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NOTES: 

Design problems and some Digital Logic implementation problems can have ∞ solutions. One 
solution is shown below. 

 

SOLUTIONS: 

Problem 1: 
Cascode amplifier with active load so the gain 

𝐴𝐴𝑣𝑣 = −�
𝑔𝑔𝑚𝑚
𝑔𝑔0
� = −  

0.039
10 𝜇𝜇

= −3900 𝑉𝑉/𝑉𝑉 

𝑔𝑔𝑚𝑚 =
𝐼𝐼𝐶𝐶𝐶𝐶
𝑉𝑉𝑡𝑡

=
1 𝑚𝑚𝑚𝑚

25.8 𝑚𝑚𝑚𝑚
= 0.039 & 𝑔𝑔0 =  

1 𝑚𝑚𝑚𝑚
100 𝑉𝑉

= 10 µ 

 

Problem 2: 

𝐴𝐴𝑉𝑉 = −
𝑔𝑔𝑚𝑚 2

𝑔𝑔0𝑔𝑔𝜋𝜋
1
2
≅ −196000 𝑉𝑉/𝑉𝑉 

𝑔𝑔𝑚𝑚 =
𝐼𝐼𝐶𝐶𝐶𝐶
𝑉𝑉𝑡𝑡

=
1 𝑚𝑚𝑚𝑚

25.8 𝑚𝑚𝑚𝑚
= 0.039 & 𝑔𝑔0 =  

1 𝑚𝑚𝑚𝑚
100 𝑉𝑉

= 10 µ & 𝑔𝑔𝜋𝜋 =
1 𝑚𝑚𝑚𝑚

100 ∗ 25.8𝑚𝑚𝑚𝑚
= 0.388 𝑚𝑚 

 

Problem 3: 
2 + 𝐴𝐴𝑣𝑣𝑉𝑉𝑖𝑖𝑖𝑖 = 2 + (1 ∗ 10−6)(−1.96 ∗ 105) = −2.196 𝑉𝑉 
This means it would be very difficult to get the system to be biased correctly.  
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Problem 4: 

a) Design is shown below, the ratio of W/L of M1 to W/L of M0 is 1:10 

 

 

b) We need M1 to be in saturation and we know IDSQ = 200 µA 

𝑉𝑉𝐺𝐺𝐺𝐺 − 𝑉𝑉𝑇𝑇 =  �
2 ∗ 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷

𝜇𝜇𝐶𝐶𝑜𝑜𝑜𝑜 ∗
𝑊𝑊
𝐿𝐿

=  �
2 ∗ 200 𝜇𝜇

350 𝜇𝜇 ∗ 3
2

= 0.873 𝑉𝑉 

VDS > VGS – VT therefore VDrainmin = 0.873 V 

 

Problem 5: 

𝑉𝑉𝑂𝑂𝑂𝑂𝑂𝑂 = 8 − 𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜 ∗ 𝑅𝑅 → 𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜 = 50 𝜇𝜇 ∗
15
1
∗

1
5

= 150 𝜇𝜇𝜇𝜇  

𝑉𝑉𝑂𝑂𝑂𝑂𝑂𝑂 = 8 − 150 𝜇𝜇 ∗ 25 𝑘𝑘 = 4.25 𝑉𝑉 

𝑉𝑉𝐺𝐺𝐺𝐺 − 𝑉𝑉𝑇𝑇 =  �
2 ∗ 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷

𝜇𝜇𝐶𝐶𝑜𝑜𝑜𝑜 ∗
𝑊𝑊
𝐿𝐿

=  �
2 ∗ 150 𝜇𝜇

350 𝜇𝜇 ∗ 15
1

= 0.239 𝑉𝑉 → 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 
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Problem 6: 

High 
 

OR 
 

A|~B 
 

A 
A B Out 

 
A B Out 

 
A B Out 

 
A B Out 

1 1 1 
 

1 1 1 
 

1 1 1 
 

1 1 1 
1 0 1 

 
1 0 1 

 
1 0 1 

 
1 0 1 

0 1 1 
 

0 1 1 
 

0 1 0 
 

0 1 0 
0 0 1 

 
0 0 0 

 
0 0 1 

 
0 0 0 

~A|B 
 

B 
 

(AB)|(~A~B) 
 

AND 
A B Out 

 
A B Out 

 
A B Out 

 
A B Out 

1 1 1 
 

1 1 1 
 

1 1 1 
 

1 1 1 
1 0 0 

 
1 0 0 

 
1 0 0 

 
1 0 0 

0 1 1 
 

0 1 1 
 

0 1 0 
 

0 1 0 
0 0 1 

 
0 0 0 

 
0 0 1 

 
0 0 0 

NAND 
 

XOR 
 

~B 
 

A~B 
A B Out 

 
A B Out 

 
A B Out 

 
A B Out 

1 1 0 
 

1 1 0 
 

1 1 0 
 

1 1 0 
1 0 1 

 
1 0 1 

 
1 0 1 

 
1 0 1 

0 1 1 
 

0 1 1 
 

0 1 0 
 

0 1 0 
0 0 1 

 
0 0 0 

 
0 0 1 

 
0 0 0 

~A 
 

~AB 
 

NOR 
 

Low 
A B Out 

 
A B Out 

 
A B Out 

 
A B Out 

1 1 0 
 

1 1 0 
 

1 1 0 
 

1 1 0 
1 0 0 

 
1 0 0 

 
1 0 0 

 
1 0 0 

0 1 1 
 

0 1 1 
 

0 1 0 
 

0 1 0 
0 0 1 

 
0 0 0 

 
0 0 1 

 
0 0 0 

 

The named ones are the most commonly used 
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Problem 7: 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐶𝐶1 𝑖𝑖𝑖𝑖 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙,𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠 𝑉𝑉𝑉𝑉𝑉𝑉 = 10𝑉𝑉 

𝐼𝐼𝐶𝐶 =
𝑉𝑉𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

𝑅𝑅𝐿𝐿
= βn𝐼𝐼𝐵𝐵 = 100 ∗

𝑉𝑉𝐷𝐷𝐷𝐷 − 0.6𝑉𝑉
𝑅𝑅𝐵𝐵

 

10𝑉𝑉 − 5𝑉𝑉
10𝑘𝑘Ω

= 100 ∗
10𝑉𝑉 − 0.6𝑉𝑉

𝑅𝑅𝐵𝐵
 

𝑅𝑅𝐵𝐵 =  1.88 𝑀𝑀Ω 

Image of design is on the right. 

 

 

 

 

Problem 8: 

a)𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐴𝐴𝐸𝐸1
𝐴𝐴𝐸𝐸0

(𝐼𝐼𝑖𝑖𝑖𝑖 + 𝐼𝐼𝐵𝐵𝐵𝐵) − 𝐼𝐼𝐵𝐵𝐵𝐵 = 5𝐼𝐼𝐵𝐵𝐵𝐵 + 250µ − 250µ = 5Iin 

b) I used WolframAlpha  
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Problem 9: 

a.) 𝐹𝐹 = 𝐴𝐴𝐴𝐴 + 𝐶𝐶𝐶𝐶𝐸𝐸� + 𝐴̅𝐴𝐸𝐸 

b.) Assign F = (A & B) | (C & D & ~E) | (~A & E)  

c.) 𝐹𝐹 = 𝐴̅𝐴 + 𝐵𝐵��������� + 𝐶𝐶̅ + 𝐷𝐷� + 𝐸𝐸������������� + 𝐴𝐴 + 𝐸𝐸���������������������������������������������������������������������������������
 

 

 

 

Problem 10: 

a) 𝐹𝐹 = 𝐴𝐴𝐴𝐴 + 𝐵𝐵�𝐶𝐶 
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b) 𝐹𝐹 = 𝐴𝐴𝐴𝐴���� ∗ (𝐵𝐵 + 𝐶𝐶 � )������������������ 

 


