
SOLUTIONS: 

 

Problem 1: 

a) The small signal equivalent signal is shown below: 

Vin gm
RL 

S

D

VOUT(t)

 

Note that the output resistance was simplified  1
𝑔𝑔0

||𝑅𝑅𝐿𝐿 ≈ 𝑅𝑅𝐿𝐿 

−𝑔𝑔𝑚𝑚𝑉𝑉𝑔𝑔𝑔𝑔 = 𝑉𝑉𝑑𝑑𝑔𝑔
1
𝑅𝑅𝐿𝐿

 →  
𝑉𝑉𝑑𝑑𝑔𝑔
𝑉𝑉𝑔𝑔𝑔𝑔

=
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
𝑉𝑉𝑖𝑖𝑖𝑖

=  −𝑔𝑔𝑚𝑚 ∗ 𝑅𝑅𝐿𝐿 

 

b) The small signal equivalent signal is shown below: 

Vtest gm1

G

S

D

Itest

 

There is no current flowing in the input terminal (due to the open circuit). Rin = ∞ 

 

c) The small signal equivalent signal is shown below: 

 

gm

S

D

Vtest
RL 

G
Itest

 

 

Since Vin = 0, 𝑉𝑉𝑇𝑇 = 𝐼𝐼𝑇𝑇 ∗ 𝑅𝑅𝐿𝐿 → 𝑅𝑅𝑜𝑜𝑜𝑜𝑜𝑜 =  𝑉𝑉𝑇𝑇
𝐼𝐼𝑇𝑇

= 𝑅𝑅𝐿𝐿 



Problem 2: 

a)  𝑔𝑔𝑚𝑚𝑉𝑉𝑔𝑔𝑔𝑔 = 𝑉𝑉𝑑𝑑𝑔𝑔
1
𝑅𝑅𝐿𝐿

 →  𝑉𝑉𝑑𝑑𝑑𝑑
𝑉𝑉𝑔𝑔𝑑𝑑

= 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
𝑉𝑉𝑖𝑖𝑖𝑖

=  𝑔𝑔𝑚𝑚 ∗ 𝑅𝑅𝐿𝐿 

b)  𝐼𝐼𝑇𝑇 = 𝐼𝐼𝑇𝑇 ∗ 𝑔𝑔𝑚𝑚 → 𝑅𝑅𝑖𝑖𝑖𝑖 =  𝑉𝑉𝑇𝑇
𝐼𝐼𝑇𝑇

= 𝑔𝑔𝑚𝑚−1 

c) 𝑉𝑉𝑇𝑇 = 𝐼𝐼𝑇𝑇 ∗ 𝑅𝑅𝐿𝐿 → 𝑅𝑅𝑜𝑜𝑜𝑜𝑜𝑜 =  𝑉𝑉𝑇𝑇
𝐼𝐼𝑇𝑇

= 𝑅𝑅𝐿𝐿 

 

Problem 3: 

a)  𝑔𝑔𝑚𝑚(𝑉𝑉𝑖𝑖𝑖𝑖 − 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜) = 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
1
𝑅𝑅𝐿𝐿

 →  𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
𝑉𝑉𝑖𝑖𝑖𝑖

= 𝑔𝑔𝑚𝑚
1
𝑅𝑅𝐿𝐿
+𝑔𝑔𝑚𝑚

≈ 1 

b)  𝑅𝑅𝑖𝑖𝑖𝑖 =  𝑉𝑉𝑇𝑇
𝐼𝐼𝑇𝑇

= ∞ 

c) 𝐼𝐼𝑇𝑇 = 𝑉𝑉𝑇𝑇 ∗
1
𝑅𝑅𝐿𝐿 

+ 𝑉𝑉𝑇𝑇 ∗ 𝑔𝑔𝑚𝑚 ≈  𝑉𝑉𝑇𝑇 ∗ 𝑔𝑔𝑚𝑚   → 𝑅𝑅𝑜𝑜𝑜𝑜𝑜𝑜 =  𝑉𝑉𝑇𝑇
𝐼𝐼𝑇𝑇

= 𝑔𝑔𝑚𝑚−1 

 

Problem 4:  

𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 =  
µ𝐶𝐶𝑜𝑜𝑜𝑜

2
𝑊𝑊
𝐿𝐿

(𝑉𝑉𝐺𝐺𝐷𝐷 − 𝑉𝑉𝑇𝑇)2 =
350µ

2
𝑊𝑊
𝐿𝐿

(1 − 0.5)2 = 43.75(
𝑊𝑊
𝐿𝐿

) µ 

𝐴𝐴𝑣𝑣 =
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
𝑉𝑉𝑖𝑖𝑖𝑖

=  −𝑔𝑔𝑚𝑚 ∗ 𝑅𝑅𝐿𝐿 =  −10 → 𝑔𝑔𝑔𝑔 =  
10

20 𝑘𝑘
= 0.5 𝑔𝑔  

𝑔𝑔𝑚𝑚 =
2𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷

𝑉𝑉𝐺𝐺𝐷𝐷 − 𝑉𝑉𝑇𝑇
 → 0.5 𝑔𝑔 =

2 ∗  43.75(𝑊𝑊𝐿𝐿 ) µ
1 − 0.5

 →
𝑊𝑊
𝐿𝐿

= 2.86   

 

  



Problem 5: 

a)  

𝑦𝑦11 =
𝑑𝑑𝐼𝐼1
𝑑𝑑𝑉𝑉1

= 𝑉𝑉2 3,                                 𝑦𝑦12 =
𝑑𝑑𝐼𝐼1
𝑑𝑑𝑉𝑉2

= 3𝑉𝑉1𝑉𝑉2 2 

𝑦𝑦21 =
𝑑𝑑𝐼𝐼2
𝑑𝑑𝑉𝑉1

= 0.01𝑉𝑉1𝑉𝑉2𝑒𝑒0.2𝑉𝑉12𝑉𝑉2 , 𝑦𝑦22 =
𝑑𝑑𝐼𝐼2
𝑑𝑑𝑉𝑉2

= 0.05𝑉𝑉1 2𝑒𝑒0.2𝑉𝑉12𝑉𝑉2 

b) 

𝑦𝑦11 = 13 = 1
𝐴𝐴
𝑉𝑉

,                                               𝑦𝑦12 = 3(5)(1)2 = 15
𝐴𝐴
𝑉𝑉

 

𝑦𝑦21 = 0.01(5)(1)𝑒𝑒0.2�52�1 = 7.42
𝐴𝐴
𝑉𝑉

, 𝑦𝑦22 = 0.05(52)𝑒𝑒0.2�52�1 = 185.52
𝐴𝐴
𝑉𝑉

 

c) 

𝐼𝐼1𝐷𝐷 = 𝑉𝑉1𝑉𝑉23 = 5(13) = 5 𝐴𝐴 
𝐼𝐼2𝐷𝐷 = 0.25𝑒𝑒0.2𝑉𝑉12𝑉𝑉2 = 0.25𝑒𝑒0.2�52�1 = 37.1 𝐴𝐴 

d) 

𝑖𝑖1 = 1(1𝑔𝑔𝑉𝑉𝑅𝑅𝑅𝑅𝐷𝐷) + 15(2𝑔𝑔𝑉𝑉𝑅𝑅𝑅𝑅𝐷𝐷) = 31 𝑔𝑔𝐼𝐼𝑅𝑅𝑅𝑅𝐷𝐷 
𝑖𝑖2 = 7.42(1𝑔𝑔𝑉𝑉𝑅𝑅𝑅𝑅𝐷𝐷) + 185.52(2𝑔𝑔𝑉𝑉𝑅𝑅𝑅𝑅𝐷𝐷)      = 378.46 𝑔𝑔𝐼𝐼𝑅𝑅𝑅𝑅𝐷𝐷 

Problem 6: 

The transistor is in saturation. VDS = 4 + 2 = 6V & VGS – VT= 0 + 2 – 0.5 = 1.5 V 

𝐼𝐼𝐷𝐷𝐷𝐷 =
𝜇𝜇𝐶𝐶𝑜𝑜𝑜𝑜

2
𝑊𝑊
𝐿𝐿

(𝑉𝑉𝐺𝐺𝐷𝐷 − 𝑉𝑉𝑇𝑇)2 =
350𝜇𝜇

2
12
4

(2 − 0.5)2 = 1.18125 𝑔𝑔𝐴𝐴   

𝑔𝑔𝑚𝑚 =
2𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷

𝑉𝑉𝐺𝐺𝐷𝐷 − 𝑉𝑉𝑇𝑇
=  

2 ∗ 1.18125 𝑔𝑔
2 − 0.5 

= 1.575 𝑔𝑔 

𝑉𝑉𝑂𝑂𝑂𝑂𝑇𝑇 = 𝐼𝐼𝑓𝑓 ∗ 𝑅𝑅𝑓𝑓 = 𝑔𝑔𝑚𝑚 ∗ 𝑣𝑣𝑖𝑖𝑖𝑖 ∗ 𝑅𝑅𝑓𝑓 = 1.575𝑔𝑔 ∗ 25 𝑔𝑔𝑉𝑉 ∗ 1.25 𝑘𝑘 = 49.22 𝑔𝑔𝑉𝑉 

VOUT  is sinusoidal 1 KHz signal with 0-P amplitude of 49.22 mV  



Problem 7: 

a.) Small signal equivalent circuit 

 
 

 

 

 

 

 

 

𝑅𝑅𝐷𝐷 =
𝑉𝑉𝑜𝑜
𝐼𝐼𝐷𝐷𝐷𝐷

=
25.85𝑔𝑔𝑉𝑉

1𝑔𝑔𝐴𝐴
= 25.85 Ω 

𝐴𝐴𝑣𝑣 = 1 +
100 Ω
𝑅𝑅𝐷𝐷

= 1 +
100 Ω

25.85 Ω
= 4.87 𝑉𝑉/𝑉𝑉 

b.) 𝑅𝑅𝐷𝐷 = 25.85𝑚𝑚𝑉𝑉
10𝑚𝑚𝑚𝑚

= 2.59 Ω 

𝐴𝐴𝑣𝑣 = 1 +
100 Ω
2.59 Ω

= 39.68 𝑉𝑉/𝑉𝑉 

 

Problem 8: 

Code: 

 

 

  

100 Ω 
 



Test bench: 

 

 

 

Waveform: 

 


