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Given, 10V

8kΩ

o F

T A

= =100
V 26mV, V 100V
β β

= =

1.

X
∞

Y
∞ T A

BE

,
V 0.7V=

(a)Determine the dc voltages at the 3
i l f h BJT (V V V )

I=1mA

Z10kΩ

X ∞ terminals of the BJT (VB, VC, VE).
(b) Determine gm, rπ and ro ?
(c) Determine the voltage gain (vY / vs)of
this amplifier circuit if a signal source withthis amplifier circuit if a signal source with
a voltage vs and a 2 kΩ internal resistor is
connected to X and an 8 kΩ load resistor
is connected to Y Z is connected to

a) dc voltage at B, E and C.

ECE E
I II 1mA I 0 99mAFβα== = = is connected to Y. Z is connected to

ground.
(d) If the ro is neglected, calculate the
percentage of error in your calculation of

ECE E1
I 0.99mA

Fβ +
= =

CI 0.99mAB
100

I 9.9 A
β

μ= = =
p g y
the voltage gain.

B

C C C
0-V BB

V 10 I R 10 0.99mA(8k) 2.08V
V 9.9 A(10k) 0.099VI μ

= − = − =

∴ =− =−=

2

BB 10k

BE B E E

I

V V V 0.7V V 0.099 0.7 0.799V= − = ∴ =− − =−



b) Given:
100β βo F

T
A

= =100
V 26mV
V 100V

β β
=
=A

Calculated:
EC E1

I I I 0.99mAF

F

β
β

α
+

= = =

C

T

I 0.99m Am VV 26m
100

g 0.0381

β

= = =

o

m

A

C

100
g 0.0381
V 100

o I 0 99m

r 2624.6719

r 101010.101

β
π = = = Ω

= = = Ω
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CI 0.99m



B C2kΩ Y

rο
rπ vi

g vm i
vs vy

+ +

− 8kΩ

10kΩ

8kΩ

10V

8kΩ

E

− −
8kΩ 8kΩ

X
∞

Y
∞

I=1mA

Z10kΩ

X ∞

c) Y m i o

s s

s
m o

v g v r //8k //8k
v v v

(r //10k)vg (r // 4k)
2k+ //10k

a

π

= =−
C

T

I 0.99m Am VV 26m
g 0.0381= = =

s

g ( )
2k+r //10k

v
2079.0021 3847.6337
4079 0021

0.0381

π

⎡ ⎤
⎢ ⎥⎣ ⎦

=−

=−

T

o

m

A

100
g 0.0381
V 100

o

r 2624.6719

r 101010.101

β
π = = = Ω

= = = Ω

4

4079.0021
74.717

⎣ ⎦
=− C

o I 0.99m
r 101010.101Ω



d) If ro is neglected, vA 0.0381(0.5097)4 77.6783k=− =−d) If ro is neglected, 

Hence, the percentage of error 

vA 0.0381(0.5097)4 77.6783k

77.6783 74.717
74.717

100%

3 96%

−= ×

3.96%≈

B C2kΩ Y

rο
rπ vi

g vm i
vs vy

+ +

− 8kΩ

10kΩ

8kΩ

E

− − −
8kΩ 8kΩ
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2. Determine the signal voltage at the B. The signal source gives 
a voltage of 10mV rms and has a resistance of 300Ω.

12V

1kΩ
22kΩ

12V
dc equivalent circuit : 

C3

C1

22kΩ
vout 1kΩ22kΩ

IB

6.8kΩvin
+

− 560Ω
C2

RL
6.8kΩ

560Ω

VBE IE

560Ω

B C300Ω

ac equivalent circuit : 

rο
rπ vbe

g vm be
vo

+

− −1kΩ

22kΩ
vin
+

− RL6.8kΩ

oF
BE T

Given 150; 160;
V 0.7V and V 26mV

 β = β =
= =

6
E



12V

1kΩ
22kΩ C3

C1

22kΩ
vout

V V I R+

6.8kΩvs
+

− 560Ω
C2

RL
Method 1

B BE E E

B B

V V I R
IN(B) I I

R += =

Assume ( )F B E1 I R,BE E E IN(B) I
V I R R β +<< =

560Ω

12V

B
BE E E IN(B) I

Assume 1 R Rβ >> =β

E Bwhere I ( 1)Iβ= +1kΩ22kΩ
R2 Assume F F EIN(B)1,R Rβ >> =β

FSince 150,β =6.8kΩ
560Ω

VBE IE

R1

7

IN(B)R 150(560) 84k= = Ω
560ΩR1
RE

RIN(B)



A common rule-of-thumb is that if two resistors are in parallel and 
one is at least ten times the other, the total resistance is taken toone is at least ten times the other, the total resistance is taken to 
be approximately equal to the smaller value.

IN
6.8k(B) =84kΩ, (12)B 6 8k 22k

Since R V 2.8333V
+

≈ =IN(B)6.8k//R (12)B 6 8k//R 22k
V

+
=

6.8k 22k+

V V V 2 8333 0 7 2 1333V= = =

IN(B)6.8k//R 22k+

(The exact value is 6.8k//84k 6.2907k )= Ω

12VE B BE
2.1333E
560

V V V 2.8333 0.7 2.1333V
I 3.8095V

β
Ω

= − = − =

= =

12V

1kΩ22kΩ
F

F

C

E EC 1
I 3.7843mA A Vm V 26mA

I I I 3.7843mA

g 0.1456

β
β

α
+

= = =

= = =
6 8kΩ

VBE IE

R2

T

o

m

V 26mA
160

g 0.1456
r 1098.9011β
π = = = Ω

6.8kΩ
560ΩR1
RE

RIN(B)
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6.8k (12)B 6.8k 22k
V 2.8333V

+
≈ =

6.8k 22k+

E B BE

E

V V V 2.1333V
I 3.8095V

= − =
=

C
A Vm

I 3.7843mA
g 0.1456
r 1098.9011π

=
=

= Ωπ

B C300 kΩ
1 1 1 1+ +

6.8k//22k // r
be in6.8k//22k // r 300

v vπ

π +
=

rο
rπ

+
vbe

g vm be
vo

+

− 1kΩ

22kΩ
vin
+

− RL6.8kΩ

T
3

R 6.8k 22k 1.0989k
1.1025 10−

+ +=

= ×

THence, R 907.0185= Ω

E

−6.8kΩ

mVrmsbev 7.5145=

THence, R 907.0185Ω

be inv 0.75145v=

9
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Method 2
6.8k (12)THV 2 8333 V= =

12V

(12)TH 6.8k 22k

TH

V 2.8333 V

R 22k//6.8k 5194.4444
+

= = Ω
1kΩ

C3

C1

22kΩ
vout

5

B BE E
B F

2.8333 0.7

2.8333 I (5194.4444)+V +I (560) 0
I (5194.4444+( +1)560)+0.7 2.8333
I 2 3768 10 A

β
−

− + =
=

×
6.8kΩvs

+

− 560Ω
C2

RL

5

5

2.8333 0.7
B 89754.4444

B
E B BE

I 2.3768 10 A

V 2.8333 (5194.4444 2.3768 10 ) 2.7098 V
V V V 2 0098 V

−

−

= = ×

= − × × =
= − =

12V

E
E

E B BE
VE R

EC

V V V 2.0098 V
I 3.5889 mA
I I 3.5651mAα

= =

= =

1kΩ

RTH

CImg =
T

o
m

A
V V

g

0.1371

r 1.1670 kβπ

=

= = Ω 560Ω

VBE
IE

VE
VB

VTH
++

−

+

−

10

be inV 0.7606 V 7.6 mVrms= =
−



Conclusion

Using                            (once it is known that                          )1

1 2

RB CCR R
V V

+
= 1IN(B)R 10 R≥ ×

will result in a         that is very close to the one obtained from Method 2  be
in

v
v
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3. Select a minimum value for the emitter-bypass capacitor if the 
amplifier must operate over a frequency range from 2kHz to 
10kHz10kHz

Solution

The value of the bypass capacitor must be large enough so that its yp p g g
reactance over the frequency sample of the amplifier is very small (ideally 
0Ω) compared to RE. A good rule of thumb is that XC of the bypass capacitor 
should be at least 10 times smaller than RE  at the minimum frequency for 
which the amplifier must operate.

EC R10X ≤

For this circuit ECX R 560 56Ω

12V

1kΩ22kΩFor this circuit, ECX R 560= = =56 Ω
10 10

1C
2 fC

X
π

=

1kΩ

C3
C1

22kΩ

C

1 1
2 fX 2 (2k)56

C 1.421 F
π π

μ= = =
6.8kΩ

560Ω C2

12

This is the minimum value for the bypass capacitor for 
this circuit. A larger value can be used, although cost and 
physical size usually impose limitations.

RE



At the maximum frequency of 10kHz, 1C
2 (10k)1.421

X 11.2
π μ

= = Ω

At the maximum frequency of 10kHz, XC =11.2Ω and this value is ≤ RE /10 
where RE =560 Ω

If the maximum frequency is used instead to determine C, then
1

2 (10k)56
C 0.2842 F

π
μ= =

2 (10k)56π

At the minimum frequency of 2kHz,
1CX 280= = Ω

2 (2k)0.2842
280

π μ
Ω

10 XC =2800 and this is > RE. Hence, in order to calculate the minimum value 
of the bypass capacitor, the XC must be 10 times smaller than RE at theof the bypass capacitor, the XC must be 10 times smaller than RE at the 
minimum frequency. 

13



4. Calculate the voltage gain with and without the bypass 
capacitor. 12V

a) With capacitor
1kΩ

C1

22kΩ

+

6 8kΩ

C3
1

+

vo300Ω

+

−6.8kΩ 560Ω
C2

vin
+

−

−

B C300 Ω

ac equivalent circuit : 

rο
rπ vbe

g vm be
vo

+

− −

1kΩ22kΩ
vin
+

−

6.8kΩ

14
E



rg v

B C

+1kΩ22kΩ+

300 Ω

6.8kΩ rο
rπ vbe

g vm be
vo

− −

1kΩ22kΩ
vin
+

−

6.8kΩ

Open circuit voltage gain : E

( )m be oo g v r //1kva −= = ( )
in in

v v v
a = =

Assuming ro >>1k, ( )m be

i

g v 1k
v v

a −=
inv

We know 22k//6.8k//rbe
in22k//6.8k//r 300

v vπ

π +
=

0 75145From Question 2 (method 1),                              and hence  r 1098.9011π = Ω be inv 0.75145v=

( )m in

in

g 1k 0.7514v
v v

a −∴ =

15

From Question 2 (method 1),                              A Vmg 0.1456=

va 109.4038∴ =−



If there is no C2
12V

1kΩ22kΩ 1kΩ

C3
C1

22kΩ

+

6.8kΩ 560Ωvin
+

vo300Ω

−

ac equivalent circuit

−

rοrπ vbe

g vm be
B C

+

300Ω

rοπ be
vo

E

−

−

1kΩ

22kΩ
vin
+

− 6.8kΩ
560Ω

16



b) Without bypass capacitor :  

B C300 Ω ib

rοrπ vbe

g vm be

vo

+
− 1kΩvin

+
6 8kΩ

v1
+

E −
22kΩ

in
−

6.8kΩ
560Ω

R'

1

− ve
+

−

If the effect of ro is neglected, the open circuit voltage gain :
v v v= +o

in

v
v v

a =

( )1ko m bev g v=−

e1 be
560mbe b be

1 560mbe be

v v v
v (i g v )

v v ( g )

= +
= + +

= + +( )be

m

mbe be r
11 ( g )560 ber

1

( g )

v
π

π

⎡ ⎤+ +⎢ ⎥⎣ ⎦
⎡ ⎤

=
( )o 0.1456 1kv

⇒
−=

17

11 ( 0.1456)560 be1098.9011

be

v

83.0456v

⎡ ⎤+ +⎢ ⎥⎣ ⎦
=

=

1v 83.0456
1.7532

⇒ =

=−



B C300Ω ib

rπ vbe

g vm be

vo

+
− 1kΩvin

+
6 8kΩ

v1
+

E −
22kΩ

in
−

6.8kΩ
560Ω

R'

1

− ve
+

−

( ) in22k//6.8k//R' v
1 22k//6.8k//R'+300

v =

( )be1

b be

in

83.0456v rv
i v

4914.7v
1 i

R' 91.2589k

v 0.9425v

π= = = Ω

∴ = =

o o 1

in 1 in

1 in5214.7
v v v
v v v

v 0.9425v

1.7532 0.9425 1.6524×

∴

= =− × =−

18

Hence, if there is no C2, the open circuit voltage gain is very much 
reduced.



5. Connect a 5kΩ load to the CE amplifier shown below. Find 
the overall gain.

12V ac equivalent circuit12V

1kΩ22kΩ g vm be

B C

+1kΩ+

300Ω

5kΩ

C3
C1

300Ω 5kΩ

RΤ
vbe

gm be
vo

− −

vin
+

−

6.8kΩ 560Ω
C2

vin
+

−

300Ω 5kΩ

E
0.7514be inv v

a 0 1456(833 3333)(0 7514)
∴ =
∴ =

( )m beo

i i

g v 1k // 5kv
v v v

a −= =

va 0.1456(833.3333)(0.7514)
91.1699

∴ =−
=−

From Question 4, when there is no load,
109 4038∴in inv v

T

T

R
be inR 300

T

v v

R 6 8k//22k//r
+

=

=

va 109.4038∴ =−
Thus, open-circuit voltage gain is the
maximum gain that can be achieved by

lifi

19

TR 6.8k//22k//rπ=

From Question 2, A V,m Tg 0.1456 r 1098.9011 , R 907.0185π= = Ω = Ω

an amplifier.



Conclusion

Connecting a load to the output will reduce the gain. When there 
is no load (i.e. RL=∞), the gain of the amplifier is at its maximum. 
At R th i i id t b th i it lt iAt RL=∞,the gain is said to be the open circuit voltage gain.

20



6. Find Ri, av, ai, and ap. Given βF=βo=175 and assume that the 
capacitances’ reactances are negligible at the frequency of 
operation V =26mV and V =0 7V Neglect roperation. VT=26mV and VBE=0.7V. Neglect ro.

10V

B Cib

ac equivalent circuit

C2

C1
10kΩ

vin
1V rms

rπ vbe
g vm be

io bβ=

B

−
vin
+ 5kΩ

b

10kΩ
1 kΩ 10 kΩ

Ein
− 10k//1k

=909.0909Ω
vo
+

−Ri

Rib

Ri

175
EC 176

I I (4.3m) 4.2756mAα= = = ibR 1064.1781
(176)909 0909

=
+

(1k)FIN(B)R 175kβ= = Ω

b b o bin

176
175

4.2756
v i r +(i + i )909.0909

ib

r (26) 1064.1781

R π

π

β

∴ = = Ω

= =
i

(176)909.0909
161.0642k

R 5k//161.0642k
4 8494k

+
= Ω

=
Ω

2IN(B)
10k (10)B 20k

R 10R

V 5V

≥

∴ = =

21

b b
ib i i

ib

R

R r (1 )909.0909oπ β∴ = + +
4.8494k= Ω20k

E B
4.3

E 1k

V V 0.7 4.3V

I 4.3mA

∴ = − =

= =



b o b(i + i )909.0909β

10V

o

in

v
v v

a =
b o b

b b o b

( )
i r +(i + i )909.0909

(1 )909.0909
r +(1 )909.0909

o

o

π

π

β
β

β
β

+
+

=

=
C

C1
10kΩ

vin

159999.9984
161064.1765
0.9934

=

=10kΩ
1 kΩ

C2

10 kΩ

1V rms

m C

175(26mV)
g I

r oβ
π = =

ac equivalent circuit

Ri

rπ vbe
g vm be

iβ

B Cib

ac equivalent circuit

rπ be io bβ=

E

−
vin
+

−
5kΩ

10k//1k vo
+

22

=909.0909Ω
vo
−Ri



g vm be

B Cib

rπ vbe
be
io bβ=

E

−
vin
+

−
5kΩ

10k//1k v
+

10k//1k
=909.0909Ω

vo
−Ri

i
oa

i
i

=
i

b o

b o b
b

i
i (1+ )

i r +(1+ )i 909.0909 i
5k

π

β
β +

=

b o

b o b
b

5k
i (1+ )

i r +(1+ )i (909.0909) i
5k

π

β
β +

=

176
1064.1781 176(909.0909) 1

5k
176

+ +
=

23

176
33.2128
5.2992

=

=



rπ vbe
g vm be

io bβ=

B C

+

ib

io bβ

E

−
vin
+

−
5kΩ

10k//1k
=909 0909Ω

vo
+

909.0909Ω
−Ri

b oi (1+ )β=ia
1064.1781rπ Ω=

b o b
b

i r +(1+ )i (909.0909) i
5k
176

1064 1781 176(909 0909)

π β +

+

=

=

ia

1064.1781 176(909.0909) 1
5k

176
33.2128

+ +

=
i (1 )β

or

5.2992=

p via a a 5.2992 0.9934 5.2642= = × =

b

in

i

i (1 )
v
R

176

oβ+=ia

24

For a CC configuration, p ia a≈
176

r (1 )909.0909
4.8494k

5.2991

oπ β+ +
=

=



Using Method 2 to determine IC :
10V

10kΩR1
Using KVL at the input loop :

p via a a 5.2992 0.9934 5.2642= = × =

10kΩ 1kΩ

R2

p vi

B E

B B
4 3

a a a 5.2992 0.9934 5.2642
5 I (5k) 0.7 I (1k) 0

I (5k) I (1 )(1k) 4.3β

×
− + + + =

+ + =

10V

4.3
B 181k

BC

I 0.0238mA

I I 4.165mA
1092 437
β

= =

= =
10V

=5kΩ
10k//10k ib

i

r 1092.437
R 1092.437 176(909.0909) 161.0924k
R 5k//161.0924k 4.8495k

π =
= + = Ω

= = Ω

1kΩ
−0.710k

20k
(10)

=5V

176(909.0909)
v 1092.4

a =
37 176(909.0909)

176(4.8495k)
i

0.9932

a 5.2983
+

=

= =

25

i 1092.437 176(909.0909)
a 5.2983

+



7. Given : βF=250, VT=26mV and VBE=0.7V. Find the input 
resistance, short circuit current gain and power gain for the 
amplifier shown belowamplifier shown below.

10 V
B C

ac equivalent circuit

2.2kΩ56kΩ
vo

g vm be
vo

B C

+

56 k //12 kΩ Ω

rπ vbe

+

−
=1 FC3 μ

C1

=1 FC2 μ
o

10kΩ

2.2kΩ
vo

E −10kΩ

v
+

1kΩ

56 k //12 kΩ Ω

12kΩ 1kΩ
1

vin

100 Fμ

vin
−

1kΩ

in

The 56 kΩ//12 kΩ is shorted to ground and can 
be neglected in the small signal model. The 

l i b diffi lt b th t

26

analysis becomes difficult because the current 
source is between the output and the input 
node. Hence, use the T-model.



T-model

g vm e

E C

++ +

ie io′

i1k

ii io

Notice that the 56 kΩ//12 kΩ
are shorted to ground and

re
ve

gm e

vo
B −10kΩ

vin
+

−
1kΩ

+

− 2.2kΩ RL

1k

be

e

v
eie i
1

R r= =
va ov= 10 V

are shorted to ground and
can be neglected in the small
signal model.

R Rβ= o

m
m

C

1
e 1g g

r
I

r

π

α

+
= =

v

( )

in

m e

e

v
g v (2.2k//10k)

v
2 2k//10kg

=

10 V

2.2kΩ56kΩ

F EIN(B)R R
250k

250k >10 12k
12 k

β=

= Ω
×

C

T

I
m V

C
A

g

I 1.0604mA
g 0 0408∴

=

=
=

( )

( )

2.2k//10km

2.2kvo m

g
73.5738

a g

=
=

=
=1 FC3 μ

=1 FC2 μ

56kΩ
vo

10kΩ

( )B
12 kV 10

12 k+56 k
1.7647

V 1 7647 0 7

=

=
Am V

1250
e 0.0408251

g 0.0408

r 24.4122

R 1k//24 4122 23 8304

∴

⎛ ⎞
⎜ ⎟
⎝ ⎠

=

= = Ω

Ω

89.76=
12kΩ 1kΩ

C1
10kΩ

100 Fμ

E

E

V 1.7647 0.7
1.0647

I 1.0647mA

= −
=

=

27

i
ei

R 1k//24.4122 23.8304
R r

= = Ω
≈

vinCI 1.0604mA=



E Cie io′

i

ii io

10 V
re

ve
g vm e

vo
B

+

−10kΩ

vin
+

−
1kΩ

+

− 2.2kΩ RL

i1k

i g v 0 0408

2.2kΩ

=1 FC3 μ
=1 FC2 μ

56kΩ
vo

o
is

i o

o m be

ia = i v =0
i g v∴ =

m e
is

e
e

g v 0.0408
1 1 0.042v

1k r

a

0 9714

⎛ ⎞+⎜ ⎟
⎝ ⎠

∴ = =

= 12kΩ 1kΩ

C1
10kΩ

100 Fμ
KCL at node E :

e e

ei 1k
v v

i i i

i

= +

+

0.9714

Short-circuit current gain of a CB amplifier ≈ 1.

vin

100 Fμ

e e

e
1 1

1k re

i 1k r

ei

i

i v ⎛ ⎞
+⎜ ⎟

⎝ ⎠

= +

=

Short circuit current gain of a CB amplifier  1.
CB is a current buffer.

Open-circuit voltage gain, vo ma g (2.2k) 89.76= =
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p g g

p vo isa a a 89.76(0.9714) 87.1929= = =
Hence, for a CB amplifier, power gain ≈ voltage gain.



8. Given                                              , VGSQ=6.4mV,n ox 3
2

μ C W A
2 L V

k 0.24 10−= = ×

I =2 75mV and r =50kΩ Determine g R with and without rIDQ=2.75mV and rO=50kΩ. Determine gm , Ri with and without rO
(compare the result), and av with and without rO (compare the 
result).

Solution

12V

2kΩ

10MΩ

vo
1μF

m n ox GS t GS t

2 2n ox
D GS t GS t

W ( ) ( )
L

μ C W ( ) ( )
2 L

g C V V 2k V V

I V V k V V

=μ − = −

= − = −

1μF

vi
D GS t GS t

D

3

2 L
2

mgI k
2k

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎝ ⎠

=

3
mg 2.75 m  4  0.24 10  1.6248mS−∴ = × × × =
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12V

G D

+ +

10MΩii2kΩ

vo
g vm gsvi vo

+ +

− 2kΩ

vgs
50kΩ

10MΩ

vi

o
1μF

S

− −

Ri
ivR =

1μF

i
i

i gs

i
R
v v

=
=

KCL at node D :
mi i

10M 11 g
50k//2k 50k//2k

i v⎛ ⎞ ⎛ ⎞+ +⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

=

i (10M)

KCL at node D :
o

i m gs
v

50k//2k
i g v= +

i
i

i

10M1
v 520150k//2k

1i 2.1448mg
R 2.425M

⎝ ⎠ ⎝ ⎠
⎛ ⎞+⎜ ⎟
⎝ ⎠

⎛ ⎞+⎜ ⎟

= = = = Ω

30

o gs i

gs i
i m gs

v i (10M)
50k//2k

v v i (10M)

i g v −

= −

∴ = +

mg
50k//2k

+⎜ ⎟
⎝ ⎠



G D

+

10MΩii

g vm gsvi vo

+ +

− 2kΩ

vgs

S

− −

Ri

Without ro :
10M1+ 5001i

i
i

m

v 50012k
1i 2.1248mg

2k

R 2.3536M
+

= = = = Ω

Observation :Observation :
Since ro>10RD, Ri with or without ro will be quite close.
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g vm gs

G D

+ +

10MΩii

gm gsvi vo−
− −2kΩ

vgs
50kΩ

S
o

v
va = Without rov

i

o
i m gs

v
v

50k//2k
i g v

v v i (10M)

= +

= −

Without ro,

[ ]mo

i

1 g (10M)v 16247
10Mv 50011
2k

3.2488− −

+
= = =−

o gs i

o
m io i

vg v
50k//2k

10M

v v i (10M)

v v 10M⎛ ⎞+⎜ ⎟
⎝ ⎠

⎛ ⎞

=

= −

2k

The two results are close. 
Hence, the effect of ro is not very 
significant to the calculation of( )mo i

10M1 1 g (10M)
50k//2k

1 1.6248m(10M) 16247

v v

3 1238

⎛ ⎞+ −⎜ ⎟
⎝ ⎠

⎛ ⎞
−⎜ ⎟ −

= significant to the calculation of 
av.
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v
1 1.6248m(10M) 16247

10M 52011
1923.0769

a 3.1238⎜ ⎟
⎜ ⎟

+⎜ ⎟
⎝ ⎠

∴ = = =−



9. Determine the output voltage if Vi=0.8mV and ro=40kΩ.
Given k=0.4X10-3 A/V2 and Vt=3V. The dc voltage at source is
1 2V Assume that body effect is negligible1.2V. Assume that body effect is negligible.

30V

3.3kΩ40MΩ

C3
C1

vo
+

10MΩ
1.2kΩ

C2
vi
+

−

−

+ g vm gs

G D

+ +

ac equivalent circuit
g vm gs

vi vo

+ +

−
− −

3.3kΩ10MΩ

vgs
40kΩ40MΩ
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g vm gs

G D

+ +

m gs
v

i

i

g v (40k//3.3k)
v

a
v v

−=
=g

vi vo−
− −

3.3kΩ10MΩ

vgs
40kΩ40MΩ

( )
i gs

v m

m

3048.4988

W

v v
a g

g ?
∴ =−

=

S m n ox GS t

n ox 3

W ( )
L

μ C W
2 L

g C V V

k 0.4 10−

=μ −

= = ×
d l i 3

m GS

2 L
( )g 0.8 10 V 3−∴ = × −

V ?
30V

dc-analysis

30V

GS

G
10M ( )

10M+40M

V ?
V 30V 6V

V 1 2V

=

= =

=

3.3kΩ
40MΩ

3.3kΩ

C3
C1

40MΩ

+
S

GS
3

m ( )
( )

V 1.2V
V 6 1.2 4.8V

g 0.8 10 1.8 1.44mS
a 1 44m 3048 4988 4 3898

−

∴
=

= − =
= × =
= =

10MΩ
1.2kΩ

10MΩ
1.2kΩ

3

C2
vi
+

−

vo
−

34

v

o v i

( )a 1.44m 3048.4988 4.3898
v a v 4.3898(0.8m) 3.5118mV
∴ =− =−

= =− =−
C2−



10 (a)
VDD VDDGiven:

D OV GS G SV ? V ? V ? V ? V ?= = = = = DC model

C

vo

RD RD
DD SS

D

V V 10V
I 0.5mA
R 15k

= =
=

= Ω
CC2

Rsig
RL

i Ro

t

n ox
2

μ C W A
L V

V 1.5V
1m

V 75V

=

=

CC1
vsig
+

−
I

VR

isig
o

I

VSS−

AV 75V=

VSS−Rin
SS

n ox 2
D GS t

μ C W ( )
2 L

μ C W

I V V= −
V 0= n ox 2

D OV

2
OV

μ C W ( )
2 L
1m
2

I V

0.5m V

=

=

GS t

GS

GS G S

V V 1
V 1 1.5 2.5V
V V V 2.5V

− =
= + =
= − =

G

D

D DD D D

V 0
I 0.5mA
V V I R
V 10 0 5(15k)=2 5V

=
=
= −
= −

35
OV

(0.5m)2
1m

V =1V= SV 2.5V∴ =−DV 10 0.5(15k)=2.5V= −



(b) m Og ? r ?= =

RD

VDD

n ox 2
D GS t

μ C W ( )
2 L

I V V= −

CC2

vo

R
RL

m GS t

D GS t

2 L
W ( )n ox L

m ( )

g μ C V V
gI V V2

= −

= −

D
m

GS t

2I 2(0.5m) mA
VV V 1

V

g 1
−

= = =CC1
v
+

Rsig

I

D GS t( )2

A
o

D

V
I

r 150k= = Ωvsig
−

I

VSS−Rin
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VDD
(c) i O vR ? R ? a ?= = =

vo

RD

DD

g vm gs

G

D
vgsRsig

CC2

CC1Rsig
RL

gm gs

v

S

D

+ +

−

RD RL
rovsig

sig

isig

vsig
+

−
I

isig

Ro

vo
− −

RD RLsig

g vb bVSS−Rin
o g vmb bs

S D
+

isig ro

+

g vm sg vo
+

+

− −

vsg //R RD L
m

1
gv

Rsig +

viT-model
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vsig

Ri
−



+

S D
+

R i

isig ro

+
iV

g vm sg vo
+ − −

vsg //R RD L
m

1
gvsig

Rsig
vi

KCL at node S,
V V

i
i

sig

V
i

R =

G− Ri
−

i sg

i o
sig m i

o

V V
r

V V

i g V

KCL d D

−

=

= +
Given :

i o o
m i

o D L
1 1 1

V V V
r R // R

KCL at node D:
g V

V V⎛ ⎞ ⎛ ⎞

− + =

Given :
L

sig

R 15k
R 50
r 150k

= Ω
= Ω

= Ω 1 1 1gmi or r R // Ro o D L

1 1
r R // Ro D L

i o 1

V V

V V

⎛ ⎞ ⎛ ⎞
+ +⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠
⎛ ⎞

+⎜ ⎟
⎝ ⎠

⎛ ⎞

=

=

o

m

D

A
V

r 150k
g 1m
R 15k

= Ω
=
= Ω

Since χ is not given, assume the body 
effect is negligible.

1 gmro

o o
o D L

1 1V r
r R // RR

⎛ ⎞
+⎜ ⎟

⎝ ⎠

∴

⎛ ⎞+⎜ ⎟
⎝ ⎠=
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( )
i

i o m o i m
o

1V V g r V g
r

R∴
⎛ ⎞− + +⎜ ⎟
⎝ ⎠

=
o

i v
sig

V
v

R ? a= =



o o
o D L

1 1V r
r R // RR

⎛ ⎞+⎜ ⎟
⎝ ⎠=

( )
i

i m o o m
o

o o

1V 1 g r V g
r

1 1V r

R
⎛ ⎞+ − +⎡ ⎤⎜ ⎟⎣ ⎦⎝ ⎠

⎛ ⎞+⎜ ⎟

=

( )

o o
o D L

i

o m o
o D L

o m

V r
r R // R

1 1V 1 g r
1r R // R V g

1

R
+⎜ ⎟

⎝ ⎠
⎡ ⎤⎛ ⎞+ +⎜ ⎟⎢ ⎥⎛ ⎞⎝ ⎠ − +⎢ ⎥⎜ ⎟⎛ ⎞ ⎝ ⎠⎢ ⎥

= D L

o

m
A

V

R //R 7.5k
r 150k
g 1m

= Ω
= Ω
=

o
m

o

1 rg
r

1 1150k
150k 7500

⎜ ⎟⎛ ⎞ ⎝ ⎠⎢ ⎥+⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦
⎛ ⎞+⎜ ⎟
⎝ ⎠

m V

( )
i

150k 7500
1 1 151

150k 7500 1
1 1

R ⎝ ⎠
⎡⎛ ⎞+⎜ ⎟
⎝ ⎠ −

⎛ ⎞
⎜ ⎟

=

1 1m
150k

⎤
⎢ ⎥⎛ ⎞+⎢ ⎥⎜ ⎟

⎝ ⎠⎢ ⎥1m
150k

⎛ ⎞+⎜ ⎟
⎝ ⎠

i 3

150k

21
0.0211 1.0067 10

R
−

⎝ ⎠⎢ ⎥
⎢ ⎥⎣ ⎦

− ×
=
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iR 1045.1245= Ω



S D

RD

ro

+

Rsig

g vm sg

−

vsg
RD

m

1
g RL

+

−

vsig

G R 'o Ro
v

S Dro it

t
O

t sig

vR '= i v =0

KCL at node S : +
g vm sg

+

− −

vsg
m

1
g

vsgRsig vt

KCL at node S :
sg t sg

m sg
sig o

V V V
R r

1 1 V

g V −

⎛ ⎞

+ =

G R 'o

t
msg

sig o o

t
sg

1 1 Vg
R r r

V
1 1

V

V

⎛ ⎞+ +⎜ ⎟
⎝ ⎠

⎛ ⎞

=

=
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m o
sig o

1 1g r
R r

⎛ ⎞
+ +⎜ ⎟

⎝ ⎠



g v

S D

+
R

ro it

g vm sg

− −

vsg
m

1
g

vsgRsig vt

G R 'o
1⎡ ⎤⎛ ⎞

KCL at node D :

t sgV Vi V −+

m
ot

t
o

m
sig o

1 g
rV 1

1 1r g
R r

i

⎡ ⎤⎛ ⎞+⎜ ⎟⎢ ⎥
⎝ ⎠⎢ ⎥−

⎛ ⎞⎢ ⎥+ +⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦

=

t sg
t m sg

o

t
mt sg

oo

V V
r

1V g
rr

i g V

i V ⎛ ⎞+⎜ ⎟
⎝ ⎠

+ =

= −

sig o

t
t

R r

1 1m
150kV 1

1 1150k
i

⎝ ⎠⎣ ⎦
⎡ ⎤⎛ ⎞+⎜ ⎟⎢ ⎥⎝ ⎠−⎢ ⎥

⎛ ⎞⎢ ⎥
=

t m
t o

t
o

1V g
V r
r 1 1g r

i

⎝ ⎠
⎛ ⎞+⎜ ⎟
⎝ ⎠

⎡ ⎤
+ +⎢ ⎥

= − 6
t t

t

1 1150k 1m
50 150k

V
i 6.3471 10 V
R ' 157 5528k

−

⎛ ⎞⎢ ⎥+ +⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦
= ×

Ω
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m o
sig o

g r
R r

+ +⎢ ⎥
⎣ ⎦

t
O

t

O

V
i

R ' 157.5528k

R 15k//157.5528k 13.696k

= = Ω

= = Ω



+

S D
+

isig ro oir

+

g vm sg vo
+

+

− −

vsg //R RD L
m

1
gvsig

Rsig +

vi

G−
sig

Ri
−

o
v

v
v

a =
7 55sig

sg o
m sgo D L

o

v
v v g v //

r
R //R 1

v R R−⎡ ⎤+⎢ ⎥⎣ ⎦
⎡ ⎤ ⎡ ⎤

=
o

sg

i
sg sig

i i

v 7.55
v 1.05

R
R R

7.1905

v v
+

= =

=
D L

mo sg D L
o o

m D L

R //R 11+ g //
r r

1 g R //R
v

v v R R⎡ ⎤ ⎡ ⎤+⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦
⎛ ⎞+⎜ ⎟
⎝ ⎠

= i sig

sg sig

sg sig

R R
1045.1245
1095.1245

v v

v 0.9543v

+

=

=
o o

D Lsg

o

v r
R //Rv 1

r
1 1 7500

⎜ ⎟
⎝ ⎠

+

⎛ ⎞
⎜ ⎟

= sg sig

o o sg
v

sig sg sig

v v v
v v v

a

a 7.1905 0.9543

= =

= ×
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o

sg

1 1m 7500
v 150k

7500v 1
150k

⎛ ⎞+⎜ ⎟
⎝ ⎠

+
=

v

v

a 7.1905 0.9543
a 6.8619=


