
SOLUTIONS: 

 

Problem 1: 

First we solve for quiescent IDS: 

𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 =  
µ𝐶𝐶𝑜𝑜𝑜𝑜

2
𝑊𝑊
𝐿𝐿

(𝑉𝑉𝐺𝐺𝐷𝐷 − 𝑉𝑉𝑇𝑇)2 =
350µ

2
12
2

(1 − 0.5)2 = 0.2625 𝑚𝑚𝑚𝑚  

Then we will use IDSQ to get gm: 

𝑔𝑔𝑚𝑚 =  
2𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷

𝑉𝑉𝐺𝐺𝐷𝐷 − 𝑉𝑉𝑇𝑇
=  

2 ∗ 0.2625 𝑚𝑚
1 − 0.5

= 1.05 𝑚𝑚𝑚𝑚/𝑉𝑉 

Solving for small signal gain we get the following (we will ignore gds): 

−𝑔𝑔𝑚𝑚𝑉𝑉𝑔𝑔𝑔𝑔 = 𝑉𝑉𝑑𝑑𝑔𝑔
1
𝑅𝑅𝐿𝐿

 →  
𝑉𝑉𝑑𝑑𝑔𝑔
𝑉𝑉𝑔𝑔𝑔𝑔

=
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
𝑉𝑉𝑖𝑖𝑖𝑖

=  −𝑔𝑔𝑚𝑚 ∗ 𝑅𝑅𝐿𝐿 =  −1.05𝑚𝑚 ∗ 5𝑘𝑘 =  −5.25 𝑉𝑉/𝑉𝑉 

 

Problem 2: 

First we solve for quiescent IDS: 

𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 =  
µ𝐶𝐶𝑜𝑜𝑜𝑜

2
𝑊𝑊
𝐿𝐿

(𝑉𝑉𝐺𝐺𝐷𝐷 − 𝑉𝑉𝑇𝑇)2 =
350µ

2
6
4

(1 − 0.5)2 = 0.065625 𝑚𝑚𝑚𝑚  

Then we will use IDSQ to get gm: 

𝑔𝑔𝑚𝑚 =  
2𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷

𝑉𝑉𝐺𝐺𝐷𝐷 − 𝑉𝑉𝑇𝑇
=  

2 ∗ 0.065625 𝑚𝑚
1 − 0.5

= 0.2625 𝑚𝑚𝑚𝑚/𝑉𝑉 

Solving for small signal gain we get the following (we will ignore gds): 

−𝑔𝑔𝑚𝑚𝑉𝑉𝑖𝑖𝑖𝑖 = 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
1
𝑅𝑅𝐿𝐿

 →  
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
𝑉𝑉𝑖𝑖𝑖𝑖

=  −𝑔𝑔𝑚𝑚 ∗ 𝑅𝑅𝐿𝐿 =  −0.2625𝑚𝑚 ∗ 4𝑘𝑘 =  −1.05 𝑉𝑉/𝑉𝑉 

 

 

 

 

 

 

 



Problem 3: 

a)   

 

b)  Vcq = 10V − �5k ∗ Icq� 

Icq =
β(10 − 0.6)

500k
= 1.88 mA 

Vcq = 10V − (5k ∗ 1.88m) 
Vcq = 0.6V 
Voutq = 0 

c) 𝑣𝑣𝑜𝑜𝑜𝑜𝑜𝑜 = (−𝑔𝑔𝑚𝑚𝑣𝑣𝐼𝐼𝐼𝐼) ∗ ( 1
𝑔𝑔𝑜𝑜

//RL) 

𝑚𝑚𝑣𝑣 =
𝑣𝑣𝑂𝑂𝑂𝑂𝑇𝑇
𝑣𝑣𝑖𝑖𝑖𝑖

= −𝑔𝑔𝑚𝑚 (
1
𝑔𝑔𝑜𝑜

||𝑅𝑅𝐿𝐿)  

d) Approximate gain, AV = −gmRL 
AV = −gm(5k||8k) = −gm(3.077k) 

gm =
IQ
Vt

=
1.88 m
0.0258

= 0.0729V 

AV = −0.0729 ∗ 3077 
AV = −224.22 V/V 

 

Problem 4: 

 

 

5k||8k 



Problem 5: 

a) 

 

 

 

 

 

 

 

b)  

VB = 32 ∗ �
10

10 + 70
� k = 4V 

ICQ =
4 − 0.6

2k
= 1.7 mA 

VCQ = 32 − (2k)�ICQ� 
VCQ = 26.6V 
Voutq = 0V 

c) 𝑣𝑣𝑜𝑜𝑜𝑜𝑜𝑜 = (−𝑔𝑔𝑚𝑚𝑣𝑣𝐼𝐼𝐼𝐼) ∗ ( 1
𝑔𝑔𝑜𝑜

//RL) 

𝑚𝑚𝑣𝑣 = 𝑣𝑣𝑂𝑂𝑂𝑂𝑂𝑂
𝑣𝑣𝑖𝑖𝑖𝑖

= −𝑔𝑔𝑚𝑚( 1
𝑔𝑔𝑜𝑜

//RL)≈ −𝑔𝑔𝑚𝑚𝑅𝑅𝐿𝐿 

d)  

𝑚𝑚𝑣𝑣 =
𝐼𝐼𝑐𝑐𝑐𝑐𝑅𝑅𝐿𝐿
𝑣𝑣𝑜𝑜

=
2000 ∗ 0.0017

0.0258
= 131.783

𝑉𝑉
𝑉𝑉

 

 

Problem 6:  

MOSFET: 

Vgs = Vds , putting a test voltage Vtest and solving for current we get:  

𝐼𝐼𝑜𝑜𝑡𝑡𝑔𝑔𝑜𝑜 = 𝑔𝑔𝑚𝑚 ∗ 𝑉𝑉𝑜𝑜𝑡𝑡𝑔𝑔𝑜𝑜 + 𝑉𝑉𝑜𝑜𝑡𝑡𝑔𝑔𝑜𝑜 ∗ 𝑔𝑔0  →  
𝑉𝑉𝑜𝑜𝑡𝑡𝑔𝑔𝑜𝑜
𝐼𝐼𝑜𝑜𝑡𝑡𝑔𝑔𝑜𝑜

=  
1

𝑔𝑔𝑚𝑚 + 𝑔𝑔0
≈

1
𝑔𝑔𝑚𝑚

  

𝑔𝑔𝑚𝑚 =  �2 ∗ µ𝑖𝑖𝐶𝐶𝑜𝑜𝑜𝑜 �
𝑊𝑊
𝐿𝐿
� ∗ 𝐼𝐼𝐷𝐷 = 1.183 𝑚𝑚 

Req = gm-1 = 845.15 kΩ 

 
4K || 4K 



BJT: 

𝑉𝑉 ∗ (𝑔𝑔𝑚𝑚 + 𝑔𝑔𝜋𝜋 + 𝑔𝑔𝑜𝑜) = 𝐼𝐼 → 𝑅𝑅𝑡𝑡𝑐𝑐 =
1

(𝑔𝑔𝑚𝑚 + 𝑔𝑔𝜋𝜋 + 𝑔𝑔𝑜𝑜) ≅
1
𝑔𝑔𝑚𝑚

  

𝑔𝑔𝑚𝑚 =
𝐼𝐼𝐶𝐶𝐷𝐷
𝑉𝑉𝑜𝑜

=
2 𝑚𝑚𝑚𝑚

0.0258
 

𝑅𝑅𝑡𝑡𝑐𝑐 = 12.9 Ω 

 

Problem 7: 

a.) DC equivalent circuit 

 

𝐼𝐼𝐷𝐷𝐷𝐷 = 1𝑚𝑚𝑚𝑚, 𝑉𝑉𝑜𝑜 = 0.0258𝑉𝑉 

𝐼𝐼𝐷𝐷𝐷𝐷 = 𝐽𝐽𝑔𝑔𝑚𝑚𝐷𝐷𝑒𝑒
𝑉𝑉𝐷𝐷
𝑉𝑉𝑜𝑜 → 𝑉𝑉𝐷𝐷 = 𝑉𝑉𝑂𝑂𝑂𝑂𝑇𝑇 = 𝑉𝑉𝑜𝑜 ∗ ln �

𝐼𝐼𝐷𝐷𝐷𝐷
𝐽𝐽𝐷𝐷𝑚𝑚𝐷𝐷

� 

𝑉𝑉𝑂𝑂𝑂𝑂𝑇𝑇 = (0.0258) ∗ ln�
1𝑚𝑚𝑚𝑚

0.5𝑓𝑓𝑚𝑚
𝜇𝜇𝑚𝑚2 ∗ 200𝜇𝜇𝑚𝑚2

� = 0.594 𝑉𝑉 

b)  

 

c.) Treat Diode as a box with Vd as one terminal and Id as another, we know that 𝑉𝑉𝐷𝐷 = 𝑉𝑉𝑜𝑜 ∗
ln � 𝐼𝐼𝐷𝐷𝐷𝐷

𝐽𝐽𝑆𝑆𝐴𝐴𝐷𝐷
� 

𝑑𝑑𝑉𝑉𝐷𝐷
𝑑𝑑𝐼𝐼𝐷𝐷𝐷𝐷

= 𝑉𝑉𝑜𝑜 ∗  
𝐽𝐽𝐷𝐷𝑚𝑚𝐷𝐷
𝐼𝐼𝐷𝐷𝐷𝐷

∗ 𝐽𝐽𝐷𝐷𝑚𝑚𝐷𝐷 =  
𝑉𝑉𝑜𝑜
𝐼𝐼𝐷𝐷𝐷𝐷

= 𝑅𝑅𝐷𝐷 

 𝑅𝑅𝐷𝐷 = 𝑉𝑉𝑡𝑡
𝐼𝐼𝐷𝐷𝐷𝐷

= 0.0258
1𝑚𝑚𝐴𝐴

= 25.8 Ω 

𝑣𝑣𝑜𝑜𝑜𝑜𝑜𝑜 =
𝑅𝑅𝐷𝐷

𝑅𝑅𝐷𝐷 + 50Ω
𝑣𝑣𝑖𝑖𝑖𝑖 

𝑚𝑚𝑣𝑣 =
𝑣𝑣𝑜𝑜𝑜𝑜𝑜𝑜
𝑣𝑣𝑖𝑖𝑖𝑖

=
𝑅𝑅𝐷𝐷

𝑅𝑅𝐷𝐷 + 50Ω
=

25.8 Ω
25.8Ω + 50Ω

= 0.34 𝑉𝑉/𝑉𝑉 

d) 𝑅𝑅𝐷𝐷 = 𝑉𝑉𝑡𝑡
𝐼𝐼𝐷𝐷𝐷𝐷

= 0.0258
5𝑚𝑚𝐴𝐴

= 5.16 Ω → 𝑚𝑚𝑣𝑣 = 𝑣𝑣𝑜𝑜𝑜𝑜𝑡𝑡
𝑣𝑣𝑖𝑖𝑖𝑖

= 𝑅𝑅𝐷𝐷
𝑅𝑅𝐷𝐷+50Ω

= 5.16 Ω
5.16Ω+50Ω

= 0.0935 𝑉𝑉/𝑉𝑉 



Problem 8: 

There are multiple approaches to this problem, one is shown below: 

VIN(t)

10k

-1V

5V

VOUT(t)

M1

 

I will start from my gain and load specifications, I know that for my circuit choice, my gain has 
the following relationship: 

𝑚𝑚𝑣𝑣 = 𝑣𝑣𝑂𝑂𝑂𝑂𝑂𝑂
𝑣𝑣𝑖𝑖𝑖𝑖

= −𝑔𝑔𝑚𝑚( 1
𝑔𝑔𝑜𝑜

//RL)≈ −𝑔𝑔𝑚𝑚𝑅𝑅𝐿𝐿 =  −15 → 𝑔𝑔𝑚𝑚 = 𝑚𝑚𝑣𝑣
𝑅𝑅𝐿𝐿

= 15
10000 = 1.5 𝑚𝑚𝑚𝑚/𝑉𝑉 

I also know 𝑔𝑔𝑚𝑚 =  2𝐼𝐼𝐷𝐷𝑆𝑆𝐷𝐷
𝑉𝑉𝐺𝐺𝑆𝑆−𝑉𝑉𝑂𝑂

, I can set Vs = -1V and solve for IDSQ to get 0.375 mA 

𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜𝐷𝐷 = 𝑉𝑉𝐷𝐷𝐷𝐷 − 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 ∗ 𝑅𝑅𝐿𝐿 and for the transistor to be in saturation (and for our models to hold) 
we need VoutQ ≥ VGS – Vt ≥ 0.5, solving this inequality: 

0.5 ≤  𝑉𝑉𝐷𝐷𝐷𝐷 − 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 ∗ 𝑅𝑅𝐿𝐿  → 𝑉𝑉𝐷𝐷𝐷𝐷 ≥ 0.5 +  𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 ∗ 𝑅𝑅𝐿𝐿  ≥ 4.25 𝑉𝑉 

I will choose VDD to be 5V. 

 

 

 

 

 

 

 

 

 

 

 



Problem 9: 

Code: 

 

 

 



Testbench: 

 

 

Waveform: 

 


