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Question 1 [20 marks]

You are one of the selected candidates to attend an interview carried out at Motorola

Semiconductor as Product Engineer. As part of the interview you are given the following task:
Design a BJT Current Source that utilized 4 transistors arranged in cascode mode. All
transistors in the circuit are matched. The transistor parameters are: g = 150, Va = 100 V,
and Vge(on) = 0.7 V. The power supplies: V' =5V, V' =-5V. Resistor R; = 6 kQ.

Determine the followings:

(@) Draw the circuit for the current source. [4 marks]

(b) Derive the relationship between Ip and Iggg. [5 marks]

(c) Based on given value of g, use approximate value of 1 to estimate the output resistance,
Ro, of the current source. [7 marks]

(d) Find gms and . [4 marks]
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Question 2 [20 marks]

(a) The differential amplifier in Figure 1 has transistor parameters as g = 100 and Vgg(on) =
0.7 V. The Early voltage is Va = o for Q;and Q, and is Va =50 V for Qs and Q.
(i) Design the circuit such that I3 = 400 pA and Vcgr = Vege = 10 V. [5 marks]
(i) Determine Ay and CMRRyg for a one-sided output at vop. Acm IS given as —0.113
VIV. [5 marks]

10 kQ

UI

Figure 1
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(b) The differential amplifier in Figure 2 is biased at o = 0.5 mA. The transistor parameters

are shown in Table 1.
Table 1: MOSFET parameters

N-MOSFET transistor P-MOSFET transistor
Kn = 0.25 mA/V? K, = 0.25 mA/V?
Vin=04V Vip=—0.4V
n=0.02V™" 2,=0.02V"

(i) Draw an improved diff-amp for the circuit in Figure 2. Use Table 1 for the

transistors specification. [4 marks]

(i) Calculate the minimum power supply voltages if the common input voltages are to

be in the range of + 3 V. Assume symmetrical supply voltages. [6 marks]

At

®

O
Vo

Figure 2
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Question 3 [20 marks]

A simple bipolar op-amp is designed as shown in Figure 3. Note that biasing for amplifiers in the

circuit is provided by two-transistor current mirrors. Study the Figure 3 carefully. Neglect base
currents. Assume parameters for all transistors are Vge(on) = 0.7 V, g = 200, and Va = .

(@) Referring to Figure 3 calculate DC values for 14, lg, Ic2, Vo2, and vos. [10 marks]

(b) With small-signal analysis, values for Aqi, I3, and Ay, can be found using the following

Equations (3.1) to (3.3), assuming that Rj3 >> Rs. Calculate A4, A2, and the total overall

small-signal voltage gain, Aq for the bipolar op-amp. [10 marks]
Vi g
Agr = ULZ = %2 (RclRi2) (3.1)
d
Tz = Bra (3.2)
1
Ay = ZRT:~ (Rs) (3:3)
V=10V

§R]= If"léﬁ,c: Re=
19.3 kQ 10k  10kQ

Vo2
¥

|~
vjo— @ o,
Y

O

i
|
|
i
|
|
|
|
|
|
|
|
V- =-10V :
|

|
|
|
| o)
|
|
|

Differential Amplifier —————+=——Gain Stage — Output Stage —=1

Figure 3

Page 5 of 9



EEEB273, Semester 1 2018/2019

Question 4  [20 marks]

(@) Figure 4a and Figure 4b show two different designs of output stages.

(i)
(ii)

(iii)

Identify class of the output stages in the Figure 4a and Figure 4b.  [2 marks]

For the output stage circuit in the Figure 4a assume the B-E cut-in voltage (i.e. Vge
Veg) of 0.6 V such that vo remains zero for the interval -0.6 V <v; < 0.6 V. Sketch
the voltage transfer characteristic of the circuit. Indicate when Q, is conducting and
when it is not conducting. [3 marks]

For the output stage circuit in the Figure 4b, the circuit parameters are Vec = 12 V,
R =100 Q, and Vg = 1.2 V. Q, and Q, are matched with Is=4x10™ A and g >> 1.
For input voltage v, = 0, calculate the quiescent collector currents, icn and icp. What

is the maximum amplitude of the output voltage (vo) and the corresponding

maximum power that can be delivered to the load? [5 marks]
+VCC
l iCn
+
V Qll
l iCn @ —
> T
Qn vl —_— 9 OU()
Vor | i)
vy —9 ¢ OVp 2 T R
{Qﬂ L

Qp ILl RL
liCp
V* i—a
~Yeg
Figure 4a Figure 4b
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(b) The 741 op-amp is shown in Figure 5. Assume that Vgg(on) = Vgg(on) = 0.7 V, B, = 200,
B =60, Van = 200 V, and Vap = 100 V. The area of transistor Qi3g is 75% of transistor
Q12. Itis given that Irer = Ic12= 0.3mA. Calculate the small signal input resistance of the

Gain stage (i.e. into the base of Q). [10 marks]

Inverting ¢ | |

input | |
| |
|

|
|
! !
b I |
I I
| |
O I '
Noninverting | L : Output
input I Rs= I
I w0kg | ¢-=
Q4 : IT 30pF
|
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1 @ SAAAAB ™ S Q16
: |
I |
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e L i +
I !
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Offset 7] —| On 2 —
o—¢ ! 10 nl €2
null g Ry= : | /i ‘[ T
R|= < 0k0 R2= | I Ro= R, = ‘ R”:
Ry= I 9 8 a4
IRQ% 1 : 51{9 | SOKQ< 100Q } 50 k)
I |
: l % - oV
Offset | | |
Input stage null | Bias circuit | Gain stage | Outpul stage

Figure 5

Page 7 of 9



EEEB273, Semester 1 2018/2019

Question 5  [20 marks]

(@)

(b)

Using feedback resistor of 20 kQ, draw the following circuits using inverting op-amp
configuration:
(i)  Aninverting amplifier with a closed-loop gain of -10. [3 marks]

(i) A voltage follower. [5 marks]

A general output equation for a difference amplifier shown in Figure 6 is:
Vo = AgVq + AcnVem

For the difference amplifier in the Figure 6, the circuit parameters are R; = 20 kQ, R, = 80
kQ, R; = 20 kQ, and R, = 85 kQ and the output voltage (Vo) equation is as follows:

[ ] [1 i%f /3R3] N I;_jv”

v
and Vi = VUom — 761

where vV = Uop + f

Calculate the differential-mode gain (Ag), common-mode gain (Ac¢m), and the common-
mode rejection ratio (CMRR) in dB for the circuit. [12 marks]

R>

v o—NMAWV -~

Vo

Figure 6

-END OF QUESTION PAPER-
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APPENDIX:

A) BASIC FORMULA FOR TRANSISTOR

BJT MOSFET
i =1.e"="" :NPN ‘N—MOSFET
o = IseVEB/VT ;PNP Vps (Sat) = Vgs =V
) . p . iD = Kn[VGS —Viy ]2
IC :ﬂIB :—IE ,
p+l K = HColV _ Ky W
e =lg +ic 2L 2 L
‘P-—MOSFET
;Small signal Vgp(Sat) = Vgg +Vip
B=0,r ip = K, [Vsg +Vip]*
_leo K _ 4G Wk, W
In = V, PoaL 2 L
;Small signal
= =2 /K1 :N—MOSFET
" ICQ On = n'pQ N7
r = Va g, =2JK 1o ;P—MOSFET
* g 1
V, =26 mV T
B) HYBRID-x_EQUIVALENT CIRCUITS
BJT MOSFET
< G D
& o@ O_+O ——
+ "(d
&mVn T Vie Vs EmY gs Fo Vs
. 5 o—— $ °

C) QUADRATIC FORMULA

AX* +Bx+C =0 - X=
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