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EEEB273 - Quiz 2 [Question Set 1] 
SEMESTER 1, ACADEMIC YEAR 2010/2011 
Date: 28 July 2010 
 
Question: 
Figure 1 shows circuit diagram of a BJT current source. Study Figure 1 carefully. All transistors in 
the circuit are matched. The transistor parameters are: � = 150, VA = 100 V, and VBE (on) = 0.7 V. 

(a) Name the circuit for the current source.      [2 marks] 
(b) Using IB1 as starting point, derive the relationship between IO and IREF.  [5 marks] 
(c) Based on given value of �, use approximate value of IO to estimate the output resistance, 

RO, of the current source.        [7 marks] 
(d) Find gm4 and r�4.         [6 marks] 

 
 
Answer: 
 

(a) Cascode current source [2] 

 
 
 
 
 

(b)   IC2 = � IB2 = IE4 = � IB1      [1/2] 
IC4 = � IE4 = (� / �+1)(� IB1) = IO  � IB1 = ((�+1)/�2) IO  [1/2] 
IB4 = IE4/ (�+1) = (1 / �+1)(� IB1)     [1/2] 
 
IC1 = � IB1        [1/2] 
IE3 = (�+2) IB1        [1/2] 
IB3 = (1 / �+1) IE3 = (1 / �+1)(�+2) IB1    [1/2] 
IC3 = � IB3 = (� / �+1)(�+2) IB1     [1/2] 
 
IREF = IC3+ IB3+ IB4 = (� / �+1)(�+2) IB1+ (1 / �+1)(�+2) IB1+ (1 / �+1)(� IB1) 
 
IREF = [(�2 + 2� + � + 2 + �)/( �+1)] IB1    [1/2] 
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IREF = [(�2 + 2� + � + 2 + �)/( �+1)] [((�+1)/�2) IO]   [1/2] 

 
IO = IREF / [1 + 4/� + 2/�2] � IREF / [1 + 4/�]    [1/2] 

 

 

 
(c)   � = 150 � Approximation: IO = IREF 

[1] 
 

IREF = (V + - VBE1 - VBE3 - V -) / (R1) = (5-0.7-0.7-(-5))/6k  = 1.433 mA = IO 

  [1]      [1]  [1/2] 
 

 RO = � rO4  = � VA / IO  = (150)(100/1.433m)  = 10.465 M� 

  [1] [1]  [1]   [1/2] 
 
 

(d)  gm4 = IO / VT    = (1.433mA)/(26mV)   = 55.128 mA/V 
[1]   [1]   [1] 

 
r �4 = � VT / IO   = (150)(26mV/1.433mA)  = 2.721 k� 
 [1]   [1]   [1] 

 
 
OR 

(c) � = 150 � Approximation: IO = IREF / [1 + 4/�] 
[1] 
 

IREF = (V + - VBE1 - VBE3 - V -) / (R1) = (5-0.7-0.7-(-5))/6k  = 1.433 mA 

  [1]        [1/2] 
 

 IO = IREF / [1 + 4/�] = (1.433m)/[1+4/150] = 1.396 mA 
       [1] 

 

 RO = � rO4  = � VA / IO  = (150)(100/1.396m)  = 10.744 M� 

  [1] [1]  [1]   [1/2] 
 
 
(d) gm4 = IO / VT    = (1.396mA)/(26mV)   = 53.696 mA/V 

[1]   [1]   [1] 
 
r �4 = � VT / IO   = (150)(26mV/1.396mA)  = 2.793 k� 
 [1]   [1]   [1] 
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IREF = [(�2 + 2� + � + 2 + �)/( �+1)] [((�+1)/�2) IO]   [1/2] 

 
IO = IREF / [1 + 4/� + 2/�2] � IREF / [1 + 4/�]    [1/2] 

 

 

 
(c)   � = 150 � Approximation: IO = IREF 

[1] 
 

IREF = (V + - VBE1 - VBE3 - V -) / (R1) = (6.5-0.7-0.7-(-7.5))/8.6k = 1.349 mA = IO 

  [1]      [1]  [1/2] 
 

 RO = � rO4  = � VA / IO  = (150)(100/1.349m)  = 11.121 M� 

  [1] [1]  [1]   [1/2] 
 
 

(d)  gm4 = IO / VT    = (1.349mA)/(26mV)   = 51.878 mA/V 
[1]   [1]   [1] 

 
r �4 = � VT / IO   = (150)(26mV/1.349mA)  = 2.891 k� 
 [1]   [1]   [1] 

 
 
OR 

(c) � = 150 � Approximation: IO = IREF / [1 + 4/�] 
[1] 
 

IREF = (V + - VBE1 - VBE3 - V -) / (R1) = (6.5-0.7-0.7-(-6.5))/8.6k = 1.349 mA 

  [1]        [1/2] 
 

 IO = IREF / [1 + 4/�] = (1.349m)/[1+4/150] = 1.314 mA 
       [1] 

 

 RO = � rO4  = � VA / IO  = (150)(100/1. 314m)  = 11.417 M� 

  [1] [1]  [1]   [1/2] 
 
 
(d) gm4 = IO / VT    = (1.314mA)/(26mV)   = 50.531 mA/V 

[1]   [1]   [1] 
 
r �4 = � VT / IO   = (150)(26mV/1. 314mA)  = 2.968 k� 
 [1]   [1]   [1] 
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IREF = [(�2 + 2� + � + 2 + �)/( �+1)] [((�+1)/�2) IO]   [1/2] 
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IREF = [(�2 + 2� + � + 2 + �)/( �+1)] [((�+1)/�2) IO]   [1/2] 

 
IO = IREF / [1 + 4/� + 2/�2] � IREF / [1 + 4/�]    [1/2] 

 

 

 
(c)   � = 150 � Approximation: IO = IREF 

[1] 
 

IREF = (V + - VBE1 - VBE3 - V -) / (R1) = (5-0.7-0.7-(-5))/6k  = 1.433 mA = IO 

  [1]      [1]  [1/2] 
 

 RO = � rO4  = � VA / IO  = (150)(100/1.433m)  = 10.465 M� 

  [1] [1]  [1]   [1/2] 
 
 

(d)  gm4 = IO / VT    = (1.433mA)/(26mV)   = 55.128 mA/V 
[1]   [1]   [1] 

 
r �4 = � VT / IO   = (150)(26mV/1.433mA)  = 2.721 k� 
 [1]   [1]   [1] 

 
 
OR 

(c) � = 150 � Approximation: IO = IREF / [1 + 4/�] 
[1] 
 

IREF = (V + - VBE1 - VBE3 - V -) / (R1) = (5-0.7-0.7-(-5))/6k  = 1.433 mA 

  [1]        [1/2] 
 

 IO = IREF / [1 + 4/�] = (1.433m)/[1+4/150] = 1.396 mA 
       [1] 

 

 RO = � rO4  = � VA / IO  = (150)(100/1.396m)  = 10.744 M� 

  [1] [1]  [1]   [1/2] 
 
 
(d) gm4 = IO / VT    = (1.396mA)/(26mV)   = 53.696 mA/V 

[1]   [1]   [1] 
 
r �4 = � VT / IO   = (150)(26mV/1.396mA)  = 2.793 k� 
 [1]   [1]   [1] 

 
 


