
: University of Toronto

Lab 4: Operational Amplifier TA

Preparation

1. Ad =−gm4(ro4||ro2)

Ac =−gm4ro4
1/gm2

2gme4ro4ro5+1/gm2
≈−1/2gm2ro5

CMRR = Ad/Ac = 2gm2gm4ro5(ro4||ro2)
f3dB = 1/2π(ro4||ro2)CL

2. Ad =−65.1 = 36.3 dB
Ac =−1/231.8 =−47.3 dB
CMRR = 83.6 dB
f3dB = 5.18 kHz

3. VCM =Vov5 +Vgs4 = 667 mV+1.18 V = 1.85 V

4. vd = vip − vin = vs −0 = vs
vc = (vip + vin)/2 = (vs +0)/2 = vs/2

5. vo = Advd +Acvc = Advs +Acvs/2 = vs(Ad +Ac/2)≈ Advs
Then, Ad ≈ vo/vs.

6. See Figures 1 and 2.
Ad = 33.6 dB
Ac =−44.4 dB
CMRR = 78.0 dB

Lab

• The measured common-mode gain should be much more than calculated/simulated due to
the transistor mismatch.

• The averaging feature of the oscilloscope may be needed to show the small input voltage
required to prevent clipping of the output. Proper triggering is essential for correct measure-
ments. Use a reliable clean signal (either the opamp output or sync out of the signal source)
as a trigger source.
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