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QUESTION 1 (5 marks):

Follow the procedure of solution, answer questions, identify mistakes (circle) and correct them, if

any!

Consider the small-signal amplifier shown in Figure 1. Assume Ve =24 V, Rg= 1.5 kQ, R; = 8.6 kQ),

Ry =200kQ, Rce =5kQ, R, =2kQ, f=75, and t =750 Q.
e Draw the DC bias circuit and prove that the BJT operates in the active region.
e Draw the small-signal equivalent circuit and find the voltage gain of the amplifier.
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Figure 1 A stage of an amplifier circuit.
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Figure 2 (a) DC bias circuit. (b) Equivalent of the input portion.

Step One: The DC analysis

The open-circuit base DC bias voltage is

Vep =24 x

8.6

8.6+

200

=-1.99V
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The DC output impedance of the bias network is

Rp =8.6//200=8.25kQ

A silicon transistor requires a threshold voltage of Vg = 0.7 V to turn ON the base-emitter junction,
therefore

Vg -0.7 0.99-0.7

I -
BT kg 825kQ

=35.1A

ic = pig=75x35.1x10" =2.63A

Now consider the closed loop path in the output circuit of the amplifier and apply KVL in order to
find the collector-emitter voltage Vcg.

-VCC +ICRC +VCE :0
Vep =24-5%2.63=10.8V

Therefore, the BJT is operating in the saturation region.

Step Two: AC Analysis

Draw the Small-signal circuit of the BJT amplifier (1 mark).

Figure 4 Small-signal circuit of the BJT amplifier.

Consider the circuit in stage one, first.
e Let us find the equivalent resistance of the four resistors: 1.5, 200, 8.6, and 0.75

11 1 11
—_— et —t—
Rr 15 200 86 0.75
Ry =0472Q

Stage one circuit will turn into the following circuit

vS/1.5<T> §Rr v;

Figure 4: Equivalent circuit of stage-one circuit.
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Vs
v. =—=2xRr=0.314v
i 15 T S

This value of v; is same across each element in the circuit of Figure 3. Now, apply ohm’s law to find i,

| 0314 Vg

1 :—l :O4l6v
b T 075 S

Now, consider stage two circuit

Vour = 15 ip x(2//5)==75x0.416 vg x1.42 = 446 vg

Accordingly, the gain is v,,,/ vs = 446.

QUESTION 2 (2 marks)

A safety system shown has three inputs. If two or more of these are 1 at the same time, an alarm
should sound. Draw a figure for the system; give its truth table; give its Boolean function; simplify the
results; and draw the logic circuit to perform the alarm using NAND gates only.
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QUESTION 3 (3 marks)
Design and draw a DC power supply that provides a nominal DC voltage of 5 V and be able to supply a

load current I}, as large as 25 mA; that is Rjyaq can be as low as 200 Q. The power supply is fed from a

120-V (rms) 60 Hz AC line. Assume the availability of a 5.1-V zener diode having r, = 10 Q at I, = 20
mA (and use V,, = 4.9 V), and that the required minimum current through the zener diode is Imin = 5
mA.
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