2008 BME intro. 
Assignment 4 - Answer
1. Design an amplifier for ECG measurement. A total of six OP Amp will be used. The first three op-amps comprise the instrumentation amplifier necessary to obtain the biosignal and to reject noise.  The fourth and fifth op-amps are designed to be high- and low-pass filters with cut-off frequencies of 0.5 Hz and 100 Hz, respectively.  The last op-amp is a comparator designed to trigger an LED during the QRS-wave portion (This portion has the highest amplitude of about 0.5 mV at the input) of the biosignal.  Between the output of the fifth op-amp and in the input of the sixth op-amp is the output signal of the ECG.  Design for a gain of about 50 and 200 for the first and second stage amplifiers, for a total gain around 104. (Minimum values for resistors for each stage: starting from the first stage, 1K, 200K, 330K, 1.5K, 100 Ohms, respectively). The comparator should detect peaks with amplitudes greater than 0.5 V to trigger an LED. 

2.  Determine the phase margin for the following circuits.  Assume the response of the     OP amp given in the class (power point page 23). 
Values of R1 and R2 in ohms (Ro=100 ohms for all) 

(a) 1 M, 1M 

(b) 1K, 1M 

(c) 1M, 1M plus 0.1 uF load
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The following describes the ECG amplifier designed in this laboratory. The first three
op-amps comprise the instrumentation amplifier necessary to obtain the biosignal and
to reject noise (as seen in Lab 1). The fourth and fifth op—amps are designed to be
high- and low-pass filters with cut-off frequencies of 0.5 Hz and 100 Hz, respectively.
The last op—amp is a comparator designed to trigger an LED during the QRS-wave
portion of the biosignal. Between the output of the fifth op-amp and in the input of the
sixth op—amp is the output signal of the ECG. The diodes at the inputs of the first and

second op-amps are designed to protect the circuit from high voltage.
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