
Solutions to Homework 5 

Spring 2019 

TA: Yidi Shen 

 

MOSFET Model: 

.model nch nmos(Level=1 Tox=300n Uo=600 Kp=20.54u W=144u L=8u Vto= 1.3 

+ Lambda=15m Cbd=4p Cbs=4p Cgdo=1.7n Cgso=1.7n Rs=1 Rd=1) 

 

.model pch pmos(Level=1 Tox=300n Uo=300 Kp=10.32u W=328u L=8u Vto=-1.5 

+ Lambda=15m Cbd=8p Cbs=8p Cgdo=1.7n Cgso=1.7n Rs=1 Rd=1) 
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Check in Pspice: 

1a) 

 

 

iD=500uA=0.5mA, and VDS=VD-VS=3.5V-0.4999V=3V 

 

Use the method of frequency sweep to check the (mid frequency band) gain. 

 

This plot shows the magnitude of Vout/Vin changes with frequency, so we can read from the curve 

that the magnitude of mid frequency band voltage gain is about 2.9981. 

 

 

 

           Frequency

10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz 100MHz 1.0GHz

V(RL:1)/ V(C2:2)

0

1.0

2.0

3.0

           Frequency

10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz 100MHz 1.0GHz

P(V(RL:1)) P(V(V2:+))

-400d

-200d

0d



Phase response shows that the phase of voltage gain is about -180. So the voltage gain of the 

circuit is -2.9881. 

 

1b) 

Cascade two of the above circuits: 

 

 

Magnitude of Vout/Vin frequency sweep: 

 

Read from the plot that the magnitude of mid frequency band voltage gain is about 8.9879. 

 

 

 

Phase response shows that the phase of voltage gain is about 0. So the voltage gain of the circuit is 

8.9879, which is close to the square of one-stage voltage gain. 

 

1c) 

Change the second stage bias resistor: 

           Frequency

10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz 100MHz 1.0GHz

V(RL2:1)/ V(C2:2)

0

5

10

           Frequency

10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz 100MHz 1.0GHz

P(V(M3:d)) P(V(C3:2))

-387d

-193d

-0d

180d



 

Frequency sweep: 

 

Mid frequency band voltage gain is around 5.70e-3, which is much lower than the result of 1b. 

 

2b) 

 

 

           Frequency

10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz 100MHz 1.0GHz

V(RL2:1)/ V(C2:2)

0

4m

8m

12m

           V_V4

-6.0V -5.0V -4.0V -3.0V -2.0V -1.0V 0.0V 1.0V 2.0V 3.0V 4.0V 5.0V 6.0V

V(R1:1)

-4.0V

0V

4.0V



2c) 

 

 

When connecting the load resistor to the OTA directly, output conductance is finite. So the output 

characteristic become less idea than the case where load resistor is isolated from the OTA circuit 

with CCCS (current controlled current source). We can see from the plot that output current can’t 

reach tail current when Vin is close to VDD. 

 

           V_V4

-6.0V -5.0V -4.0V -3.0V -2.0V -1.0V 0.0V 1.0V 2.0V 3.0V 4.0V 5.0V 6.0V

V(M21:d)

-4.0V

0V

4.0V


