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REFERENCE TERMINAL 

As shown in Figure 43, the reference terminal, REF, is at one 
end of a 10 kΩ resistor. The output of the instrumentation 
amplifier is referenced to the voltage on the REF terminal; this 
is useful when the output signal needs to be offset to a precise 
midsupply level. For example, a voltage source can be tied to the 
REF pin to level-shift the output so that the AD8221 can interface 
with an ADC. The allowable reference voltage range is a function 
of the gain, input, and supply voltage. The REF pin should not 
exceed either +VS or –VS by more than 0.5 V.  

For best performance, source impedance to the REF terminal 
should be kept low, because parasitic resistance can adversely 
affect CMRR and gain accuracy.  

POWER SUPPLY REGULATION AND BYPASSING 

A stable dc voltage should be used to power the instrumentation 
amplifier. Noise on the supply pins can adversely affect 
performance. Bypass capacitors should be used to decouple  
the amplifier. 

A 0.1 µF capacitor should be placed close to each supply pin.  
As shown in Figure 47, a 10 µF tantalum capacitor can be used 
further away from the part. In most cases, it can be shared by 
other precision integrated circuits. 
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Figure 47. Supply Decoupling, REF, and Output Referred to Local Ground 

INPUT BIAS CURRENT RETURN PATH 

The input bias current of the AD8221 must have a return path 
to common. When the source, such as a thermocouple, cannot 
provide a return current path, one should be created, as shown 
in Figure 48. 
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Figure 48. Creating an IBIAS Path 

INPUT PROTECTION 

All terminals of the AD8221 are protected against ESD, 1 kV 
Human Body Model. In addition, the input structure allows for 
dc overload conditions below the negative supply, −VS. The 
internal 400 Ω resistors limit current in the event of a negative 
fault condition. However, in the case of a dc overload voltage 
above the positive supply, +VS, a large current flows directly 
through the ESD diode to the positive rail. Therefore, an external 
resistor should be used in series with the input to limit current 
for voltages above +Vs. In either scenario, the AD8221 can 
safely handle a continuous 6 mA current, I = VIN/REXT for 
positive overvoltage and I = VIN/(400 Ω + REXT) for negative 
overvoltage.  

For applications where the AD8221 encounters extreme 
overload voltages, as in cardiac defibrillators, external series 
resistors, and low leakage diode clamps, such as BAV199Ls, 
FJH1100s, or SP720s should be used.  
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RF INTERFERENCE 

RF rectification is often a problem when amplifiers are used in 
applications where there are strong RF signals. The disturbance 
can appear as a small dc offset voltage. High frequency signals 
can be filtered with a low-pass RC network placed at the input 
of the instrumentation amplifier, as shown in Figure 49. The 
filter limits the input signal bandwidth according to the following 
relationship: 
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where CD  10CC. 
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Figure 49. RFI Suppression 

CD affects the difference signal, and CC affects the common-
mode signal. Values of R and CC should be chosen to minimize 
RFI. Mismatch between the R × CC at the positive input and the 
R × CC at the negative input degrades the CMRR of the AD8221. 
By using a value of CD one magnitude larger than CC, the effect 
of the mismatch is reduced, and therefore, performance is 
improved.  

PRECISION STRAIN GAGE 

The low offset and high CMRR over frequency of the AD8221 
make it an excellent candidate for bridge measurements. As 
shown in Figure 50, the bridge can be directly connected to  
the inputs of the amplifier. 
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Figure 50. Precision Strain Gage 

CONDITIONING ±10 V SIGNALS FOR A +5 V 
DIFFERENTIAL INPUT ADC 

There is a need in many applications to condition ±10 V signals. 
However, many of today’s ADCs and digital ICs operate on 
much lower, single-supply voltages. Furthermore, new ADCs 
have differential inputs because they provide better common-
mode rejection, noise immunity, and performance at low supply 
voltages. Interfacing a ±10 V, single-ended instrumentation 
amplifier to a +5 V, differential ADC can be a challenge. 
Interfacing the instrumentation amplifier to the ADC requires 
attenuation and a level shift. A solution is shown in Figure 51. 
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Figure 51. Interfacing to a Differential Input ADC 
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In this topology, an OP27 sets the reference voltage of the 
AD8221. The output signal of the instrumentation amplifier is 
taken across the OUT pin and the REF pin. Two 1 kΩ resistors 
and a 499 Ω resistor attenuate the ±10 V signal to +4 V. An 
optional capacitor, C1, can serve as an antialiasing filter. An 
AD8022 is used to drive the ADC. 

This topology has five benefits. In addition to level-shifting and 
attenuation, very little noise is contributed to the system. Noise 
from R1 and R2 is common to both of the inputs of the ADC 
and is easily rejected. R5 adds a third of the dominant noise and 
therefore makes a negligible contribution to the noise of the 
system. The attenuator divides the noise from R3 and R4. Likewise, 
its noise contribution is negligible. The fourth benefit of this 
interface circuit is that the acquisition time of the AD8221 is 
reduced by a factor of 2. With the help of the OP27, the AD8221 
only needs to deliver one-half of the full swing; therefore, signals 
can settle more quickly. Lastly, the AD8022 settles quickly, 
which is helpful because the shorter the settling time, the  
more bits that can be resolved when the ADC acquires data. 
This configuration provides attenuation, a level-shift, and a 
convenient interface with a differential input ADC while 
maintaining performance. 

AC-COUPLED INSTRUMENTATION AMPLIFIER 

Measuring small signals that are in the noise or offset of the 
amplifier can be a challenge. Figure 52 shows a circuit that can 
improve the resolution of small ac signals. The large gain 

reduces the referred input noise of the amplifier to 8 nV/√Hz. 
Thus, smaller signals can be measured because the noise floor is 
lower. DC offsets that would have been gained by 100 are 
eliminated from the output of the AD8221 by the integrator 
feedback network.  

At low frequencies, the OP1177 forces the output of the AD8221 to 
0 V. Once a signal exceeds fHIGH-PASS, the AD8221 outputs the 
amplified input signal. 
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Figure 52. AC-Coupled Circuit 
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DIE INFORMATION 

Die size: 1575 µm × 2230 µm 

Die thickness: 381 µm 

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 the Pad 3A and Pad 3B. 
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Figure 53. Bond Pad Diagram 

 

Table 7. Bond Pad Information 

Pad No. Mnemonic 

Pad Coordinates1 

X (µm) Y (µm) 

1 −IN –379 +951 

2A RG –446 +826 

2B RG –615 +474 

3A RG –619 +211 

3B RG –490 –190 

4 +IN –621 –622 

5 −VS +635 –823 

6 REF +649 –339 

7 VOUT +612 +84 

8 +VS +636 +570 
 
1 The pad coordinates indicate the center of each pad, referenced to the center of the die. The die orientation is indicated by the logo, as shown in Figure 53.  
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OUTLINE DIMENSIONS 
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Figure 54. 8-Lead Mini Small Outline Package [MSOP]  
(RM-8) 

Dimensions shown in millimeters 

 

CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS

(IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR

REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.
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Figure 55. 8-Lead Standard Small Outline Package [SOIC_N]  
Narrow Body 

(R-8) 
Dimensions shown in millimeters and (inches) 

 



AD8221    
 

Rev. C | Page 24 of 24 

ORDERING GUIDE 

Model1
Temperature Range for 
Specified Performance  

Operating2

Package Description 
 

Temperature Range  
Package 
Option Branding 

AD8221AR –40°C to +85°C –40°C to +125°C 8-Lead SOIC_N R-8  

AD8221AR-REEL –40°C to +85°C –40°C to +125°C 8-Lead SOIC_N, 13" Tape and Reel R-8  

AD8221AR-REEL7 –40°C to +85°C –40°C to +125°C 8-Lead SOIC_N, 7" Tape and Reel R-8  

AD8221ARZ –40°C to +85°C –40°C to +125°C 8-Lead SOIC_N R-8  

AD8221ARZ-R7 –40°C to +85°C –40°C to +125°C 8-Lead SOIC_N, 7" Tape and Reel R-8  

AD8221ARZ-RL –40°C to +85°C –40°C to +125°C 8-Lead SOIC_N, 13" Tape and Reel R-8  

AD8221ARM –40°C to +85°C –40°C to +125°C 8-Lead MSOP RM-8 JLA 

AD8221ARM-REEL –40°C to +85°C –40°C to +125°C 8-Lead MSOP, 13" Tape and Reel RM-8 JLA 

AD8221ARM REEL7 –40°C to +85°C –40°C to +125°C 8-Lead MSOP, 7" Tape and Reel RM-8 JLA 

AD8221ARMZ –40°C to +85°C –40°C to +125°C 8-Lead MSOP RM-8 JLA# 

AD8221ARMZ-R7 –40°C to +85°C –40°C to +125°C 8-Lead MSOP, 7" Tape and Reel RM-8 JLA# 

AD8221ARMZ-RL –40°C to +85°C –40°C to +125°C 8-Lead MSOP, 13" Tape and Reel RM-8 JLA# 

AD8221BR –40°C to +85°C –40°C to +125°C 8-Lead SOIC_N R-8  

AD8221BR-REEL –40°C to +85°C –40°C to +125°C 8-Lead SOIC_N, 13" Tape and Reel R-8  

AD8221BR-REEL7 –40°C to +85°C –40°C to +125°C 8-Lead SOIC_N, 7" Tape and Reel R-8  

AD8221BRZ –40°C to +85°C –40°C to +125°C 8-Lead SOIC_N R-8  

AD8221BRZ-R7 –40°C to +85°C –40°C to +125°C 8-Lead SOIC_N, 7" Tape and Reel R-8  

AD8221BRZ-RL –40°C to +85°C –40°C to +125°C 8-Lead SOIC_N, 13" Tape and Reel R-8  

AD8221AC-P7 –40°C to +85°C –40°C to +125°C Die   
 
1 Z = RoHS Compliant Part, # denotes RoHS compliant product may be top or bottom marked. 
2 See Typical Performance Characteristics for expected operation from 85°C to 125°C. 
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