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Instructions: 

• This is a closed book examination. 
• Attempt all questions. 
• Assume transistor Q1 is different from Q2 (i.e., β1 and β2 are different.  rπ1 and rπ2 are different). 
• Assume simplified hybrid π-model or T-model (i.e., ignore rµ , ro and rx ) unless stated otherwise. 
• Show all analyses and assumptions you make. 
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• fL = fL1 + fL2 + fL3 + …,  1/fH = 1/fH1 + 1/fH2 + 1/fH3 + … 
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1. Draw the mid-band small-signal AC equivalent circuit. (4 marks) 
2. Find the mid-band input resistance Rin.  (3 marks) 
3. Find the mid-band output resistance Rout, including ro and rµ in both transistors with the exception 

that rµ2 can be ignored. (2 marks) 
4. Find the mid-band gain vo / vs. (4 marks) 
5. Find the low frequency poles associated with C1, C2 , and C3 . (3 marks) 
6. Find the high frequency poles. You may ignore C π1. (4 marks) 
7. DC analysis: Assume that both transistors are active, |VEB1| and |VBE2| are both 0.7V, VCC is 10V, 

β1 is 50, and β2 is 100. Including all base currents, determine values for resistors R1, R2, R3, R4, 
and R5 such that Q1 collector current is 0.5 mA, Q2 collector current is 1 mA, the base of Q1 is at 
5V, current through R1 is 10 times the base current of Q1 and the output voltage swing is 
maximized. (5 marks) 
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5. Low frequency pole for each capacitor as: fL1 = 1/(RC1C1),    fL2 = 1/(RC2C2),    fL3 = 1/(RC3C3), 

inSC RRR +=1 ,     
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6. High frequency poles are found on nodes with voltages: vb1, vπ2 and on vo 
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8. Q1B at 5V means that Q1E is at 5.7V and Q2E is at 5V. Minimum value of Q2C 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 Q1 are given as IC1 of 0.5 mA, so with β1 = 50, IB1 = 0.01 mA, and IE1 = 0.51 mA. For Q2, IC2 
is 1 mA, so with β2 = 100, IB2 is 0.01 mA and IE2 = 1.01 mA. Thus all voltages and currents are known, 
as shown on the diagram below, so can calculate resistance as V/I. Note, R3 has the sum of IE1 + IB2 

flowing in it, or 0.52 mA.  
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