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Question1  [35 marks]

Figure 1 shows a two-transistor MOS current mirror. The transistor parameters are assumed to be
Vip=-04V, k’, = 60 4#A/V?, and A = 0. The transistor width-to-length ratios are (W/L); = 25,
(W/L), =15, and (W/L); =5.

(@) Calculate Iy, Irer, Vsci, and Ves. [20 marks]
(b) Design the circuit such that Ip = 80 pA, Irer= 220 pA, and

Vspa(sat) = 0.35 V. [15 marks]
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Figure 1
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Answers for Question 1

Answers to Q1

(a) Calculate 1o, Irer, Vser, and Vsgs. [20 marks]
feer = (2) (%), User +Ve)* = (%) (£). Wsea + Vi)?. 1) 5]
Vegs =3 —Vogy ... (2) [2]
V25(Vesy —0.4) = V5(3 — Vg — 0.4) [5]
326V, = 34944 -V, = 1.08 Vand V5 = 1.92V [4]

Substituting the values,

Iogr = (f} (25)(1.08— 0.4)% = 0.347 mA[2]

I, = (3) (15)(1.08 - 0.4)* = 0.208 m4[2]

(b) Design the circuit such that Ip = 80 uA, Irgr=220 uA, and
Vspz(sat) = 0.35 V. [15 marks]
V., (sat) =035= 1, +V,,—04 =1, =075V [3]

Iegr = 220u= (2) (1—"’]1 (0.75 — 0.4)* — (”L—"’}i =599 [3]
I, = 8ou=(2) 11—"’] (0.75 — 0.4)2 = (”L—"’) =213 [3]
Vee: =3 — 0.75 = 2.25 V [3]

220 = (2] (1—"’]3 (225 -0.4)% > (”L—"’jg =214 [3]
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Question 2 [25 marks]

Figure 2 shows a differential amplifier has a pair of pnp bipolar as input devices and a pair of npn
bipolar connected as an active load. The circuit has Ip = 0.2 mA bias current and the transistor
parameters are £=100 and V,=100 V.

(a) Calculate I such that the dc currents in the diff-amp are balanced. [6 marks]

(b) Determine the open-circuit differential-mode voltage gain, A,. [12 marks]

(c) Find the differential-mode voltage gain if a load resistance R, = 250 kQ

is connected to the output. [7 marks]

V+
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Figure 2
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EEEB273 Semester 3, 2013/2014 Test 1
Answers for Question 2
(a) Calculate I such that the dc currents in the diff-amp are balanced. [6 marks]

Iy = Iy + Iys [3]

Ip 02
F] 2 _km o 2

Iy g 100 pA[3]

(b) Determine the open-circuit differential-mode voltage gain, Ag. [12 marks]
_ _ Vg _ 100 _ ]
Tpy = Ty = g~ aim 1000kC [4]
g =50 - 0Im _ 3846 ma/v[4]
m Vr 0.026 ’

Ay = g, (Tosllrhs) = (3.846m) (1000k||1000k) = 1923 [4]
(c) Find the differential-mode voltage gain if a load resistance R; = 250 kQ

is connected to the output. [7 marks]

Ay = Om (Toz ||To4||RL-j [3]
Ay = (3.046m)(1000k||1000k||250k) = G641 [4]
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Question3  [20 marks]
The circuit parameters for the emitter follower circuit in Figure 3is V' =5V, V' =-5V,and R, =
1 kQ. The transistor parameters are Vgg(on) = 0.6 V, Vcg(sat) = 0.3 V, and ¥V, = . Neglect base

currents. The output voltage is varying from -4.5 V to +4.5 V.

V+
9
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!

Figure 3

€)] Find the required Iy and the value of R. [6 marks]

(b) For vo = 0 V, find the power dissipated in the transistor @, and the power dissipated in the

current source (Q, Qs and R). [9 marks]

(© Determine the conversion efficiency for a symmetric sine-wave output voltage with peak
value of 8 V. [5 marks]
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Answers for Question 3

i) Find the minimum required lg and the value of R.

lomin = |most negative I, | = [vomin/R|
= [-4.5V/1kQ| = 4.5 mA

R =(V"- Vaesen- V) / lo
=(5- 0.6 - (-5))/4.5m = 2.09 kQ

[2]
[1]

[2]
[1]

[6 marks]

if) For v, =0, find the power dissipated in the transistor Qi, and the power dissipated in the

current source (Q2, Qs and R).

Por = (lc1)(Vee)
(Io)(Ver-Ver) = (4.5m)(5-0) = 22.5 mW

(lc2)(Vee2)
= (Io)(Vco-Ve2) = (4.5m)(0--5) = 22.5 mW

PQ2

Pos = (lc3)(Vces)
= (Io)(VBeon) = (4.5m)(0.6) = 2.7 mW

Presistor = (I)Z(R)
= (4.5m)*(2.09k) = 42.3 mW

[1]
[1]

[1]
[1]

[1]
[1]

[1]
[2]

[9 marks]

iii) Determine the conversion efficiency for a symmetric sine-wave output voltage with peak

value of 8V.
P.  =05(Vp)Y/RL

= 0.5(4.5)%(1k) = 10.125 mW
Ps  =(V-(V))(2lg)

= (10)(2x4.5m) = 90 mW
Power conversion efficiency = P./Ps x 100%
Efficiency = 10.125m/90mx100% = 11.25%

[1]
[1]
[1]
[1]

[1]

[5 marks]
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Question4  [20 marks]

For the circuit in Figure 4, the transistor parameters are # =100 and ¥, = c. The dc bias currents
are as indicated in the figure.
(a) Determine the input resistance R;. [12 marks]

(b) Determine the output resistance R,. [8 marks]

T

Figure 4
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Answers for Question 4

lex = lea / (14B) = 0.5m/(101) = 4.95uA [2]
rml = BVr / ler = (100)(0.026)/4.95u = 530.5kQ 2]

leo = |Q + lgz3 =0.5m + |03/B =0.5m+0.01m = 0.51mA [2]
M2 = BV / Ie = (100)(0.026)/0.51m) = 5.098kQ 3]

Ri = rnl + (1+p)rm2 = 530.5k +(101)(5.2K) = 1.056MQ  [3]

m3 = BVr/ Ics = (100)(0.026)/(1m) = 2.6kQ [2]
ro2 = o

Re3 = rn3 + 50k//ro2 = rm3 + 50k = 52.6kQ [3]
Ro = 5k // [Re3/(1+pB)] = 472Q [3]
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Appendix: BASIC FORMULA

BJT

i =1I.e"""";npn

; :] evEB/VT;pnp

_alE ﬂlB
lE =lB+lC
a:—ﬂ

£+1
;Small signal
B =g,
V.
.z
Loy
)
m VT
v
ro=—4
lep

MOSFET

‘N - MOSFET
Vps(Sat) = v — Vi

ip =K, [VGS - VTN]2

_k W
T2 L
P~ MOSFET

vep(Sat) = v + V7
Ip = Kp Vs + VTP]Z

kW
P2 L
; Small signal
g, =2K, (VGSQ - VTN): 2'\/KHIDQ
1
v =
Al

Page 10



