
2016 Analog IC: Midterm Examination (110%) 
1. Explain the following process key steps and list down one corresponding 

example layer manufactured by the procedure. (10%)  

(a) Oxidation. (2%)  

 

SiO2 

(b) Chemical vapor deposition. (2%)  

 
 

 

 

 

 

 



(c) Etching. (2%)  

 
Metal, poly. 

(d) Ion implementation. (2%)  

 
p+, n+ 

 

 

 

 

 

 

 

 



(e) Annealing. (2%)  

 
p+, n+ 

2. Answer definitions of the following terms and explain the physical mechanisms. 

(10%) 

(a) Threshold voltage. (2%) 

Minimum gate-to-source voltage differential that is needed to create a 

conducting path between the source and drain 

(b) Channel pinch off. (2%) 

At VDS=VGS-VTH, the bias point where current stop increase and no inversion 

layer at the drain end.  

(c) Subthreshold conduction. (2%) 

 
 

 

 

 

 



(d) Deep triode region. (2%) 

 
(e) Punch through. (2%) 

 
3. (至少要畫出這樣) 

 
4.  

(a) 
1

2
𝜇𝐶𝑜𝑥

𝑊

𝐿
(𝑉𝑔𝑠 − 𝑉𝑡ℎ)2 

(b) 
1

2
𝜇𝐶𝑜𝑥

𝑊

𝐿
(𝑉𝑔𝑠 − 𝑉𝑡ℎ)

2
(1 + 𝜆𝑉𝑑𝑠) 

(c) 𝜇𝐶𝑜𝑥
𝑊

𝐿
(𝑉𝑔𝑠 − 𝑉𝑡ℎ) 

(d) √2𝜇𝐶𝑜𝑥
𝑊

𝐿
𝐼𝐷 

(e) 
2𝐼𝐷

𝑉𝑜𝑣
 

 



5. Answer definitions of the following terms and explain the physical mechanisms. 

(10%) 

(a) Body effect. (2%) 

More holes are attracted to the substrate connection, and the depletion region 

becomes wider ( Qdep increases) when Vbs<0, resulting in the increasing of VTH. 

(b) Mobility degradation. (2%) 

High vertical electrical field Ever between the gate and the channel confines the 

charge carriers to a narrow region below the oxide-silicon interface, leading to 

more 

scattering and hence lower mobility. 

(c) Velocity saturation. (2%) 

In semiconductors, when a strong enough electric field is applied, the carrier 

velocity in the semiconductor reaches a maximum value. 

(d) Hot carrier effect. (2%) 

While the average velocity of carrier saturates at high fields, the instantaneous 

velocity and hence the kinetic energy of the carries continue to increase, especially 

as they accelerate towards the drain. In the vicinity of the drain region, hot carrier 

may “hit” the silicon atoms at high speeds, thereby creating impact ionization. 

(e) Breakdown. (2%) 

Voltage breakdown (MOS): At high gate-source voltages, the gate oxide breaks 

down irreversibly, damaging the transistor. 

 
 

 

 

 

 

 

 

 

 

 

 



6. Sketch the transfer curve of ro with increasing VDS. List down and explain the 3 

effects related to the modification of output impedance. (5%) 

 
7. To implement an inverter with all MOS devices in a dimension of 5um/0.18um. 

(5%) 

(a) Sketch the layout and mark the dimensions. (2.5%) 

 
(b) Sketch the cross section of MOS devices. (2.5%) 

 
 

 

 

 

 

 

 

 

 



8. Assume gmb = 0.2gm, sketch the small-signal equivalent circuit and derive the 

equation of voltage gain Vout/Vin of the amplifier in Fig. 8 in terms of (W/L)<n> 

and ro<n> with n=1~2. (5%) 

 

 
Fig . 8 

Vin

gm1Vin ro1

Vout

gm2Vout ro2 gmb2Vout

 
Vout/Vin=-gm1(ro1 // ro2 // 1/gm2 // 1/gmb2) 

 
 

9.  

(a) Find the output impedance Rou. (2.5%) 

Rout =
1

𝑔𝑚1
||

1

𝑔𝑚𝑏1
||𝑟𝑜1||𝑟𝑜2 ≅ 416.67 ohm 

(b) Find the voltage gain Vout/Vin. (2.5%) 

Av = 𝑔𝑚1(𝑅𝑜𝑢𝑡||𝑅𝐿) ≅ 0.825 (𝑉/𝑉) 
(c) By swapping Vin to M2 and Vb to M1, find the voltage gain without RL. (2.5%) 

Av = 𝑔𝑚2(
1

𝑔𝑚1
||

1

𝑔𝑚𝑏1
||𝑟𝑜1||𝑟𝑜2) ≅ 0.833 (𝑉/𝑉) 

(d) With RL, find th voltage gain. (2.5%) 

Av = 𝑔𝑚2(𝑅𝑜𝑢𝑡||𝑅𝐿) ≅ 0.825 (𝑉/𝑉) 

10.   

(a) VDD − 4𝑉𝑜𝑣 = 2.5𝑉 

(b) 
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
= −

𝑔𝑚
2 𝑟𝑜

2

2
= −20000(𝑉/𝑉) 

 

 

 

 

 



11.   

(a) 

 𝐺𝑚 =
𝑔𝑚

1+(𝑔𝑚+𝑔𝑚𝑏)𝑅𝑠
= 4.16𝜇 

 
(b) 

𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
= −𝐺𝑚(𝑅𝐷//𝑔𝑚𝑟𝑜𝑅𝑠) ≅ −𝐺𝑚𝑅𝐷 = −0.83(𝑉/𝑉) 

 

12.  

(a) 𝐼𝑜𝑢𝑡 =

1

2
𝜇𝑛𝐶𝑜𝑥(

𝑊

𝐿
)

2
(𝑉𝑔𝑠−𝑉𝑡ℎ)

2
(1+𝜆𝑉𝐷𝑆2)

1

2
𝜇𝑛𝐶𝑜𝑥(

𝑊

𝐿
)

1
(𝑉𝑔𝑠−𝑉𝑡ℎ)

2
(1+𝜆𝑉𝐷𝑆1)

× 𝐼𝑅𝐸𝐹 = 2 ×
(1+0.1×1)

(1+0.1×0.8)
× 10μA = 20.37μA 

(b) 𝑟𝑜 ≈
1

𝜆𝐼𝑜𝑢𝑡
= 490909.090𝛺 

13. ~ 

(a) Find the differential gain Av.DM. (2.5%) 

|𝐴𝑣,𝐷𝑀| = 𝐺𝑚(𝑅𝐷||𝑟𝑜) = 100 (𝑉/𝑉) 

(b) Find the common-mode gain Av.CM without consideration of ro and gmb. (2.5%) 

|𝐴𝑣,𝐶𝑀| =

𝑅𝐷

2
1

2𝑔𝑚⁄ + 𝑅𝑠𝑠
≅ 0.498 (𝑉/𝑉) 

(c) Find the maximum input differential range. (2.5%) 

∆𝑉𝑖𝑛 = √
2𝐼𝑠𝑠

𝜇𝐶𝑜𝑥
𝑊

𝐿⁄
= √2𝑉𝑜𝑣 = 0.353 (V) 

(d) Find the highest and lowest input common mode level. (2.5%) 

𝑉𝐺𝑆1 + (𝑉𝐺𝑆 − 𝑉𝑇𝐻) ≤ 𝑉𝑖𝑛,𝐶𝑀 ≤ min [𝑉𝐷𝐷,  𝑉𝐷𝐷 − 𝑅𝐷
𝐼𝑆𝑆

2⁄ + 𝑉𝑇𝐻 ] 

1V ≤ 𝑉𝑖𝑛,𝐶𝑀 ≤ 1.7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



14.   

(a) 𝑔𝑚3 = 𝑔𝑚4 =
2×𝐼𝑟𝑒𝑓

𝑉𝑜𝑣
= 0.64𝑚(𝐴/𝑉) 

𝑔𝑚3 = 𝑔𝑚4 = 4𝑔𝑚1 = 8𝑚(𝐴/𝑉) 

(b) 𝑅𝑜𝑢𝑡 = 𝑔𝑚4𝑟𝑜4𝑟𝑜3 = 6.4𝑀 𝑜ℎ𝑚 
𝑅𝑜𝑢𝑡 = 𝑔𝑚4𝑟𝑜4𝑟𝑜3 = 80𝑀 𝑜ℎ𝑚 

(c) 𝑉𝑏 = 2𝑉𝑜𝑣 + 𝑉𝑡ℎ = 1𝑉 
𝑉𝑜𝑢𝑡 = 2𝑉𝑜𝑣 = 0.5𝑉 

(d) 

 
15. TFTTF 

 


