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QUESTION 1 [35 marks]

Answers for Question 1

Answers for Question 1(a)

(i)

(1)
(iii)
(iv)

Better approximation of lg to Irgr for circuit using same transistors  [2]

Higher output resistance by a factor of /2 [2]
Higher output resistance by a factor of 2 [2]
Higher output resistance by a factor of (1 + gnR’g) [2]
Using smaller resistors in the circuit [2]

Can have different values for I and Irer Where o is smaller than Irege [2]

For (iv) = Can use any two answers above, total 4 marks.

Answers for Question 1(b)

(i)

(i)

IBl = ||32 [15]
|o = |C2 :ﬂ|52 ||32 = |o/ﬂ [15]
lct = le2 lci=lo [1.5]
|Eg =21z + Vge / R» [15]
gz =lgz/ (1 +p) [1.5]
= (2 182)/(1 + B) + (Vee)/(1 + ) (R2)
=(210)/(pL+p)) + (Vee)((1 + B)R2) [1.5]
Irer = lc1 + lgs [1.5]
=lo+ (210)/( AL+ B)) + (Vee)/((1 + B)R2) [1.5]
Irer - (VBe) /(1 + B)R2) = lo+ (21 0)/(B (1 +p)) [1.5]
=lo[1+2/(p (1 +p)]
VBE 2
lrer = Grpr, = 1o (1 * ﬁ(1+B)) [13]
lrer  =1o(1+2/(f(1+p))+ (Vee)((1+h)R2) [2]
= (0.70m)(1+2/(80x81)) + (0.7)/(81x10K) 2]
=0.700216m + 0.000864m =0.7011 mA [1]
R = (V+ - 2Vge(on) - 0) / lger [2]
= (10 - 2(0.7)) / (0.7011m) 2]
=12.27 kQ [1]
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QUESTION 2 [20 marks]

Answers for Question 2

Q2(a)

lh)z:]o

Placement of My, M, and M3
Currents Iggr and lo

Power supplies V*and V-
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Answers for Question 2 (Continued)

Q2(b) Using the equation, Vps(sat) = Vgs — Vn
Vpsa(sat) = Vesz — Vn
Vesz = Vpsa(sat) +Vry
=0.6+04=10V

From the RHS; solve for (W/L), using the equation given.

&), =y

(%) (Vgs2—Vrn)?
= (50u)/(120u/2)[1-0.4]*
=2.315
Since Ves1 = Ves2 = 1V
Solve for
(K) _ IREF
L/4q (%) (Vgs1—VTn)2
= (100u)/(120u/2)[1-0.4]?
=4.63

For the LHS; solve for Vgss.

Vess= V" - Vgs1 — V'
=25-1=15V

Solve for

(K) _ IREF

L73 (%) (Ves3—Vrn)?

= (100u)/(120u/2)[1.5 - 0.4]
=1377
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QUESTION 3 [25 marks]

Answers for Question 3(a)

Qs

L/ \

Answers for Question 3(b)
(b)
Vegs = vt — IcaRe — Vg

_ VY—VeEpa—Vg

IC4 - R¢

Ipy = “"“fg;(“”) = 0.89 mA
1+4

I, =P

E4 B c4

41
Ipy = (E) (0.89m) = 0.91225 mA

Ie; = 21g,
Ier = 2(0.91225m) = 1.8245 mA

L= (14 5555 Ue)

I, = (1 + L) (1.8245m) = 1.826725mA [2

(40)(41)
R, = Vt—2Vgp-V"~
Iy
R, = 220110 _ 10182 kO
1.826725m

Marking:

Correct differential amplifier with Rc and inputs  [1]
E1/E2 to C6 (or C4) connection (IQ) [1]
V+and V- [1]
Correct cascode current source connection [1]

Correct Iref/l; side with diode connected transistors [1]

| v B v B | —
[\OR \O R \O) [\O R S}

Page 5




EEEB273 — Test 1 Semester 1, 2018/2019

QUESTION 4 [20 marks]

Answers for Question 4

Q4(a) Calculate the value of resistor Rc. [3 marks]
VRC = V+ - Vo2 = IC2Rc [1]
Iy =2 =200u/2 =100y [1]

2

VRC=10-5=5V
So Re = 5/100u = 50kQ [1]

Q4(b) Find the differential voltage gain (Ag) and common-mode voltage gain (A¢y) for one-sided

output [10 marks]

Aq =T [1]

Im1 = 15_;;161 = Ic; =100u [1]
mi = e = 3.846 mA/V [1]

3.846m)(50k
Ay = BBOME) _ g6 151 [1]
Version 1
Given CMRR(dB) = 85dB = 20 Log CMRR [1]
Therefore CMRR = 10®% = 17 783 [1]
CMRR = Ad/|Acm| [2]
So |Acm| = Ad/CMRR = 96.15 / 17783 = 5.407 x107 [2]
Version 2

R
Acm = — % [2]
r71.'+RB_

Ro = ro4(1+gmd4(rpi4||R2) [0.5]
ro4 = VA4/IQ = 200/200u = 1MQ [0.5]

gm4 = 1Q/VT = 200u/26m = 7.69mA/N  [0.5]
rpid = P4.VT/IQ = 500(26m)/200u = 65kQ [0.5]

Ro = 15.23MQ [0.5]
1% (200)(0.026)
Ty = ﬁ;ClT = B = 52k [0.5]
e — (3.848m) (50k)
M=~ 201 + 200)15.23M
1+
. 52k
= - 1.634 x10° [1]
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Q4(c) Determine the differential-mode input resistance Rz and the common-mode input resistance
Ricm [5 marks]

Rid = Zrn'l [05]
WV 200)(0.0

o = BE = 0000 — 52 k0 [0.5]

So Ry = 2(52k) = 104 kQ [0.5]

Ricm = (1+B)[Ro] [0.5]

Ro = ro4(1+gmd4(rpi4||R2) [0.5]

ro4 = VA4/IQ = 200/200u = 1MQ [0.5]

gm4 = IQ/VT = 200u/26m = 7.69mA/N  [0.5]
rpid = B4.VT/IQ = 500(26m)/200u = 65kQ  [0.5]
Ro = 15.23MQ [0.5]
Ricm = (1+200)(15.23M) = 3.06 GQ [0.5]

QA4(d) If the circuit is modified such that resistor Ry is zero, will this improve the common mode

rejection performance of the differential amplifier? Justify your answer. [2 marks]

If R2 is zero, the current source is now the simple 2 transistor current source, [1/2]
which has lower output resistance Ro than the Widlar current source. [1/2]
This will cause the value of common mode voltage gain Acm to increase, [1/2]
hence CMRR will decrease. Hence the performance will worsen. [1/2]
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