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EEEB273 Semester 2, 2013/2014 Test 1

Question1  [65 marks]

You are assigned to analyze the following BJT current sources: Three-transistor current source,
Wilson current source, and Cascode current source. All NPN transistors in the given current
sources are matched. The transistor parameters are: = 50, Vgg(on) = 0.6 V, and V4 =150 V. The
circuit parameters for the current sources are: ¥ *=12V, ¥~ =-12 V,and R; = 30 kQ.

(a) Calculate reference current (Irgr), output current (Zp), and output resistance (Ry) for every
BJT current source given above. Show clearly all calculations and do not forget to put
proper Units for Irgr, Ip, and Ro. [45 marks]

(b) Based on the value of Ry, which current source has the most stable Ip? Give a reason
for your answer. [5 marks]

(c) What is the percent change in I, as the output voltage of a particular current source
changes by +3 V? [15 marks]

Answers for Question 1

Q1(a)

Three-transistor current Wilson current source Cascode current source
source

Ingr=(V " =2 Ve =V )Ry |Ipgr=V" =2 Ve -V )Ry | Ingr= (V" =2 Ve — V)R,
= (12 = 2x0.6 — (-12))/30K) | = (12— 2x0.6 — (-12))/[(30K) | = (12 — 2x0.6 — (-12))/(30K)

=0.76 mA =0.76 mA =0.76 mA

2,2, 1] 2,2, 1] [2,2,1]

Io=Iger/(1 +2/(f(1+5))) Io = Irer /(1 +2/(f(2+5))) Io=1Irer/(1 +4/)

= (0.76m)/(1+2/(50x51)) = (0.76m)/(1+2/(50x52)) = (0.76m)/(1+4/50)

=(0.7594 mA =(0.7594 mA =0.7037 mA

2,2, 1] 2,2, 1] [2,2,1]

I"02=VA/IO I"03=VA/IO I"04=VA/IO

= 150/(0.7594m) = 150/(0.7594m) = 150/(0.7037m)

=197.524 kKQ =197.524 kKQ =213.159 kQ

Ro=rop2 Ro= (f ro3)/2 Ro=p ros

=197.524 kKQ = (50 x 197.524k)/2 = 50x206.89k
=4.9381 MQ =10.6579 MQ

1, 1,1,1,1] 1, 1,1,1,1] 1,1,1,1,1]

[5 marks each box, Total 45 marks]
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EEEB273 Semester 2, 2013/2014 Test 1

Answers for Question 1 (Cont.)

Q1(b)

Cascode current source. [3]
Because with highest value for Ro makes change in /o to be smallest and /o most stable. [2]

QI(9)

Three-transistor current
source

Wilson current source

Cascode current source

Ro = AVo/Alo

Mo = AVO / Ro
= (3)/( 197.524k)
=15.188 uA

% Alp = (Alp / Ip)x100%
= (15.188u/0.7594m)x100%
=2%

1,1,1,1,1]

R0=AVO/M0

Mo = AVO / Ro
= (3)/( 4.9381M)
=0.6075 uA

%Alp = (Alp / I9)x100%
= (0.6075u/0.7594m)x100%
=0.0799 %

1,1,1,1,1]

R0=AVO/M0

Mo = AVO / Ro
= (3)/( 10.6579M)
=0.2814 uA

o/oAIo = (Alo / Io)XlOOOA)
= (0.2814u/0.7037m)x100%
=0.0399 %

1,1,1,1,1]
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Question2  [35 marks]

For a MOSFET current source circuit shown in Figure 1, transistor parameters are Vyy = 0.7 V,
’» =70 pnA/V? and 4= 0.015 V. The transistor aspect ratios are (W/L); =20, (W/L), = 12.5, and

(W/L); =3.

(a) Determine VGSl! Vcs3, IrEF, Io, and VDSZ [25 marks]

(b) Find Ipat Vps;=2.5V [10 marks]

Answers for Question 2

+8V
(a)
k(W (
Loor = I =22l =\ (Vo1 =Vn 2 — |
REF D1 2 GSl TN 7 ;
L, = 1}
70 2 Loy .
Iper = Tlu(zo) (VGS]. —07) [1] B Vigs:
k(W z — | N
Trer = Loy = 2 f (VGSB _VTN) [2] I " - I M> Vpso
’ 1 Vasi Vesa' | T
70u — =
Lee =@ (V53 —0.7) [1] I
VGSl+VG53 =Vr-V" :5_(_5):10V [2] 5V
Visa =10- Visi [1] ®
Solve the equation clearly to find
Vi =3.1V [2]
Vigs =10V, =10-3.1=6.9V [1]
Tpr =1y :7()7#(20)(3.1—0.7)2:4-032 mA  [3]
Viso =Vas1 = 3.1V [2]
k(W
o=t =" Vasa=Vin ) [2]
1, =7°T”(12.5)(3_1_0_7)2=2.520 mA  [3]
Visa =Visi =V = 3.1V [2]
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Test 1

Answers for Question 2 (Cont.)

(b)

From part (a)
Ip=2.520 mA at Vps; =3.1 'V

Ro = 1/(2 Ip) = 1/(0.015 x 2.520m) = 26.455 kQ

At Vpsz = 2.5 V,
A Io = Vpsz/Ro = (2.5 — 3.1)/R0 =-0.0226 mA

> I, =2.520m + (-0.0226m) = 2.4974 mA

(1]

[2,1,1]

1, 1,1]

2]
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