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EEEB273 — Test 1 Semester 1, 2017/2018

QUESTION 1 [35 marks]

(a) Draw the BJT three-transistor and Wilson current sources with clear details of the

transistors Q1, Q2 and Qs placements. [12 marks]
(b) What are the applications of the BJT three-transistor and Wilson current sources?
[3 marks]
(c) Figure 1 shows a Widlar current source. Derive an equation that gives the relationship
between the reference current, Irer, and the load current, lo. [10 marks]
(d) Consider a Widlar current source with circuit parameters of V' =3V, V' = -3V, Vggi(on) =
0.6 V, and Va = o0. Design the circuit such that 1o = 20 pA and Iger = 100 pA. Neglect the

base currents. [10 marks]

Answers for Question 1

V-

Figure 1
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Answers for Question 1 (Continued)
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QUESTION 2 [20 marks]

For a MOSFET current source shown in Figure 2 the circuit parameters are: V' =3V and V™ =
—3 V. Transistor parameters for N-MOSFET are: Vn = 0.5 V, %pnCox = 50 gA/NV? and A, = 0.02
V! and the transistor parameters for P-MOSFET are: Virp = -0.55 V, %u,Cox = 20 A/NV? and A, =
0.03 V! . The transistor aspect ratios are: (W/L); = 20, (W/L), = 35, (W/L)s = 5 and (W/L), = 10.

(@) Find lo, Irer and the Vs voltages for all transistors if the minimum voltage at the drain of

transistor My, i.e. Vpy is -2.1V. [12 marks]
(b) Calculate the change in the output current, dl, if Vp, varies from -1.6V to 0.4V.
[5 marks]
(c) From the answer calculated in (b) find the output current, I, in this condition when Vp;
varies from -1.6V to 0.4V. [3 marks]

Answers for Question 2

VIi=4+3V

Figure 2
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Answers for Question 2 (Continued)
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QUESTION 3 [25 marks]

The BJT differential amplifier in Figure 3 is biased by a Cascode current source. Let the biasing

current, lg, from the current source is 0.5 mA. The transistor parameters for the circuit shown are g
= 180, Vge(on) = 0.7, and Va = o for Q; and Q.. The differential-mode voltage gain, Aq, is 223

while the common-mode voltage gain Acm, is -10.

(a) Redraw the circuit incorporating the Cascode current source. [5 marks]
(b) Design the differential amplifier such that vy, = 0.4 V for vy = v, = 0. [6 marks]
(c) Calculate the differential-mode input voltage, vg. [4 marks]
(d) Calculate the common-mode input voltage, Vem. [4 marks]

(e) Calculate the output voltage, v,, due to v = 250 sin ot pV and v, = 150 sin ot pV.
[6 marks]

Answers for Question 3

R(g §R(

Vo2

vy 0, 0> )

Figure 3
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Answers for Question 3 (Continued)
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QUESTION 4 [20 marks]

For a BJT differential amplifier in Figure 4 (a) we can use Figure 4 (b) to perform the small-

signal circuit analysis.

u—o'q_i

Figure 4 (a) Figure 4 (b)

With small-signal circuit analysis, we can derive that one-sided output voltage (V,) taken at

V.2 is given by the following equation:

v,= ey - Re v,
2(r. +R;) r.+R, +2(1+ B)R,

where Vy is differential-mode input voltage, V¢ is common-mode input voltage, Rg is output
resistance for input signals Vp; and Vp,, and R, is output resistance looking into the constant-

current source that is biasing the diff-amp.

Consider the circuit in the Figure 4 (a) with parameters V" =10V, V 7 = -10V, lo = 0.8 mA,
and R¢ = 12 kQ. Transistor parameters are # = 100 and Va = c. Assume R, = 25 kQ and Rg =
0.

Calculate differential-mode gain (Ag), common-mode gain (Acm), and the common-mode
rejection ratio (CMRR) of the diff-amp. [20 marks]
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Answers for Question 4
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BASIC FORMULA FOR TRANSISTOR

BJT MOSFET

iC — |SeVBE/VT;npn ,N—MOSFET
Vps (Sat) = Vgs —Viy
Iy = K, [Vas —Viy ]2

i =1.e"="":pnp

lc =aig = g

i =i+ « kW
T
a:—ﬁ
p+1
‘P~ MOSFET

Vsp(Sat) =Vsg +Vip

;Small signal _ ,
B = g.r Ip = Kkpl[VSG +Vip ]
g, =< Kp:?”%
m VT
r, :'IBV ! ;Small signal

VCQ 0, = 2\/K,lpo ;N-MOSFET
r,=—" .
° " leg g, =2K,lp ;P-MOSFET
V., =26 mV ra_t

° " Mg,

Quadratic formula :

. _—B+B’—4AC
2A

AX°+Bx+C=0 —
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