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Problem 1: 
In figure 1.4 we can find the count of transistors in the processor increases by about ~10 times 
per seven years. In 2002 the count was about 0.1 Billion, so we can predict the count in 2020 to 
be about  

0.1 billion * 10^(18/7) = 37.28 billion. 

The answers to this problem will vary considerably as it is an extrapolation question 

Problem 2: 

The transistor level schematic for a CMOS 3-input NAND gate can be made like this (other ways 
are possible)

 

 

 

A1, A2, and A3 are inputs 

X is the output 

 

X = 𝐴𝐴1𝐴𝐴2𝐴𝐴3����������� 

 

 

 

 

Problem 3:  

Area of die = 𝐴𝐴𝑑𝑑𝑑𝑑𝑑𝑑 = (5𝑚𝑚𝑚𝑚)2 = 25 𝑚𝑚𝑚𝑚2 =  0.25𝑐𝑐𝑚𝑚2   

Area of wafer = 𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = �300
2
�
2
∗ 𝜋𝜋 = 70685𝑚𝑚𝑚𝑚2 = 706.85 𝑐𝑐𝑚𝑚2  

Hard yield of die 𝑌𝑌𝐻𝐻 = 𝑒𝑒−𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴∗𝑑𝑑 = 𝑒𝑒−.25∗1.4 = 𝑒𝑒−0.157 = 0.705   

The total yield 𝑌𝑌 = 𝑌𝑌𝐻𝐻 ∗ 𝑌𝑌𝑆𝑆 = 0.705 ∗ 1 = 0.705 

The cost per good die 𝐶𝐶𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝐶𝐶𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤/𝐴𝐴𝑑𝑑𝑑𝑑𝑑𝑑

∗ 1
𝑌𝑌

= $3200
70685
25

∗ 1
0.705

=$1.605   
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Problem 4:    

𝑌𝑌 = 𝑥𝑥−𝑢𝑢
𝑔𝑔

= 3𝑚𝑚𝑚𝑚−0𝑚𝑚𝑚𝑚 
1.5 𝑚𝑚𝑚𝑚

= 3
2

= 1.5     

𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆_𝐴𝐴𝐴𝐴𝐴𝐴 = ∫ 𝑓𝑓(𝑥𝑥)1.5
−1.5 𝑑𝑑𝑑𝑑 = 2𝐹𝐹𝑁𝑁(1.5) − 1 = 0.866    

 There are multiple ways to perform this step 

Two Op Amps per chip 𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆_𝑐𝑐ℎ𝑖𝑖𝑖𝑖 = 0.866 2 = 0.750    

 

 

Problem 5:    

Since the input offset voltage follow Gaussian distribution we have the soft yield 𝜃𝜃: 

𝑌𝑌𝑠𝑠 = 𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 2𝐹𝐹𝑁𝑁(𝑦𝑦) − 1 = 0.98=>𝐹𝐹𝑁𝑁(𝑦𝑦) = 0.990    

 There are multiple ways to perform this step. 

𝑦𝑦 = 2.33 = 𝑥𝑥−𝑢𝑢
𝑔𝑔

= 1.5𝑚𝑚𝑚𝑚−0

�20𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
√𝐴𝐴

�
=> 𝐴𝐴 = 965.14 𝜇𝜇𝑚𝑚2   

 

Problem 6:  

The area of a die in new process = 𝐴𝐴𝑑𝑑𝑑𝑑𝑑𝑑 = � 7
65
�
2
∗ 0.5𝑐𝑐𝑚𝑚2 = 5.7988 ∗ 10−3𝑐𝑐𝑚𝑚2  

The hard yield = 𝑌𝑌𝐻𝐻 = 𝑒𝑒−𝐴𝐴𝑑𝑑𝑑𝑑𝑑𝑑∗𝑑𝑑 = 𝑒𝑒−0.00696 = 0.9931   

The yield 𝑌𝑌 = 𝑌𝑌𝐻𝐻 ∗ 𝑌𝑌𝑆𝑆 = 0.9931 

𝐶𝐶𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝐶𝐶𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
�𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤/𝐴𝐴𝑑𝑑𝑑𝑑𝑑𝑑�

∗ 1
𝑌𝑌

= $10000
1590.4
0.005799

∗ 1
0.9931

= $0.0367   
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Problem 7: 

This switch level model assumes 𝐴𝐴 =1 and 𝐶̅𝐶 = 1. 

 

An inverter should be used to convert C to ~C (not shown) 
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Problem 8:      

When both inputs are 0V the output is VDD = 3V  
When one input is 0V and the other is 3V the output is VDD = 3V   
When both inputs are 3V the output is VSS = 0V   

 

Problem 9: 

Here is one solution to this problem: 
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