
Problem Set 3 Solutions 

6.101 Analog Electronics Lab 

March 9, 2007 

Problem 1 (a) (8pts)

RTH = R1||R2 = 1.2kΩ


VTH = 1.0V


VTH − VBE(on) 1.0 − 0.7

IBQ =	 = = 15.5µA

RTH + (1 + β)RE 1.2 + (181)(0.1) 

ICQ = 2.8mA, IEQ = 2.81mA 

VCEQ = V +−ICQRC−IEQRE = 5−(2.8mA)(1kΩ)−(2.81mA)(0.1kΩ) = 1.92V 

(b) (8pts) 
βVT (180)(0.026V ) 

rπ = = = 1.67kΩ 
ICQ 2.8mA


ICQ 2.8mA

gm = = = 108m mho 

Vt	 0.026V 
ro = ∞ 

(c) (8pts) 

−gm(R1||R2||Rπ) 722Ω 
Av =	 (RC ||RL = −(100m mho) (1kΩ||1.2kω) = −45.8 

R1||R2||Rπ + Rs	 722Ω + 200Ω

Problem 2 (a) (8pts)

0.5kΩ


IBQ = = 6.17µA
81 

VB = IBQRB = (6.17µA)(10kΩ) = 0.0617V 

VE = VB + 0.7 = 0.7617V 

(b) (8pts) 
80 

ICQ = (0.5mA) = 0.494mA 
81 

βVT (80)(0.026V ) 
rπ = = = 4.21kΩ 

ICQ 0.494mA


ICQ 0.494mA

gm = = = 19m mho 

Vt 0.026V


VA 150V

ro = = = 304kΩ 

ICQ 0.494mA 
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Figure 1: Small signal drawing for 3a. 

(c) (8pts) 

Vo (1 + β)(RL||ro) 81(0.5kΩ||304kΩ)
Av = = = 

Vs rπ + (1 + β)(RL||ro) 4.21kΩ + 81(0.5kΩ||304kΩ) 

81(0.5kΩ)
≈ = 0.906 

4.21kΩ + 81(0.5kΩ) 

Io RB r0
Ai = = (1 + β)

Is RB + rπ + (1 + β)(RL||ro) ro + RL 

10kΩ 
≈ 81 = 14.8 

10kΩ + 44.7kΩ 

(d) (8pts) Same as above except the voltage divider on the input de­
creases the voltage gain. 

Rin = RB||(β + 1)RL = 8.02kΩ 

Vo (1 + β)(RL||ro) Rin 8.02kΩ 
Av = = = 0.906 = 0.728 

Vs rπ + (1 + β)(RL||ro) Rin + Rsource 8.02kΩ + 2kΩ 

Ai remains unchanged, =14.8. 

Problem 3 (a) See figure - (10pts). 

(b) (10pts) 
it = ib 

V1 V1 
= βit + it = (β + 1)it ⇒ = (β + 1)RE

RE it 

vt − v1 
= it 

rπ 

vt V 1 
rt = = rπ + = rπ + (β + 1)RE

it it 
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Problem 4 (24pts) 
R2 60kΩ 

VG = VDD = 20V = 6V 
R1 + R2 140kΩ + 60kΩ 

� �2
VGS VS VG − VGS 

ID = IDSS 1 − = = 
VP RS RS 

� �2
VGS 

(8mA)(2kΩ) 1 − = 6 − VGS 
−4 

2VGS VGS 16 1 + + = 6 − VGS 
2 16 

V 2 + 9VGS + 10 = 0GS 

−9 ± 92 − 4(10) 
VGS = ⇒ VGS = −1.30V 

2 
� �2

−1.30 
ID = 8mA 1 − = 3.65mA 

−4 

VDS = VDD − ID(RS + RD) = 20 − (3.65mA)(2kΩ + 2.7kΩ) = 2.85V 

VDS > VDS(sat) = VGS − VP = −1.3 − (−4) = 2.7V 

The transistor is saturated so all our equations and thus the Q point are 
valid. 
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