
 

Carnegie Mellon University 
ECE Department  

Homework 1 – 18-421/623  
Fall 2023 

 

Instructions: Due Date(s): 

● 623 students: Exercises 1& 2 are required. 
● Friday, 9-8-2023 – 11:59PM EST via Canvas 

upload 
● 421 students: Exercise 1 is required, ● Extendible to Monday, 9-11-2023 – 

                  11:59PM EST via Canvas upload* Exercise 2 is optional and counts for 
extra credit  

Discussing the homework with other students is authorized but submissions must be individual 
     
* This means you may turn in the homework up to that date with no penalty. Homework will not be 
accepted beyond this date. 
 
Exercise 1 (40pts): Simulating Circuits with Virtuoso 
  
For this homework assignment, you have to use Cadence 
Virtuoso. Your submission must include 

i) The schematic drawings (screenshots from 
Cadence with legible labels/texts) 

ii) Plots with white background and thick line 
widths 

iii) Short comments on the plots/results  
In this homework, we will use the long channel transistors 
given in the model file  
/afs/ece/class/ece623/F22/cmosedu_models. The figure on 
the right gives an example of how to place an instance of 
the NMOS to use from the analogLib library. We will use nmos4 cell which will follow the N_1u model from 
the model card.  
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Change the appropriate fields when you instantiate the PMOS transistor (pnmos4, P_1u).  
1) Perform an ID vs. VDS (or VSD) sweep for both NMOS and PMOS devices for at least 3 different 

values of VGS (VSG). Set L = 0.5u and W = 10u, for each device.    (3 pts) 
 
 

     
 

2) Perform an ID vs. VGS (VSG) sweep for both NMOS and PMOS devices. Assume that VDS extends 
the full power supply range (e.g., from VDD to ground, pick VDD = 3.3V).  (3 pts) 

 
 

       
 

3) Using your curves in 1) and 2), estimate the following:      
a. The resistance of the devices in the triode region for at least three cases  (4 pts) 
b. The resistance of the devices in the saturation region for at least three cases (4 pts) 
c. The lambda parameter of the devices for at least three cases    (4 pts) 
d. The threshold voltage of each device       (4 pts) 
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4) Estimate these values (a-d. above) when L = 1.5u and W = 10u, for each device and for the 

same corresponding biases you used in part 3. Present them in a table with the results from 3) 
for comparison.                    (12 pts) 

 
5) Discuss the differences between 3) and 4) if any with possible reasons behind them.          (6 pts) 

 
               

 
 

  
  

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User



Exercise 2 (20pts): Process Parameter Estimation from Simulation 
 
Assume that you know the transistor’s aspect ratio, and further assume that the foundry has provided you with a 
model for simulating this transistor but that you cannot view the contents of the model card. We want to derive 
some simulation parameters: the process transconductance (k = nCOX), the threshold voltage (VTH), and the 
short-channel parameter (), from our simulation results. 
 
Hint: Building up for Cadence GPDK 45nm process is in Cadence lab 1 
 

1) Write down the equation set you want to evaluate the process (e.g. square law model) 
2) Describe your method to derive the process transconductance (k = nCOX) from your simulation. 
3) Describe your method to derive the threshold voltage (VTH) from your simulation. 
4) Describe your method to derive the short-channel parameter () from your simulation. 
5) Evaluate Cadence GPDK 45nm process and finish the table below for NMOS and PMOS 

 
Length 
(m) 

Width 
(m) 

PMOS NMOS 
nCOX 
(A/V) 

VTH 
(V) 

 
(V-1) 

nCOX 
(A/V) 

VTH 
(V) 

 
(V-1) 

2.0 20.0       
10.0       
5.0       

1.0 20.0       
10.0       
5.0       
2.0       

0.5 10.0       
5.0       
2.0       
1.0       

0.2 10.0       
5.0       
2.0       
1.0       
0.5       
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