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QUESTION 1 [20 MARKS]
(a) Consider the Widlar current-source circuit with multiple output shown in Figure 1. Assume
that Vg, (on) = 0.7 V. The circuit parameters are R, = 10 kQ, R, =1 kQ, and R, = 2 kQ.

Calculate Irgr, 1, and I,y,. [10 marks]
Vt=5V

IREFl R

(b) The circuit shown in Figure 2 has circuit and transistor parameters as V=43V, V'=-3V,
Rp =360kQ, V7p=—-0.4V, K,=30 uA/V* and .= 0. The bias current is given as Ip = 12

HuA. Calculate voltage Vsp, for v; = v, = 0. [10 marks]

V+

Upr Up2

Rp

Figure 2
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QUESTION 2 [20 MARKS]

(a) The differential amplifier shown in Figure 3 is biased by a 0.20 mA constant current source
(i.e. Ip = 0.20 mA). It is to be redesigned to use an active load in order to increase its
differential-mode voltage gain (4,). The active load to be used is a 2-Transistor Current
Source using PMOS transistors to replace the resistors (Rp) in the differential amplifier.

Let supply voltages be £5V.

Assume that NMOS devices are available with the following parameters: K, = 400 pA/V?,
Viv=0.5V,and ,=0.02 V"

Assume that PMOS devices are available with the following parameters: K, = 200 nA/V?,
Vip=-1V,and 1,=0.02 V"'

(i) Draw the new circuit incorporating the active load’s full circuit diagram. Label
the circuit correctly and clearly with appropriate symbols and numbering for

transistors used in circuit. Leave Ip symbol as it is in Figure 3. [4 marks]

(if) Determine the differential-mode voltage gain (4,) of the circuit. [6 marks]

V-

Figure 3
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(b) Consider an idealized class-B output stage as shown in Figure 4. The output stage is to
deliver 50 W of average power to the load at a maximum output voltage of 11.3 V. Let
the power supply voltages be £12 volts. The average current supplied by the supply units can
be calculated by using 1., = 1,/ .

(i) Calculate the peak output current, 1, [4 marks]
(if) Calculate the total average power supplied by the supply units [4 marks]
(iii) Calculate the power conversion efficiency for this circuit. [2 marks]

o

L.

Ay,

vy 0—9 ¢ Vo

v
Figure 4
QUESTION 3 [20 MARKS]

Figure 5 shows a multistage amplifier circuit with transistor parameters of # =120 and ¥V, = o,
Vee(on) = Veg(on) = 0.7V. Itis giventhat ' =10 V.
(a) Explain the functions of transistors Q;, Q- and Qs in the multistage amplifier. [S marks]

(b) The circuit is such that zero dc output voltage is established. Calculate the value of resistors

Rz and Res if currents Ip = 0.5 mA and Ic3=1 mA. [10 marks]
(c) Determine the output resistance, Ro. [S marks]
vt vt vt

o]

L

Figure 5
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QUESTION 4 |20 MARKS]

Consider a standard 741 operational amplifier (op-amp) circuit as shown in Figure 6a. Study

Figure 6a carefully and observe labelling and values for the resistors in the circuit. Load

resistance Ry = 2 kQ is connected to the Output of the 741 op-amp. The op-amp is supplied by
+15 V DC voltages.

The transistors have g, = 200, 3, = 50, Early voltages Vyv= V4p =50V, Vge(on) = Vgp(on) =

0.6 V, and the reverse saturation current Is = 5x107¢ A.

From DC analysis, bias currents for selected transistors are Ici34 = 0.18 mA, Ici35 = 0.54 mA,
Ici6 = 15.8 HA, Icir = 0.54 mA, I = 0.138 mA, and Icy, = 0.18 mA.

Figure 6b shows the AC equivalent circuit for the gain stage of the 741 op-amp. Figure 6¢
shows the AC equivalent circuit for the output stage of the 741 op-amp, which is used to

calculate R;5 in the Figure 6b.

With small-signal analysis, the voltage gain for the gain stage (4,,) of the 741 op-amp can be

calculated using the following formula:

4. = Voo _ -5, (1+ﬂn)R9(Racz2 R R017)
" Vo1 R, (Ry + Ryy;7)
Where: R, _.,=T1,3p
Ry=1,p+ (1+ ﬂp InguRzo]
Rig = Ry,

Ryy =Ty +(1+ﬂp)RL
Ry7 =T7 + (1+ B, )Rs

Calculate the voltage gain for the gain stage (4,,) of the 741 op-amp if Rg is short circuit.

Neglect base current in your calculations. Apply appropriate assumptions and recall standard

formula for parameters which are not given above. [20 marks]|
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Inverting o
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Figure 6a

Figure 6b Figure 6¢
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QUESTION S [20 MARKS]

(a) Briefly describe two characteristics of an ideal op amp. [4 marks]
(b) State three applications for the ideal op amp. [3 marks]
(c) Refer to the generalised summing amplifier using ideal op amp in Figure 7. The output

voltage is given by:
R R
Vo ==V —— v, 14— &‘03 +&V14
Rl RZ RN RA RB

Where Ry=R; Il Ry and Rp=R, Il Rp /! RC

Design the summing amplifier for v, =2v,; =10v,, +3v,; —v,,

Use 500k for the largest resistor value. Design the circuit such that the input impedance

seen by each source is the largest value possible. [13 marks]

R! R}'-'
vy —AAAN M

Rz Uy
Uiz A =
Y3 T
vz — AW &

R.J'L

Via — NVWN— gﬁ
c

-END OF QUESTION PAPER-
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APPENDIX:

A) BASIC FORMULA FOR TRANSISTOR

BJT MOSFET
ic = Ige™"" ;NPN ‘N — MOSFET
i = [SevEB/VT PNP Vs (Sat) =V — VTN
i =K,[ves — VTN]2
l.C:.ﬂlB.:alE K:ILInC()xW:k_’;.K
lE = lB +lC n —2L 2 L
o= e
pi P —-MOSFET
. Ve (sat) = vy + 7V,
;Small signal . 2
ﬂ =g 7 Ip = Kp[vSG + VTP]
_1eo g HCH Kk, W
En Vr g 2L 2 L
.= PV _
S ;Small signal
I/O:L gm:2 K?IDQ
ICQ 1
r=—
V., =26 mV ﬂDQ
B) HYBRID-m_EQUIVALENT CIRCUITS
41; G D
& O@ = +c — i
+ !d
&mVa ro Ve Ves & Vs o Vs
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