Name: Dr JBO - Model Answer
Student ID Number:
EEEB273 - Quiz4  [Question Set 1] Section: 01A701B

SEMESTER 1, ACADEMIC YEAR 2010/2011 Lecturer: Dr. Jamaludin Bin Omar
Date: 1 September 2010

Question:

The differential amplifier with an active load shown in Figure 1 is biased with a constant current
source of 0.15 mA. Power supplies for V* and V— are +10 V and -10 V, respectively. Transistor
parameters are =100 V and V4 =120 V.

(a) Determine I such that the dc currents in the differential amplifier are balanced.

[4 marks]
(b) Determine the differential-mode voltage gain if a load resistance Ry, = 330 kQ is connected
to the output. [6 marks]
Answer:
(@
1 0 =1 B3+ 1 B4 [1]
=Icsif +Icdf = (cs + Icd)/p [1]
=T pl2 + 1p/2)Ip = 1y/f [1]
Io =(0.15m)/100 = 1.5 pA [1]
(b)
Agq =8gm (roz2llro4ll Ry) g
=(gm)/(1/ro2+ llros+ 1/Ry) [1] '

gn  =Ico/Vr=1y/(2Vp)
= (0.15m)/(2x26m) = 2.885 mA/V  [1]

roo  =Varllcg= 2Vl Iy

=(2x120)/(0.15m) = 1600 kQ [1]
rog =Vaqllco=Q2Vadl Iy Figure 1
= (2x120)/(0.15m) = 1600 kQ [
R; =330 kQ
Agq =8gm (roz2llro4ll Ry)
= (2.885m) (1600k Il 1600k I| 330k) [1]
=673.93 kQ [1]
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Question:

The differential amplifier with an active load shown in Figure 1 is biased with a constant current
source of 0.15 mA. Power supplies for V* and V— are +10 V and -10 V, respectively. Transistor
parameters are f =120 V and V4 =100 V.

(c) Determine I such that the dc currents in the differential amplifier are balanced.

[4 marks]
(d) Determine the differential-mode voltage gain if a load resistance Ry, = 300 kQ is connected
to the output. [6 marks]
Answer:
(@
1 0 =1 B3+ 1 B4 [1]
=Icsif +Icdf = (cs + Icd)/p [1]
=T pl2 + 1p/2)Ip = 1y/f [1]
Io =(0.15m)/120 = 1.25 pA [1]
(b)
Agq =8gm (roz2llro4ll Ry) g
=(gm)/(1/ro2+ llros+ 1/Ry) [1] '

gn  =Ico/Vr=1y/(2Vp)
= (0.15m)/(2x26m) = 2.885 mA/V  [1]

roo  =Varllcg= 2Vl Iy

= (2x100)/(0.15m) = 1333 kQ [1]
rog =Vaqllco=Q2Vadl Iy Figure 1
= (2x100)/(0.15m) = 1333 kQ (1]
R; =300 kQ
Agq =8gm (roz2llro4ll Ry)
= (2.885m) (1333k Il 1333k | 300k) [1]
=596.82 kQ [1]
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Question:

The differential amplifier with an active load shown in Figure 1 is biased with a constant current
source of 0.18 mA. Power supplies for V* and V" are +10 V and -10 V, respectively. Transistor
parameters are =100 V and V4 =150 V.

(e) Determine I such that the dc currents in the differential amplifier are balanced.

[4 marks]
(f) Determine the differential-mode voltage gain if a load resistance Ry, = 250 kQ is connected
to the output. [6 marks]
Answer:
(@
1 0 =1 B3+ 1 B4 [1]
=Icsif +Icdf = Ucs + Icd)/p [1]
=T pl2 + 1p/2)Ip = 1y/f [1]
Io =(0.18m)/100 = 1.8 pA [1]
(b)
Aq =gm (rozllro4|l Ry) "
=(gm)/(1/ro2+ l/lros+ 1/Ry) [1] &

gn  =Ico! Vr=Iy/ 2V
= (0.18m)/(2x26m) = 3.462 mA/V  [1]

roo  =Varllcg=Q2Va)l Iy

= (2x150)/(0.18m) = 1667 kQ [1]
ros  =Vas/leg=Q2Val I Figure 1
= (2x150)/(0.18m) = 1667 kQ (1]
R;, =250 kQ
Agq =8m (roz2llro4ll Ry)
= (3.462m) (1667k Il 1667k Il 250k) [1]
= 665.68 kQ2 [1]
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Question:

The differential amplifier with an active load shown in Figure 1 is biased with a constant current
source of 0.18 mA. Power supplies for V* and V" are +10 V and -10 V, respectively. Transistor
parameters are f =120 V and V4o =150 V.

(g) Determine I such that the dc currents in the differential amplifier are balanced.

[4 marks]
(h) Determine the differential-mode voltage gain if a load resistance Ry, = 470 kQ is connected
to the output. [6 marks]
Answer:

(a)

Io =1Ip3 +Ipy4 [1]
=1cs/f + Icdf = Ucs + Ics)Ip [1]
= (/2 +1p/2)If = Ig/f [1]

Ip =(0.18m)/120 = 1.5 A [1]

(b)

Aq =8m (ro2llrosll Ry) vy
=(gm)/(1/roz+ 1/ro4+ 1/Ry) [1]

8m :ICQ/VT:IQ/(ZVT)

= (0.18m)/(2x26m) = 3.462 mA/V  [1]

roz =Vaz /ICQ =Q2Va)/ IQ

= (2x150)/(0.18m) = 1667 kQ (1]
Figure 1
ros =Vasllcg=Q2Vadl I —auE S
= (2x150)/(0.18m) = 1667 kQ [1]
R; =470 kQ
Agq =gm (roz2llro4ll Rr)
= (3.462m) (1667k Il 1667k || 470k) [1]
=1040.23 kQ [1]
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