
 

 

Carnegie Mellon University 
ECE Department  

Homework 4 – 18-421/623  
Fall 2023 

 
Instructions: Due Date(s): 

 623 students: Exercises 1-3 are required. 
 421 students: Exercises 1-2 are required. 

 
 

 
 Friday, November 17, 2023 – 11:59PM EST via 

Gradescope upload 
 Extendible to Monday, November 20, 2023 –

11:59PM EST via Gradescope upload* 

If you use the gm_Id code to look up the values, specify the function and the arguments you used to get 
full 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 (30 pts): Common source amplifier analysis  

 
Set RS=0. 
 
1) Draw a small signal model including gm, ro, CGS, CGD, and CDD

 (this is 
Cdb in the gm/ID script).  

 
 
2) What is the small-signal low-frequency gain? 
 
3) Identify the Miller capacitor.  

 
4) Draw the small signal model using the Miller approximation. 
 
5) What is the total input capacitance CIN and the total output capacitance COUT in terms? 
 

 

 
6) What is the transfer function 𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
(𝑠) in terms of gm, ro, CGS, CGD, and CDD?  

 
 
7) For a transfer function𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
(𝑠) = 𝐴 × 1

1+𝑠 𝑝1⁄
, show that its -3dB bandwidth ω3dB = p1. 

 
 
8) Write your transfer function 𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
(𝑠) as 𝐴 × ∏1+(𝑠/𝑧𝑖)

∏1+(𝑠/𝑝𝑖)
. How many poles and zeros are in this design and where are 

they? 
 
 

9) If RS>0, how does the number of poles and zeros change? 
 
  

9m .N (VON"rop)
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Exercise 2 (30 pts): Design a common source amplifier with gm/ID  
 
Use L=400 nm for all transistors, with RS=0, and IREF = 40 uA. Design this amplifier for a gm/ID factor equal to 10. 
Assume VDS,P = VDS,N = 0.5VDD during your analysis. 
 
1) Based on the information given, find the value of VIN using the gm/ID 

code? 
 
 
2) What is the current density (ID/W) of each transistor using the gm/ID 

code? 
 
 

3) Complete the first row of the table below based on VIN. 
 
4) What is the small-signal low-frequency gain? 
 
 
5) What is f3dB? 
 
 
6) Implement this amplifier in Cadence and simulate it. Attach screenshot of your schematic with gm and ID annotated, 

and for the ac response of the transfer function 𝑉𝑜𝑢𝑡
𝑉𝑖𝑛

(𝑠). Then complete the second row of the table with 
measurements from the simulation data. 

 
 

 
 VIN WN (µ) WP (µ) ID (µ) gm (µ) gds,N gds,P Gain f3dB 

Estimated    40u 400u     

Measured - - -       

 
 
  



 

 

Exercise 3 (40 pts): Design a super source follower with gm/ID 
  

 
Design a low output-resistance super source follower using the 
gm/ID method. Use L=400 nm, VOUT=0.9V, ID3=2.5µA, ID5=1µA (by 
setting R3 = 225k and R5 = 580k). 
 
 
1) What are the drain currents for M4, M6, M1, M2? 

 
2) What is the total power dissipation in this circuit. 

 
3) Show that the small-signal output resistance rout is  1

𝐼𝐷2(𝑔𝑚/𝐼𝐷)2(𝑔𝑚/𝑔𝑑𝑠)1
,  and which parameter is width-

dependent? 
 

4) Assume we pick (gm/ID)1=(gm/ID)2=20, find VG2, (ID/W)2  given  ID2 and (gm/ID)2 

 
5) Given ID4, VOUT, VG4, and VDD, what is (ID/W)4? 

 
6) Given VG2 and VG6, what is (ID/W)6? 

 
7) Given ID1, (gm/ID)1, VOUT, what  is VIN? 

 
8) Given (ID/W)1,2,4,6, what are W1, W2, W4, and W6? 

 
9) Build and simulate the circuit in Cadence based on your estimated parameters and complete the following table 

based on your measurements from the simulation? 
 

10) Discuss the reason for any discrepancies between your estimated and measured values.  
 
 

 gm (µ) ID (µ) gm/ID gm/gds rout 
 M1 M2 M1 M2 M4 M1 M2 M1 

Estimated     2.5 20 20   
Measured          

  
 
 

 


