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Introduction 

  The human nervous systems operates with a combination of ionic electric potentials and 

chemical potentials. The brain sends these signals to the heart, which responds with a heartbeat. 

The electric potential from these signals can be measured using what’s called an 

electrocardiogram, or ECG for short. There are a few components to a nerve signal, including a 

large spike up followed by a small dip. Fig. 1 goes into detail on the signal components and the 

mechanism. The resting potential of a nerve is around -70 mV and its peak potential is around 30 

mV. ECG signals generally contain frequencies from 0.1 Hz to 400 Hz. 

 

Fig. 1 - Components of a nerve electrical signal 

 Conducting receptors called electrodes are used to read the electrical potential from the 

body. They are placed on the body as shown in Fig. 2. The signal is then fed into an 

instrumentation amplifier. An instrumentation amplifier is like a specialized operational 

amplifier. It has internalized feedback with a programmable gain. This lab will use the AD627 to 

amplify the signals from the electrodes for reading with the ADALM2000 oscilloscope. The 

AD627 pinout is shown in Fig. 3. 



 

Fig. 2 - Placement of electrodes to read ECG signal 

 

Fig. 3 - Pinout of AD627 

Results 

Part 1 

  First, the AD627 circuit was constructed in preparation to read the ECG signals. The 

manufacturer’s recommended application is shown in Fig. 4. 



 

Fig. 4 - Suggested application of AD627 instrumentation amplifier 

 The supply ±𝑉𝑠 was chosen at ±1.5 𝑉, allowing a AAA battery to be used for each 

terminal. The 0.1𝑢𝐹 capacitors are bypass capacitors; this allows non-DC signals to filter out to 

ground, reducing noise introduced from the power rails. 𝑅𝐺  is a resistor used to set the gain of 

the amplifier. Using a formula provided by the manufacturer to set the gain to 25, 𝑅𝐺 =
200𝑘Ω

𝐺𝑎𝑖𝑛−5
−

200𝑘Ω

20
= 10𝑘Ω. The constructed circuit is shown in Fig. 5. 

 

Fig. 5 - Constructed AD627 circuit 



Part 2 

 To test the circuit made in Part 1, the ADALM2000 analog output (W1) was used to 

produce a test signal at the +IN and -IN pins of the AD627. The test signal was chosen as a 

sinusoidal wave in the middle of a typical ECG amplitude (100 mV / 2 = 50 mV) and frequency 

(400 Hz / 2 = 200 Hz) range. To read the signal, the ADALM2000 oscilloscope channel 1 was 

connected across the input (1+) and ground (1-). The resultant circuit is shown in Fig. 6. 

 

Fig. 6 - Circuit constructed to test AD627 

Enabling the signal generator and oscilloscope, the curve in Fig. 7 was collected. The 

gain of the amplifier was measured at 𝐴 =
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=

1.230 𝑉

0.050 𝑉
= 24.6, which is very close to the 

expected gain of 25. The cutoff frequency of the amplifier was also measured; this is where the 

output voltage is 0.707x the maximum output voltage: 𝑉𝑜𝑢𝑡 = 1.230 ∗ 0.707 = 0.869 𝑉. This 

happens at around 12.5 kHz, as shown in Fig. 8. 



 

Fig. 7 - Oscilloscope reading from AD627 test circuit 

 

Fig. 8 - Oscilloscope reading of cutoff frequency for AD627 



To measure the common mode gain 𝐴𝐶𝑀, the signal generator W1 was connected to 

shorted +IN and -IN pins, with GND connected to the common ground. The resultant circuit is 

shown in Fig. 9. The signal output was chosen as a sinusoidal wave of 500 mV at 150 Hz. The 

amplifier output was again measured using channel 1 of the oscilloscope. The curve is shown in 

Fig. 10. Using these measurements, the common mode gain is 𝐴𝐶𝑀 =
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=

18.838 𝑚𝑉

500 𝑚𝑉
= 0.0377. 

 

Fig. 9 - Circuit to measure common mode gain of AD627 

 

Fig. 10 - Common mode gain measurements 



The common mode rejection ratio measured can be calculated as follows: 𝐶𝑀𝑅𝑅 =

 20 log10(𝐴𝑑𝑚/𝐴𝑐𝑚) = 20 log10
24.6

0.0377
= 56.3 𝑑𝐵. This is considerably lower than the 

manufacturer rated CMRR of 77 dB.  

Part 3 

 Finally, the electrodes were placed on the body as shown in Fig. 2 and connected to the 

+IN and -IN inputs on the AD627. The output was measured with the oscilloscope; this is shown 

in Fig 11. 

 

Fig. 11 - First ECG measurement 

 Clearly, this is an unusable signal. There is far too much noise and not even the heartbeat 

can be made out. The oscilloscope reads 61.988 Hz, which is close to the power grid frequency 

of 60 Hz. This is likely the source of much of the interference. A few steps were taken to get a 

better signal: the electrodes were placed closer together around the heart and the signal lines 



from the electrodes were twisted to reduce the area between lines and thus induced current from 

interfering magnetic fields. The measurement from this is shown in Fig. 12. This is a much more 

usable signal; the heart rate can be made out, but the refractory period and periods of resting 

potential are still drowned in noise. 

 

Fig. 12 - Second measurement of ECG 

This oscilloscope window covers 8 seconds. 11 spikes occur in this window. The 

heartrate can be calculated at 
60

𝑠𝑒𝑐𝑜𝑛𝑑𝑠

𝑚𝑖𝑛𝑢𝑡𝑒

8 𝑠𝑒𝑐𝑜𝑛𝑑𝑠
∗ 11 𝑏𝑒𝑎𝑡𝑠 = 82.5

𝑏𝑒𝑎𝑡𝑠

𝑚𝑖𝑛𝑢𝑡𝑒
, a reasonable number for a 

stressed adult male at rest after a cup of coffee. 

Conclusion 

  This lab was successful in gathering a rudimentary ECG signal. A heartrate of 82.5 bpm 

was able to be measured from it. This is the result of a successful instrumentation amplifier 

circuit with a measured gain of 24.6, close to the expected value of 25. The cutoff frequency was 

measured at 12.5 kHz and the common mode rejection ratio was measured at 56.3 dB. This is not 



in agreement with the rated 77 dB, which could be due to noise in the oscilloscope, signal 

generator, or amplifier circuit, as well as using nonideal components. Future labs will reduce 

noise in the ECG signal by using filters and digital signal processing. 
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