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FEATURES 
Easy to use 
Gain set with 1 external resistor (gain range 1 to 1000) 
Wide power supply operating range: ±2.3 V to ±18 V 
Temperature range for specified performance: −40°C to +85°C 
Operational up to 125°C1 
Excellent ac specifications 

80 dB minimum CMRR to 10 kHz (gain = 1)  
825 kHz typical, small signal –3 dB bandwidth (gain = 1) 
2 V/µs typical slew rate (gain = 1) 

Low noise 
8 nV/√Hz maximum input voltage noise at 1 kHz 
0.25 µV p-p typical RTI noise (gain = 100 to 1000)  

High accuracy dc performance  
80 dB minimum CMRR dc to 60 Hz with 1 kΩ source 

impedance (gain = 1)  
70 µV maximum input offset voltage  
0.9 µV/°C maximum input offset voltage, average 

temperature coefficient 
1.5 nA maximum input bias current  
Known Good Die (KGD): these die are fully guaranteed to 

data sheet specifications. 

APPLICATIONS 
Weigh scales 
Industrial process controls 
Bridge amplifiers 
Precision data acquisition systems 
Medical instrumentation 
Strain gages 
Transducer interfaces 

GENERAL DESCRIPTION 
The AD8221-KGD is a gain programmable, high performance 
instrumentation amplifier (in-amp) that delivers high CMRR 
over frequency. High CMRR over frequency allows the AD8221-
KGD to reject wideband interference and line harmonics, 
greatly simplifying filter requirements. The AD8221-KGD 
maintains a minimum common-mode rejection ratio (CMRR) 
of 80 dB to 10 kHz at a gain = 1. Possible applications include 
precision data acquisition, biomedical analysis, and aerospace 
instrumentation.  

Low voltage offset, low offset drift, low gain drift, high gain 
accuracy, and high CMRR make this device an excellent choice 
in applications that demand the best dc performance possible, 
such as bridge signal conditioning. 
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Figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Programmable gain affords the user design flexibility. A single 
resistor sets the gain from 1 to 1000. The AD8221-KGD 
operates on both single and dual supplies and is well suited for 
applications where ±10 V input voltages are encountered. 

The AD8221-KGD is available in an 8-pad bare die, making it 
ideal for multichannel or space-constrained applications. 

Performance is specified over the −40°C to +85°C industrial 
temperature range. Furthermore, the AD8221-KGD is 
operational from −40°C to +125°C1. 

Additional application and technical information can be found 
in the AD8221 data sheet. 
 
1 See the AD8221 data sheet for expected operation from 85°C to 125°C. 
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SPECIFICATIONS 
Supply voltage (VS) = ±15 V, REF voltage (VREF) = 0 V, TA = 25°C, gain = 1, and load resistance (RL) = 2 kΩ, unless otherwise noted.  

Table 1.  
Parameter Test Conditions/Comments Min Typ Max Unit 
CMRR      

DC to 60 Hz with 1 kΩ Source Imbalance Common-mode voltage (VCM) = 
−10 V to +10 V 

    

Gain = 1  80   dB 
Gain = 10  100   dB 
Gain = 100  120   dB 
Gain = 1000  130   dB 

At 10 kHz  VCM = –10 V to +10 V     
Gain = 1  80   dB 
Gain = 10  90   dB 
Gain = 100  100   dB 
Gain = 1000  100   dB 

NOISE RTI noise = √eNI
2 + (eNO/Gain)2     

Voltage Noise, 1 kHz      
Input Voltage Noise, eNI +IN voltage (V+IN), −IN voltage 

(V−IN), VREF = 0 V 
  8 nV/√Hz 

Output Voltage Noise, eNO    75 nV/√Hz 
Return to Input (RTI) Frequency = 0.1 Hz to 10 Hz     

Gain = 1   2  µV p-p 
Gain = 10   0.5  µV p-p 
Gain = 100 to 1000   0.25  µV p-p 

Current Noise Frequency = 1 kHz  40  fA/√Hz 
 Frequency =  0.1 Hz to 10 Hz  6  pA p-p 

VOLTAGE OFFSET1      
Input Offset, VOSI VS = ±5 V to ±15 V   70 µV 

Over Temperature TA = −40°C to +85°C   135 µV 
Average Temperature Coefficient    0.9 µV/°C 

Output Offset, VOSO VS = ±5 V to ±15 V   600 µV 
Over Temperature TA = −40°C to +85°C   1.00 mV 
Average Temperature Coefficient    9 µV/°C 

Offset RTI vs. Supply (Power Supply Ratio) VS = ±2.3 V to ±18 V     
Gain = 1  90 110  dB 
Gain = 10  110 120  dB 
Gain = 100  124 130  dB 
Gain = 1000  130 140  dB 

INPUT CURRENT      
Input Bias Current   0.5 1.5 nA 

Over Temperature TA = −40°C to +85°C   2.0 nA 
Average Temperature Coefficient   1  pA/°C 

Input Offset Current   0.2 0.6 nA 
Over Temperature TA = −40°C to +85°C   0.8 nA 
Average Temperature Coefficient   1  pA/°C 
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Parameter Test Conditions/Comments Min Typ Max Unit 
REFERENCE INPUT      

Input Reference (RIN)   20  kΩ 
Input Current (IIN) VIN+, VIN−, VREF = 0 V  50 60 µA 
Voltage Range  −VS  +VS V 
Reference Gain to Output   1 ± 0.0001  V/V 

POWER SUPPLY      
Operating Range VS = ±2.3 V to ±18 V ±2.3  ±18 V 
Quiescent Current   0.9 1 mA 

Over Temperature TA = −40°C to +85°C  1 1.2 mA 
DYNAMIC RESPONSE      

Small Signal –3 dB Bandwidth      
Gain = 1    825  kHz 
Gain = 10   562  kHz 
Gain = 100   100  kHz 
Gain = 1000   14.7  kHz 

Settling Time 0.01% 10 V step     
Gain = 1 to 100   10  µs 
Gain = 1000   80  µs 

Settling Time 0.001% 10 V step     
Gain = 1 to 100   13  µs 
Gain = 1000   110  µs 

Slew Rate Gain = 1 1.5 2  V/µs 
 Gain = 5 to 100 2 2.5  V/µs 
GAIN Gain = 1 + (49.4 kΩ/RG)     

Gain Range  1  1000 V/V 
Gain Error Output voltage (VOUT) ± 10 V     

Gain = 1    0.03 % 
Gain = 10    0.3 % 
Gain = 100    0.3 % 
Gain = 1000    0.3 % 

Gain Nonlinearity VOUT = −10 V to +10 V     
Gain = 1 to 10 RL = 10 kΩ  3 10 ppm 
Gain = 100 RL = 10 kΩ  5 15 ppm 
Gain = 1000 RL = 10 kΩ  10 40 ppm 
Gain = 1 to 100 RL = 2 kΩ  10 95 ppm 

Gain vs. Temperature      
Gain = 1   3 10 ppm/°C 
Gain > 12    –50 ppm/°C 

INPUT      
Input Impedance      

Differential   100||2  GΩ/pF 
Common Mode   100||2  GΩ/pF 

Input Operating Voltage Range3 VS = ±2.3 V to ±5 V −VS + 1.9  +VS − 1.1 V 
Over Temperature TA = −40°C to +85°C −VS + 2.0  +VS − 1.2 V 

Input Operating Voltage Range VS = ±5 V to ±18 V −VS + 1.9  +VS − 1.2 V 
Over Temperature TA = −40°C to +85°C −VS + 2.0  +VS − 1.2 V 
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Parameter Test Conditions/Comments Min Typ Max Unit 
OUTPUT RL = 10 kΩ     

Output Swing VS = ±2.3 V to ±5 V −VS + 1.1  +VS − 1.2 V 
Over Temperature TA = −40°C to +85°C −VS + 1.4  +VS − 1.3 V 

Output Swing VS = ±5 V to ±18 V −VS + 1.2  +VS − 1.4 V 
Over Temperature TA = −40°C to +85°C −VS + 1.6  +VS − 1.5 V 

Short-Circuit Current   18  mA 
TEMPERATURE RANGE      

Specified Performance   −40  +85 °C 
Operating Range4  −40  +125 °C 

 
1 Total RTI VOS = (VOSI) + (VOSO/Gain). 
2 Gain > 1 does not include the effects of the external resistor, RG. 
3 This is the input operating voltage range when one input is grounded. Gain = 1. 
4 See the AD8221 data sheet for expected operation from 85°C to 125°C. 
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ABSOLUTE MAXIMUM RATINGS 
Table 2.  
Parameter Rating 
Supply Voltage ±18 V 
Internal Power Dissipation 200 mW 
Output Short-Circuit Current Indefinite 
Input Voltage (Common-Mode) ±VS 
Differential Input Voltage ±VS 
Storage Temperature Range −65°C to +150°C 
Operating Temperature Range1 −40°C to +125°C 
 
1 See the AD8221 data sheet for expected operation from 85°C to 125°C. 

Stresses at or above those listed under Absolute Maximum 
Ratings may cause permanent damage to the product. This is a 
stress rating only; functional operation of the product at these 
or any other conditions above those indicated in the operational 
section of this specification is not implied. Operation beyond 
the maximum operating conditions for extended periods may 
affect product reliability. 

 

ESD CAUTION 
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS 
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Figure 2. Pad Configuration  

 

Table 3. Pad Function Descriptions 
Pad No.1 Mnemonic1 Pad Type X Coordinate (µm)2 Y Coordinate (µm)2 Description 
1 −IN Single −379 +951 Negative Input Pad 
2A RG Double −446 +826 Gain Setting Pad 
2B RG Single −615 +474 Gain Setting Pad 
3A RG Single −619 +211 Gain Setting Pad 
3B RG Double −490 −190 Gain Setting Pad 
4 +IN Single −621 −622 Positive Input Pad 
5 −VS Single +635 −823 Negative Power Supply Pad 
6 REF Double +649 −339 Reference Voltage Pad 
7 VOUT Single +612 +84 Output Pad 
8 +VS Single +636 +570 Positive Power Supply Pad 
 
1 To minimize gain errors introduced by the bond wires, use Kelvin connections between the chip and the gain resistor, RG, by connecting Pad 2A and Pad 2B in parallel 

to one end of RG and Pad 3A and Pad 3B in parallel to the other end of RG. For unity-gain applications where RG is not required, Pad 2A and Pad 2B must be bonded 
together as well as Pad 3A and Pad 3B. 

2 The pad coordinates indicate the center of each pad, referenced to the center of the die.  
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OUTLINE DIMENSIONS 
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Figure 3. 8-Pad Bare Die [CHIP] 
(C-8-14) 

Dimensions shown in millimeters 

DIE SPECIFICATIONS AND ASSEMBLY RECOMMENDATIONS 
Table 4. Die Specifications 
Parameter Value Unit 
Chip Size 1500 × 2155 µm 
Scribe Line Width 75 × 75 µm 
Die Size 1575 × 2230 µm 
Thickness 304.8 µm 
Backside None1 Not applicable 
Passivation  OxyNitride Not applicable 
Bond Pads (Minimum) 76 × 76 µm 
Bond Pad Composition Titanium (Ti), tungsten (W) (99.5)/aluminum (Al), copper (Cu) (0.5) % 

1 If connecting the backside to a voltage potential, tie the backside to −VS. Otherwise, leave the backside floating. 

Table 5. Assembly Recommendations 
Assembly Component Recommendation 
Die Attach  No special requirements 
Bonding Method  Gold ball or aluminum wedge 
Bonding Sequence  Any 

ORDERING GUIDE 
Model1 Temperature Range  Package Description Package Option 
AD8221-KGD-WP −40°C to +85°C 8-Pad Bare Die [CHIP], Waffle Pack C-8-14 

1 The AD8221-KGD-WP is a RoHS compliant part. 

©2019 Analog Devices, Inc. All rights reserved. Trademarks and  
 registered trademarks are the property of their respective owners. 
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