
SOLUTIONS: 

 

Problem 1: 

Using https://www.pvlighthouse.com.au/resistivity to obtain ρ = 2.346 Ω*cm 

𝑅𝑅 =  ρ ∗  
𝐿𝐿

𝑤𝑤 ∗ 𝑡𝑡
= 2.346 ∗  

30
2 ∗ 0.5

∗ 102 = 7.038 𝑘𝑘Ω 

 

Problem 2: 

𝐼𝐼𝑑𝑑 = 𝐽𝐽𝑠𝑠𝐴𝐴 �𝑒𝑒
𝑉𝑉𝐷𝐷
𝑉𝑉𝑇𝑇 − 1� = �100𝑢𝑢𝑚𝑚2 ∗

10−15𝐴𝐴
𝑢𝑢𝑚𝑚2 � ∗ �𝑒𝑒

0.5𝑉𝑉
26𝑚𝑚𝑉𝑉 − 1� = 22.5 𝑢𝑢𝐴𝐴 

𝐼𝐼𝑑𝑑 = 𝐽𝐽𝑠𝑠𝐴𝐴 �𝑒𝑒
𝑉𝑉𝐷𝐷
𝑉𝑉𝑇𝑇 − 1� = �100𝑢𝑢𝑚𝑚2 ∗

10−15𝐴𝐴
𝑢𝑢𝑚𝑚2 � ∗ �𝑒𝑒

0.6𝑉𝑉
26𝑚𝑚𝑉𝑉 − 1� = 1.05 𝑚𝑚𝐴𝐴 

 

Problem 3: 

𝐼𝐼𝑑𝑑 = �
10−15𝐴𝐴
𝑢𝑢𝑚𝑚2 ∗ 100 𝑢𝑢𝑚𝑚2��𝑒𝑒

𝑉𝑉𝐷𝐷
26𝑚𝑚𝑉𝑉 − 1� 

5𝑉𝑉 =  2𝑘𝑘Ω ∗ 𝐼𝐼𝑑𝑑 + 𝑉𝑉𝐷𝐷 

Solve system of equations, Id = 2.19 mA 

 

Problem 4: 

𝐼𝐼𝑑𝑑 = �
10−15𝐴𝐴
𝑢𝑢𝑚𝑚2 ∗ 100 𝑢𝑢𝑚𝑚2��𝑒𝑒

𝑉𝑉𝐷𝐷
26𝑚𝑚𝑉𝑉 − 1� 

520𝑚𝑚𝑉𝑉 =  2𝑘𝑘Ω ∗ 𝐼𝐼𝑑𝑑 + 𝑉𝑉𝐷𝐷 

Solve system of equations, Id = 16.2 µA 

 

 

 

https://www.pvlighthouse.com.au/resistivity


Problem 5: 

In TSMC 0.18μ CMOS process, 
Vgs = 1.8V, Vth = 0.50V, μCOX

2
= 171.8μs

v2
 

RFET =
Vds
ID

= �μn ∗ COX ∗
W
L
∗ �Vgs − VT��

−1
= 4000 

W
L

=
1

4000 ∗ (2 ∗ 171.8 ∗ 10−6) ∗ (1.8 − 0.50) = 0.5597 

In the AMIS 0.5 μ CMOS Process, 
Vgs = 3.5V, Vth = 0.79V, μCOX

2
= 57.8μs

v2
 

RFET =
Vds
ID

= �μn ∗ COX ∗
W
L
∗ �Vgs − VT��

−1
= 4000 

W
L

=
1

4000 ∗ (2 ∗ 57.8 ∗ 10−6) ∗ (3.5 − 0.79) = 0.7980 

In the IBM 0.13 μ CMOS Process, 
Vgs = 1.5V, Vth = 0.41V, μCOX

2
= 308.0μs

v2
 

RFET =
Vds
ID

= �μn ∗ COX ∗
W
L
∗ �Vgs − VT��

−1
= 4000 

W
L

=
1

4000 ∗ (2 ∗ 308.0 ∗ 10−6) ∗ (1.5 − 0.41) = 0.3723 

 

Problem 6: 

For a minimum sized transistor in IBM 0.13µ CMOS process, with VGS = 1.5V and W/L = 
0.16µ/0.12µ, POLY-N+active capacitance = 11176 aF/µm2 ,POLY-P+active capacitance = 
10496 aF/µm2 

CGSN = (0.16)(0.12)(11176 ∗ 10−18) = 214.579aF 

CGSP = (0.16)(0.12)(10496 ∗ 10−18) = 201.523aF 

CL = CASP + CGSN = 416.102aF = 0.416fF 

For a minimum sized transistor in TSMC 0.18µ CMOS process. With VGS = 1.5V, VTH = 0.5V and 
W/L = 0.27µ/0.18µ, μCOXn

2
= 171.8μs

v2
 , μCOXp

2
= −36.3μs

v2
 

RSWN = �
2 ∗ 171.8 ∗ 10−6 ∗ 0.27

0.18
∗ (1.5− 0.5)�

−1

= 1.940 kΩ 

RSWP = �
2 ∗ −36.3 ∗ 10−6 ∗ 0.27

0.18
∗ (−1.5 − 0.5)�

−1

= 9.183 kΩ 



THL = 1.940k ∗ 416.102a = 0.807pS 
TLH = 9.183k ∗ 416.102a = 3.821pS 

 

Problem 7: 

𝐼𝐼𝐷𝐷1 = �
5 ∗ 10−15𝐴𝐴

𝑢𝑢𝑚𝑚2 ∗ 200 𝑢𝑢𝑚𝑚2��𝑒𝑒
𝑉𝑉𝐷𝐷

258𝑚𝑚𝑉𝑉 − 1� 

𝐼𝐼𝐷𝐷2 = �
5 ∗ 10−15𝐴𝐴

𝑢𝑢𝑚𝑚2 ∗ 800 𝑢𝑢𝑚𝑚2��𝑒𝑒
𝑉𝑉𝐷𝐷

258𝑚𝑚𝑉𝑉 − 1� 

𝐼𝐼𝐷𝐷2 =  4 ∗ 𝐼𝐼𝑑𝑑1 

�
1.5 − VD

1000
� = ID1 + ID2 = 5𝐼𝐼𝐷𝐷1 = (5 ∗ 10−12)(𝑒𝑒

𝑉𝑉𝐷𝐷
258𝑚𝑚𝑉𝑉 − 1) 

Solve for VD  ≈ 0.493 V 

 𝐼𝐼𝐷𝐷1 ≈ 0.198 mA  

 

Problem 8: 

a) Assume saturation: 

ID1 = �300 ∗ 10−6 ∗
6

2 ∗ 2
(1 − 0.5)2� = 0.1125mA → Vout = 1.8 − 4 ∗ 0.1125 = 1.35V 

b) Assume triode: 

(1.8 − VDS)
25k

= 300 ∗ 10−6 ∗
12
1.5

∗ �1.2− 0.5 −
VDS

2
�VDS 

Solve for VDS = Vout = 0.043V 

c) Assume saturation: 

𝐼𝐼𝐷𝐷3 =
300

4
∗ 10−6 ∗

6
4
∗ (0.8− 0.5)2 = 10.125 µ𝐴𝐴 → 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 = 25𝑘𝑘 ∗ 10.125µ = 0.253 𝑉𝑉 

 

 

 

 



Problem 9: 

a) Assuming saturation for both transistors, Vout = x 

𝐼𝐼𝑑𝑑𝑠𝑠1 = �
300µ

2
� �

6
2
� (𝑥𝑥 − 0.5)2  &  𝐼𝐼𝑑𝑑𝑠𝑠2 = �

300µ
2

� �
2
6
� (1.8 − 𝑥𝑥 − 0.5)2  

𝐼𝐼𝑑𝑑𝑠𝑠1 = 𝐼𝐼𝑑𝑑𝑠𝑠2 , solve for x = Vout
 = 0.7 V 

 

b) Assuming saturation for both transistors 

150 µ𝐴𝐴 = �
300µ

8
� �

8
2
� (𝑉𝑉𝐺𝐺 − 1.8 + 0.5)2  → 𝑉𝑉𝐺𝐺 = 0.3 𝑉𝑉  

𝐼𝐼𝐷𝐷𝐷𝐷2 = �
300µ

8
� �

12
4
� (0.3 − 1.8 + 0.5)2 = 112.5 µ𝐴𝐴 

𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 = 1.8 − 112.5µ ∗ 8𝑘𝑘 = 0.9 𝑉𝑉 

 

Problem 10: 

Code: 

 

 

 

 

 



Test Bench: 

 

 

 

Waveform: 

 

 

 

 


