will be specified by
the Output Voltage High and Output Voltage Low specifications on the CSA's data sheet.) Hence, the error from gain
nonlinearity can be safely ignored during total error budget calculations.

Common-Mode Rejection Ratio

The common-mode rejection ratio (CMRR) measures the ability of the CSA to reject any variation in the input signals
that is common to both the inputs. The CMRR specification in a data sheet is usually referred to the input. CMRR is
defined by the formula:

DIFFEREMTIAL GalM
] (Eq. 6)

CMRR = 20log10 [CDMMON-MODE GAIN

The maximum output referred error from common-mode input voltage variation is specified as:

ERRORcMRR = G x Maximum [Abs Value (Min Vcum - Data Sheet Vcm), Abs Value _
(Max Vcm - Data Sheet V)] x 10-CMRR/20 (Ea. 7)

Where:

Data sheet Vcpm = common-mode voltage at which the CSA's gain error and offset error are characterized on the data
sheet.

Min Vcm = minimum common-mode voltage applied in the user's circuit.

Max Vcm = maximum common-mode voltage applied in the user's circuit.

Power-Supply Rejection Ratio

The power-supply voltage rejection ratio (PSRR) measures the ability of the CSA to reject any variation of the supply
voltage, Vcc. The PSRR specification on a data sheet is usually referred back to the input so that its effect can be
compared with the applied differential signal. The maximum output referred error from a variation in the supply voltage
is specified as:

ERRORpsrR = G x Maximum [Abs Value (Min Vpp - Data Sheet Vpp), Abs Value o,
(Max Vpp - Data Sheet Vpp)] x 10-PSRR/20 q.

Where:

Data sheet Vpp = supply voltage at which the CSA's gain error and offset error are characterized on the data sheet.
Min Vpp = minimum supply voltage as applied in the user's circuit

Max Vpp = maximum supply voltage as applied in the user's circuit

Sense Resistor Tolerance

Since most CSAs use an external current-sense resistor, the tolerance of the sense resistor must be also taken into
account while computing the total error budget. Use tight tolerance resistors to minimize this error component.
Additionally, for high-current applications, it is strongly recommended that 4-wire Kelvin connection resistors be used
for best results.

The output referred error from the sense resistor's tolerance is given as:

G x IsensE * RsENSE TOL (%)
ERRORsENSE = 150 (Eq. 9)
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Output Resistor Tolerance

CSAs with current output such as the MAX9934 are often used with a termination resistor that converts the output
current to a voltage. Current output has a notable advantage: multiple CSAs can be multiplexed on the same
termination resistor. Another advantage of a current-output architecture is that it makes the CSA relatively immune to
ground bounce errors if the output resistor is terminated to the ADC ground. Output-resistor tolerance is, however,
another component that must be considered in the total error calculations. The error from the output resistor tolerance
is given as:

IsENSE * RsensE # Gu = Rour # Rout ToL (%)
100

ERRORoP _res = (Eq. 10)

Where Gy = transconductance gain.

System Error Budget

Designers often find it tempting to use the worst-case approach to compute the total error from the CSA. In this
approach, the total error is computed as a simple summation of all the individual error sources. While the worst-case
method guarantees that the error limit is never exceeded, more often than not it produces an overly conservative and
inaccurate estimate. An implicit assumption made in the worst-case method is that all the individual error sources are
correlated and have the same polarity.

An alternative approach is the root sum of squares (RSS) analysis. Here, the total error is the square root of the sum
of squares of the individual error. RSS is based on the fact that while adding two distributions of random (normally
distributed or Gaussian) measurements, the standard deviation of the resulting distribution is equal to the square root
of the sum of the squares of the standard deviations of the initial distributions. The RSS method is more realistic than
the worst-case method when the individual error sources are uncorrelated, as in the case of a CSA. If the guaranteed
worst-case numbers of individual errors are used, then RSS analysis yields the most reasonable result.

An interesting fact about the RSS method is that, although it results in a total error that is greater than the individual
error terms, the dominant error term often overshadows all the other terms.

Using the RSS method, the total error budget for a voltage-output CSA is given as:

Eq.

ERRORTAT = J (ERRORyns)? + (ERRORzan)? + (ERRORcMRR)Z + (ERRORpsRR)? + (ERRORsENSEN ( 11)

Using the RSS method, the total error budget for a current-output CSA is given as:

ERRORroT = |/ (ERRORy0s)? * (ERRORGaN)? + (ERRORGyRR)? + (ERRORpsrr)? + (ERRORseNsE)? + (ERRORop_res)? (EQ. 12)

It is imperative with these calculations that all the error sources are referred to the same node, usually either the input
or the output. This is important because CSAs usually have a gain greater than unity, so the absolute size of the
output error is bigger than the input error magnitude.

Current-Sense Error Budget Calculator

A new calculator has been developed by Maxim Integrated to assist the designer in estimating the total error of the
selected CSA. Available at no cost, the software only requires the user to input a few fields of application-specific
information. It automatically prefills the relevant specifications from the selected CSA's data sheet and outputs the
expected maximum total error using the RSS method. The calculator also flags the user if inadvertent mistakes are
made when data is entered. For example, it will alert the user if the input sense voltage exceeds the recommended
full-scale sense voltage, if the supply voltage is out of range, if the output swing constraints are not met, and so on.

To get started with the tool, click on the following link (www.maximintegrated.com/tools/calculators/current-sense-
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error/index.cfm) and follow the instructions below:

Using the Current-Sense Error Budget Calculator
Consider the design of an overcurrent protection circuit that requires a CSA to meet the following specifications:

Input trip point = 50A (unidirectional)

Sense-resistor tolerance = 0.5%

Sense resistor = < 1mQ

Supply voltage range = 4.5V to 5.5V

Input common-mode voltage range = 12V to 18V

Total error budget = < 2%, which implies a CSA gain error < 2% and Vos < 1mV since the individual errors
cannot exceed the total error budget

- P 20 T o

Step 1. Parametric search

Based on the above criteria, a parametric search shortlists the following candidate CSAs: MAX9922, MAX9918,
MAX9929F, MAX4080, MAX4373, and MAX4172.

Step 2. Current-sense error calculator inputs

To narrow the above list based on the total error budget, use the current-sense error budget calculator. Select one of
the CSAs from the Maxim CSA Device Number drop-down box and enter the application-specific input parameters
(Figure 2).

Maxim CSA Device Number: (MBI v Fesel

| USER INPUT PARAMETERS (ENTER DATA SPECIFIC TO THE APPLICATION CIRCIT) l Enter &ll Values:
Current Sense Resistor, Rsgnse - must ba == 0.0001 ohms 0.001 | @hms
Sanse Resistor Tolerance - from resistor datasheet - range: 0 to 10 % 05 =
Load Current, Iggysg - must be greater than zero B0 Amps
Minimum Power Supply - range: 2,95 te 5.5 valts 45 | vols
Maximum Power Supply - range: .85 to 5.5 volts 5.5 | valts
Minimum Input Common Mode Yoltage - range: 1.9 to 28 velts 12 | vaolts
Maximum Input Common Mode Voltage - range: 1.9 to 28 wolts 16| volts

Figure 2. Input fields that must entered by the user.

Step 3. Verify the data sheet specifications

The calculator automatically fills in the maximum offset error, maximum gain error, CMRR, and PSRR specifications
from the selected CSA's data sheet. By default, these specifications correspond to T = 25°C, as illustrated in Figure 3
for the MAX9922 CSA.
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Maxim CSA Device Number: hAaa522 ¥ Fieset

USER INPUT PARAMETERS (ENTER DATA SPECIFIC TO THE APPLIHTIDN CIRCIT.'! Enter Al Values:
Current Sense Rasiﬁtnr, RegngE - must be == 0.0001 chms 0.001 | ohms
Sense Resistor Tolerance - from resistor datasheat - range: 0 to 10 % 05 =
Load Current, Isense - must be greater than zero 50 amps
Minirum Pawer Supply - rangs: 2.85 to 5.5 volts 45 | volts
Maximum Power SUpply - range: 2.85 to 5.5 volts 5.5 | valts
Minimum Input Common Mode Voltage - range: 1.9 to 28 velts 12 | vels
Maximum Input Common Mode Voltage - range: 1.9 te 28 volts 18 | velts

DATA SHEET PARAMETERS Enter Overrides:
CS Amplifier Gain - value iz adjustable 100 wiw Wi
CS Amplifier Maximum Gain Error - defsult is at T=25° C 04 % %
CS Amplifier Maximum Offset Error - defsult iz st T=25= ¢ 10 v re
PSRR - default is sk T=259 ¢ 99 dp dp
CMRR - defsult iz st Te25% C 140 dn de
Operating Temperature Range -4l 10 85 ec

Figure 3. Calculator prefills the relevant specifications from the selected CSA data sheet.

Now press the Calculate button to note the total error calculated by the software.

Step 4. Data sheet overrides

Even though the calculator prefills the gain, offset error, gain error, CMRR, and PSRR values from the data sheet, it is
flexible. You can replace those values with user-specified values, if necessary. For example, the designer might have
a provision to calibrate and remove the effect of offset voltage in software, in which case a nonprecision CSA may also
meet the error budget requirements. Another user may be more interested in worst-case temperature specs from a
data sheet instead of the default T = 25°C.

To substitute values for the prefilled numbers, use the Enter Overrides field to make application-specific adjustments.
Returning to the MAX9922 example, press the Calculate button resulted in the error shown in Figure 4. The calculator
prompts the user to reduce the gain because the output voltage cannot exceed the Output Voltage High limit of the
part.

Since the MAX9922's gain is adjustable, simply reduce the gain to 60V/V in the corresponding Data sheet Overrides
field. After updating the gain, Figure 5 shows the resulting total error budget.

PARAM [ P DATA SPECIF| Al A LT} Enter Al Vahues:
Current Sense RaSister, Pgpnig - it be >= 0,005 shims 0031 | b St Veltaga too high, Baduce terests gain, or rdkitands
Sonso Rosestor TOerancs - from sesivtor datacheat « seegar O to 10 % 05 =
Load Current, lppues - must be grester than gem B0 | mmipn DUIPYE Veltage tae high. Reduce ourrent, gain, or radtange.

Minifmum Power Supply - range: 289 ta 5.5 vl

Maximurm Power Supoly - rangei 289 b 5.9 eelty

Minimum Input Commcn Made Voltags - renpes 1.9 te 38 wohs

MM IRpuUt COMmon Mo VOILAgR - renge: 1.9 ta 39 valts
MATA SHEET PARAMETERS

©5 Ampbfier Gain - valus 0 sdurtabls 100w

C5 Aempbfier Maximum Gain Efee - defeul o ot T=28= 2 04 = = Wearing: Cwsdcs cormtriits e ek datafied.
5 denpbfier Maximum Offset Ermor - default is ot Ts29e ¢ 10w e ._L The resuk mas coloulsbed bt may be reald.
PSRR - dafaui is 9 Todse € P a® IS
CMRR - dafwolt Iy 3t To23s & 40 an | It E
Oparabng Tempsraturg Range 401085 =c

CALCULATED C54& MEASUREMENT ERRORS
5 Ideal Output VEEAOR (ear) - rangar BLET R 447 B el Chstput Vokege baa high. Radeos cumerd, guin, o seeivtencs.

Input Sense Voltage, Vg (awn) = full roale) 0,03 walts 005 vels
Ot Pedarmed Offset Eeror (wme) 0001 iy
Cupt Redfammed Gan EMmar (seg) 082 vese
O 4 i CMAR: Ermor i i) Q00036 ol
. PSRR ErTor (ceprma) 002888 vicis

RILOF O o

EBES]

CALCINLATEL ERBOR ILE TU SE x LR

Sense Resstor Tolerancs Bror - rmf, 1 isnie susat (0] 005 veis

Tatal BFror - sed, te Ieanss sutp i D036 vesns Sqri{oroe” earge " 2 #armime " 24t a2}
EREDOE BUDGET {% of 1des Dutput Foltaga)

More detailed image (PDF, 1.3MB)
Figure 4. Error message example if any of the device constraints are not satisfied.
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Maxim CSA Device Number: heAE922 -~ Fieset
Enkar Al Values:
Current Semse Resistor, Rspysg - must be == 0.0001 ahma 0.001 | ohms
Sense Resistor Tolerancs - from resistor datashast - range: 0 to 10 % 05| %
Load Current, Isgnse - rust ba graater than sans S0 | amps
Minimuem Powar SUpply - range: 2.09 to 5.9 uohs 45 | vokte
Maximum Power Supply - range: 2.85 ta 5.5 volts 5.5 | vokts
Mirsmumn Input Comman Mode Voltage - ranges 1.9 to 28 valts 12 | volts
Maximum Input Common Mode Voltage - ranga: 1.9 te 28 volts 18 | wods
DATA SHEET PARAMETERS Enter Overrides:
CS Amplifier Gain - value iz adjustable 100 wew B |
&5 amplifer Maximum Gain Error - default is ot Tm2s2 04 =
5 amplifier Maximum Offset Error - default is st Te25e ¢ 10w e
PSRR - defsult is ak TmE5* C 99 de de
CMRAR - dafault is ot T=23% £ 140 d dik
Operating Temperature Range =40t 85 =c
CALCULATED CSA MEASUREMENT ERRORS
CS Ideal Output Voltage (ceiv) - ranga: 0.03 to 4.47 3 valts
Input Sense Voltage, Vsgwse (evind - full scale: 0.15 valts 005 wvolts
Output Referred Offset Emor (arse) 00006 valts
Output Referred Gain EMor (orge) 0012 wvales
Output Referred CMRR Ermor (sromme) 0000036 vaks
Qutput Referred PSRR Emor (orpsme) 0001481 valts
CALCULATED ERROR DUE TO SENSE RESISTOR
Sense Resistor Tolerance Error - ref. to Transe autput (2re) 05 valts
Tatal Error - ref. to Isense cutput (toterror) D09276 vohs Sqrt{orae™2-targe” 2Honcmrre” 2Horparre
ERROR BUDGET (o sttt e R i AR

More detailed image (PDF, 1.1MB)
Figure 5. Calculated error budget for the selected CSA.

Step 4. Selecting a different CSA

To evaluate the error budget of the next CSA under consideration, e.g., the MAX9918, simply change the selection in
the Maxim CSA Device Number drop-down box. There is no need to reenter the input parameters. Click the Calculate
button after each CSA selection to get the corresponding error budget. Table 1 lists the error budget numbers for all
the CSAs shortlisted for this example. Results show that only the MAX9922 and MAX9918 meet the total error budget
criteria of this application.

Table 1. Total Error Budget Computed Using the Calculator

Total Error (%)

Conditions
T =25°C T = -40°C to +85°C

MAX9922 0.64 0.79 Gain = 60

MAX9918 1.13 1.93 Gain = 60

MAX9929F 1.39 3.45 —

MAX4080S 1.43 2.55 —

MAX4373F 2.84 6.18 —

MAX4172 — 2.57 O/P termination = 6kQ

Summary

This article introduces the Current-Sense Error Budget Calculator, a powerful tool for identifying CSA choices in a fast
and logical manner. The article also explains the importance of developing a better understanding of error
specifications for CSAs. Together, this knowledge and the calculator will assist the designer in selecting the optimal
CSA for an application. The RSS method of error analysis that is the foundation of the calculator can be further
extended to compute system-level accuracy performance for several electronic components or circuits.
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Related Parts

MAX4069
MAX4070
MAX4071
MAX4072
MAX4073

MAX4080
MAX4081
MAX4172
MAX4173

MAX4210
MAX4211
MAX4372

MAX4373

MAX4374

MAX4375

MAX4376

MAX4377

MAX4378

MAX9610

MAX9634
MAX9918

MAX9919

MAX9920

MAX9922
MAX9923

Bidirectional, High-Side, Current-Sense Amplifiers with Reference
Bidirectional, High-Side, Current-Sense Amplifiers with Reference
Bidirectional, High-Side, Current-Sense Amplifiers with Reference
Bidirectional, High-Side, Current-Sense Amplifiers with Reference

Low-Cost, SC70, Voltage-Output, High-Side Current-Sense
Amplifier

76V, High-Side, Current-Sense Amplifiers with Voltage Output
76V, High-Side, Current-Sense Amplifiers with Voltage Output
Low-Cost, Precision, High-Side Current-Sense Amplifier

Low-Cost, SOT23, Voltage-Output, High-Side Current-Sense
Amplifier

High-Side Power and Current Monitors
High-Side Power and Current Monitors

Low-Cost, UCSP/SOT23, Micropower, High-Side Current-Sense
Amplifier with Voltage Output

Low-Cost, Micropower, High-Side Current-Sense Amplifier +
Comparator + Reference ICs

Low-Cost, Micropower, High-Side Current-Sense Amplifier +
Comparator + Reference ICs

Low-Cost, Micropower, High-Side Current-Sense Amplifier +
Comparator + Reference ICs

Single/Dual/Quad High-Side Current-Sense Amplifiers with
Internal Gain

Single/Dual/Quad High-Side Current-Sense Amplifiers with
Internal Gain

Single/Dual/Quad High-Side Current-Sense Amplifiers with
Internal Gain

1pA, UDFEN/SC70, Lithium-lon Battery, Precision Current-Sense
Amplifier

1pA, 4-Bump UCSP/SOT23, Precision Current-Sense Amplifier

-20V to +75V Input Range, Precision Uni-/Bidirectional, Current-
Sense Amplifiers

-20V to +75V Input Range, Precision Uni-/Bidirectional, Current-
Sense Amplifiers

-20V to +75V Input Range, Precision Uni-/Bidirectional, Current-
Sense Amplifiers

Ultra-Precision, High-Side Current-Sense Amplifiers

Ultra-Precision, High-Side Current-Sense Amplifiers

Free Samples
Free Samples
Free Samples
Free Samples

Free Samples

Free Samples
Free Samples
Free Samples

Free Samples

Free Samples
Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Page 8 of 9


http://www.maximintegrated.com/datasheet/index.mvp/id/3387
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4069
http://www.maximintegrated.com/datasheet/index.mvp/id/3387
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4070
http://www.maximintegrated.com/datasheet/index.mvp/id/3387
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4071
http://www.maximintegrated.com/datasheet/index.mvp/id/3387
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4072
http://www.maximintegrated.com/datasheet/index.mvp/id/2554
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4073
http://www.maximintegrated.com/datasheet/index.mvp/id/3597
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4080
http://www.maximintegrated.com/datasheet/index.mvp/id/3597
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4081
http://www.maximintegrated.com/datasheet/index.mvp/id/1654
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4172
http://www.maximintegrated.com/datasheet/index.mvp/id/1971
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4173
http://www.maximintegrated.com/datasheet/index.mvp/id/4303
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4210
http://www.maximintegrated.com/datasheet/index.mvp/id/4303
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4211
http://www.maximintegrated.com/datasheet/index.mvp/id/2104
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4372
http://www.maximintegrated.com/datasheet/index.mvp/id/2204
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4373
http://www.maximintegrated.com/datasheet/index.mvp/id/2204
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4374
http://www.maximintegrated.com/datasheet/index.mvp/id/2204
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4375
http://www.maximintegrated.com/datasheet/index.mvp/id/2304
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4376
http://www.maximintegrated.com/datasheet/index.mvp/id/2304
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4377
http://www.maximintegrated.com/datasheet/index.mvp/id/2304
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX4378
http://www.maximintegrated.com/datasheet/index.mvp/id/6030
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9610
http://www.maximintegrated.com/datasheet/index.mvp/id/6423
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9634
http://www.maximintegrated.com/datasheet/index.mvp/id/5846
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9918
http://www.maximintegrated.com/datasheet/index.mvp/id/5846
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9919
http://www.maximintegrated.com/datasheet/index.mvp/id/5846
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9920
http://www.maximintegrated.com/datasheet/index.mvp/id/5833
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9922
http://www.maximintegrated.com/datasheet/index.mvp/id/5833
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9923

MAX9934 High-Precision, Low-Voltage, Current-Sense Amplifier with Free Samples
Current Output and Chip Select for Multiplexing

MAX9937 Automotive Current-Sense Amplifier with Reverse-Battery Free Samples
Protection
MAX9938 1pA, 4-Bump UCSP/SOT23, Precision Current-Sense Amplifier Free Samples

More Information

For Technical Support: http://www.maximintegrated.com/support

For Samples: http://www.maximintegrated.com/samples

Other Questions and Comments: http://www.maximintegrated.com/contact

Application Note 5095: http://www.maximintegrated.com/an5095
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http://www.maximintegrated.com/datasheet/index.mvp/id/6259
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9934
http://www.maximintegrated.com/datasheet/index.mvp/id/5970
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9937
http://www.maximintegrated.com/datasheet/index.mvp/id/5817
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9938
http://www.maximintegrated.com/support
http://www.maximintegrated.com/samples
http://www.maximintegrated.com/contact
http://www.maximintegrated.com/an5095
http://www.maximintegrated.com/legal
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