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FAN4010
High-Side Current Sensor

Features at +5V

B Low cost, accurate, high-side current sensing
B Output voltage scaling

B Upto 2.5V sense voltage

H 2V to 6V supply range

W 2pAtypical offset current

B 3.5pA quiescent current

W -0.2% accuracy

B 6-lead MicroPak™ MLP package

Applications

W Battery chargers

B Smart battery packs

B DC motor control

B Over-current monitor

B Power management

B Programmable current source

February 2008

Description

The FAN4010 is a high-side current sense amplifier
designed for battery-powered systems. Using the
FAN4010 for high-side power-line monitoring does not
interfere with the battery charger’s ground path. The
FAN4010 is designed for portable PCs, cellular phones,
and other portable systems where battery/DC power-line
monitoring is critical.

To provide a high level of flexibility, the FAN4010 functions
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 single
resistor, accommodating a wide range of battery voltages
and currents. The FAN4010 features allow it to be used
for gas gauging as well as uni-directional or bi-directional
current monitoring.

Functional Block Diagram and Typical Circuit
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Figure 1. Functional Block Diagram and Typical Circuit

Ordering Information

Part Number Package

Operating Temperature Range Backaging Method

FAN4010IL6X_F113

MicroPak™ MLP-6

-40°C to +85°C Reel

@AII packages are lead free per JEDEC: J-STD-020B standard.
Moisture sensitivity level for all parts is MSL-1.
MicroPak™ is a trademark of Fairchild Semiconductor Corporation.
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Pin Confi gurations

Pin Assignments

MicroPak™ MLP
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Figure 2. MicroPak™ MLP (Top View)

Pin # Name Description
2,4 NC No Connect; leave pin floating
) GND Ground
3 louT Output current, proportional to VIN - VLoad
1 VIN Input voltage (supply voltage)
6 Load Connection to load or battery
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be operable
above the recommended operating conditions and stressing the parts to these levels is not recommended. In addition,
extended exposure to stresses above the recommended operating conditions may affect device reliability. The absolute
maximum ratings are stress ratings only.

Symbol Parameter Min. Max. Unit
Vg Supply Voltage 0 6.3 \%
VN Input Voltage Range 0 6.3 \%
Reliability Information
Symbol Parameter Min. Typ. Max. Unit
T, Junction Temperature +150 °C
Tste Storage Temperature Range -65 +150 °C
T Reflow Temperature (Soldering) +260 °C
N Package Thermal Resistance() 456 °C/W
Note:
1. Package thermal resistance (0 ,,), JEDEC standard, multi-layer test boards, still air.
Electrostatic Discharge Protection
Symbol ESD Standard Value
HBM Human Body Model 5kV
CDM Charged Device Model 1kV

10Suas 8N apIS-ybiH — OTOYNV4

Recommended Operating Conditions

The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended ope-
rating conditions are specified to ensure optimal performance to the datasheet specifications. Fairchild does not recom-

mend exceeding them or designing to absolute maximum ratings.

Symbol Parameter Min. Typ. Max. Unit
Ta Operating Temperature Range -40 +85 °C

Vs Supply Voltage Range 2 6 V
VN Input Voltage Range 2 6 V
Vsense | Sensor Voltage Range, Vsense = ViN - Vioad; Rout = 0Q 0 25 Y
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Electrical Characteristics at +5V
Ta=25°C, Vg =V y=5V, Royt = 100Q, Rsense = 100Q, unless otherwise noted.

2.
38
4

-40dBm = 6.3mVpp into 50Q.
-20dBm = 63mVpp into 50Q.
Includes input offset voltage contribution.

Symbol | Parameter Conditions |Min. rryp. I{/Iax lanits
Frequency Domain Response
. . PlN = -40dBm(2),
BWgs Small Signal Bandwidth Vsense = 10mV 600 kHz
. ) PlN = -20dBm(3),
BW| ¢ Large Signal Bandwidth Vsense = 100mV 2 MHz
Vin Input Voltage Range VN =V 2 6 \Y
Vsense =0V 0 1 9 pA
Vsense = 10mV 90 100 110 MA
lout Output Current4 Vsense = 100mV 0.975 1.000 1.025 mA
Vgense = 200mV 1.95 2.00 2.05 mA
Vsense = 1V 9.7 10.0 10.3 mA
I Supply Current® Vsense =0V, GND pin current 3.5 5.0 HA
lsense | Load Pin Input Current 2 nA
R =100Q
Acy Accuracy R:EE:E = 200mV® -2.5 -0.2 25 %
G, Transconductance lout/Vsense 10000 MANV
Notes:
1. 100% tested at 25°C.
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Typical Performance Characteristics
Ta=25°C, Vg =V =5V, Royt = 100Q, Rsense = 100Q, unless otherwise noted.
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Typical Performance Characteristics  (Continued)
Ta=25°C, Vg =V =5V, Royr = 100Q, Rsense = 100Q), unless otherwise noted.
O [T T rmm 2.5 T
Vin = |t 20 ,VSENSE (—) 200mV ‘
0 |pNZ 2 = :
10 E'{Z‘UT :Z?Sgén o S Average of 100 parts
20 ‘,5“ ’ +1 SIGMA
&30 ﬁ/ £ 10 \
S 40 4 If, 0.5 Averag
x’ sense = 100mVA g o
X 5 ‘ = [ O ) p
% ) 005 -1 SIGMA
0 i F
Vsense = 10mV- Vi B se = 1mV 210
-70 y S5
[ O
-80 2.0
-90 2.5
0.00001 0.0001 0.001  0.01 0.1 1 10 20 25 30 35 40 45 50 55 6.0
Frequency (MHz) Vin (V)
Figure 9. CMRR vs. Frequency Figure 10. V |y Vvs. Output Current Error
6.0 T 1
Vi =5V
55 |[~Rour = 1000
5.0
45
24.0
235
o
3.0
25
2.0
15
1.0
0 01 02 03 04 05 06 07 08 09 1
Vsense (V)
Figure 11. Supply Currentvs.V gense
© 2007 Fairchild Semiconductor Corporation www.fairchildsemi.com

FAN4010 Rev. 1.0.5 6

10Suas 8N apIS-ybiH — OTOYNV4



Application Information

Detailed Description

The FAN4010 measures the voltage drop (VseNsE)
across an external sense resistor located in the high
voltage side of the circuit. Vsenseg is converted to a
linear current via an internal operational amplifier and
precision 100Q resistor. The value of this current is
Vsense/100Q (internal). Output current flows from the
louT pin to an external resistor Royt to generate an
output voltage proportional to the current flowing to
the load.

Use the following equations to scale a load current to
an output voltage:

VSENSE = lLoad * RSENSE (1)

VOUT =0.01x VSENSE X ROUT (2)

Figure 12. Functional Circuit

Selecting R seNsE

Selection of Rsensk is a balance between desired accu-
racy and allowable voltage loss. Although the FAN4010
is optimized for high accuracy with low Vsgnse values, a
larger Rsense value provides additional accuracy. How-
ever, larger values of Rsense create a larger voltage
drop, reducing the effective voltage available to the load.
This can be troublesome in low-voltage applications.
Because of this, the maximum expected load current
and allowable load voltage should be well understood.
Although higher values of Vsense can be used, Rsense
should be chosen to satisfy the following condition:

10mV < Vsense < 200mV (3)

For low-cost applications where accuracy is not as
important, a portion of the printed circuit board (PCB)
trace can be used as an Rsgnse resistor. Figure 13
shows an example of this configuration. The resistivity
of a 0.1 inch wide trace of two-ounce copper is about
30mQ/ft. Unfortunately, the resistance temperature
coefficient is relatively large (approximately 0.4% / C),
so systems with a wide temperature range may need

to compensate for this effect. Additionally, self heating
due to load currents introduces a nonlinearity error.
Care must be taken not to exceed the maximum power
dissipation of the copper trace.

INPUT LOAD

RSENSE

0.3in COPPER ®  0.1in COPPER ® 0.3in COPPER

—E Vin Load| 6
-]
3 [lour NC| 4

VOUT

ROUT

Figure 13. Using PCB Trace for R ggnse

Selecting R oyt

Rout can be chosen to obtain the output voltage ran-
ge required for the particular downstream application.
For example, if the output of the FAN4010 is intended
to drive an analog-to-digital convertor (ADC), Royrt
should be chosen such that the expected full-scale
output current produces an input voltage that matches
the input range of the ADC. For instance, if expected
loading current ranges from 0 to 1A, a Rsensk resistor
of 1Q produces an output current that ranges from 0 to
10mA. If the input voltage range of the ADC is 0 to 2V,
a Royr value of 200Q should be used.

The input voltage and full-scale output current (loyt_
Fs) needs to be taken into account when setting up the
output range. To ensure sufficient operating head-
room, choose:

(ROUT © IOUTiFS) such that

Vin - Vsense - (Rout * louT_Fs) > 1.6V (4)

Output current accuracy for the recommended Vsense
levels between 10mV and 200mV are typically much
better than 1%. As a result, the absolute output volta-
ge accuracy is dependent upon the precision of the
output resistor.

Make sure the input impedance of the circuit con-
nected to Voyt is much higher than Royr to ensure
accurate Vgoyr values.

Since the FAN4010 provides a trans-impedance func-
tion, it is ideal for applications involving current rather
than voltage sensing.

© 2007 Fairchild Semiconductor Corporation
FAN4010 Rev. 1.0.5

www.fairchildsemi.com

10Suas 8N apIS-ybiH — OTOYNV4



Mechanical Dimensions
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Figure 14. 6-Lead MicroPak™ Molded Leadless Package (MLP)

Package drawings are provided as a service to customers considering Fairchild components. Drawings may change in any manner
without notice. Please note the revision and/or date on the drawing and contact a Fairchild Semiconductor representative to verify or
obtain the most recent revision. Package specifications do not expand the terms of Fairchild’s worldwide terms and conditions,
specifically the warranty therein, which covers Fairchild products.

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:

http://www.fairchildsemi.com/packading/
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The following includes registered and unregistered trademarks and service marks, owned by Fairchild Semiconductor andfor its global
subsidianes, and is not intended to be an exhaustive list of all such trademarks.
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ACEX® FRS™ PDP-SPh ™ SupreMOs ™
Build it Now™ FRFET® Power220® SyncFET™
CorePLUS™ Global Power Resource™ POWEREDGE® égﬁg&:ﬁ
CROSS5VOLT™ Green FPS™ Power-SP ™ ThE Dower Franahisae
i Green FRS™ e-Serfes™ PowerT rench® the
Current Transfer Logic™ GTO™ Programmable Active Droop™ f'mnwgr
EcoSPARK® Lo GFET™ TinyBoost™
EZSWITCH™ = Inte |l LT Q5™ TinyBuokT”‘
E7 ISOPLANAR™ QT Optoslectronics™ TinyLogic®
@ MegaBuck ™ Quiet Series™ TINYOPTO™
F MICROCOUPLER™ RapidConfigure™ TinyPower™
Fairchild® MicroFET™ SMART START™ TinyPy™
Fairchild Semiconductor® MicroPak™ SPM Tinyira™
FACT Quiet Seres™ MillerDrive ™ STEALTH™ pSerDes™
FACTE Motion-SP ™ SuperFET™ UHC®
FAST® OPTOLOGIC® SuperSOT™-3 Ultra ERFET™
FastvCore™ OPTOPLANAR® SupersOT™6 UniFET™
Flashiwriter®” = SupersOT™8 VO

TEZSWITCH™ and FlashvWriter™ are trademarks of System General Corporation, used under license by Fairchild Semiconductor.

DISCLAIMER

FARCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TG ANY PRODUCTS
HEREM TO IMPROVE RELIAEILITY, FUNCTION, OR DESIGN. FARCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE
APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIM, MNEITHER DOES IT CONVEY ANY LICENSE UMDER ITS
FATENT RIGHTS, NOR THERIGHTS OF OTHERS. THESE SPECIFICATIONS DO NOT EXPAND THE TERMS OF FAIRCHILD'S
WORLDWIDE TERMS AND COMDITIONS, SPECIFICALLY THE WARRANTY THEREIN, WHICH COVERS THESE PRODUCTS.

LIFE SUPPORT POLICY

FAIRCHILD'S FRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS M LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXFPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:
1. Life support devices or systems are devices or systems 2 A critical component in any component of a life support,
wihich, {a) are intended for surgical implant into the body or device, or system whose failure to perform can be
(b} support or sustain life, and (c) whose failure to perform reasonably expected to cause the failure of the life support
when propery used in accordance with instructions for use device or system, or to affect its safety or effectiveness.
provided in the labeling, can be reasonably expected to
result in a significant injury of the user.

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datasheet Identification Product Status Definition

This datasheet contains the design specifications for product

Advance Information Formative or In Design | qevelopment. Specifications may change in any manner witholt notice.

This datasheet contains preliminary data; supplementary data will be
published at a later date. Fairchild Semiconductor reserves the right to
make changes at any time without notice to improve design.

Freliminary First Production

This datasheet contains final specifications. Fairchild Semiconductor
reserves the right to make changes at any time without notice to improve
the design.

Mo Identification Needed Full Production

This datasheet contains specifications on a product that has been
discontinued by Fairchild Semiconductor. The datasheet is printed for
reference information only.

Obsolete Mot In Production

Rev, 133
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