
Homework Assignment 2 

(Due Feb. 11
th

 at the beginning of the class) 

1. [Modeling, 10 points] We can model an inverter by a simple RC circuit as follows. 

(𝑅𝑂𝐹𝐹,𝑝 = ∞, 𝑅𝑂𝐹𝐹,𝑛 = ∞, 𝑅𝑂𝑁,𝑝 = 1𝑘Ω, 𝑅𝑂𝑁,𝑛 = 1𝑘Ω, 𝐶𝐿 = 20𝑓𝐹) When 𝑉𝑖𝑛 = 0 and 

𝑉𝐷𝐷, 𝑉𝑜𝑢𝑡(𝑡) = 𝑉𝐷𝐷 (1 − 𝑒
−

𝑡

𝑅𝑂𝑁,𝑝∙𝐶𝐿) and  𝑉𝐷𝐷 ∙ 𝑒
−

𝑡

𝑅𝑂𝑁,𝑛∙𝐶𝐿, respectively. Find t satisfying 

𝑉𝑜𝑢𝑡(𝑡) = 0.1𝑉𝐷𝐷, 0.2𝑉𝐷𝐷, … , 0.9𝑉𝐷𝐷 when 𝑉𝑖𝑛 = 0. Find t satisfying 𝑉𝑜𝑢𝑡(𝑡) =

0.9𝑉𝐷𝐷 , 0.8𝑉𝐷𝐷 , … , 0.1𝑉𝐷𝐷 when 𝑉𝑖𝑛 = 𝑉𝐷𝐷. Sketch 𝑉𝑜𝑢𝑡(𝑡) for 𝑉𝑖𝑛 = 0 and 𝑉𝐷𝐷 by 

interpolating and extrapolating the points. 

 

 1) 𝑉𝑖𝑛 = 0: for 𝑉𝑜𝑢𝑡(𝑡) = 𝛼 ∙ 𝑉𝐷𝐷 (0 < 𝛼 < 1), 𝑡 = 𝑅𝐶 ∙ ln (
1

1−𝛼
). 

 2) 𝑉𝑖𝑛 = 𝑉𝐷𝐷: for 𝑉𝑜𝑢𝑡(𝑡) = 𝛼 ∙ 𝑉𝐷𝐷 (0 < 𝛼 < 1), 𝑡 = 𝑅𝐶 ∙ ln (
1

𝛼
). 

 

 

2. [Modeling, 10 points] We upsize the NMOS and PMOS transistors in Problem 1 by 4x. 

Upsizing them increases the widths of the transistors, so their resistances go down. Now, 
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𝑅𝑂𝑁,𝑝 = 0.25𝑘Ω, 𝑅𝑂𝑁,𝑛 = 0.25𝑘Ω. Repeat Problem 1 with these new resistances. Do you 

see the impact of upsizing? 

 

 

3. [Modeling, 10 points] If you upsize a gate, the gate becomes faster (i.e., stronger). 

However, there are two side effects. First, it occupies more silicon area. Second, its input 

capacitance goes up, which has negative impact on the gate driving this gate. For 

example, in the following figure, upsizing C2 increases 𝐶𝐿1, so C1 needs more time to 

charge 𝐶𝐿1. This problem simulates the side effect of transistor sizing. Repeat Problem 1 

using the following parameters. (𝑅𝑂𝐹𝐹,𝑝 = ∞, 𝑅𝑂𝐹𝐹,𝑛 = ∞, 𝑅𝑂𝑁,𝑝 = 1𝑘Ω, 𝑅𝑂𝑁,𝑛 = 1𝑘Ω, 𝐶𝐿 =

40𝑓𝐹) 
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4. [Static CMOS Circuit, 5 points] Draw a transistor-level schematic for the following 

function. (Primary inputs are A, B, and C). Simplify the logic before you draw the 

schematic so that you can use NAND2 and NOR2 gates. 

𝑭 = 𝑨 ∙ 𝑩 ∙ 𝑪̅ 

 

 

 

5. [Transistor Sizing, 5 points] We are supposed to design the following function. 𝜇𝑛 =

2𝜇𝑝, 𝐶𝐿 is the output load, and 𝑅𝑛 is the resistance of a 1x NMOS. Design the gate and 

size the transistors so that both the NMOS and PMOS time constants become 𝑅𝑛𝐶𝐿. 
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𝑭 = 𝑨 ∙ 𝑩 + 𝑪 ∙ 𝑫 ∙ 𝑬̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  

 

 

6. [DC Analysis, 10 points]  

1) (𝑊𝑛, 𝑊𝑝) = (90𝑛𝑚, 70𝑛𝑚): 𝑉𝐼𝐿 = 335𝑚𝑉, 𝑉𝐼𝐻 = 540𝑚𝑉, 𝑉𝑂𝐿 = 45𝑚𝑉, 

𝑉𝑂𝐻 = 950𝑚𝑉, 𝑵𝑴𝑳 = 𝟐𝟗𝟎𝒎𝑽, 𝑵𝑴𝑯 = 𝟒𝟏𝟎𝒎𝑽. 

2) (𝑊𝑛, 𝑊𝑝) = (45𝑛𝑚, 140𝑛𝑚): 𝑉𝐼𝐿 = 410𝑚𝑉, 𝑉𝐼𝐻 = 620𝑚𝑉, 𝑉𝑂𝐿 = 45𝑚𝑉, 

𝑉𝑂𝐻 = 950𝑚𝑉, 𝑵𝑴𝑳 = 𝟑𝟔𝟓𝒎𝑽, 𝑵𝑴𝑯 = 𝟑𝟑𝟎𝒎𝑽. 

3) (𝑊𝑛, 𝑊𝑝) = (90𝑛𝑚, 140𝑛𝑚): 𝑉𝐼𝐿 = 370𝑚𝑉, 𝑉𝐼𝐻 = 575𝑚𝑉, 𝑉𝑂𝐿 = 50𝑚𝑉, 

𝑉𝑂𝐻 = 950𝑚𝑉, 𝑵𝑴𝑳 = 𝟑𝟐𝟎𝒎𝑽, 𝑵𝑴𝑯 = 𝟑𝟕𝟓𝒎𝑽. 

 

7. [Switching Characteristics, 10 points] 

1) (𝑊𝑛, 𝑊𝑝) = (90𝑛𝑚, 140𝑛𝑚): 𝒕𝒇 = 𝟏𝟎𝟏𝒑𝒔, 𝒕𝒓 = 𝟏𝟎𝟑𝒑𝒔. 

2) (𝑊𝑛, 𝑊𝑝) = (135𝑛𝑚, 210𝑛𝑚): 𝒕𝒇 = 𝟔𝟕. 𝟐𝒑𝒔, 𝒕𝒓 = 𝟔𝟔. 𝟗𝒑𝒔. 

3) (𝑊𝑛, 𝑊𝑝) = (180𝑛𝑚, 280𝑛𝑚): 𝒕𝒇 = 𝟓𝟎. 𝟕𝒑𝒔, 𝒕𝒓 = 𝟓𝟏. 𝟏𝒑𝒔. 

4) (𝑊𝑛, 𝑊𝑝) = (450𝑛𝑚, 700𝑛𝑚): 𝒕𝒇 = 𝟐𝟏. 𝟖𝒑𝒔, 𝒕𝒓 = 𝟐𝟏. 𝟖𝒑𝒔. 


