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The following multistage amplifier is meant to deliver a voltage signal to a relatively
small ohmic load of 1K[]. Mark your choice of the last stage, and write a brief

justification.
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The following is a two stage voltage amplifier employing a n-channel CS stage,
and a pnp CC stage. Note that there are no numerical substitutions or

calculations in parts a, b and c of this problem - just symbolic expressions!
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a) Draw the small signal model for this two stage voltage amplifier.




(OKtouse the simplified formulae). (6 points)
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b) Derive the expressions for the quantities shown below, in terms of the
device parameters (OK to use the simplified formulae).

a. Rin1, Rout1 for the first stage.
b. Rin2, Routz and Ay for the second stagLe.
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a) Derive expressions for the A,, Rin, Rout, as well as yout / Vs in terms of the
device parameters.

b) Assume that Vgas = 1.5V, and that the minimum voltage across the current
sources is 0.5V. Find the maximum and minimum voltages at the drain of
M1 and at the emitter of M2. Make sure you mention the limiting reason for
each case (i.e. transistor X falls out of saturation, or current source Y hits
its minimum voltage drop, etc.)
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For the shown FB Ampilifier,
1. Identify the topology of the FB. what kind of amplifier (V/V, A/A etc.) is Amp A? Amp B?

Explain in your outline

Answer: Both amplifiers are transresistance amplifiers.

Outline: Both amplifiers can be arranged as shown in Figure 2, so both are shunt-shunt FB
amps — current input and voltage output or transresistance gain.

2. Find the feedback parameter 5.

(4] The A cireuit 1a

and (he pain 4 15 defined AE".:;F-‘J-
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{b) B is obtained from

{IT =0 @

3. Draw the amplifier without FB.
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4. Find gain, input resistance and output resistance without FB.

1
PFg = 1+BFBALB = 1+ @gm(Rc /IREff Rs //Rg //ty)

Rerr = 1 + (B+1)(Re//Ry).

EQ. 6
V 1
?O =-9m(Rc /Rerr)Rs /R //ty).
The gain Vo/\V'g is just the gain of the VF, which is nearly unity. More exactly,
EQ.7
Vo = RL/Rp

V'o RL/Rg+TIE .

Hence, provided R //Rg >> rg, we can use EQ. 6 as the gain of Amp B. That is,
EQ. 8

Vo _VY'o Vo
ls Is V'o

~ ~gm(Rc //Rerr)Rs //Rg /11y

With this approximation the PF for Amp B is
EQ.9

1
PR = 1+PrBALB = 1+%9m(Rc /IRgrr) Rs //Rg /Ity ).
with A g = loaded gain for Amp B, namely, A g = -gm(Rc //Regg JRs //Rg /1ty ).

5. Find the voltage gain, input resistance and output resistance of the shown FB
Amplifier. Hint: neglectr,
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Question 3 [Power Amplifiers]:- Consider the output stage shown in Fig. 5.
The BJT has B = «» and initially assume that Vgg=0.7 V when it is on.
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Figure 5: BJT output stage.

a) Choose R. so that 0.32 W of power is dissipated in the load under the given
input conditions.

b) What class of operation is the output stage in under this condition?
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c) What is the conversion efficiency of the output stage under these conditions?
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d) Find the maximum conversion efficiency.
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a) Find the maximum power delivered to the load

(b) The power delivered to the load

The maximum power delivered to the load

m ,max CC Vmin = _VCC + VCEZ,sat when Q,is sat = _VCC
e 1 Ve
av ,max ? R Viax =Vee _VCEl,sat when Qjis sat. =Vee
L

e) Plot voucand ig in the space provided in Fig. 2.




PROBLEM 5 (cont’d)
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Figure 6: Power amplifier output voltage and emitter current.

Question 4 [Voltage Requlator]:-
For the following Voltage Regulator shown in the Figure,
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For the following Voltage Regulator shown in Fig. 5,
a) What are the minimum and maximum output voltages in the above circuit?
b) f Vout =10 V, RL =5 Q, B4 (for Q4) = B2=100, B3 = 50 and Vi, = 20 V, what is
the current through the Zener diode?
c) Calculate the power dissipation of the Q3 for a load voltage of 10 V and a
load current of 2 Awhen V;, =20V
















