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extx Some useful formulae******

BJT:
r.e:a/gm ngICNT r;r:hfe/gm hfe:ic/ib r;):VA/IC
h KT
a = fe V; =—~25mV at room temperature
h, +1 q
DIODE: I=I; exp(vse/V'T)
W

MOSFET: |, = —
o = UC,, oL

MOSEFET is working in the saturation region)

24C, W,
A

(Ves — Vi )° (ignoring channel modulation effect, and assuming that the

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.

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), u Cor = 100 4 A/V2, W/L=10, Vss =-5V, Vry =0.8 V, Vpp =5
V, Ves-Vrn =1V, and Va=20 V. Approximate analysis gives the output resistance of the
mirror in Fig.2(b) as Rout = gmrs?, where 1, 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

vp= v1-v2. The differential output signal is given by the expression



exp(-Vvyp /Vs) exp(v, /Vr)
Vor Vo2 = Rc I o
1+exp(-vy /V;) 1+exp(vp /V;)
Where, V7 is the thermal voltage (~ 25 mV). The bias current I is arranged to be 5 mA

Determine the voltage gain (vo1-vo2)/vp, when (i) vb=10 mV and (ii) vp= 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.

—-10V
Figure 3:
Q.4. Figure 4 illustrates an implementation of a differential amplifier with active
load using complementary BJT devices. The bias current Irg 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 lge has an ac resistance of R;.
(b) What will be the differential voltage gain Vout/(Vin1 —Vin2) when Vin1 and Vi are
balanced differential signals?
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