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This is a closed book examination.

Attempt all questions.

Assume transistor Q1 is different from Q2 (i.e., B; and 3, are different. ry; andr,, are different).
Assume simplified hybrid n-model or T-model (i.e., ignore r, , o and ry ) unless stated otherwise.
Show all analyses and assumptions you make.

Useful formulas: r, =£, r.=01+p)r, «a L , g.L=a.
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Draw the mid-band small-signal AC equivalent circuit. (4 marks)

Find the mid-band input resistance Rj,. (3 marks)

Find the mid-band output resistance Rq., including ro and r,, in both transistors with the exception
that r,, can be ignored. (2 marks)

Find the mid-band gain v, v. (4 marks)

Find the low frequency poles associated with C;, C,, and Cs. (3 marks)

Find the high frequency poles. You may ignore C ;. (4 marks)

DC analysis: Assume that both transistors are active, |Vegi| and |Vgez| are both 0.7V, Vec is 10V,
B1is 50, and B, is 100. Including all base currents, determine values for resistors Ri, R», R3, R4,
and Rs such that Q; collector current is 0.5 mA, Q, collector current is 1 mA, the base of Q; is at
5V, current through R; is 10 times the base current of Q; and the output voltage swing is
maximized. (5 marks)
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5. Low frequency pole for each capacitor as: fi1 = 1/(RciC1), fi2 = 1/(Rc2Cz), fiz = 1/(Rc3Cs),
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6. High frequency poles are found on nodes with voltages: vy, vz2 and on v,

Cin
i
Rs Rin Ribl v Em1Vn1
bl
—Ww E E @T_L
> > -
v, RiZBR, 2 an( %rel C
vO
T T 1 516
R, EE ~ \‘ T~VE&m2V2 SRy E=RL
e~ Vnzfl\an C, B
T T
1 1 1
£ = o fon = N , Where
", (RR,) T RIRJRY] T (CRIR)
(szz +C ) To||Re| 7g + 1+ 8
1
_ Vo _ _ v/rZ _ 1
C,= Cﬂz[l—aj =C, [L+g,,R|R,), C,= Cﬂz[l— . j_ cﬂz(um], OK to refer to 3.



8. 01 at 5V means that Q:e is at 5.7V and QOx is at 5V. Minimum value of Q¢ is at 5.7V while the
maximum is at the power supply rail at 10V, so for maximum swing pick the average at (10+5.7)/2, that
Is 7.85V.

Currents in Q; are given as Ic; of 0.5 mA, so with B; =50, 7g; = 0.01 mA, and /g; = 0.51 mA. For Oy, Ic»
IS 1 mA, so with B, = 100, /g2 is 0.01 mA and /g2 = 1.01 mA. Thus all voltages and currents are known,
as shown on the diagram below, so can calculate resistance as V/I. Note, Rz has the sum of Ig; + I
flowing in it, or 0.52 mA.
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10 DC Current in mA
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Vs <ER — VC2,average =17.85V
0.14=R, Vo min = 5.7V
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