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Question1  [60 marks]

(&) Consider a modified three-transistor BJT current source as in Figure 1(a). Transistor
parameters are Vgg(on) = 0.7 V, V4 = oo, and f = 80. Hint: Please take note of the current
directions given in the Figure 1(a).

(i) Show that

V 2
Lpgr = ﬁ =1, (1 + m} [20 marks]

(i) ForR,=10kQ, V" =10V, and Ip=0.70 mA, find Irzr and R;. [20 marks]

Answers for Question 1(a)

() v
Iyn, =1Ip, [2]
Io =pIp, D Ip=I/p [2] |
I =pIpdIa=1Io [2] Ilfﬁ
; |
Ips;  =21Ip+ Vel Ry [2] l R
Iys;,  =Ips/(A+p) [2] 0-
= (2 In)/(A + p) + (VBe)/(1 + B)(R2) i
=2 Lo)/( A+ p) + (Ver)/((1 + p)R2) 2] lf
E3
Irgrp =1+ Ips [2] ) F=— e l/Qz
=Iot+ 2 Io)/( A+ ) + (Ver)/((1+P)R,) [2] I R"H: l\*
Tner - (Va)/(1+ PR) = Lo+ @ Io)/(BA+P) 2] AR l% ]
=Io[1+2/(f(1 +p)) ] _L
v 2 )
lyy———2%—=1|1+———— :
REF (1 n ,8) R2 0( ﬂ(l + ﬂ)] [2] Figure 1(a)

(i)
Irer =Io(1+2/(BA+ B)) + (Vee)((1 + pR2) [4]
= (0.70m)(1+2/(80x81)) + (0.7)/(81x10k)  [4]

=0.700216m + 0.000864m

=0.7011 mA 2]
R; = (V" -2Vge(on) - 0) / Irer (4]

= (10 - 2(0.7)) / (0.7011m) [4]

=12.27 kQ 2]
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(b) For a MOSFET current source circuit in Figure 1(b) the transistor parameters are Vry= 0.5V,
k’, =80 pA/V? and A = 0. Design the circuit such that Vpsa(sat) = 0.3 V, Irgr =50 pA, and the
load current is Ip = 100 pA.

[20 marks]
Answers for Question 1(b)
Vpsa(sat) = Vs — Vn 12] ‘g'-: 2V
|
Ves = Vpsa(sat) + Viy | iIO
=03+05=08V 2] - §R, |
Ieerk = (V' -Ves-0)/ Ry [2] . N
R =(V-Vas-0)/ Ixer Vpst Mi I—‘+—| M, Vpsa
=(2-0.8)/ (50p) = 24 kQ 2] - Vs ‘ -
Ieer = (K0 12) (W/L)1 [Vas— Vinl? 2] _l_
(W/L) = Ingr | {(k’n 1 2) [Vas — Vv 2] Figure 1(b)
= (50p) / {(80p/2) [0.8 — 0.5]%}
=13.889 [2]
Io  =(k/2) (W/L) [Vas — Vial® 2]
(W/Ly= 1o/ {(k’s12) Ves — Vinl 2]
= (100p) / {(80p/2) [0.8 — 0.5]*}
=27.778 [2]
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Answers:

Question 2
(i)
%-F
| WA
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Question2  [40 marks]

The basic BJT differential pair is shown in Figure 2. The circuit parameter values are: V" =+10V,
V' =-10V,1p=1mA, and Rc = 10 kQ. The transistor parameters in the differential pair are g = «
(neglect base currents), V4 = o, and Vg (on) = 0.7 V. The constant current source in Figure 2 that
is providing the current Zp is implemented using the cascode current source.

(i)

(i)

(iii)

(iv)

Sketch the whole differential pair circuit to include the circuit for the constant current
source circuit. [15 marks]

For all transistors in cascode current source, ¥4 = 120 V and £ = 100. What is the value of
the output resistance (Ro) looking into the constant current source?
[5 marks]

Determine i¢c; and vcgr for common-mode voltages vgr = vgz = vewr =-5 V.
[10 marks]

It is given that the input voltages for the differential amplifier are vg; = 210 x 10 sin wt V
and vg; = 190 x 10 sin ot V. Calculate differential-mode input voltage (v,) and common-
mode input voltage (v..) of the differential amplifier.

[10 marks]

Answers for Question 2

(i)
£ =100,1p=1 mA
For cascode current source
Ro = (Bros) 2]
ros =V4lIp (1]
= (120)/(1m) =120 kQ 1]
Ro = (L ros) =100 x 120k
=12 MQ 1]
(iii)
p=
iC] = iEl = IQ /2 =0.5 mA [3]
Vel =V —iaRc (1] L
=10 - (0. 10k) = 1
0 — (0.5m)(10Kk) 5V 1] Figure 2
For Ve = SV
VE =vew— Vae (on)vg (1]
=-5-0.7 =57V 1]
VCE1 =VYc1—VE [2]
=5-(5.7) =10.7V 1]
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Answers:

(iv)

Vd

vcm

=VB1-VB2
=210x10"® sin ot - 190x10sin ot
=20x10" sin ot

=(vr +vp2) /2
= (210x10° sin ot + 190x10%sin ot)/2
=200x10"° sin ot

2]
2]
[1]

2]
2]
[1]
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