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Problem #1 (Static CMOS gates, 10 points) 

The following shows the NFET network of a static CMOS gate. Draw a PFET network 
for the gate. Available inputs: 𝐴𝐴,𝐵𝐵,𝐶𝐶,𝐷𝐷, �̅�𝐴,𝐵𝐵� , �̅�𝐶,𝐷𝐷�. You should minimize the total number 
of PFETs in your PFET network. 

 

A B C D Y 
0 0 0 0 1 
0 0 0 1 1 
0 0 1 0 0 
0 0 1 1 0 
0 1 0 0 1 
0 1 0 1 0 
0 1 1 0 0 
0 1 1 1 0 
1 0 0 0 0 
1 0 0 1 0 
1 0 1 0 0 
1 0 1 1 0 
1 1 0 0 0 
1 1 0 1 0 
1 1 1 0 0 
1 1 1 1 1 

Thus, 𝑌𝑌 is 1 in the following four cases: 𝑌𝑌 = �̅�𝐴𝐵𝐵��̅�𝐶𝐷𝐷� + �̅�𝐴𝐵𝐵��̅�𝐶𝐷𝐷 + �̅�𝐴𝐵𝐵�̅�𝐶𝐷𝐷� + 𝐴𝐴𝐵𝐵𝐶𝐶𝐷𝐷 = 𝐴𝐴𝐵𝐵𝐶𝐶𝐷𝐷 +
�̅�𝐴𝐵𝐵��̅�𝐶 + �̅�𝐴�̅�𝐶𝐷𝐷� = 𝐴𝐴𝐵𝐵𝐶𝐶𝐷𝐷 + �̅�𝐴�̅�𝐶(𝐵𝐵� + 𝐷𝐷�). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Problem #2 (Transmission Gates, 10 points) 

Design (draw a schematic) the following Boolean function using transmission gates 
only. 

𝑌𝑌 = 𝐴𝐴⊕ 𝐵𝐵⊕ 𝐶𝐶 

Available inputs: 𝐴𝐴,𝐵𝐵,𝐶𝐶, �̅�𝐴,𝐵𝐵� , �̅�𝐶. You cannot use Power (𝑉𝑉𝐷𝐷𝐷𝐷) and Ground (𝑉𝑉𝑆𝑆𝑆𝑆). Use the 
following symbols for the transmission gates. 

 

Design constraint: The total # transmission gates should be less than or equal to 10. 

𝐹𝐹 = 𝐴𝐴⊕ 𝐵𝐵 = 𝐴𝐴𝐵𝐵� + �̅�𝐴𝐵𝐵 

 

𝑌𝑌 = (𝐴𝐴⊕𝐵𝐵) ⊕𝐶𝐶 = 𝐹𝐹�̅�𝐶 + 𝐹𝐹�𝐶𝐶 

 



Problem #3 (Design, 10 points) 

Design (draw a schematic) a two-bit comparator using transmission gates only. The 
following shows a truth table for the comparator: 

A1 A0 B1 B0  Y1 
0 0 0 0  0 
0 0 0 1  0 
0 0 1 0  0 
0 0 1 1  0 
0 1 0 0  1 
0 1 0 1  0 
0 1 1 0  0 
0 1 1 1  0 
1 0 0 0  1 
1 0 0 1  1 
1 0 1 0  0 
1 0 1 1  0 
1 1 0 0  1 
1 1 0 1  1 
1 1 1 0  1 
1 1 1 1  0 

Available inputs: 𝐴𝐴1,𝐴𝐴0,𝐵𝐵1,𝐵𝐵0,𝐴𝐴1����,𝐴𝐴0����,𝐵𝐵1����,𝐵𝐵0����. You cannot use Power (𝑉𝑉𝐷𝐷𝐷𝐷) and Ground 
(𝑉𝑉𝑆𝑆𝑆𝑆). Use the following symbols for the transmission gates. 

 

Design constraint: The total # transmission gates should be less than or equal to 12. 

𝑌𝑌 = 𝐴𝐴1 ∙ 𝐵𝐵1���� + 𝐴𝐴0 ∙ 𝐵𝐵1���� ∙ 𝐵𝐵0���� + 𝐴𝐴1 ∙ 𝐴𝐴0 ∙ 𝐵𝐵0���� 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



Problem #4 (Transistor Sizing, 10 points). 

Size the transistors in the following pull-down network. 𝑅𝑅𝑛𝑛 is the resistance of a 1X 
NMOS transistor. Ignore parasitic capacitances. Target time constant: 𝜏𝜏𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ≤ 𝑅𝑅𝑛𝑛 ∙ 𝐶𝐶𝐿𝐿. 
Try to minimize the total area. 

 

Paths 𝐴𝐴 − 𝐵𝐵 − 𝐶𝐶 − 𝐷𝐷 − 𝐹𝐹� and 𝐴𝐴 − 𝐵𝐵� − 𝐸𝐸 − �̅�𝐶 − 𝐺𝐺 are the two critical paths. Thus, we set 
the sizes of the NFETs on the path to 5X. To satisfy the timing constraint for the path 
𝐴𝐴 − 𝐹𝐹 − �̅�𝐶 − 𝐺𝐺, we set the size of the NFET 𝐹𝐹 to 2.5X. 

Total width: 47.5X 

 

 



Problem #5 (Transistor Sizing, 10 points). 

The following shows an NFET network of 

𝐹𝐹 = 𝑦𝑦 ⋅ �𝑥𝑥1,1 + ⋯+ 𝑥𝑥1,𝑝𝑝1) ⋅ (𝑥𝑥2,1 + ⋯+ 𝑥𝑥2,𝑝𝑝2) ⋅ … ⋅ (𝑥𝑥𝑘𝑘,1 + ⋯+ 𝑥𝑥𝑘𝑘,𝑝𝑝𝑘𝑘�
�������������������������������������������������������������������������������� 

 

Notice that 𝑘𝑘,𝑝𝑝1, … , 𝑝𝑝𝑘𝑘 are constants. The fall delay should be less than or equal to 𝑅𝑅𝑛𝑛𝐶𝐶𝐿𝐿 
where 𝑅𝑅𝑛𝑛 is the resistance of a 1 × NFET. The NFET 𝑦𝑦 is upsized to 𝑎𝑎 × and each 
NFET connected to 𝑥𝑥𝑖𝑖,𝑗𝑗 is upsized to 𝑏𝑏𝑖𝑖 ×. We minimize the total width 

𝑊𝑊 = 𝑎𝑎 + 𝑏𝑏1 ⋅ 𝑝𝑝1 + 𝑏𝑏2 ⋅ 𝑝𝑝2 + ⋯+ 𝑏𝑏𝑘𝑘 ⋅ 𝑝𝑝𝑘𝑘. 

Find 𝑎𝑎 (the size of the NFET connected to input 𝑦𝑦) that minimizes the total width (i.e., 
represent 𝑎𝑎 as a function of 𝑝𝑝1, 𝑝𝑝2, … , 𝑝𝑝𝑘𝑘. 

Timing constraint: 𝐶𝐶𝐿𝐿(𝑅𝑅𝑛𝑛
𝑡𝑡

+ 𝑅𝑅𝑛𝑛
𝑏𝑏1

+ 𝑅𝑅𝑛𝑛
𝑏𝑏2

+ ⋯+ 𝑅𝑅𝑛𝑛
𝑏𝑏𝑘𝑘

) ≤ 𝑅𝑅𝑛𝑛𝐶𝐶𝐿𝐿. We take =, so the constraint is 

1
𝑡𝑡

+ 1
𝑏𝑏1

+ ⋯+ 1
𝑏𝑏𝑘𝑘

= 1. 

Substitution: 1
𝑡𝑡

= 𝐴𝐴, 1
𝑏𝑏𝑖𝑖

= 𝐵𝐵𝑖𝑖 

𝐴𝐴 + �𝐵𝐵𝑖𝑖 = 1 



𝑊𝑊 = 𝑎𝑎 + �𝑝𝑝𝑖𝑖𝑏𝑏𝑖𝑖 =
1
𝐴𝐴

+
𝑝𝑝1
𝐵𝐵1

+ ⋯+
𝑝𝑝𝑘𝑘
𝐵𝐵𝑘𝑘

=
1

1 − ∑𝐵𝐵𝑖𝑖
+ �

𝑝𝑝𝑖𝑖
𝐵𝐵𝑖𝑖

 

𝜕𝜕𝑊𝑊
𝜕𝜕𝐵𝐵𝑖𝑖

=
1

(1 −∑𝐵𝐵𝑖𝑖)2
−
𝑝𝑝𝑖𝑖
𝐵𝐵𝑖𝑖2

= 0 

Substitution: ∑𝐵𝐵𝑖𝑖 = 𝑆𝑆 

𝜕𝜕𝜕𝜕
𝜕𝜕𝐵𝐵𝑖𝑖

= 1
(1−𝑆𝑆)2

− 𝑝𝑝𝑖𝑖
𝐵𝐵𝑖𝑖2

= 0, 𝑠𝑠𝑠𝑠 𝐵𝐵𝑖𝑖 = �𝑝𝑝𝑖𝑖(1 − 𝑆𝑆). 

�𝐵𝐵𝑖𝑖 = 𝑆𝑆 = (1 − 𝑆𝑆)��𝑝𝑝𝑖𝑖 

Substitution: ∑�𝑝𝑝𝑖𝑖 = 𝑟𝑟 

𝑆𝑆 = (1 − 𝑆𝑆)𝑟𝑟, 𝑠𝑠𝑠𝑠 𝑆𝑆 = 𝑡𝑡
𝑡𝑡+1

. 

∴ 𝐵𝐵𝑖𝑖 = �𝑝𝑝𝑖𝑖
𝑡𝑡+1

= �𝑝𝑝𝑖𝑖
1+∑�𝑝𝑝𝑖𝑖

, 𝑏𝑏𝑖𝑖 = 1+∑�𝑝𝑝𝑖𝑖
�𝑝𝑝𝑖𝑖

 

𝐴𝐴 = 1 − 𝑆𝑆 =
1

𝑟𝑟 + 1
,∴ 𝑎𝑎 = 1 + ��𝑝𝑝𝑖𝑖 = 1 + �𝑝𝑝1 + �𝑝𝑝2 + ⋯+ �𝑝𝑝𝑘𝑘 

 

 

 

 

 

 

 

 

 

 

 

 

 



Problem #6 (Pass Transistor, 10 points) 

The following schematic implements an XOR gate using pass transistors. 

 

The inverter at the output restores the signal so that the output swing can be [0,𝑉𝑉𝐷𝐷𝐷𝐷]. 
The following plots show the 𝑉𝑉𝐷𝐷𝑆𝑆 characteristic of the NFET when its gate voltage is 𝑉𝑉𝐷𝐷𝐷𝐷 
and the 𝑉𝑉𝐷𝐷𝑆𝑆 characteristic of the PFET when its gate voltage is 0. 

 

The following plot shows the input-output characteristic of the inverter. 

 



𝑉𝑉𝑡𝑡𝑛𝑛 and |𝑉𝑉𝑡𝑡𝑝𝑝| are the threshold voltages of the NFET and the PFET, respectively. 
𝐴𝐴,𝐵𝐵, �̅�𝐴,𝐵𝐵�  are either 0V (for 0) or 𝑉𝑉𝐷𝐷𝐷𝐷 (for 1). The swing of the final output 𝐴𝐴⨁𝐵𝐵 should be 
[0,𝑉𝑉𝐷𝐷𝐷𝐷], i.e., 0V if 𝐴𝐴⨁𝐵𝐵 = 0 and 𝑉𝑉𝐷𝐷𝐷𝐷 if 𝐴𝐴⨁𝐵𝐵 = 1. Find all inequalities for the full output 
swing. (Hint: The inequalities might consist of 𝑉𝑉𝐷𝐷𝐷𝐷,𝑉𝑉𝑡𝑡𝑛𝑛, and �𝑉𝑉𝑡𝑡𝑝𝑝�.) 

A B Input of the inverter (logical) 
0 0 𝑉𝑉𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑡𝑡𝑛𝑛 
0 1 0 
1 0 0 
1 1 𝑉𝑉𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑡𝑡𝑛𝑛 

Thus, if the input of the inverter is 0, the output voltage is 𝑉𝑉𝐷𝐷𝐷𝐷. If the input is  
𝑉𝑉𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑡𝑡𝑛𝑛, the output should be 0V. Thus, this should be greater than or equal to 
𝑉𝑉𝐷𝐷𝐷𝐷 − |𝑉𝑉𝑡𝑡𝑝𝑝|. Thus, 𝑉𝑉𝑡𝑡𝑛𝑛 ≤ |𝑉𝑉𝑡𝑡𝑝𝑝| is the only inequality it should satisfy. 

 


