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Attempt All Questions. Please use the iTable given at the end to select appropriate values wherever they are not given in the question. 

1. (a) Assume that VDD varies from 4V to 6V and VSS = 0 in Fig. 1(a). Assume due to process 

variation,𝒌𝒏/𝒑
́ , Vthn and | Vthp| also vary and can be estimated by 𝒌𝒏

́ =11010%, 𝒌𝒑
́ =50+10%, 

Vthn=| Vthp|=(0.70.15) V. If ISS = 100 A,(
𝑾

𝑳
)

𝟏,𝟐
= 𝟓 , (

𝑾

𝑳
)

𝟑,𝟒
= 𝟏 and drop across VDS-M5 = 

0.2 V. Include worst case variation to calculate input common-mode range. Ignore L-
diffusion, body effect and channel lengh modulation.  
 

(b) In the Fig. 1(b), what is the value of I1, I2 and I3? Given λ = 0.1V-1, threshold voltage = 0.5 

V and overdrive = 0.2 V for all the devices, while VDD = 1.8 V. Further Vx = 0.3V and I0 = 1 

mA. All the devices have same channel length. Assume λVDS <<1 for all the devices and 

neglect 2nd and higher order terms of λ. 

 
 

 
 
 
 
 
 
 
 
 

4(=1+1+2)+32 = 10-marks 
 
 
2. Design the circuit of Fig. 2 for a voltage gain of |20| and a power budget of 1 mW with VDD 

= 1.8 V. Assume M1 operates at the edge of saturation if the input common-mode level is 1 

V. Also, nCox = 2pCox = 100 A/V2, VTHn = 0.5 V, VTHp = -0:4 V, λp =2λn = 0.1V-1. Take Lgeo = 

1m (neglect L-diffusion). 

 

   

 

 

 

 

3+3= 6-marks 

 

 



3. If I1 = 1mA, I2 = 750 A, 𝟐 × ( 
𝑾

𝑳
)

𝟑
= ( 

𝑾

𝑳
)

𝟏,𝟐
=

𝟓𝝁𝒎

𝟎.𝟓𝝁𝒎
 in Fig. 3, find Rout and voltage gain 

without using any approximation. Consider channel length modulation, L-diffusion and 

assume gmb = 0.1gm. 

3+2= 5-marks 

 

4. Find RMS noise voltage of a 1/f noise source with �̅�n(f)2 = (50 nV)2/f, over the range of 

frequency from 1 hz to 100 Mhz.  What is the RMS noise voltage if the lower limit of the 

frequency is reduced to 10 nHz? Give your answer in V in both cases. 

2+2= 4-marks 

 

                                                           
i
Table of Values 

Parameters VTh(V) 𝛾 (√𝑉) 𝜙𝑓(V) LD (m) 
𝜆(V-1) for 

LGeo=0.5m 
𝑘𝑛/𝑝

́ = 𝜇𝑛/𝑝𝐶𝑂𝑋(A/V2) 

NMOS 0.7  0.5 0.9  0.08 × 10−6 0.1 134.26 × 10−6 

PMOS -0.8  0.4 0.8  0.09 × 10−6 0.2 38.36 × 10−6 

Common 

𝑛𝑖 = 1.45 × 1010𝑐𝑚−3, q= 1.6× 10−19𝐶; k = 1.38× 10−23 𝐽

𝐾
 ; VDD= VCk= 3.0V ; VSS = 0 V; βNPN=150, βPNP=100, 

Room Temperature= 270C; εSi=11.68; 𝜀𝑆𝑖𝑂2
=3.6; ε0= 8.85 × 10−12 𝐹

𝑚
;  𝐶𝐺𝐷𝑂𝑁𝑀𝑂𝑆

= 0.4 × 10−9 𝐹

𝑚
 ; Cox=6.9 fF/m2 

for tox= 50�̇� 

 
Table of Equations (You might have seen in a distant galaxy....) 

1.  𝐼𝐷 =
1

2
𝜇𝑛/𝑝𝐶𝑂𝑋 (

𝑊

𝐿
) (𝑉𝐺𝑆 − 𝑉𝑇)2;  𝐼𝐷 =

1

2
𝜇𝑛/𝑝𝐶𝑂𝑋 (

𝑊

𝐿
) (𝑉𝐺𝑆 − 𝑉𝑇)2(1 + 𝜆𝑉𝐷𝑆) when channel length is included 

2.  𝜙0 =
𝑘𝑇

𝑞
𝑙𝑛 (

𝑁𝐷𝑁𝐴

𝑛𝑖
2

) 

3.  𝑄𝐵0 = − (1 −
∆𝐿𝑆 + ∆𝐿𝐷

2𝐿
) √2𝑞𝜖𝑆𝑖𝑁𝐴|2Φ𝐹| 

4.  
𝐶𝑗0 = √

𝑞𝜖𝑆𝑖

2
(

𝑁𝐷𝑁𝐴

𝑁𝐷 + 𝑁𝐴

)
1

Φ0

 

5.  
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6.  

𝑥𝑑 = √
𝑞𝜖𝑆𝑖

2
(

𝑁𝐷𝑁𝐴

𝑁𝐷 + 𝑁𝐴

) (Φ0 − 𝑉) 

 
 
 
 


