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EEEB273 — Test 1 Semester 2, 2017/2018

QUESTION 1 [35 marks]

Answers for Question 1

(@) (1) BJT Wilson current source BJT Cascode current source
‘gr : l Ie3=1p +
| 1%
IRer C{) IRgr
e Qs
" l Ip3 1 Iy by

)Icz
P

o ]

Ip) )
0y

Placements of Q1, Q2 and Q3 [2 marks] I —

IREF and 10 labels [2 marks] V-

Power supplies labels [1 mark] (@)
Placements of Q1, Q2, Q3 and Q4 [2 marks]
IREF and 10 labels [2 marks]
Power supplies labels [1 mark]

(a)(ii)
At low g values, output current lo for Wilson is closer to Iref and more stable compared to
Cascode,

2

. . . 4
I.e. lp = Iggr/ [1 + m] for Wilson has better stability compared to I, = Igzgr/ [1 + 5] for
Cascode at low g values [2.5 marks]

At high g values, lo for Cascode is more stable due to its high output resistance Ro, where Ro for
Cascode is given by g ro4 compared to Ro for Wilson that is given by (f/2) ro3. Bigger Ro
means better lo stability [2.5 marks]
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(b)(i)

Summing the currents at Q1,;

lrep=lci+1lgs ... (1) [2 marks]
lg1=lg2 =D legz=2lg2 ... (2) [2 marks]
ANnd lgz= (1+ S3)lg3 ... (3) [2 marks]

Combining the equations,

21,

_ Ig3 _
Ipgr = Icr + TR > Irgr = Ic1 + 5 [1 mark]
Replacing lc1 with lco and gy = |c2/ﬁ;
_ 2Ico
Iggr = Igp + TS| [2 marks]
2
Therefore, I, = I 1 1 mark
erefore, I REF/[ +ﬁ(1+ﬁ’3)] [1 mark]

(b)(ii)

|01 |c2;|31 = IBZ

ley = Ple = Plg,

les = 1o + 15, =214,
lgs = (215,) 11+ 55)
ler = loo + 1es

= lger = (B+ 2/(l+ﬂ3))|82

I REF

lo = Bl :( 2 j
1+———
B+ Bs)

For V+ =10V and V- = 0 V, design the circuit such that 1O = 0.7 mA. The transistor parameters

are: =80, 3= 60, VBE(on) = 0.7 V and VA = .
Using the 3TCS equation, , IREF=10[1+2/(B(83+1))]
IREF=(0.7m)[14+2/(80(60+1))] = 0.7003 mA

Using KVL,

R1=(V+—vBE3— vBE1-V—)/IREF=(10—2(0.7)—0)/0.7003m = 12.28 kQ

[2 marks]
[2, 1 marks]

[2, 2,1 marks]
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QUESTION 2 [20 marks]

Answers for Question 2

Using the formula,

Vpsa(sat) = Vesz — Vn [1]
At 1V, Vpsy(sat) = Vgsz — Vn

2> Ves2=1+05=15V [2]
Using the formula,

Ip = (k?;l) (%)n Vs = Vrn)? ...()

Ip = (kz_h) (%)2 (Vos2 = Vrn)? [2]

Subs Ip = 0.15 MA, 0.15m = (%) (%)2 (1.5 — 0.5)2> (%)2 =3.75 [3]

Irer = (kz_;l) (%)1 (Ves1 — VTN)Z [2]

Subs Irgr = 0.5 MA, 0.5m = (%) (%)1 (1.5 — 0.5)2> (%)1 =12.5 [3]

With KVL rule, Vgs1 + Vess = \VARR Y
Thus, Vess = 1.8 — (-1.8) - 1.5=2.1V 2]

S0, Irgr = (%) (%)3 (Vesz — Vrn)? [2]
Subs Irer = 0.5 MA, 0.5m = (=°) (%)3 (2.1-0.5)2> (%)3 =4.88 [3]

2

Vesa = Vpsa (5*7?‘}— Ve =1+05=15V

(kLY W) .
I, = —“u— Vs =V )
] l_l/\L.J]{ 52 'D.']
f ‘f'W\ i \
ﬂ.lﬁ:[mg [_] (1.5-05)° :>[E1 =375
X 2 ,"t_-'[-/g \L}-l
“0.08 W o (W)
I =ﬂ.5=[ [_]15—:}_5-:;»[— =125
= . 2 L/{ } \L"Ill
V=W —v)-v, =18-(-18)-15=21V
0.08Y W ), ,
Lygr =05=| — ]]L—I[_zl—m}':»[—] =488
= f"-_ 3} %,
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QUESTION 3 [25 marks]

Answers for Question 3

(a)

Vepa = vt — IcaRe — Vg [2]
o = V+_V;f4—VE _ 5—(1.8;;(—0.7) — 0.78 mA [4]
Ipy = 1“;7’3164 = (%) (0.78m) = 0.7995m4 3]
Igp = 215, = 2(0.7995m) = 1.599mA 3]
L=(1+ ﬁ) Ue) = (1+ @;W) (1.599m) = 1.601mA  [4]
R, = V+‘2‘Z’E‘V_ = 2095 _ 54970 [4]

*Note: use g in current equations [1 mark each time]

(b)
+
A%
T L
Rc Rc I l §R1
Vo2 L
UI Q4 Q5 Us
& L
IQ l L
g ) I/Ql L
.~ 2R,

Same diff-amp copied [1]
V- connection [1/2]

E4 and C2 connection [1]
Correct CS output
components [1]

Correct Ref side with
diode coonection [1]

CS V+ connection [1/2]
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QUESTION 4 [20 marks]

Answers for Question 4

Q4(a)

IEZ == I?Q == ZmA
Ipp = %IEZ = 1.983mA

vr _ (120)(0.026) _
Ic,  1.983m

Riy = 21y, = 2(1.573k) = 3.147kQ

Ty = 1.573k0

Q4(b)
I, 1
g, =~z _L98M _ g ormarv
V.  (0.026)
A, = ggz R, = (76.27m)(5k) =190.67

Q4(c)
vy, =V, —V, =0.35msin wt
vV, = it Vs =1.075msin wt

cm

v, =Avy + A,V

cm ~ cm

=(190.67)(0.35m) sin wt + (—0.09912)(1.075m) sin wt
= (0.0667 - 0.10655m)sin wt = 0.0666 sin wt V' [2]
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