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Question1  [15 marks]

(a) For a BJT two-transistor current source, the transistor parameters are:
VeE©on=0.7 V, =120, and V44=100 V. The bias voltage is V*=5V and V= -5V.
(i)  Design the circuit such that I, = 0.50mA when Vcg,=0.7 V.

(i) What is the change in I, as Vcg, varies between 0.7 V and 7 V?

[8 marks]
Answers:
o1 |
(i) Insr = L [1+3] ~Tier| = 051 ma 2]
';"+_':"E‘r_ o~V -
R, = —EElm— — 18.24k0 2]
) Al 1
(i1) = [1]
EI.V,C'EH Ta
rc=%=“%—=2cmk 2]
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(b) Refer to Figure 1. All the transistors are identical. The transistor parameters are:
p=200, V4=, Vggon= 0.7 V. Calculate Vgy.
Hint: The current source equation is Iggr = o (1+[2/6(1+f3)]).
[7 marks]

-5V
Figure 1
Answer:
I;= [V'-V -2VgEon) I/R1= [5-(-5)-2(0.7)]/8.5k = 1.0118 mA [2]
Ic; = 1.0118 mA [1]
Ves =0 - Vpga =-0.7V [1]
Ica= Y212 = 0.5050 mA [1]

Vegs= V' - IegRe - Vi = 5-(0.506)(5)-(-0.7) = 3.17 V [2]
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Question 2 [15 marks]

(a) Describe how class-A, class-B, and class-AB output stages are different?
[3 marks]

Answers:

(i) Class-A, class-B, and class-AB output stages are different according to the
percent (%) of time the output transistors are conducting (turned on), as
follows:

O Class A: Output transistor is biased at a quiescent current Iy and
conducts for the entire cycle of the input signal. [1]

U Class B: Output transistor conducts for only one-half of each sine-
wave input cycle. [1]

O Class AB: Output transistor biased at a small quiescent current I,

and conducts for slightly more than half a cycle. [1]

(b) A class-A emitter follower biased with a constant-current source is shown in
Figure 2. Study Figure 2 carefully. The transistor parameters are: f = 200, Vg
= 0.7V, and V¢g(sat) = 0.2V. Neglecting base currents:

(i) Find the value of Ij. [3 marks]

(ii)) Determine the value of R that will produce the maximum possible output

signal swing. [4 marks]

(i1i) Calculate the power conversion efficiency (#). [5 marks]
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vt=5Vv

Figure 2

Answers:

(i) The value of I is equivalent to the amplitude of the largest negative load

current, iy, = Vo(min)/RL
Vo(min) = V + VCE(sat) = (—5) + (02) =-4.8V
Io = iLgmay = (4.8)/1k = 4.8mA

(i) R=(V'- V7 - Vgp)/lrer
Irer = (1+ 2/B) Ig = (1+2/200)(4.8m) = 4.848mA
R = (5-(-5)0.7)/(4.848m) = 1.9183kQ

(iii) m=PL/Ps
PL =% (V,)’ /Ry = (¥2)(4.8)%/ (1k) = 11.52mW
Ps = 2Vcclg = 2(5)(4.8m) = 48mW
N =(11.52/48) x 100% = 24%

[1.5]
[1.5]

[1]
(2]
[1]

[1]
[1.5]
[1.5]

[1]



EEEB273, Semester 11 2010/2011

Question 3 [25 marks]

Figure 3 shows a differential amplifier circuit with active loads and current source.

The active load transistors are matched with parameters K, = 0.1 mA/V 2, Vp =2V
and 4, = 0.02 VL. Transistors M, and M, are driven into saturation with Vpg(sat) =
1.12 V. Transistors Ms, M and M7 are identical. All the NMOS transistors have the
same K, = 0.2 mA/V?>, Viy =2V, and 4,= 0.015 V"',

Vt=10V
o]

MZI F—— lim

o ]
1| ] E"' f‘f:l 5 2
" L

U(J

n |

}

Vi=-10V

Figure 3

(i) Determine I;, 1o, and Ip; when v; =v, =0. [8 marks]

(ii)) Determine the one-sided differential mode voltage gain for this

differential amplifier if Ry = 100 kQ. [10 marks]

(iii) It is required that the CMRR of this circuit to be 55dB. What is the common

mode voltage gain? [3 marks]

(iv) Suggest ways to improve the CMRR for the circuit in Figure 3.[4 marks]
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Answers:
(i) L=Ku(Vass-Vv)’ = Ka(Vos-Vin)’
Vass = Vs
Vass + Vas7= 2 Vgss = V-V =10-(-10) = 20V
Vgss = 10V = Vggy
I= (O.2m)(10—2)2 =12.8mA
Io=1, = 12.8mA
Ip, = Y4lo = 6.4mA

(1) vo =(gm/2)vaR, therefore Agq = (gn/2)R,

Roditf amp) = To2//Toal IR

for = 1/(An Int) = 1/(0.02)(6.4m) =7.812kQ
Tos = 1/(hy Ipy) = 1/(0.015)(6.4m) =10.417kQ
Rogit amp) = (7.812K)//(10.417k)//(100k) = 4.273 kQ

gm = 2V(Kalp1)
Aq = (172) x [2V(Kalpn)] X Roaitramp)
= [(0.2m)(6.4m)]”* (4.273k)= 4.834

(iii) CMRR = 20 log [Ad/Acm] = 55dB
Aem= Aq/ [log™(55/20)] = 8.6x107

(iv)Select two answers:

Increase the current source output resistance.

(2]
(1]
[1.5]
[0.5]
(1]
[1]
[1]

[1.5]

[1]

[1.5]
[1.5]
[1.5]

(1]

(1]
[1]

[1]
(2]

(2]

Increase the diff amp output resistance by using cascode active loads. [2]

Reduce the loading effect by increasing load resistance, R;.. [2]
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[20 marks]
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A simple bipolar op-amp is designed as shown in Figure 3a. Note that biasing for

amplifiers in the circuit is provided by two-transistor current mirrors. Study the figure

carefully. Neglect base currents. Assume parameters for all transistors are: Vpg(on) =

0.7V, =100, and V4 = 0.

V

t=10V

%Rl = [“lrgRC:
19.3 kQ 10kQ
g

RC=
10kQ

Vo2

7T\

i
|
|
f
|
e | Ry =
: | S5kQ
| |
| | |
| | | |
I | : [
| 0 | | I
| V- =-10V | : |
| | |
| Differential Amplifier ————=——Gain Stage —*l Output Stage ——
Figure 3a
(i) Referring to Figure 3a find I;, Iy, I¢c2, v02, and vo3. [10 marks]

(i) With small-signal analysis values for Ay, 73, Ri2, and A, can be found using

the following formula:

%
Ay, = (ﬁ} = g_m(Rc”Riz)
v, 2
rﬂ3 = :Br;m

Ry, =1+ (1+:3)r;r4

A

(R,)

r
~ Iy,

2V,

2

Calculate A4, A2, and the total overall small-signal voltage gain, Ag.

[10 marks]
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Answers:
(i)
I; =(V"-Vggr -V)I(Ry) (1]
= (10-0.7-(-10)) / (19.3k) =1mA 1]
Iy =I;/(1+2/p) =0.9084 mA 2]
I =1p/2 = 0.4902 mA [2]

Vo2 =V*-Ic; Rc =10 -(0.4902m)(10k) =5.098 V  [2]
Irs =02 -2 Vg(on)) / (Ry)

=(5.098 - 1.4) / (11.5k) =0.322 mA [1/2]
Igs = Ig4 (neglecting base currents) = 0.322 mA [1/2]
Vo3 =V*'-IgsRs =10-(0.322m)(5k) =8.39 V [1]
OR I, =1, [Since f>>1] =1mA [2]
I =1p/2 =0.5mA [2]
Vo2 =V -Ic;Rc =10 - (0.5m)(10k) =5V [2]
Irsy =02 -2 Vge(on))/ (Ry)
=(5-1.4)/11.5k) =0.313 mA [1/2]
Igs = Ig4 (neglecting base currents) = 0.313 mA [1/2]
Vo3 =V*'-IgsRs =10-(0.313m)(5k) =8.44 V [1]

(ii)
Using Iz = 0.4902 mA, Iz, = 0.322 mA:
Ay =@u!2)RclIR;)

gm =Ic;/ Vr=(0.4902mA)/(26mV) = 18.85 mA/V  [1]
Fra = pVr/ Ips = (100x26m)/(0.322m) = 8.085 kQ [1]
'z Rprmu = 808.5 kQ [1]
R =ra+A+p)ry

= 808.5k + (101)(8.085k) =1621.1 kQ [1]
Aaq = (18.85m/2)(10k |l 1621.1k) = 93.67 [2]
A = (Ir4/2V7) R5s= (0.322m/(2x26m))(5Kk) = 30.96  [2]
Az =1 [1]
Ag =An A2A3=93.67 x30.96 x 1 =2900 [1]

OR USng Icz =0.5 mA, IR4 =0.313 mA:
Asr =@m/2)RclIR;)

gm =Ic;/ Vr=(0.5mA)/(26mV) =19.23 mA/V [1]
Fra = pVr/ Ips = (100x26m)/(0.313m) = 8.306 kQ2 [1]
) ) :ﬂ ) = 830.6 kQ [1]
Ry =rp+(0+p)ry

= 830.6k + (101)(8.306k) =1669.5 kQ [1]
Agr = (19.23m/2)(10k |l 1669.5k) = 95.58 [2]
A, = (Ir4 12V7) R5= (0.313m/(2x26m))(5k) = 30 [2]
Ajz =1 [1]

Ag =AuA2A3=95.58 x 30 x 1 = 2867 [1]
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Question 5 [25 marks]

(@) The summing amplifier as in Figure Sa can be used as a digital-to-analog

converter (DAC). The analogue output is calculated by using the equation:

Suppose that we want to convert a 4-bit binary signal (aza,a;ay) to its equivalent
weight in decimal value. Design the circuit such that when switch S3 only is
closed (i.e. resistor R3 is connected to -5V supply), then a3 = 1, thus an input
azazajay = 1000 will give vp = 8V. Similarly, when all switches (i.e. Sy, Sy, S>,
and §;) are closed, the binary signal aza,aja; combination gives vp = 15V.
Referring to the Table 1, verify your design by showing that aza,a;ay

combination provides the same output as shown.

[12 marks]
Table 1
asaxaay 1000 | 0100 | 0010 | 0001 | 0110
vo [Volts] 8 4 2 1 6
oVr=-5V Rp = 48kQ
AAAY
S3 WV\V =
—0itg
= +
S, ~—MWW—s =
_; R,
§; <—NWA—s
L — o R()

Figure 5a
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Answer:
When S; is closed:
vo = -Re[(1/R3) +(0/R2) +(0/R1) +(0/Ro)I(Vr) (2]
vo = -48k (1/R3)(-5) =8 [1]
R3 = (48k)(5)/8 =30kQ [1]
When S, is closed:
vo = -Rp(1/R2)(VRr) [0.5]
vo = -48k (1/Ry)(-5) =4 [0.5]
R, = (48k)(5)/4 =60kQ2 [1]

When S; is closed:

vo = -Rp(1/R1)(VRr) [0.5]
Vo = -48k (1/R)(-5) =2 [0.5]
R, = (48k)(5)/2 =120kQ [1]

When Sy is closed:

vo = -Re(1/Ro)(VRr) (1]
vo = -48k (1/Rp)(-5) =1
Ry = (48k)(5) =240kQ2 [1]
Verify: 0110 = 6V [2]

vo = -Re[(0/R3) +(1/Rz) +(1/R1) +(0/Ro)](Vr)
vo = -48k[(1/60k) +(1/120k)](-5) = (240/60) +(240/120) =6V
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(b) With feedback resistor of 20 kQ, sketch the following circuits using inverting
op-amp configuration.

(1) An inverting amplifier with a closed-loop gain of -10. [2 marks]
(i1) A voltage follower. [4 marks]
Answer:
J
20 kKO
AMA
2k
U o—— AW -
K, —0Vg
+ )
a(i A ;
@ = N x1/2
N
J
20 kQ N
A 20 kO
N R: 5 Wv
20 kO v Ry
Uy o ‘V\N\v o 20 kQ
Rl WV =

v x1/2

+ Ry Ovg
5 =+
a(ii) .
4
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(c) Find the voltage gain, A,, for the op-amp in Figure 5b. Assume the op-amp is
ideal. [7 marks]

—o0 UO
Figure Sb
Answer:
Vo = (1+R2/Ry)v, [2]
\) = [R4/(R3+Ry4)]v; [1]
Vo = (I+R2/R}) [R4/(R3+R4)]v1 [1]
A, = vo/vi = (1+R2/R1) [R4/(R3+R4)] [1]

= [1+(200k/25k)][50k/(50k+25k)] =(9)(2/3) =6 [2]



