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KWIK CIRCUIT FAQ 
Amplifying AC signals with large DC offsets for Low Power 
Designs – by David Plourde 

FAQ: How to amplify AC signals with 
Large DC offsets. 
 

Introduction 
This KWIK (Know-how With Integrated Knowledge) 
Circuit application note offers a step by step guide to 
address a specific design challenge. The requirements 
associated, in relation to a specific application, how 
these are translated, using generic formulae, and how 
these can be easily scaled to other associated 
application specifications, will be discussed.  
In applications such as or Electromagnetic Flow Meter 
or Biopotential measurements, small differential 
signals are in series with much larger differential 
offsets.  These offsets typically limit the gain you can 

take in the front-end reducing overall dynamic range, 
especially on lower supply voltages that come with 
battery powered signal chains.  
This guide will assist with the design of a low power, 
AC coupled signal conditioning circuit that will both 
reject the large offset voltage and amplify the small 
differential signal. Additionally, this guide will help with 
partitioning of the gain stages around the high pass 
filter as well as any noise considerations. 

Design specifications example 
The design choices for the circuit shown in Figure 1 
depend greatly on the input signal and offset amplitude 
ranges and frequencies, as well as supply voltage to 
avoid saturation.  Power and size are also key for 
battery powered applications. Example Design 
Specifications are listed in Table 1

 
 

 
Figure 1. Battery powered AC coupled Signal Conditioning Circuit 
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Table 1. Design Key Specifications for circuit in shown in Figure 1 
 

Sensor Voffset 
Max Amplitude 

𝑽𝑽𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐 

Sensor Vsignal 
Max Amplitude 

𝑽𝑽𝒐𝒐𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 

Sensor Vsignal 
Min/Max 
Frequency 

Sensor Common 
Mode (Vcm) 

Supplies 
+Vs/-Vs 

Vbias / Output 
Common Mode 

Supply Current 
Max 

±300mV ±10mV   0.5Hz/40Hz 1.65 ±1V +3.3V/0V +1.65V 100uA 

 

Design Description  
The circuit presented in Figure 1 is an AC coupled 
signal conditioning circuit that can be powered from a 
minimum single 3.3V supply.   The circuit in Figure 1 
starts with the AD8235, an instrumentation amplifier 
that provides high input impedance, CMRR, a 
minimum gain of 5, and differential to single ended 
conversion. This is followed by a high-pass filter (Cfilt, 
Rfilt) which rejects the gained up Voffset, and an 
ADA4505 to provide additional gain and filtering (R4, 
R3, Cfilt2).  A Vbias is generated to set both the 
AD8235 and ADA4505 gain stages output common 
mode to midsupply (+Vs/2) since the Vsignal and Voffset 
are both differential signals.  The Vbias is generated 
with a voltage divider (R1, R2) and buffered by another 
ADA4505.  Both the AD8235 and ADA4505-2  come 
in a compact WLCSP (wafer level chip scale package) 
and their combined supply current is just under 45uA 
typical which makes them an excellent choice for this 
battery powered solution 
 

Design Tips / Considerations 
1. When considering total supply current for the 

circuit, the choice of resistor values R1, R2, R3, 
and R4 also matters. The resistor choice is a 
tradeoff between noise and power dissipation.  For 
this circuit, it is better to choose larger resistor 
values to minimize additional supply current.  
There are two locations in the circuit that take 
additional supply current.  I1 is the current 
following through the resistor divider:  𝐼𝐼1 = +𝑉𝑉𝑉𝑉

𝑅𝑅1+𝑅𝑅2
        

I2 is the current flowing through the second stage 
gain resistors.  For a maximum output signal the 
added supply current would be:  𝐼𝐼2 = +𝑉𝑉𝑉𝑉−𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉

𝑅𝑅3+𝑅𝑅4
   

 
2. In the case of the resistor divider (R1, R2) an 

additional capacitor C1 can be added to band limit 
the noise as well as reduce any 60Hz or other 
interference on +Vs.  The larger the capacitor, the 

better the noise filtering, however it will take Vbias 
longer to settle at power up.  The estimated time it 
takes to settle within 1%:  𝑡𝑡𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠_𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 5 ∗ 𝑅𝑅1∗𝑅𝑅2∗𝐶𝐶1 

𝑅𝑅1+𝑅𝑅2
   

 
3. The ADA4505 buffer is used to drive Vbias to 

various nodes in the circuit as shown in Figure 1.  
A low impedance drive is required on the REF pin 
of the AD8235 since the pin input impedance is 
resistive.  Any additional series resistance will 
degrade the CMRR and gain error.  The buffer will 
also prevent loading of Rfilt and R3.  By providing 
the same Vbias to Rfilt and R3, there is no risk of 
gaining up the DC difference between these two 
bias points.  Additionally, this reduces the noise 
contribution from Vbias to Vout since there is a 
cancellation of correlated noise sources.  This 
noise contribution can be reduced even further if 
Vout is measured with respect to Vbias rather than 
ground. 

 
4. Although the DC specifications should not have a 

major impact on an AC coupled solution like this 
(errors much smaller than the sensor Voffset) they 
should be considered when setting the maximum 
output swing ranges, since they will add to the 
total differential input swing.   This would include 
the offset voltage and any input bias currents 
flowing through sensor impedances for the 
AD8235 and similarly through Rfilt, R3, and R4 for 
the ADA4505.  The target temperature range for 
the design can also increase these DC errors.  If 
the total differential input swing gets too large such 
that there is risk of saturation in the first or second 
gain stages, this can be addressed by reducing 
the gain or increasing the supply voltage +Vs.  Any 
+Vs supply variation should also be considered. 

 
5. Make sure the biasing of the input/sensor is within 

the input common mode range of the AD8235.  
Since this is a single supply solution, most 

https://www.analog.com/en/products/ad8235.html
https://www.analog.com/en/products/ada4505-2.html
https://www.analog.com/en/products/ad8235.html
https://www.analog.com/en/products/ada4505-2.html
https://www.analog.com/en/products/ada4505-2.html
https://www.analog.com/en/products/ad8235.html
https://www.analog.com/en/products/ada4505-2.html
https://www.analog.com/en/products/ada4505-2.html
https://www.analog.com/en/products/ad8235.html
https://www.analog.com/en/products/ad8235.html
https://www.analog.com/en/products/ada4505-2.html
https://www.analog.com/en/products/ad8235.html
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instrumentation amplifier’s optimal value is at mid 
supply (+Vs/2) due to the common mode input 
voltage vs output range or “diamond plot”.  This 
common mode could be provided from a third 
electrode for a biopotential application for 
example.  An instrumentation amplifier diamond 
plot tool to help with this will be presented in the 
design simulations section below.   

 
6. The location of AC coupling in Figure 1 was 

chosen over AC coupling right at the input for two 
important reasons. When AC coupling at the input, 
a filter is needed on both inputs to keep the circuit 
balanced differentially, therefore the tolerances of 
these components will affect how well the filters 
match and degrade common mode rejection vs 
frequency.  Additionally, the resistor chosen will 
limit the input impedance. See the appendix for an 
example comparison of the two circuits. 

Design procedure 
1. Setting Vbias: 
To keep supply current contribution less than 1uA, set 
R1=R2 to 10MΩ.   
𝐼𝐼1 = 3.3𝑉𝑉

10𝑀𝑀𝑀𝑀+10𝑀𝑀𝑀𝑀
= 165𝑛𝑛𝑛𝑛       

Output of the resistor divider prior to ADA4505:  
+𝑉𝑉𝑉𝑉 ∗ � 𝑅𝑅2

𝑅𝑅1+𝑅𝑅2
� = 3.3𝑉𝑉 ∗ � 10𝑀𝑀𝑀𝑀

10𝑀𝑀𝑀𝑀+10𝑀𝑀𝑀𝑀
� = 1.65𝑉𝑉    

 
Using tolerances less than 1% for R1 and R2 will keep 
Vbias variation low and help to maximize output swing 
of first and second gain stages. Combining the 1% 
resistors and Vos of the ADA4505 buffer:  
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 1.65𝑉𝑉 ± 20mV        
 
To remove AC power supply interference and noise 
from resistors set C1 so cutoff frequency is at least 
less than the minimum Vsignal frequency of 0.5Hz. In 
this case C1 is set to 0.1uF: 
𝐷𝐷𝑉𝑉𝐷𝐷𝑉𝑉𝐷𝐷𝐷𝐷𝑟𝑟𝑓𝑓3𝑑𝑑𝑉𝑉 = 1

2𝜋𝜋�𝐶𝐶1∗ 𝑅𝑅1𝑅𝑅2𝑅𝑅1+𝑅𝑅2�
   

𝐷𝐷𝑉𝑉𝐷𝐷𝑉𝑉𝐷𝐷𝐷𝐷𝑟𝑟𝑓𝑓3𝑑𝑑𝑉𝑉 = 1
2𝜋𝜋∗0.1𝑢𝑢𝑢𝑢∗5𝑀𝑀𝑀𝑀

=  0.318𝐻𝐻𝐻𝐻   
 

2. Setting first stage gain 
First, consider the AD8235 output swing range limits to 
the supply rails.  These values can be found from the 
datasheet as “Output Voltage High” and “Output 
Voltage Low” for a given supply voltage. There is no 

resistive load in this case, so let’s use the 100kΩ 
swing worst case to be conservative: 

0.005𝑉𝑉 ≤ 𝑉𝑉𝑉𝑉𝑉𝑉𝑡𝑡𝐴𝐴𝐴𝐴8235 ≤ (+𝑉𝑉𝑆𝑆 − 0.02𝑉𝑉)  
0.005𝑉𝑉 ≤ 𝑉𝑉𝑉𝑉𝑉𝑉𝑡𝑡𝐴𝐴𝐴𝐴8235 ≤  3.28 

Since the input is fully differential, this will be the 
worst-case output swing with respect to Vbias. 
 
For positive input signals (Vbias_max=1.67V): 

1.67𝑉𝑉 ≤ 𝑉𝑉𝑉𝑉𝑉𝑉𝑡𝑡𝐴𝐴𝐴𝐴8235 ≤  3.28 
+𝑆𝑆𝑆𝑆𝑉𝑉𝑛𝑛𝑆𝑆 𝑅𝑅𝑉𝑉𝑛𝑛𝑆𝑆𝐷𝐷𝐴𝐴𝐴𝐴8235 = 3.28𝑉𝑉 − 1.67𝑉𝑉 = 1.61𝑉𝑉 
 

For negative input signals (Vbias_min=1.63V): 
0.005𝑉𝑉 ≤ 𝑉𝑉𝑉𝑉𝑉𝑉𝑡𝑡𝐴𝐴𝐴𝐴8235 ≤  1.63𝑉𝑉 
−𝑆𝑆𝑆𝑆𝑉𝑉𝑛𝑛𝑆𝑆 𝑅𝑅𝑉𝑉𝑛𝑛𝑆𝑆𝐷𝐷𝐴𝐴𝐴𝐴8235 = 1.63𝑉𝑉 − 0.005𝑉𝑉 = 1.625𝑉𝑉 
 
Now to set the gain add up the total expected 
Differential Input Signal and use the lower of the 
positive and negative swing ranges to set the max 
swing range: 

𝑉𝑉𝑉𝑉𝑛𝑛 𝐴𝐴𝑉𝑉𝑓𝑓𝑓𝑓 𝑀𝑀𝑉𝑉𝑀𝑀 = ±�𝑉𝑉𝑜𝑜𝑓𝑓𝑓𝑓𝑉𝑉𝑠𝑠𝑠𝑠 + 𝑉𝑉𝑉𝑉𝑉𝑉𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠� 
𝑉𝑉𝑉𝑉𝑛𝑛𝐴𝐴𝑉𝑉𝑓𝑓𝑓𝑓 𝑀𝑀𝑉𝑉𝑀𝑀 =  ±(300𝑚𝑚𝑉𝑉 + 10𝑚𝑚𝑉𝑉) =  ±310𝑚𝑚𝑉𝑉   
 

𝑀𝑀𝑉𝑉𝑀𝑀 𝐺𝐺𝑉𝑉𝑉𝑉𝑛𝑛𝐴𝐴𝐴𝐴8235 =
𝑀𝑀𝑉𝑉𝑀𝑀 𝑆𝑆𝑆𝑆𝑉𝑉𝑛𝑛𝑆𝑆 𝑅𝑅𝑉𝑉𝑛𝑛𝑆𝑆𝐷𝐷𝐴𝐴𝐴𝐴8235 

𝑉𝑉𝑉𝑉𝑛𝑛𝐴𝐴𝑉𝑉𝑓𝑓𝑓𝑓 𝑀𝑀𝑉𝑉𝑀𝑀
 

𝑀𝑀𝑉𝑉𝑀𝑀 𝐺𝐺𝑉𝑉𝑉𝑉𝑛𝑛𝐴𝐴𝐴𝐴8235 =
1.61𝑉𝑉

310𝑚𝑚𝑉𝑉
= 5.19𝑉𝑉/𝑉𝑉 

 

The minimum gain for AD8235 without external Rg 
resistor is 5, so let’s use this to leave some margin for 
DC errors/other.  Also, it is important to check the 
“diamond plot” at the selected gain.  See design 
simulations section for this exercise. 
 
3. Setting high pass filter 
Assuming ±10% component tolerance for Rfilt and 
Cfilt, the fastest time constant should be less than 
Vsignal minimum frequency: 
𝐻𝐻𝑉𝑉𝑆𝑆ℎ 𝑃𝑃𝑉𝑉𝑉𝑉𝑉𝑉 𝐹𝐹𝑉𝑉𝐹𝐹𝑡𝑡𝐷𝐷𝑟𝑟𝑓𝑓3𝑑𝑑𝑉𝑉 = 1

2𝜋𝜋(0.9𝐶𝐶𝑓𝑓𝑉𝑉𝑠𝑠𝑠𝑠∗0.9𝑅𝑅𝑓𝑓𝑉𝑉𝑠𝑠𝑠𝑠)
< 0.5𝐻𝐻𝐻𝐻   

If we choose Rfilt=100kohm and rearrange equation: 
𝐶𝐶𝐶𝐶𝑉𝑉𝐹𝐹𝑡𝑡 > 1

2𝜋𝜋(0.9∗0.9∗100𝑘𝑘𝑀𝑀∗0.5𝐻𝐻𝐻𝐻)
   

 
𝐶𝐶𝐶𝐶𝑉𝑉𝐹𝐹𝑡𝑡 >   3.93uF 
 

https://tools.analog.com/en/diamond/#difL=-0.31&difR=0.31&difSl=0.31&gain=5&l=0.65&pr=AD8235&r=2.65&sl=0.65&tab=1&ty=1&vn=0&vp=3.3&vr=1.64999
https://tools.analog.com/en/diamond/#difL=-0.31&difR=0.31&difSl=0.31&gain=5&l=0.65&pr=AD8235&r=2.65&sl=0.65&tab=1&ty=1&vn=0&vp=3.3&vr=1.64999
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Taking the nearest standard capacitor value, let’s set 
Cfilt = 4.7uF, so the updated nominal cutoff frequency 
is:  
𝐻𝐻𝑉𝑉𝑆𝑆ℎ 𝑃𝑃𝑉𝑉𝑉𝑉𝑉𝑉 𝐹𝐹𝑉𝑉𝐹𝐹𝑡𝑡𝐷𝐷𝑟𝑟𝑓𝑓3𝑑𝑑𝑉𝑉 = 1

2𝜋𝜋(100𝑘𝑘𝑀𝑀∗4.7𝑢𝑢𝑢𝑢)
=  0.339𝐻𝐻𝐻𝐻   

If the design specification requires a certain minimum 
attenuation for the minimum signal frequency, this can 
be easily checked for a given filter cutoff frequency.  
See example for this circuit:  

𝑛𝑛𝑡𝑡𝑡𝑡𝐷𝐷𝑛𝑛𝑉𝑉𝑉𝑉𝑡𝑡𝑉𝑉𝑉𝑉𝑛𝑛 = 20 log10√(
1

1 + �
𝐻𝐻𝑉𝑉𝑆𝑆ℎ 𝑃𝑃𝑉𝑉𝑉𝑉𝑉𝑉 𝐹𝐹𝑉𝑉𝐹𝐹𝑡𝑡𝐷𝐷𝑟𝑟𝑓𝑓3𝑑𝑑𝑉𝑉

2

𝑉𝑉𝑉𝑉𝑉𝑉𝑆𝑆𝑛𝑛𝑉𝑉𝐹𝐹_𝑚𝑚𝑉𝑉𝑛𝑛 _𝐶𝐶𝑟𝑟𝐷𝐷𝑓𝑓2 �
) 

𝑛𝑛𝑡𝑡𝑡𝑡𝐷𝐷𝑛𝑛𝑉𝑉𝑉𝑉𝑡𝑡𝑉𝑉𝑉𝑉𝑛𝑛 = 20 log10√( 1

1+�0.339𝐻𝐻𝐻𝐻2

0.5𝐻𝐻𝐻𝐻2
�
) = -1.64dB 

 

4. Setting second stage gain 

Using a similar approach to the first stage gain, first 
determine the ADA4505 output swing range limits 
from the datasheet.  With an unknown resistive load, 
we will use the 10kΩ worst case to be conservative: 
0.025𝑉𝑉 ≤ 𝑉𝑉𝑉𝑉𝑉𝑉𝑡𝑡𝐴𝐴𝐴𝐴𝐴𝐴4505 ≤ (+𝑉𝑉𝑆𝑆 − 0.1𝑉𝑉)  
0.025𝑉𝑉 ≤ 𝑉𝑉𝑉𝑉𝑉𝑉𝑡𝑡𝐴𝐴𝐴𝐴𝐴𝐴4505 ≤  3.2 

Since the input is fully differential, this will be the 
worst-case output swing with respect to Vbias. 
For positive input signals (Vbias_max=1.67V): 
1.67𝑉𝑉 ≤ 𝑉𝑉𝑉𝑉𝑉𝑉𝑡𝑡𝐴𝐴𝐴𝐴𝐴𝐴4505 ≤  3.2 
+𝑆𝑆𝑆𝑆𝑉𝑉𝑛𝑛𝑆𝑆 𝑅𝑅𝑉𝑉𝑛𝑛𝑆𝑆𝐷𝐷𝑛𝑛𝐷𝐷𝑛𝑛4505 = 3.2𝑉𝑉 − 1.67𝑉𝑉 = 1.53𝑉𝑉 

For negative input signals (Vbias_min=1.63V): 

0.025𝑉𝑉 ≤ 𝑉𝑉𝑉𝑉𝑉𝑉𝑡𝑡𝐴𝐴𝐴𝐴𝐴𝐴4505 ≤  1.63𝑉𝑉 
−𝑆𝑆𝑆𝑆𝑉𝑉𝑛𝑛𝑆𝑆 𝑅𝑅𝑉𝑉𝑛𝑛𝑆𝑆𝐷𝐷𝑛𝑛𝐷𝐷𝑛𝑛4505 = 1.63𝑉𝑉 − 0.025𝑉𝑉 
−𝑆𝑆𝑆𝑆𝑉𝑉𝑛𝑛𝑆𝑆 𝑅𝑅𝑉𝑉𝑛𝑛𝑆𝑆𝐷𝐷𝑛𝑛𝐷𝐷𝑛𝑛4505 = 1.605𝑉𝑉 

Now to set the gain add up the total expected 
Differential Input Signal at the input of the ADA4505 
and use the lower of the positive and negative swing 
ranges to set the max swing range: 

𝑉𝑉𝑉𝑉𝑛𝑛𝐷𝐷𝑉𝑉𝐶𝐶𝐶𝐶 𝑀𝑀𝑉𝑉𝑀𝑀 = ±�𝐺𝐺𝑉𝑉𝑉𝑉𝑛𝑛𝑛𝑛𝐷𝐷8235 ∗ 𝑉𝑉𝑉𝑉𝑉𝑉𝑆𝑆𝑛𝑛𝑉𝑉𝐹𝐹� 
𝑉𝑉𝑉𝑉𝑛𝑛𝐷𝐷𝑉𝑉𝐶𝐶𝐶𝐶 𝑀𝑀𝑉𝑉𝑀𝑀  ± (5 ∗ 10𝑚𝑚𝑉𝑉) =  ±50𝑚𝑚𝑉𝑉   
 

𝑀𝑀𝑉𝑉𝑀𝑀 𝐺𝐺𝑉𝑉𝑉𝑉𝑛𝑛𝑛𝑛𝐷𝐷𝑛𝑛4505 =
𝑀𝑀𝑉𝑉𝑀𝑀 𝑆𝑆𝑆𝑆𝑉𝑉𝑛𝑛𝑆𝑆 𝑅𝑅𝑉𝑉𝑛𝑛𝑆𝑆𝐷𝐷𝑛𝑛𝐷𝐷𝑛𝑛4505

𝑉𝑉𝑉𝑉𝑛𝑛𝐷𝐷𝑉𝑉𝐶𝐶𝐶𝐶 𝑀𝑀𝑉𝑉𝑀𝑀
 

𝑀𝑀𝑉𝑉𝑀𝑀 𝐺𝐺𝑉𝑉𝑉𝑉𝑛𝑛𝑛𝑛𝐷𝐷𝑛𝑛4505 =
1.53𝑉𝑉
50𝑚𝑚𝑉𝑉 = 30.6 

Let’s take a gain of about 25 to leave some margin for 
DC errors and other component tolerances and 
choose R4=1MΩ to keep supply current low at max 
signal swing. 

𝐺𝐺𝑉𝑉𝑉𝑉𝑛𝑛𝑛𝑛𝐷𝐷𝑛𝑛4505 = 1 +
𝑅𝑅4
𝑅𝑅3

 

𝑅𝑅3 =
𝑅𝑅4

(𝐺𝐺𝑉𝑉𝑉𝑉𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴4505 − 1)
=

1𝑀𝑀𝑀𝑀
25 − 1

= 41.67𝑘𝑘𝑀𝑀 

 
Rounding up R3 to the next typical resistor value is 
43kΩ 
𝐺𝐺𝑉𝑉𝑉𝑉𝑛𝑛𝑛𝑛𝐷𝐷𝑛𝑛4505 = 1 + 𝑅𝑅4

𝑅𝑅3
= 1 + 1𝑀𝑀𝑀𝑀

43𝑘𝑘𝑀𝑀
= 24.26    

𝐺𝐺𝑉𝑉𝑉𝑉𝑛𝑛𝑇𝑇𝑉𝑉𝑡𝑡𝑉𝑉𝐹𝐹 = 𝐺𝐺𝑉𝑉𝑉𝑉𝑛𝑛𝑛𝑛𝐷𝐷8235 ∗ 𝐺𝐺𝑉𝑉𝑉𝑉𝑛𝑛𝑛𝑛𝐷𝐷𝑛𝑛4505 
𝐺𝐺𝑉𝑉𝑉𝑉𝑛𝑛𝑇𝑇𝑉𝑉𝑡𝑡𝑉𝑉𝐹𝐹 = 5 ∗ 24.26 =  121.3   
𝐺𝐺𝑉𝑉𝑉𝑉𝑛𝑛_𝐷𝐷𝑑𝑑𝑇𝑇𝑉𝑉𝑡𝑡𝑉𝑉𝐹𝐹 = 20 log10 121.3 = 41.68𝐷𝐷𝑑𝑑   
 

 
 
5. Setting low pass filter with Cfilt2 
Start by determining the bandwidth of the ADA4505 in 
a gain of 24.26 using the Gain Bandwidth Product 
(GBP): 

𝑑𝑑𝑉𝑉𝑛𝑛𝐷𝐷𝑆𝑆𝑉𝑉𝐷𝐷𝑡𝑡ℎ𝑛𝑛𝐷𝐷𝑛𝑛4505 =
𝐺𝐺𝑑𝑑𝐺𝐺

𝐺𝐺𝑉𝑉𝑉𝑉𝑛𝑛𝑛𝑛𝐷𝐷𝑛𝑛4505
 

𝑑𝑑𝑉𝑉𝑛𝑛𝐷𝐷𝑆𝑆𝑉𝑉𝐷𝐷𝑡𝑡ℎ𝑛𝑛𝐷𝐷𝑛𝑛4505 = 50𝑘𝑘𝐻𝐻𝐻𝐻

24.26
= 2.061𝑘𝑘𝐻𝐻𝐻𝐻  

 
If the target bandwidth needs to be reduced further 
due to the maximum signal frequency expected and/or 
to limit wideband noise, capacitance Cfilt2 can be 
used.  Assuming +/-10% component tolerance for R4 
and Cfilt2, the slowest time constant should be more 
than the Vsignal maximum frequency 

 
𝐿𝐿𝑉𝑉𝑆𝑆 𝑃𝑃𝑉𝑉𝑉𝑉𝑉𝑉 𝐹𝐹𝑉𝑉𝐹𝐹𝑡𝑡𝐷𝐷𝑟𝑟𝐶𝐶3𝐷𝐷𝑉𝑉 = 1

2𝜋𝜋(1.1𝑅𝑅4∗1.1𝐶𝐶𝐶𝐶𝑉𝑉𝐹𝐹𝑡𝑡2)
> 40𝐻𝐻𝐻𝐻  

 
Using R5 of 1MΩ and rearranging equation: 

𝐶𝐶𝐶𝐶𝑉𝑉𝐹𝐹𝑡𝑡2 <
1

2𝜋𝜋 ∗ (1.1 ∗ 1.1 ∗ 1𝑀𝑀𝑀𝑀 ∗ 40𝐻𝐻𝐻𝐻)
 

𝐶𝐶𝐶𝐶𝑉𝑉𝐹𝐹𝑡𝑡2 < 3.288𝑛𝑛𝐹𝐹 
 
This could then be rounded up to the nearest standard 
capacitor of 3.3nF, so the updated cutoff frequency is: 

𝐿𝐿𝑉𝑉𝑆𝑆 𝑃𝑃𝑉𝑉𝑉𝑉𝑉𝑉 𝐹𝐹𝑉𝑉𝐹𝐹𝑡𝑡𝐷𝐷𝑟𝑟𝐶𝐶3𝐷𝐷𝑉𝑉 = 1

2𝜋𝜋(1𝑀𝑀𝑀𝑀∗3.3𝑛𝑛𝐹𝐹) =  48.23𝐻𝐻𝐻𝐻   

https://www.analog.com/en/products/ada4505-2.html


KWIK FAQ 
Amplifying AC signals with large DC offsets 
for Low Power Designs    
 

  
©2022 Analog Devices Inc All Rights Reserved 5 

 

If the design specification requires a certain minimum 
attenuation for the maximum signal frequency, this can 
be easily checked for a given filter cutoff frequency.  
See example for this circuit: 

𝑛𝑛𝑡𝑡𝑡𝑡𝐷𝐷𝑛𝑛𝑉𝑉𝑉𝑉𝑡𝑡𝑉𝑉𝑉𝑉𝑛𝑛 = 20 log10√(
1

1 + �𝑉𝑉𝑉𝑉𝑉𝑉𝑆𝑆𝑛𝑛𝑉𝑉𝐹𝐹_max _𝐶𝐶𝑟𝑟𝐷𝐷𝑓𝑓2
𝐿𝐿𝑉𝑉𝑆𝑆 𝑃𝑃𝑉𝑉𝑉𝑉𝑉𝑉 𝐹𝐹𝑉𝑉𝐹𝐹𝑡𝑡𝐷𝐷𝑟𝑟𝑓𝑓3𝑑𝑑𝑉𝑉

2�
) 

 

𝑛𝑛𝑡𝑡𝑡𝑡𝐷𝐷𝑛𝑛𝑉𝑉𝑉𝑉𝑡𝑡𝑉𝑉𝑉𝑉𝑛𝑛 = 20 log10 �
1

1+� 40𝐻𝐻𝐻𝐻2

48.23𝐻𝐻𝐻𝐻2
�

= −2.27𝐷𝐷𝑑𝑑  

Design Simulations 
To check to common mode input range vs output 
voltage or “diamond plot” for an instrumentation 
amplifier, you’ll want to provide the supply voltage +Vs, 
reference voltage, gain, common mode swing and 
differential input swing.  The instrumentation amplifier 
diamond plot tool from Analog Devices  helps to see if 
the input swing is within the operating range of the 
part.  Just a note, that the output swing used for the 
tool uses the worst-case load conditions (smallest 
resistive load), so if you design to the tool limits there 
would be additional margin for larger resistive loads.  

Looking at the results in Figure 2, the green outline is 
the usable range of the AD8235 for the given supply 
voltage, output swing, input common mode range, and 
reference voltage of the part.  The red outline shows 
how much of this range you are using for the given 
common mode and differential input mode swing.  The 
goal is to keep the red outline within the green outline.  
If certain conditions violate this, the tool will show the 
error and provide recommendations. To further 
understand what is happening inside the 
instrumentation amplifier, the “Internal Circuitry” tab 
will show the voltages of internal nodes. 
 
LTspice is an excellent simulation tool to use to check 
against the design procedure calculations made above 
including other specifications of interest such as the 
noise performance in the signal band of interest.  The 
LTspice schematic is shown in Figure 3 below.  The 
first simulation is a transient simulation with a DC 
offset of 300mV and an input signal of ±10mV at 5Hz.  
Figure 4 shows the signal at each stage in the circuit. 
The green curve is the total differential input signal.  
The red curve is the gained-up signal at the output of 
the AD8235.  The teal curve shows the output of the 
high pass filter with the DC offset removed, and finally 
the blue curve shows the final gained up 5Hz signal.

 
  
 

 
Figure 2. AD8235 Diamond Plot Tool Example 

https://tools.analog.com/en/diamond/#difL=-0.31&difR=0.31&difSl=0.31&gain=5&l=0.65&pr=AD8235&r=2.65&sl=0.65&tab=1&ty=1&vn=0&vp=3.3&vr=1.64999
https://tools.analog.com/en/diamond/#difL=-0.31&difR=0.31&difSl=0.31&gain=5&l=0.65&pr=AD8235&r=2.65&sl=0.65&tab=1&ty=1&vn=0&vp=3.3&vr=1.64999
https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html
https://www.analog.com/en/products/ad8235.html
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Figure 3. LTSPICE schematic 

 

 
Figure 4 . Transient simulation at various stages of circuit for Voffset=300mV and Vsignal=±10mV 

 

Figure 5 uses an aggressive 2Vp-p 60Hz Vcm input 
signal (green) without any differential signal applied.  
While it is unlikely the 60Hz could get this high in a 
battery powered application, it is something to 
consider.  Note that all the signals in the figure are 
sitting at DC of Vbias=1.65V.  Most of the attenuation 
comes from the CMRR of the AD8235 which is greater 
than 60dB at 60Hz (red and teal plots ~7.5mVp-p).  
The final output (blue plot ~110mVp-pk) is gained up 
and partially attenuated by the 48Hz low pass filter.  

Figure 6 shows what the signals would look like if both 
the common mode and differential mode inputs were 
present at the same time.  You can see that 60Hz 
appears as a ripple riding on the slower 5Hz signal 
that has been gained up.   Figure 7 shows the supply 
current from +Vs  for the simulation setup in Figure 4 
is less than 52uA.  
 

AD8235 Output

High Pass Filter Output

https://www.analog.com/en/products/ad8235.html
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Figure 5. Transient simulation at various stages of circuit for Vcm=1.65V±1V 

 

 
Figure 6. Transient simulation at various stages of circuit for Voffset=300mV, Vsignal=±10mV, and Vcm=1.65V±1V 

 
  

AD8235 Output

High Pass Filter Output

Vcm

AD8235 Output

High Pass Filter Output
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The next simulation in Figure 8 shows the frequency 
response of the circuit in Figure 3. The peak 
magnitude was determined at 5Hz and cursors 1 and 2 
were placed at the -3dB point for the high pass and 
low pass filters respectively. The table below shows a 
comparison of calculated vs. measured results.   
 
Table 2 – Calculated v’s Simulated Results  

Specification Calculated Simulated 

𝑮𝑮𝒔𝒔𝒔𝒔𝒔𝒔_𝒅𝒅𝒅𝒅𝑻𝑻𝒐𝒐𝒐𝒐𝒔𝒔𝒔𝒔 41.68dB 41.6dB 

𝑯𝑯𝒔𝒔𝒔𝒔𝑯𝑯 𝑷𝑷𝒔𝒔𝒐𝒐𝒐𝒐 𝑭𝑭𝒔𝒔𝒔𝒔𝒐𝒐𝒐𝒐𝑭𝑭𝒐𝒐𝒇𝒇𝒅𝒅𝒇𝒇 0.339Hz 0.339Hz 

𝑳𝑳𝒐𝒐𝑳𝑳 𝑷𝑷𝒔𝒔𝒐𝒐𝒐𝒐 𝑭𝑭𝒔𝒔𝒔𝒔𝒐𝒐𝒐𝒐𝑭𝑭𝒐𝒐𝒇𝒇𝒅𝒅𝒇𝒇 48.23Hz 47.88Hz 

 
One thing worth mentioning in the frequency response, 
is that for the low pass filter used in this circuit, the 
gain of the second stage falls to 1 as Cfilt2 becomes a 
short.  This means that the signal coming from the 
AD8235 and high pass filter does not continue to 
attenuate until it hits the bandwidth of the AD8235.  To 

filter further, a low pass filter could be placed at the 
very output of the second gain stage as is typically 
done prior to an ADC.   
The next simulation in Figure 9 shows the Voltage 
Noise Density vs Frequency (referred to input) for the 
circuit in Figure 3.  This is done by dividing the output 
noise by the total gain of the solution (121.3).  The 
RMS noise calculator is used to find the integrated 
noise from 0.5Hz to 40Hz which was the target Vsignal 
frequency range. To use this calculator, first right-click 
on the x-axis of the plot to set the target frequency 
range, then hold the control key and left-click on the 
waveform name (V(onoise)/121.3).  The RMS noise 
can easily be converted to peak-to-peak noise using 
the equation below:   
𝑁𝑁𝑉𝑉𝑉𝑉𝑉𝑉𝐷𝐷𝑝𝑝−𝑝𝑝 = 6.6 ∗ 𝑁𝑁𝑉𝑉𝑉𝑉𝑉𝑉𝐷𝐷𝑅𝑅𝑀𝑀𝑆𝑆 
𝑁𝑁𝑉𝑉𝑉𝑉𝑉𝑉𝐷𝐷𝑝𝑝−𝑝𝑝 = 6.6 ∗ 1.047𝑉𝑉𝑉𝑉 𝑅𝑅𝑀𝑀𝑆𝑆 = 6.91𝑉𝑉𝑉𝑉 𝑝𝑝 − 𝑝𝑝 
A quick check of the AD8235 noise, determined this 
was the dominant noise source.  This makes sense, 
since all other noise sources in the circuit are after the 
first stage gain which reduces their total contribution 
referred to input. 
 

 

 
Figure 7. Transient simulation of total supply current for Voffset=300mV, Vsignal=±10mV 

  

 

https://www.analog.com/en/products/ad8235.html
https://www.analog.com/en/products/ad8235.html
https://www.analog.com/en/products/ad8235.html
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Figure 8.  Frequency response of circuit in Figure 3 

 
 
 
 

 
Figure 9.. Voltage Noise Density vs Frequency of circuit in Figure 3 (referred to input)
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Design Devices 
Table 3 Instrumentation Amplifiers 

Part 
Number 

Package 
size 
(WLCSP) 

Ibias (A) 
max 

 
Vos 
(V) max 

Gain 
min/max 
(V/V) 

 
0.1 to 10Hz Noise 
(uV p-p) typ 

Vnoise 
(nV/rt-Hz) 
typ 

Iq (A) typ +Vs span 
min/max 
(V) 

AD8235 1.57 mm x 
2.04mm 

50p 2.5m 5/200 4 76 30u 1.8/5.5 

 
Table 4: Op Amps 

Part Number Package 
size 
(WLCSP) 

Ibias (A) 
max 

 
Vos 
(V) max 

GBP (kHz) typ  
0.1 to 10Hz Noise 
(uV p-p) typ 

Vnoise 
(nV/rt-Hz) typ 

Iq/Amp 
(A) typ 

+Vs span 
min/max 
(V) 

ADA4505-2  1.42mm x 
1.42mm 

2p 3m 50 2.95 65 7u 1.8/5 

 
References 
Instrumentation Amplifier Diamond Plot Tool 
The Diamond Plot Tool is a web application that 
generates a configuration-specific Output Voltage 
Range vs. Input Common-Mode Voltage graph, also 
known as the Diamond Plot, for Analog Devices 
Instrumentation Amplifiers. 

 
LTspice 
LTspice® is a high-performance SPICE III simulator, 
schematic capture and waveform viewer with 
enhancements and models for easing the simulation of 
switching regulator, linear, and signal chain circuits. 

 

  

https://www.analog.com/en/products/ad8235.html
https://www.analog.com/en/products/ada4505-2.html
https://tools.analog.com/en/diamond/#difL=-0.31&difR=0.31&difSl=0.31&gain=5&l=0.65&pr=AD8235&r=2.65&sl=0.65&tab=1&ty=1&vn=0&vp=3.3&vr=1.64999
https://tools.analog.com/en/diamond/#difL=-0.31&difR=0.31&difSl=0.31&gain=5&l=0.65&pr=AD8235&r=2.65&sl=0.65&tab=1&ty=1&vn=0&vp=3.3&vr=1.64999
https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html
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Appendix 
Figure 10 shows an LTSPICE schematic comparing 
the idea of AC coupling at the very input vs AC 
coupling at the output of the AD8235. The same filter 
cutoff is used, however a worst-case 5% tolerance 
mismatch for the input filters is used.   The common 
mode vs frequency plot (referred to input) is shown in 

Figure 10 and compares the circuit in Figure 1 (Vout1, 
green trace) to AC coupling in the front (Vout2, blue 
trace).  This result does not take into account any 
additional imbalance in the sensor (electrodes for 
example) or ESL and ESR of the capacitors. 
 

 
 

 
 

Figure 10 . Comparison of AC coupled circuits (Before and After AD8235) 

 
 
 
 
 
 
 
 
 



KWIK FAQ 
      Amplifying AC signals with large DC offsets 

for Low Power Designs 
 

   
12  ©2022 Analog Devices, Inc. All rights reserved.   

 

 
 

Figure 11.  Comparison of CMRR vs Frequency plots for circuits shown in Figure 10 
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