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EEEB273 Semester 2, 2013/2014 Test 2

Question1  [50 marks]

A MOSFET differential amplifier in Figure 1(a) is to be redesigned to use a P-MOSFET cascode
current source, as shown in Figure 1(b), as an active load to replace the drain resistances (Rp).
The supply voltages for the overall circuit are ¥ =10 V and ¥~ = -10 V. Bias current for the
differential amplifier is Ip = 0.3 mA. The transistor parameters for the MOSFET differential
amplifier pair are k’, = 80 pnA/V2, 4, =0.015 V' and Vzy=1 V. For all P-MOSFET transistors in
the active load, i.e. My to Myq, assume K, = 0.1 mA/V>, 4,=0.02 V"' and Vzp=-1V.

0] Design the differential amplifier to achieve a differential-mode voltage gain of 4, = 400,
where its output vo is a one-sided output. Show clearly all your calculations. State
clearly all your assumptions, if any. Hints: You need to calculate the value of R also.

[40 marks]

(i) Calculate output vg if v, =+0.51 mV and v; = -0.23 mV.

[10 marks]

Figure 1(b)

Vv
Figure 1(a)
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Test 2

Answers for Question 1

(Z)Ad = ng (roz RO)
v, = L = L =444 4kQ)
 lo 0.015(0.15m)
"2

Ry = g1alo1aloia

82 = 2\/ Kp121D12 = Zﬂ(o.lm)% =0.2449mAlV

Vogp =Toys = 11 = 10 3 = 333.33k2
3,0 007"

R, = (0.2449m)(333.33k)(333.33k) = 27.211MQ

Solutionl: R, >>r,, = roZHRO =

02

Ay =8,2(1,5|Ry) Z g ata
g, =A,1r,=400/444.4k =0.9mAlV

8 m2 =2 K, 1, = \/

0.9m =2 82“ wiL), ?

wiL), 79

wiL), = _09m] _ 33.75
(80)(0.3m)

wiL),=wIL), =33.75

Solution2: r,,|R, = 444.4k|27.211M = 437.26k |3

Ad:gmz(roz RO) 3
82 = A4 1(r,,||Ry) = 400/ 437.26k = 0.9147mA | V[
k' 1
82 =2\ K 51 p, :2\/ n(W/L)z_Q 3
2 2
09147m = 2|24 oy 1), &3m :
2 2
2
wiL), = (0.9147m)" _ 34.86 ’
(8044)(0.3m)

wiL),=wIL), =34.86
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Answers for Question 1 (Cont.)

(i7)

v, =v, —v, =0.51m—(-0.23m) =0.74mV 3,2
A, =v, v,

v, = A,v, =400(0.74m) = 296mV’ 3,2
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Question2  [50 marks]

(a) For the circuit shown in Figure 2(a), the transistor parameters are =100 and V4= o. The bias
currents in the transistors are indicated on the figure. Determine the output resistance R of the
output stage. Show clearly all your calculations.

[20 marks]

II:_.} —
LA mA

L

Figure 2(a)
Answers for Question 2(a)
R, =5k IntZ 3
1+ 4

Z =50k||R,, 3
Rey=r,,=V 1., =0/(0.5m)=0 S
Z =50k|o0 =50k 2
ry = BV, 11, =100(.026)/(lm) = 2.6k 4
R, =5k|2K 9% _ 6 470100

1+100 3

Page 5



EEEB273 Semester 2, 2013/2014 Test 2

(b) Study Figure 2(b) carefully. The transistor parameters are: f = 180, Vze(on) = 0.7 V, and
Vce(sat) = 0.4 V. Design the output stage amplifier for maximum output swing and then
calculate its power conversion efficiency, #. Show clearly all your calculations.

[30 marks]

1_r-|- =1“ |||._.-

E'l|| LII'|

I
!|1§ i N

:‘EJ’
[, % .
l o Ry =5 ki
) —

(5 ()2

!

Vo==-10V

Figure 2(b)

Answers for Question 2(b)
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Answers for Question 2(b) (Cont.)

v, (Min)=V"+V,, (sat) = —10+ 0.4 =—9.6V 3
1, =li, (min)| = o (i) _96_ 1 9oma °
| R, | 5k
_ R e 3
L=1,= 8—V,:(on)=V
R
_ — (- 3
r=8207-C10) 410
1.92m
P 3
n=—
PS
P, = (L/2)(i, (max))* R, ’
P, = (1/2)(1.92m)? (5k) =9.216mW 3
Solutionl .
_ 3
Po=1,(V" =V )+1,8-V")
P, = (1.92m)(20) + (1.92m)(18) = 72.96mW 3
9.216mW
== - 0.1263@12.63%
7= 72.96mw @12.63% 3
Solution? :
P_S = IQ V=) °
P, = (1.92m)(20) = 38.4mW 3
9.216mW
== = 0.24@ 24%
7= 38 4mw @24% 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=8ul:
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
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