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   SEVENTH SEMESTER BTECH. (E & C) DEGREE END SEMESTER EXAMINATION    

 NOVEMBER 2023 

SUBJECT: ANALOG AND MIXED SIGNAL DESIGN (ECE -4061), SET-1 

 

TIME: 3 HOURS                                                                                                 MAX. MARKS: 50 

Instructions to candidates 

 Answer ALL questions. 

 Missing data may be suitably assumed. 

 

Q. 

No. 
Questions M* C* A* B 

1A. 

(a) Estimate the drain current for an NMOS transistor operating with VGS = 

5 V and VDS = 10 V if VTN = 1 V, Kn = 1 mA/V2, and λ = 0.02 V−1. What is ID 

for λ = 0? 

(b) Estimate the drain current and transconductance for an NMOS transistor 

operating with VGS = 2.5 V, VTN = 1 V, VDS = 0.28 V and Kn = 1 mA/V2. 

4 1 1 3 

1B. 

(a) Sketch the drain current of M1, shown in Figure 1B, versus V1.  V1 varies 

from zero to VDD. Assume λ=0.  

  
 

(b) Also, draw MOS signal models in saturation, triode and deep triode 

region, λ≠0. How the channel will be modeled in each region?  

3 1 1 3 

1C. 

Design for W/L of NMOS differential pair (Figure 1C) for a voltage gain of 5 

and a power budget of 2 mW subject to the condition that the stage following the 

differential pair requires an input CM level of at least 1.6 V. Assume µnCox = 

100 µA/V2, λ= 0, and VDD = 1.8 V.  

  

_ = 0. 

3 2 1 4 

Reg. No.           
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2A. 

The common gate amplifier has gm=5 mA/V and a large ro as shown in Figure 

2A. 

(i) Derive the relationship of voltage gain.  

(ii) Estimate the value of input resistance and voltage gain. 

 

  

5 2 1 3 

2B. 

Consider the source follower with current source load and current mirror as 

shown in Figure 2B. Given, Ibias= 100 µA, all transistors have W/L= 2 µm/ 0.2 

µm, φF= 0.4 V and ϒ=0.3 V-1/2 and the other device parameters are those of the 

0.18-μm CMOS process in Table 2B. Estimate gm1, rds1(ro1) and gmb1.  

 

 
 

3 2 4 4 
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2C. 

Figure 2C shows the layout of a one-to-four current amplifier with Length L and 

Width W and its circuit. Assume that the Lengths are identical (L1=L2). Estimate 

the current ratio error if W1= 10±0.1 µm   and W2= 25±0.1. 

 

 
 

2 2 4 3 

      

3A. 

All transistors in the MOSFET modified Wilson current source shown in Figure 

3A, are identical. The parameters are: VTN = 1 V, βn = 0.2 mA/V2, and  λ= 0. 

If IREF = 250 μA, determine IOut and VGS for each transistor.  

 

 

  

4 2 4 3 
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3B. 

Consider a 5- transistor based OTA as shown in Figure 3B. Vdd=3V, Vt=0.3 V 

and all other values are marked. 

  

 
(i) Estimate the Vout when Vin1=2 V and Vin2=0.1 V with operating 

condition of all transistors. 

(ii) Estimate the Vout when Vin1=0.1 V and Vin2=2 V with operating 

condition of all transistors. 

(iii) What would be the relation between ID(M1), ID(M2) and Iss when 

Vin1=Vin2 ? 

3 3 1 4 

3C. 
Analyse the small-signal circuit model of OTA and estimate the value of Rout of 

OTA. 
3 3 1 3 

      

4A. 

In a typical communication application, three sub-blocks are used to create 

complete flash ADC system as shown in Figure 4A.  

(i) Propose circuits of all sub-blocks considering the 3-bit Flash ADC 

system as an example.  

(ii) Estimate the binary output for Vin= 3.4V. 

 

5 4 2 5 
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4B. 

For a DAC, figure of merits like VFSR, DAC output, DAC resolution and full 

scale voltage are defined. Estimate the value of following missing parameters in 

the Table 4B. n=no.of bit, Vcc=power supply, FSV=Full scale voltage, V0=DAC 

output, Input=input to DAC. 

 

 

3 4 2 4 

4C. 

An 8-bit ADC is to digitize a five-volt, full-scale signal. What is the accuracy 

with which the ADC converter can digitize the following signals,  50 mV and 4.9 

V ? 

2 4 2 3` 

      

5A. 

Draw the CMOS layout of the circuit shown in Figure 5A. 

 

4 5 2 3 

5B. 

In a simple resistor string DAC, following Table 5B are given. 1LSB=0.11 V. 

(i) Estimate the missing parameters.  

 

3 4 2 4 
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(ii) Examine the applicability of the resistor string DAC based on above 

calculation.   

5C. 

A Fab unit, has fabricated poly resistor structures (shaded part) as shown in 

Figure 5C for certain customer. Map one-to-one poly resistor into circuit level 

resistor and estimate the total resistance. Unit resistor R has one-ohm value. Grey 

shaded part is Poly resistor part and contact part is black square. 

 

3 5 2 4 

 

M*--Marks, C*--CLO, A*--AHEP LO,  B* Blooms Taxonomy Level 

 


