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Question 1  [30 marks]

For a BJT cascode current source:

(a) Draw its circuit diagram. [5 marks]
(b) From the circuit diagram, draw its AC equivalent circuit. [4 marks]
() Draw its small-signal equivalent circuit using hybrid-7t equivalent circuit for the BJT.
[4 marks]
(d) Derive a formula for its output resistance, Ro. [5 marks]

(e) Given that V+ =5V, V- =-5V, and for all transistors Vgg(on) =0.7 V, V4 =200 V, and f =

200:
(i) Design a BJT cascode current source with Iy = 0.5 mA [8 marks]
(i) Find the output resistance, Ro [4 marks]

Answer for Question 1

Answer (a) to (¢): Give marks appropriately!
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Answer for Question 1

(d)

(e)

®

(i)

Viea == I (ro2 1 724)

Summing currents at output node yields

V. —(-V,)
Ix = gm4Vhe4 + (—Mj

T4
Ix = _gm41x (r02 ” rﬂ'4)+ (VX — IX (r02 ” r”4 )J
ro4
L = Ix + gm41x(r02 ” r7Z4)+ Ix(r02 ” r”4)
r04 ro4
Vx = Ix(’;4 + ro4gm4(r02 ” rﬂ4)+ (roz ” r7r4 ))
V.=1, (”04 + r04gm4(rﬂ'4)+ r;z4))

Where f = garze and assuming rry4 << 1y

R, :%: ’”04(1"';6)""}4

X

Ro = pro.4

Io= Iggr /(1 + 4/)

Irer =10 (1 + 4/f) = (0.5m)(1 + 4/200) = 0.51 mA

[2] (1]

R; = (V+ - V- - 2Vgg(on)) / Irgr = (10 — 1.4)/(0.51m) = 16.86 kQ

[2]

Ro=frog=pVallp=(200x 200)/(0.5m) = 80000 kQ = 80 MQ

[1] [1] (1]
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Question 2  [30 marks]

For a MOSFET current source circuit shown in Figure 2, the transistor parameters are Vyy =0.7 V,
k’y =60 pA/Vz, and 4 = 0.015 V', The transistor aspect ratios are (W/L), = 20, (W/L), = 12, and
(W/L); = 3.

(a) Determine Vgsi, Irer, 1o, and Vps: [20 marks]
(b) Find Vg3 [5 marks]
(c) Find Ipat Vps;=3.0V [5 marks]

Answer for Question 2
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[2] for every equation = [8]
Figure 2

> Vesi=31V [2]
> IREF =3.456 mA [2]
> Ves2=Vgsi =31V [3]

Ip=2.073 mA [3]
> Vps2=Vpsi=Vesi =31V [2]

Ip=2.073mA at Vps; =31V
(b) Ves3=10- Vg1 =69V [S]

(c) Ip=2.073mA at Vps;=3.1V [1]
Ro =1/(2 1p) = 32.159 kQ [1]

AtVps; =30V,
Alp=3.0-3.1)/Rp=-0.003 mA [2]
=2 Ip=2.073m + (-0.003m) = 2.070 mA [1]
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Question 3  [40 marks]

(a) Figure 3a shows a circuit diagram for a BJT differential amplifier (diff-amp). Study the
circuit diagram carefully. Transistor parameters are: f = o (neglect base current), V4 = o,
and Vpg(on) = 0.7 V. For the circuit also, voltages measured at v¢; and vz are 4 V.
(i) What are the values for v, and v4? Show clearly your calculations.  [5 marks]
(i1) Find Iy [10 marks]

(ii1) Find vcgr [5 marks]

Answer for Question 3a

(®)

(i) f

From Figure 3a:
vp1 =vp2 =0V [1] !
1§ Re R¢ é l
> Vem=p+vp)2=0V [2] 10 kO 10 kQ
vCl o—e +—o v

9 Va=VpB1 - VB2 =0V [2]
(i)

Given: Vel =Ve2 = 4V

10-IciRc=vci =4V [4]
>  Ie=06mA=Ic [3]

Ip=1Ic;+1c;=1.2mA [3] 10V

Figure 3a
(iii)

Given:ve; =4V

VCcEI = VeI - VE [2]

VE =VB1 = VBE(OII) =0-0.7=-0.7V [2]

> vee1 =ver -ve=4-(-07)=47V [1]
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(b) The differential amplifier in Figure 3b has a pair of pnp transistors connected as an active
load. A two-transistor current source is also incorporated to establish the bias current, Iy =
250pA. The transistor parameters are f = 150, Vgg(on) = Vgg(on) = 0.7V, Vayn =120V,
and V4p =100 V. The output voltage can be calculated from Equation (1):

Vo = GmValloz I Tog I Hy) (1)
(i) Draw the complete circuit incorporating the bias circuit. [5 marks]
(i) What is the open-circuit differential-mode voltage gain? [10 marks]

(iii) Determine the differential-mode voltage gain if the load resistance is 100 k().
[5 marks]

Answer for Question 3b

V+

L}

Figure 3b
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(1)

Q3 on
gfe

vy

L1,

1 mari: V- source
Q Q 2 marks: 2-T CF correct circutt
5 & 1 mark: Bias current and branch
1 mari: Reference curvent and branch

]
(i1)
Vo = GmVa(Toz 1l To4) [1.5]
Ag =25 = gplron I Tos)
va T [1]
IQJ’! 25(};{;&]
— 2 [ -
S = W 0026 4.808mA/V (5]
P, = ;';*‘j‘* = % = 960k
/2 : [2]
oy = 12F = == = 800K
/2 ' [2]
_ __ (s60K)(80D)K .
o2 Il Tos (060+800)k #36:4kQ [1]
A, = (4.808m)(436.4k) = 2092 1
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(iii)

(1]
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