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Instructions to the candidates:

1. Write your Name and Student ID Number. Indicate your Section Number and Lecturer’s Name.
Write also your Table Number.

2. Write all your answers using pen. DO NOT USE PENCIL except for the diagram.

3. ANSWER ALL QUESTIONS. Show clearly all your calculations. Every value must be
written with its correct Unit.

4. WRITE YOUR ANSWER ON THIS QUESTION PAPER.

NOTE: DO NOT OPEN THE QUESTION PAPER UNTIL INSTRUCTED TO DO SO.

@ GOOD LUCK! @
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EEEB273-Test1 (SOLUTION) Semester 1, 2017/2018

Answers for Question 1

Q) Three transistor current source Wilson current source
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Placements of Q;, Q2 and Q3 [2 marks] Placements of Q;, Q2 and Q3 [2 marks]
Batteries V' and V™ labels [2 marks] Batteries V' and V™ labels [2 marks]
Currents Irer and 1o labels [2 marks] Currents lrer and lo labels [2 marks]

(i) Both three-transistor and Wilson current sources have an increased stability [1.5

marks] with smaller 1o change [1.5 marks].

(iii)  For Widlar current source:

Assuming that both Q; and Q; are identical,

VBE1

IREF = ICl = Ise vr [l mark]

VBE2
lp = Icy = Ige VT [1 mark]

Solving the Vge voltages,

I I
VBEl = VTlTl (}:_ip) and VBEZ = VTlTl (i) [2 mal’kS]

Combining the equations for VBES, Vgg; — Vggy = Vrln (’REF) —Vrln (I—O) [1 mark]

Is Is
_ IREF
Hence, Vgg1 — Vg, = Vrln (1—) [1 mark]
o
From the circuit, Vggy — Vgga = IgaRp = [pRE [2 marks]

Combining the equations, IRy = Vrln (I’ﬂ) [2 marks]

Io

(iv) R, =L =VEE=V™ _ 3706-C3) _ 5400 kQ [1.5,1,1 marks]

IREF 0.1m

Ry = Zin (’REF) — 0026 zn("'“") = 2.092 kQ [1.5,1,1 marks]

Io Io 0.02m 0.02m

Vee2 =Vgg1 — IORE =0.6- (002m)(2092k) =0.5582 VvV [1, 1,1 marks]
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EEEB273-Test1 (SOLUTION) Semester 1, 2017/2018

Answers for Question 2

Question 2(a)

VDS2 (min) = VD2 — VS2 = -2.1 - (-3) = 0.9V = VDS2(sat) [2]
VDS2(sat) = VGS2 — VTN

VGS2 = VDS2(sat) + VTN = 0.9 + 0.5 = 1.4V [1]
From circuit, VGS1 = VGS2 = 1.4V [1]
l0= 1D2 = (2110 Cox) (W/L)2(VGS2 — VTN)?

= (50 £4)(35)(1.4-0.5)* = 1.418mA [2]
IREF = ID1 = (%£4nCox) (W/L)1(VGS1 - VTN)?

= (50 £)(20)(1.4-0.5)* = 0.810mA [1]
ID3=I1D4=IREF = 0.810mA [1]

ID3 = 0.810mA = (%1nCox)(W/L)3(VGS3 — VTN)?
= (50 1)(5)(VGS3-0.5)°
VGS3 = 2.3V [2]
ID4 = 0.810mA = (%1pCox)(W/L)4(VSG4 + VTP)?
= (20 £)(10)(VSG4+ (-0.55)

VSG4 = 2,562V [2]
Question 2(b)
dlo = dVD2/RO [1]
dvD2 =0.4 - (-1.6) = 2V [1]
Ro =ro2

ro2 = 1/(An)(ID2) = 1/(0.02)(1.418m) = 35.26kQ  [2]
dlo =2/35.26k = 56.72uA [1]

Question 2(c)

Io’=To+dlo [1]
= 1.418mA + 56.72uA
=1.475mA [2]
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Semester 1, 2017/2018

Answers for Question 3

(@)

(b)

(©)

(d)

(€)

Cascode CS [2]
Supply connections [1]
Output and reference connection of CS [2]

lc2=1g/2=0.5m/2=0.25mA
Rc = [V+ - Vo2 ] / lco
=[12-0.4] / 0.25m = 46.4k

Vg =V — V2
Vg = (250 — 150) sin «t 1V = 100 sin ot uV

Vem = (V1 + V2)/2
= [(250+150)/2] sin ot uV = 200 sin ot uV

Vo = AgVd + AcmVem

Vo = (223) 100 sin «t pV + (-10)( 200 sin at uV)
=(22.3m - 2m) sin @t V = 20.3 sin at mV
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Semester 1, 2017/2018

Answers for Question 4

V, = MRe v, - R Ve
2(r +R,) r. +Ry +2(1+ )R,
R, =0
v, =y o R [2]
2rﬁ r,[ +2(1+18)Ro
V,=AV, +A,V,, [2]
ﬂRC gmr RC ngC
= = z = 2
A 2r, 2r, 2 =
|
g ——2 - O8M _j5amiman [
2V, 2(0.026)
. ;B _ 2(0.026)(100) _ o\ 2]
Iy (0.8m)
: (2V,) AV, 4(0.026)
- Re
- 2
Ao r +2(1+ SR, .
|
AR R _2V7QRC
- C - gm C T
_ - - =-0.237
= An =y +2(1+ B)R 201+ )R, 9, 21+ B)R, |
- o 145" MoIm g, 0 2
B B
CMRR :| Ay |:| 92.3 |=389 [4]
|A,,| |-0.237|
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