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EEEB273 Semester 2, 2012/2013 Test 2

Question 1  [30 marks]

The bias voltages in the differential amplifier shown in Figure 1 are V'=3 V and V' = -3 V. The
transistor parameters are K,1 = K,z = 100 pA/VZ, K,3= Kuq= 200 pA/VZ, A1 = 4= 0, 3= 4= 0.01
V™ and Vyy= 0.3 V for all transistors.

a) Design the circuit such that Vpsi = Vpsa= 3.8 V and Ip; = Ip; = 60 A when vi=v,=-1.2V.
[20 marks]

b) Calculate the change in Iy if vi=v,=+0.8 V.
[10 marks]
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Test 2

Answers for Question 1

(a)

(b)

Rp =(V"-Vo)/Ip

It =Ku(Vesi- Viv)’
60p = (100p)(Vgs: - 0.3)°
Ves1i =1.075V

Vor =Vi-Vgsi+ Vpsi
=(-1.2) -1.075 + 3.8 =1.525V
Rp =(3-1.525)/60p =24.583 kQ

R, =(V'=Vgs3- V) /I
L =l
=Ip1+Ip» =60pn+60u=120pA
I = K3 (Vgss— Vin)’
1200 = (200w (Vsi - 0.3)*
Vess =1.075V
R, = (3-1.075-(-3)) / 120p = 41.041 kQ

Output resistance of the current source,

Ro =ros =1/(A441p)

=1/(0.01 x 120 p) = 833.333 kQ
Ro =AVpss/ Al
AVpss = AV =Av;=08-(-1.2) =2V
Aly =AVpss/Ro

=2/[1/(0.01 x 120 )]

=2x (0.01 x 120 ) =24 pA
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(1]
(1]
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(1]
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Question 2  [30 marks]

The circuit parameters for differential amplifier with active load shown in Figure 2 are V' =5V,
V =-5V, A, =—0.28, and Iop =250 pA. The NMOS transistor parameters are Viy= 0.4V, k’, =
100 pA/V?, (W/L), = 8, and A, = 0.018 V"' The PMOS transistor parameters are Vzp=—0.4 V, k’,
=40 pA/V?, (W/L), =10, and 4,=0.02 V",

a)

b)

d)

Determine the output resistance R, of the differential amplifier. [5 marks]

Calculate the small-signal differential-mode voltage gain A; = v,/vs and CMRR of the
differential amplifier. [8 marks]

Suggest one way to increase the differential-mode voltage gain and show your new circuit
and justify the change(s). [5 marks]

Find the one-sided output voltage (v¢) taken at vp, of the differential amplifier when v; =
(0.10 + 0.05 sin ot) mV and v, = (—0.15 + 0.05 sin ®t) mV. [12 marks]

v

Figure 2
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Test 2

Answers for Question 2

(a)
Ip  =Ip/2=250p/2 =125 pA
ro  =1/(Adp) =1/[(0.018)(125p)] =444.44 kQ
roa  =1/(AIp) =1/[(0.02)(125p)] =400.00 kQ
R,  =ro||res = 444.44K || 400.00 k = 210.52 kQ
(b)
R,  =ro||res =210.52 kQ
gn  =2[Kudpl =2 [k’ 12)(W/L),(Ip/2)]
=2V [(100p /2)(8)(125p)] =(0.4472 mA/V>
As  =gunR, = (0.4472m)(210.52k) =94.144
CMRR = |[Ay / Aew| =94.144/0.28 =336.228
(c)

Increase voltage gain by using cascode active load.
Ag= 8m R,
Previous R, = 1,3 || 704
New circuit R, =r,; || Ry(active load) =7y || gmFoa Yo = Fo2

The new R, is larger than the previous one.

(1]
(1]
(1]
[2]

[0.5]
(2]
(1]
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(1]

(1]

(1]
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v+
T =371 ()
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V-
Answers for Question 2 (Cont.)
(d)

Va =y;-v 1]
= (0.10 +0.05 sin wt) - (—0.15 +0.05 sin ©t) 2]
=0.25 mV (1]
Vem = (V1+v2)/2 (1]
=[(0.10 +0.05 sin wt) + (—0.15 +0.05 sin wt)]/2 2]
= (-0.025 + 0.05 sin wt) mV [1]
Yo = Ad Va + Acm Vem [1]
= (94.144)(0.25mV) + (-0.28)(-0.025 + 0.05 sin ot mV) [2]
=(23.543 - 0.014 sin ot) mV 1]
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Question 3  [40 marks]

V-
Figure 3

Consider the circuit shown in Figure 3, with parameters Ic7 = Ip = 0.2 mA, Icg = 1 mA, and R, =
12 kQ. Study the figure carefully. Note that biasing for amplifiers in the circuit is provided by two-
transistor current mirrors. Assume that f = 100 for all transistors, and the Early voltage for Q5
and Q1;is 100 V.

(a) With small-signal analysis, input resistance (R;) of the Darlington pair can be given by:

R; =16+ 1y (1+5) {Equation 3.1}
Show that R; can also be calculated using the following equation: [10 marks]
2(1+
R = % {Equation 3.2}
IQ
(b) Calculate the input resistance (R;) of the Darlington pair. [6 marks]
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(©)

(d)

(e)

With the small-signal analysis also, voltage gain (A,) of the Darlington pair can be found
using:

B+ B)R,,

=L TP {Equation 3.3}
A R

1
where Rj7 is the parallel combination of the resistance looking into collector of Q11

(denoted as R, 1) and the resistance looking into base of (g (denoted as Rjg). Show that the
voltage gain A, can also be calculated using the following equation:

[4 marks]
I, Eauati
A =|—|R {Equation 3.4}
L7
2V,
Calculate the voltage gain (A,) of the Darlington pair. [10 marks]

Output resistance (Rg) of the Emitter follower in the Figure 3 can be calculated using:

R =R, retZ {Equation 3.5}
1+
where Z = RC7HRC11

Calculate the output resistance (Rp) of the Emitter follower. [10 marks]
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Test 2

Answers for Question 3

a)

b)

¢)

d)

Ri :r7[6+r7[7(1+ﬂ)

r” = = = —_—=
‘ ICG ﬁIE6 IB7 IC7 IQ
r7=ﬁVT _bBV;
S S
Ri — (1+IB)IBVT +:BVT (1+,B)= 2(1+IB):BVT

IQ 0 IQ
2 =21+ BBV,
1 IQ
R = 2(1+100)(100)(26m) 5 626 MO

0.2m

4 BUPR, _ BU+PIR, 1

0
TR BB, v,
IQ
A, =217QRL7
T
Ry; =R IRy
R, =r =Y =VA“ = 100 =500kQ

cll oll —

I, 1, 02m

Ry=r,+(1+ /)R, = '[;)VT +(1+ /)R,
C8

100(26m)
RbS =0
Im

R,, =500kQ11.2146 MQ =354.19 kQ

A = 0.2m
2(26m)

+(1+100)(12k) = 1.2146 MQ

(354.19k) =1362.28

Ro =Ry ll{[rzs + (Re7 | Ret) VIA+H 1}
Tr8 = Vr/lIcs = (100)(0.026)/(1m) =2.6 kQ
Rc7 =ry7 = VA7/IL-7 = VA7 /IQ =100/0.2m = 500 kQ
ch =ro11 = VAII /IL-7 = VA11 /IQ =100/0.2m = 500 kQ
-2 Rp =(12K) Il {[2.6k + (500K Il 500Kk)]/[(1+100)]}

= (12Kk) Il (2.50k) = 2.069 kQ2

_BVe _ BV (1+8) _V,(1+8) _V,(1+B) B _(1+p)BY,

[2]
[4]

[2]
[2]

[2]

[4]

[2,2]

(1]
[2]
[2]

[2]
(1]
[1]
[1]

[2]
[2]
[2]
[2]

[2]
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Appendix: BASIC FORMULA

BJT

. v !Vr .
i =1ge™ " ;npn

. TYAT
i =1,e™ " ;pnp

=:BiB
i, =iy +i,
__B

p+1
;Small signal
B=38,n
LBV

I,
)
ro=—%

I

MOSFET

; N —MOSFET

Vps(sat) =v o — Vo,

ip =K, [vgs _VTN]2

K kW
2 L
; P—MOSFET

Vep(sat) =ve. +V,,

i,=K [vSG +V, I

K =—»."
"2 L

;Small signal

g, =2K, (VGSQ _VTN): 2\/ KnIDQ

L
Ay

I

5
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