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NCS210R/D

Current-Shunt Monitors,
Voltage Output,
Bidirectional, Zero-Drift,
Low- or High-Side Current
Sensing

NCS210R, NCV210R,
NCS211R, NCV211R,
NCS213R, NCV213R,
NCS214R, NCV214R

The NCS210R, NCS211R, NCS213R and NCS214R are voltage
output, current shunt monitors (also called current sense amplifiers)
which can measure voltage across shunts at common�ïmode voltages
from �ï0.3 V to 26 V, independent of supply voltage. The low offset of
the zero�ïdrift architecture enables current sensing across the shunt
with maximum voltage drop as low as 10 mV full�ïscale. These
devices can operate from a single +2.2 V to +26 V power supply,
drawing a maximum of 80 � A of supply current, and are specified over
the extended operating temperature range (–40°C to +125°C).
Available in the SC70�ï6 and UQFN10 packages.

Features

€ Wide Common Mode Input Range: �ï0.3 V to 26 V
€ Supply Voltage Range: 2.2 V to 26 V
€ Low Offset Voltage: ±35 � V max
€ Low Offset Drift: ±0.5 � V/°C
€ Low Gain Error: ±1% max
€ Low Gain Error Drift: ±10 ppm/°C max
€ Rail�ïto�ïRail Output Capability
€ Low Current Consumption: 40 � A typ, 80 � A max
€ NCV Prefix for Automotive and Other Applications Requiring

Unique Site Qualified and PPAP Capable

Typical Applications

€ Current Sensing (High�ïSide/Low�ïSide)
€ Automotive
€ Telecom
€ Power Management
€ Battery Charging and Discharging

See detailed ordering, marking and shipping information on
page 2 of this data sheet.

ORDERING INFORMATION

XXX = Specific Device Code
M = Date Code
� = Pb�ïFree Package
(Note: Microdot may be in either location)
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PIN CONNECTIONS

*NC denotes no internal connection. These pins can
be left floating or connected to any voltage between
VS and GND.
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Figure 1. Example Application Schematic of High �ïSide Current Sensing

ORDERING INFORMATION

Device Gain R3 and R4 R1 and R2 Marking Package Shipping †

NCS210RSQT2G 200 5 k� 1 M� AVY SC70�ï6 3000 / Tape and Reel

NCV210RSQT2G* 200 5 k� 1 M� AVY SC70�ï6 3000 / Tape and Reel

NCS210RMUTAG 200 5 k� 1 M� CP UQFN10 3000 / Tape and Reel

NCS211RSQT2G 500 2 k� 1 M� AVZ SC70�ï6 3000 / Tape and Reel

NCV211RSQT2G* 500 2 k� 1 M� AVZ SC70�ï6 3000 / Tape and Reel

NCS213RSQT2G 50 20 k� 1 M� AV3 SC70�ï6 3000 / Tape and Reel

NCV213RSQT2G* 50 20 k� 1 M� AV3 SC70�ï6 3000 / Tape and Reel

NCS214RSQT2G 100 10 k� 1 M� AV4 SC70�ï6 3000 / Tape and Reel

NCV214RSQT2G* 100 10 k� 1 M� AV4 SC70�ï6 3000 / Tape and Reel

NCS214RMUTAG 100 10 k� 1 M� CR UQFN10 3000 / Tape and Reel

NCS211RMUTAG 500 2 k� 1 M� CM UQFN10 3000 / Tape and Reel

NCS213RMUTAG 50 20 k� 1 M� CQ UQFN10 3000 / Tape and Reel

†For information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

*NCV Prefix for Automotive and Other Applications Requiring Unique Site and Control Change Requirements; AEC�ïQ100 Qualified and PPAP
Capable.
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Table 1. MAXIMUM RATINGS

Parameter Symbol Value Unit

Supply Voltage (Note 1) VS +30 V

Analog Input Voltage Differential (VIN+)�ï(VIN�ï) VIN+, VIN�ï �ï30 to +30 V

Common�ïMode (Note 2) (GND�ï0.3) to +30

REF Pin Input Voltage VREF (GND�ï0.3) to (Vs +0.3) V

Output Voltage (Note 2) VOUT (GND�ï0.3) to (Vs +0.3) V

Input Current into Any Pin (Note 2) ±5 mA

Maximum Junction Temperature TJ(max) +150 °C

Storage Temperature Range TSTG �ï65 to +150 °C

ESD Capability, Human Body Model (Note 3) HBM ±2000 V

Charged Device Model (Note 3) CDM ±2000 V

Latch�ïUp Current (Note 4) ILU ±100 mA

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.
1. Refer to ELECTRICAL CHARACTERISTICS, RECOMMENDED OPERATING RANGES and/or APPLICATION INFORMATION for safe

operating parameters.
2. Input voltage at any pin may exceed the voltage shown if current at that pin is limited to ±5 mA.
3. This device series incorporates ESD protection and is tested by the following methods:

ESD Human Body Model tested per JEDEC standard JS�ï001�ï2017 (AEC�ïQ100�ï002).
ESD Charged Device Model tested per JEDEC standard JS�ï002�ï2014 (AEC�ïQ100�ï011).

4. Latch�ïup Current tested per JEDEC standard JESD78E (AEC�ïQ100�ï004)

Table 2. RECOMMENDED OPERATING RANGES

Parameter Symbol Min Typ Max Unit

Common Mode Input Voltage VCM �ï0.3 12 26 V

Supply Voltage VS 2.2 5 26 V

Ambient Temperature TA �ï40 125 °C

Functional operation above the stresses listed in the Recommended Operating Ranges is not implied. Extended exposure to stresses beyond
the Recommended Operating Ranges limits may affect device reliability.

Table 3. THERMAL CHARACTERISTICS (Note 5)

Package

� JA
Junction�ï to�ï Ambient 

Thermal Resistance  (Note 6)

� JT
Junction �ïto�ï Case Top
Thermal Characteristic

� JB
Junction �ïto�ï Board

Thermal Characteristic Unit

UQFN10 115 4 43 °C/W

SC70�ï6 180 42 84

5. Refer to ELECTRICAL CHARACTERISTICS, RECOMMENDED OPERATING RANGES and/or APPLICATION INFORMATION for safe
operating parameters.

6. Following JEDEC JESD51�ï7, thermal parameters are based on a 2s2p board with 1 oz copper planes and 400 mm2 heat spreader area
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Table 4. ELECTRICAL CHARACTERISTICS At TA = +25°C, VSENSE = VIN+ �ï VIN�ï;
NCS210R, NCS213R and NCS214R: VS = +5 V, VIN+ = 12 V, and VREF = VS/2, unless otherwise noted.
NCS211R: VS = +12 V, VIN+ = 12 V, and VREF = VS/2, unless otherwise noted.
Boldface  limits apply over the specified temperature range of TA = �ï40°C to 125°C, guaranteed by characterization and/or design.

Symbol Parameter Test Conditions Min Typ Max Unit

INPUT

VCM Common�ïMode Input Voltage Range �ï0.3 26 V

CMRR Common�ïMode Rejection
Ratio (Note 7)

NCx210R,
NCx211R,
NCx214R

VIN+ = 0 V to +26 V, 
VSENSE = 0 mV

TA = �ï40°C to 125°C)

105 125 dB

NCx213R 100 120

VOS Input Offset Voltage
(Note 7)

NCx210R,
NCx211R

VSENSE = 0 mV ±0.55 ±35 � V

NCx213R ±5 ±100

NCx214R ±1 ±60

dVOS/dT Input Offset Voltage Drift
over Temperature (Note 7)

NCx21xR VSENSE = 0 mV
TA = –40°C to +125°C

±0.1 � 0.5 � V/°C

PSRR Power Supply Rejection Ratio, RTI 
(Note 7)

VS = +2.7 V to +26 V,
VIN+ =18 V, VSENSE = 0 mV

±0.1 ±10 � V/V

IIB Input Bias Current VSENSE = 0 mV ±39 ±60 � A

IIO Input Offset Current VSENSE = 0 mV ±0.1 � A

OUTPUT

G Gain NCx210R 200 V/V

NCx211R 500

NCx213R 50

NCx214R 100

EG Gain Error NCx21xR VSENSE = �ï5 mV to 5 mV, 
TA = �ï40°C to 125°C

±0.2 � 1 %

EG Gain Error vs Temperature NCx21xR TA = �ï40°C to 125°C ±3 � 10 ppm/°C

Nonlinearity Error VSENSE = �ï5 mV to 5 mV ±0.01 %

CL Maximum Capacitive Load No sustained oscillation 1 nF

VOLTAGE OUTPUT

VOH Swing to VS Power Supply Rail RL = 10 k�  to GND
TA = –40°C to +125°C (Note 8)

VS �ï
0.075

VS �ï 0.2 V

VOL Swing to GND RL = 10 k�  to GND
TA = –40°C to +125°C

VGND
+0.005

VGND
+0.05

V

FREQUENCY RESPONSE

BW Bandwidth (f�ï3dB) NCx210R CLOAD = 10 pF 40 kHz

NCx211R 25

NCx213R 90

NCx214R 60

SR Slew Rate 1 V/� s

NOISE

en Voltage Noise Density (Note 7) f = 1 kHz 45 nV/� Hz

POWER SUPPLY

VS Operating Voltage Range TA = –40°C to +125°C 2.2 26 V

IQ Quiescent Current VSENSE = 0 mV 40 80 � A

Quiescent Current over Temperature TA = –40°C to +125°C 100 � A

7. RTI = referenced�ïto�ïinput
8. VS = 5 V for NCx211R

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
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TYPICAL CHARACTERISTICS (TA = 25°C, VS = 5 V, VIN+ = 12 V and VREF = VS/2 unless otherwise noted.)

(The NCS210R is used for Typical Characteristics)

Figure 2. Input Offset Voltage Production
Distribution

Figure 3. Input Offset Voltage vs. Temperature
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Figure 4. Common�ï Mode Rejection
Production Distribution

Figure 5. Common �ïMode Rejection Ratio vs.
Temperature
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Figure 6. Gain Error Production Distribution Figure 7. Gain Error vs. Temperature
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TYPICAL CHARACTERISTICS (TA = 25°C, VS = 5 V, VIN+ = 12 V and VREF = VS/2 unless otherwise noted.)

(The NCS210R is used for Typical Characteristics)

Figure 8. Gain vs. Frequency Figure 9. Power Supply Rejection Ratio vs.
Frequency
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Figure 10. Common �ïMode Rejection Ratio vs.
Frequency

Figure 11. Positive Output Voltage Swing vs.
Output Current, V S = 2.2 V
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Figure 12. Negative Output Voltage Swing vs.
Output Current, V S = 2.2 V

Figure 13. Positive Output Voltage Swing vs.
Output Current, V S = 2.7 V
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TYPICAL CHARACTERISTICS (TA = 25°C, VS = 5 V, VIN+ = 12 V and VREF = VS/2 unless otherwise noted.)

(The NCS210R is used for Typical Characteristics)
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Figure 14. Negative Output Voltage Swing vs.
Output Current, V S = 2.7 V

Figure 15. Positive Output Voltage Swing vs.
Output Current, V S = 5 V
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Figure 16. Negative Output Voltage Swing vs.
Output Current, V S = 5 V

Figure 17. Positive Output Voltage Swing vs.
Output Current, V S = 26 V
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Figure 18. Negative Output Voltage Swing vs.
Output Current, V S = 26 V

Figure 19. Input Bias Current vs.
Common�ï Mode Voltage with V S = 5 V
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TYPICAL CHARACTERISTICS (TA = 25°C, VS = 5 V, VIN+ = 12 V and VREF = VS/2 unless otherwise noted.)

(The NCS210R is used for Typical Characteristics)

Figure 20. Input Bias Current vs. Common�ï Mode
Voltage with V S = 0 V (Shutdown)

Figure 21. Input Bias Current vs. Temperature
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Figure 22. Quiescent Current vs. Temperature Figure 23. Voltage Noise Density vs.
Frequency
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Figure 24. 0.1 Hz to 10 Hz Voltage Noise
(Referred to Input)

Figure 25. Step Response
(10 mVpp Input Step)
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