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****** Some useful formulae****** 
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Q.1: Consider the amplifier in Figure 1, built with MOS transistors. The transistor M3 
functions as an active load for the transistors M1 and M2. M1 is a common source stage 
while M2 is a common gate stage. 



(a) Draw the small signal ac equivalent circuit for the system. Ignore the body effect for 
M2. 
(b) Produce the nodal admittance matrix for the system with a goal to find the small 
signal voltage gain  vo/vi. You do not have to calculate the voltage gain. 
 

iv

1GV

2GV

DDV

SSV

ov

DDV

SSV

SSV

 
Figure 1: 

Q.2: Figures 2(a)-(b) show the schematics of a basic and an improved current mirror 
respectively using MOSFET devices. 
(a)  Draw the pertinent ac equivalent circuits for the two circuits. 
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Figure 2: 

Given (for all transistors),  Cox = 100  A/V2, W/L=10, VSS =-5 V, VTH =0.8 V, VDD = 5 
V, VGS-VTH = 1 V, and VA=20 V. Approximate analysis gives the output resistance of the 
mirror in Fig.2(b) as Rout = gmro2, where ro is the output resistance of each MOSFET 
device. 
(b) Compare the numerical values of the output resistances of the mirrors in Figs. 2(a) 
and 2(b) 
 
Q.3: The BJT differential amplifier in Figure 3 is supplied with a differential ac signal 

vD= v1-v2. The differential output signal is given by the expression  
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Where, VT is the thermal voltage (~ 25 mV). The bias current I is arranged to be 5 mA 
 
Determine the voltage gain (vo1-v02)/vD, when (i) vD=10 mV and (ii) vD= 1 mV. How do 
these compare with the theoretical small signal voltage gain value of | gmRC|, where gm 
is the trans-conductance of each BJT device, and RC is the resistance at the collector. 
 

 
Figure 3: 

Q.4. Figure 4 illustrates an implementation of a differential amplifier with active 
load using complementary BJT devices. The bias current IEE is 2 mA. The early 
voltages are : 
 

VAN (for NPN BJT) =25 V, VAP (for PNP BJT)=50 V. 
 

                                                
 

Figure 4: 
(a) Draw the ac equivalent circuit for the differential amplifier. Assume that the 

source IEE has an ac resistance of RI. 
(b) What will be the differential voltage gain Vout/(Vin1 –Vin2) when Vin1 and Vin2 are 

balanced differential signals? 
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