Name: Dr JBO
Student ID Number: Model answer
EEEB2014/EEEB273 - Quiz 1 Section:  02/02A/02B

SEMESTER 1, ACADEMIC YEAR 2019/2020 Lecturer: Dr. Jamaludin Bin Omar
Date: 12 June 2019 Time: 15 minutes

uestion:

Refer to a three-transistor current source in Figure 1. All transistors are matched.
The circuit parameters are: V=8 Vand V" =-8 V.
The transistor parameters are: =150, Vze(on) =0.6 V, and V;, =120 V.

(a) Design a three-transistor current source using all parameters given above so that Iz, = 5.6 pA.
[8 marks]
(b) Calculate the output resistance (Ry) of the three-transistor current source. [2 marks]

Show clearly all calculations as marks are given according to this.

Answer: i = ISevBE/VT :npn
A i =1 pnp
: l" | I =iy = fiy
2=l . . .
fRul:lgkl ' g =1l tic
] I: _p
Iy l Igy + l p+1
Vees| | I
A S+ o Ny ;Small signal
Bl 2
Ve ﬂ =g.7,
V- N
(a) Design PV
Io =l =p1Ip [1] = 7
= (50) (5.6 nA) [0.5] co
=0.28 mA [0.5] %
r=—=4
Insr = Io [1+2/p(1 + p)] 2] leg
= (0.28m)[1 + 2/(50x51)] [0.5]
= 0.2802 mA [0.5]
V, =26 mV
R, =V -2Vee- V") Irer 2]
— (8—2x0.6—(-8))/ (0.2802m)  [0.5]
=52.8194 kQ [0.5]
(b) Calculate Ry
Ro =roo =V4llo 1]
= (120 V) / (0.28 mA) [0.5]
= 428.57 kQ [0.5]

Prepared by: Dr Jamaludin Bin Omar Page 1



Name: Dr JBO
Student ID Number: Model answer
EEEB2014/EEEB273 - Quiz 1 Section:  02/02A/02B

SEMESTER 1, ACADEMIC YEAR 2019/2020 Lecturer: Dr. Jamaludin Bin Omar
Date: 12 June 2019  Time: 15 minutes ,

uestion:

Refer to a three-transistor current source in Figure 1. All transistors are matched.
The circuit parameters are: V=8 Vand V" =-8 V.
The transistor parameters are: =40, Vge(on)=0.6 V, and V, =130 V.

(c) Design a three-transistor current source using all parameters given above so that Iz, = 5.4 pA.
[8 marks]
(d) Calculate the output resistance (Ro) of the three-transistor current source. [2 marks]

Show clearly all calculations as marks are given according to this.

Answer: i = ISevBE/VT :npn
A i =1 pnp
: l" | I =iy = fiy
c2=1g . . .
fRul:lgkl ' g =1l tic
] I: _p
Iy l Igy + l p+1
Vees| | I
A S+ o Ny ;Small signal
Bl 2
Ve ﬂ =g.7,
V- N
(a) Design PV
Io =l =p1Ip [1] = 7
= (40) (5.4 pA) [0.5] co
=0.216 mA [0.5] v,
r,=—=
Insr = Io [1+2/p(1 + p)] 2] leg
= (0.216m)[1 + 2/(40x41)] [0.5]
=0.2162 mA [0.5]
V, =26 mV
R, =V -2Vee- V") Irer 2]
—(8-2x0.6—(-8))/ (0.2162m)  [0.5]
= 68.4551 kQ [0.5]
(b) Calculate Ry
Ro =roo =V4llo 1]
= (130 V) / (0.2162 mA) [0.5]
= 601.29 kQ [0.5]
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uestion:

Refer to a three-transistor current source in Figure 1. All transistors are matched.
The circuit parameters are: V=85V and ¥~ =-8.5 V.
The transistor parameters are: =50, Vge(on) =0.6 V, and ¥, =130 V.

(e) Design a three-transistor current source using all parameters given above so that Iz, = 5.8 pA.
[8 marks]
(f) Calculate the output resistance (Ry) of the three-transistor current source. [2 marks]

Show clearly all calculations as marks are given according to this.

Answer: i = ISevBE/VT :npn
e i =1 pnp
: l" | I =iy = fiy
2=l . . .
IRL‘:I’\lgRI | Iy =1y +lC
"_._—L/\Q.% o= Ll
Iy l gy + p+
\l Vﬁ-’f l] E3 l/
QJ,{ — |\S2 ; Small signal
Ve ﬂ =g.7,
V- N
(a) Design . PV
Io =l =p1Ip [1] L
= (50) (5.8 nA) [0.5] co
=029 mA [0.5] v,
r,=—=
Tner =Io [1+2/6(1 + p)] 2] leo
= (0.29m)[1 + 2/(50x51)] [0.5]
=0.2902 mA [0.5] b sy
r=<0m
R, =V -2Vee- V") Irer 2]
= (8.5 — 2x0.6 — (-8.5)) / (0.2902 m) [0.5]
= 54.4452 kQ [0.5]
(b) Calculate Ry
Ro =roo =V4llo 1]
= (130 V) / (0.29 mA) [0.5]
= 44827 kQ [0.5]
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uestion:

Refer to a three-transistor current source in Figure 1. All transistors are matched.
The circuit parameters are: V=85V and " =-8.5 V.
The transistor parameters are: =40, Vge(on) =0.6 V, and ¥V, =120 V.

(9) Design a three-transistor current source using all parameters given above so that Iz, = 5.2 pA.
[8 marks]
(h) Calculate the output resistance (Ry) of the three-transistor current source. [2 marks]

Show clearly all calculations as marks are given according to this.

Answer: i = ISevBE/VT :npn
A i =1 pnp
: l" | I =iy = fiy
2=l . . .
IRL‘:I’\lgRI | Iy =1y +lC
"_._—L/\Q.% o= Ll
Iy l gy + p+
\l Vﬁ-’f l] E3 l/
QJ,{ — |\S2 ; Small signal
VsE ﬂ =g.7,
V- N
(a) Design . PV
Io =l =p1Ip [1] L
=(40) (5.2 pA) [0.5] co
= 0.208 mA [0.5] v,
r,=—=
Tner =Io [1+2/6(1 + p)] 2] leo
= (0.208m)[1 + 2/(40x41)] [0.5]
=0.2082 mA [0.5] oy
V,=26m
R, =V -2Vee- V") Irer 2]
= (8.5 — 2x0.6 — (-8.5)) / (0.2082 m) [0.5]
= 75.888 kQ [0.5]
(b) Calculate Ry
Ro =ro2 =V4llo [1]
= (120 V) / (0.2082 mA) [0.5]
=576.368 kQ [0.5]
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