FINAL EXAM, SEMESTER 1 2012/2013

Answer: Question 1
(a)
L rr
IR, =V;In I—

o

v (20;1.)(4.21(%
Ly, =Le" =(20)(e 002 = 0.506 mA

Ve =V, 1{%} = 0.0261{%062) =0.6646 V
X

S1

.
Lo R =V =V
- 10-0.664
R1=V Vr 10206636 _ ¢ 1510
Iopr 0.506m
Vypy = Vi, — I, R, = 0.6646 — (20)(4.2k) = 0.5806 V
(b)
At Ip = Iger:
Visa =Vosi =Vosi = Vosi = Vosa 0.5
VGS3 = VDS3 = VGSI
= VDS4 = VDS3 = Vosz III
Vs =V 4+ Vi + Vg ==5+1.8+1.8=-14V
dv,, =2.5-(-1.4)=39V 1]
S ! =200kQ
o1, (0.025)(200p) L]
ar, = WVer - (Vi) _ (3.9) 0325 A
R,  (8.7utpy) (300p)(200k)(200k)

Ly =1 +dl, = (200 +0.325)pA = 200.325 pA



Answer: Question 2

(a)

i) Calculate the one-sided small-signal differential voltage gain (Ag4) of the differential
amplifier. [1.5 marks]

A, = 8uRe 0.5
2
I
g, =teoo 2N _3g46mAN 03
V, 2V, 2(26m)
A, =w;n)(5k)=96.15 05

ii) The constant current source of Figure 1 that is providing the current I is
implemented using the basic two transistor current source. Find the value of A,

the common-mode voltage gain of the differential-amplifier, with equation given
below. Assume Rz =0. [2 marks]

R,TCS) =1, = Yo =10 _5010 |
I, 2m
=AY _10026m) ) 61 05
I. Im
A =-49.5x107 02

iii) The input voltages for the differential amplifier are vg; =210 x 10® sin wt V and Vgy =
190 x 10 sin wt V. Calculate the output voltage of the differential amplifier, taking
into account the effect of the non-ideal current source. Use values from previous

calculations. What is the output voltage if an ideal current source is used instead?
Justify your answer. [4 marks]

V,=AV,+A,V !

cm - cm

V, =v, — v,y =(210x107° =190x10)sin ax V = 20x10°sinar V | >
V., = (Vg +v5,) /2 =[(210x10° +190x107%) sin ax V1/2 = 200x10™° sin ax V

0.5

V, =[(96.15)(20x107°) + (—49.5x107)(200x10™°)]sinax V =1.914x10 " sinax V | *?

For Ideal current source, its Ro is infinite, hence Acm is zero [0.5 mark]
Thus, Vo =AdVd [0.5 mark]

Vo = (96.15)(20 x 10°®) sin wt V = 1.923x107 sin wt V [0.5 mark]



iv) Calculate the value of Vcm (max) of this differential amplifier. [4.5 marks]

Vem(max) = VB when Q1, Q2 almost entering saturation mode,

i.e. VCE =VCE(sat)=0.3V [0.5 mark]
VCE =VC-VE [0.5 mark]

VC  =V'-ICRC = 15-(1m)(5k) = 10V [1 mark]

VE =VB-VBE(on)=VB-0.7V [1 mark]

VCE(sat) =0.3V=10-(Vcm(max)-0.7) [1 mark]
Vem(max) =10.7 - 0.3 =10.4V [0.5 mark]

Answer: Question 2

(b)
i) Determine the relationship between |y and I such that the amplifier dc currents are

balanced. [3 marks]
ii) Calculate the value of Iy given that Iq = 0.2 mA and 3 =100. [1 mark]

IES IB3+IB4 IC3+IC4

I,.= = = [1mark]
P+ +p)  pa+p)
The current [, +1., = IQ [0.5 mark]
I.=1.+1
a ek [0.5 mark]
I, = IC4 + IO
H keep th balanced: [, =1 Iy [1mark]
ence, to keep the current balanced: = = ———— mar
' 7T B p)
Given, Ig = 0.2 mA, hence:
0.2
M _198nA (1 mark]

I, =——
° 100(1+100)



Answer: Question 3

(@) Viss = Vesy {Identical transistors } [0.5]
ViGss + VG57=2 Viss = Vi-v= 10-(—10)=20V [05]
Viss = 10V = Vgsr [0.5]
Li=K,(Vgss- Vin)® = K, (Vs - Van) [1]
1= (0.2m)(10-2)* = 12.8 mA [0.5]
IQ=11= 12.8 mA [1]
ID1=1/21Q=6.4 mA [1]

(b) vo = (gm)Va (roa | ros | Ry) therefore Ay = (gm)(roz Il Foall Rz) [1.5]

gm =2N(K, Ipy) = 2N[(0.2m)(6.4m)] = 2.26 mA/V (1]
For = 1( Ay Ipy) = 1/(0.02)(6.4m) = 7.812 kQ (1]
Fou = 1/(A, Iny) = 1/(0.015)(6.4m) = 10.417 kQ (1]
(roa Il roull Ry) = (7.812K)11(10.417K)II(100K) = 4.273 kQ  [0.5]
A= (226 mA/V) x (4273kQ)  =9.668 [1]

(¢) CMRR =20 log [Ay/ Acy] = 60 dB [1,0.5]
Aon=Aq![10%%°] = 9.668x107 [1,0.5]

(d) Select two answers:
Increase the current source output resistance.

Increase the diff amp output resistance by using cascode active loads.

Reduce the loading effect by increasing load resistance, R;.

[1]
[1]
[1]



Answer: Question 4

(a) Q3 and Q4 are lateral pnp devices which provide additional protection against voltage
breakdown. This is because the breakdown voltage of a lateral pnp B-E junctions is a lot

higher than the reverse biased npn B-E junction.
(b)
Yorio 05
Ioyy=1ge "
1 10n
Vipio =V, In| €12 1=0.0261n =0.5388V .
e ( I j (mo—”)
TeioRy = Vg = Vg 05
R, = Vet = Vaeno _ 0.6-0.5388 —6.12kO —
Iy 10p

©
r = BV, _ 200(0.026) 1,04 MO

Ies Su
(d)
RO = r04 Ractl III
r04:L=ﬂ:10MQ 13

Iey S
R, = r06[1+gm6(R2||rﬂ'6)] III
re=r, =22 =% _10Ma [ ]

Ieg  SH

r.. =1.040 MQ

I Sp 2

=—2=——=0.1923mA/V

me =Y T 0.026
R, =10M[1+(0.1923m)(1k)] = 10.92 MQ [ ]
R, =10M|10.92M =5.220 MQ



Answer: Question 5

a) State the main disadvantage of both Class A and Class B output stages. Comment on
the power conversion efficiency of both output stages. [2 marks]

b) .

i) Find the minimum required Iq and the value of R. [4 marks]

ii) For v, =0, find the power dissipated in the transistor Q;, and the power dissipated in
the current source (Qy, Qs and R). [5 marks]

iii) Determine the conversion efficiency for a symmetric sine-wave output voltage with
peak value of 8V. [5 marks]




Answer: Question 6

(a)
Vo = (I+R2/Ry)v2 (1]
Va = [R4/(R3+R4)]v1 [1]
Vo = (1+R2/R}) [Ry/(R3+R4)]vi [1]
A, = volvi = (1+R2/R}) [R4/(R3+R4)] (1]
= [1+(200k/25k)][50k/(50k+25k)] =(9)(2/3) =6 [1]
(b)
Vo = (-R4/R3)vo [1]
vor  =(-Ro/Rpvp [1]
Vo = (-R4/R3)(-Ro/R vy [1]
= [(-60k/150K)(-100k/20k)(0.12)] = 0.24 V [1]
(©)
@) Difference amplifier [1]

(i1) R3 = R4 =100 kQ

A :&(H 2R, ]: 100k (1+ 2R, j:(HLj
R3 Rl + RIPOT IOOk Rl + RIPOT Rl + RIPOT

[1]

A, is maximum (i.e. A, = 100) when R por =0, i.e.

100:(1+ 2R, j [1]

R +0

99 R, =2 R, {Eqn 1} [0.5]

A, is minimum (i.e. A, = 10) when R por = 100 kQ, i.e.

10= 1+L [1]
R, +100k

9(R, + 100k) =2 R, {Eqn 2} [0.5]

{Eqn 1} = {Eqn 2}

99 R1 =9 Ry + 900k [1]

> R =10kQ [1]

> Ry=(99R,)/2=495kQ [1]

(111) vn = 100 V, Vp = 115 V, R4 =2 R3, R1p0T = 40 kQ,
R, =10KkQ, R, =496 kQ,

A = R, - 2R, _ 2R, (1+ 2(495k)
R, R, + R por R, 10k + 40k
v, =A v, —v,)=(416)1.15-1.00) = 6.24V

J =41.6 [1.3]
[1.5]



