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Microelectronic Circuit Design 
Sixth Edition - Part II 
Solutions to Exercises 

         
 

CHAPTER  6 
         

Page 317 

 
         

Page 318 
𝐴!"# = 20𝑙𝑜𝑔(5060) = 74.1	𝑑𝐵		|		𝐴$"# = 20𝑙𝑜𝑔(9.48𝑥10%) = 140	𝑑𝐵		|		𝐴&"# = 20𝑙𝑜𝑔(4.79𝑥10'() = 107	𝑑𝐵 
--- 
𝐴!"# = 20𝑙𝑜𝑔(1210) = 61.7	𝑑𝐵		|		𝐴$"# = 20𝑙𝑜𝑔(2.51𝑥10%) = 128	𝑑𝐵		|		𝐴&"# = 20𝑙𝑜𝑔(3.03𝑥10)) = 94.8	𝑑𝐵 
--- 
𝐴!"# = 20𝑙𝑜𝑔(1210) = 61.7	𝑑𝐵 
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a( )   AP = Av Ai = 4x104 2.75x108( ) =1.10x1013

b( )   Vo = 2PoRL = 2 20W( ) 16Ω( ) = 25.3 V    |   Av =
Vo
Vi
=

25.3V
0.005V

= 5.06x103

Io =
Vo
RL

=
25.3V
16Ω

=1.58 A | Ii =
Vi

RS + Rin
=

0.005V
10kΩ+ 20kΩ

= 0.167µA | Ai =
Io
Ii
=

1.58A
0.167µA

= 9.48x106

AP =
Po
PS
=

25.3V 1.58A( )
0.005V 0.167µA( )

= 4.79x1010   |  Checking:Ap = 5.06x103( ) 9.48x106( ) = 4.80x1010

−−−

AvdB = 20 log 5060( ) = 74.1 dB  |  AidB = 20 log 9.48x106( ) =140 dB  |  APdB =10 log 4.80x1010( ) =107 dB

−−−

AvdB = 20 log 4x104( ) = 92.0 dB  |  AidB = 20 log 2.75x108( ) =169 dB  |  APdB =10 log 1.10x1013( ) =130 dB

    

€ 

Gin = g11 =
1

20kΩ+ 76 50kΩ( )
= 0.262 µS  |   A = g21 = 0.262µS 76( ) 50kΩ( ) = 0.995

Rout = g22 =
1

50kΩ
+

1
20kΩ

+
75

20kΩ

# 

$ 
% 

& 

' 
( 

−1

= 262 Ω  |   g12 = −
g22

20kΩ( )
= −

262Ω
20kΩ( )

= −0.0131

Rin =
1

g11

= 3.82 MΩ   |    A = g21 = 0.995   |    Rout =
1

g22

= 262 Ω
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Rin =∞→ I1 = 0  |  Io ≠ 0→ Ai =∞
−−−

AP = AvAi = Av Av
RI + Rin
RL

%

&
'

(

)
*= Av

2 RI + Rin
RL

%

&
'

(

)
*

−−−

Vo = 2PRL = 2 100W( ) 8Ω( ) = 40 V    |   Vo = AVi
Rin

RI + Rin

%

&
'

(

)
*

RL
Rout + RL

%

&
'

(

)
*

A = Vo
Vi

RI + Rin
Rin

%

&
'

(

)
*
Rout + RL
RL

%

&
'

(

)
*=

40V
0.001V

5kΩ+ 50kΩ
50kΩ

%

&
'

(

)
*

0.5Ω+8Ω
8Ω

%

&
'

(

)
*= 4.68x104

Adb = 20 log 4.68x104( ) = 93.4 dB  |  P = Io
2

2
Rout =

40V
8Ω

%

&
'

(

)
*

2 0.5Ω
2

= 6.25 W

Ai =
Io
Ii
=
Io
Vi

RI + Rin( ) = 5V
0.001V

5kΩ+ 50kΩ( ) = 2.75x108

Adb = 20 log 2.75x108( ) =169 dB

−−−

A = 40V
0.001V

5kΩ+ 5kΩ
5kΩ

%

&
'

(

)
*

8Ω+8Ω
8Ω

%

&
'

(

)
*=1.6x105   |  AdB = 20 log 1.6x105( ) =104 dB

P = Io
2

2
Rout =

40V
8Ω

%

&
'

(

)
*

2 8Ω
2
=100 W !  |  Ai =

5V
0.001V

5kΩ+ 5kΩ( ) = 5x107   154 dB( )

    

€ 

a( )  The constant slope region spanning a maximum input range is between - 0.5 V ≤ vID ≤1.5 V ,

and the bias voltage VID  should be centered in this range :  VID =
1.5+ −0.5( )

2
V = +0.5 V .

vID = VID + vid   |   - 0.5V ≤ 0.5V + vid → vid ≥ −1 V   and  0.5V + vid ≤1.5→ vid ≤ +1 V  

∴−1 V ≤ vid ≤ +1 V   or   vid ≤1 V  and  vo ≤10 V

(b) For VID = −1 V ,  the slope of the voltage transfer characteristics is zero, so A = 0.
−−−

vO =10 vID − 0.5V( ) =10 −0.5 + 0.25+ 0.75sin1000πt( ) = −2.5+ 7.5sin1000πt( ) V  |   VO = −2.5 V
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€ 

Av s( ) = −
2π x 106

s + 5000π
=

−400

1+
s

5000π

→ Amid = −400   |    fH =
5000π

2π
= 2.50 kHz

BW = fH − fL = 2.50 kHz − 0 = 2.50 kHz   |    GBW = 400( ) 2.50kHz( ) =1.00 MHz

    

€ 

fH =
1

2π
1

1kΩ 100kΩ( ) 200 pF( )
= 804 kHz

    

€ 

Av s( ) =
250

1+
250π

s

   |    Ao = 250   |    fL =
250π

2π
=125 Hz   |    fH =∞   |    BW =∞−125 =∞

    

€ 

fL =
1

2π
1

1kΩ 100kΩ( ) 0.1µF( )
=15.8 Hz
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€ 

Av j1( ) = 50 −1+ 4
−1+ 2 + j2

=
150

1+ j2
   |    Av j1( ) =

150

1( )
2

+ 2( )
2

= 67.08

AvdB = 20 log 67.08( ) = 36.5 dB  |   ∠Av j1( ) =∠ 50( ) +∠ 3( ) − tan−1 2
1

$ 

% 
& 
' 

( 
) = 0 + 0 − 63.4o = −63.4o

Av j5( ) = 50 −25 + 4
−25+ 2 + j10

=
1050

23− j10
   |    Av j5( ) =

1050

−23( )
2

+ 10( )
2

= 41.87

AvdB = 20 log 41.87( ) = 32.4 dB  |   ∠Av j5( ) =∠ 1050( ) + − tan−1 10
−23

$ 

% 
& 

' 

( 
) = 0 − −23.5o( ) = +23.5o

−−−

Av jω( ) =
20

1+ j 0.1ω
1−ω2

   |    Av j0.95( ) =
20

12 +
0.1( )

2
0.952( )

1− 0.952( )
2

=14.3

∠Av j0.95( ) =∠20 − tan−1 0.1 0.95( )
1− 0.952

$ 

% 
& 
& 

' 

( 
) 
) 

= 0 − 44.3o( ) = −44.3o

Av j1( ) =
20

12 +
0.1( )

2
12( )

1−12( )
2

= 0   |    ∠Av j1( ) =∠20 − tan−1 0.1 1( )
1−12

$ 

% 
& 
& 

' 

( 
) 
) 

= 0 − 90o( ) = −90.0o

Av j1.1( ) =
20

12 +
0.1( )

2
1.12( )

1−1.12( )
2

=17.7   |    ∠Av j1.1( ) =∠20 − tan−1 0.1 1.1( )
1−1.12

$ 

% 
& 
& 

' 

( 
) 
) 

= 0 − −27.6o( ) = +27.6o

−−−

i( )  Av s( ) =
−400

1+
100

s

+ 

, 
- 

. 

/ 
0 1+

s
50000

+ 

, 
- 

. 

/ 
0 

    |     Ao = 400  or  52 dB

fL =
100
2π

=15.9 Hz   |    fH =
50000

2π
= 7.96 kHz   |    BW = 7960 −15.9 = 7.94 kHz



 

  ©R. C. Jaeger, T. N. Blalock, B. J. Blalock 
06/15/22 

  

5 

CHAPTER  7 
         

Page 355 

 

(𝑏)	𝐼! =
𝐼"

𝑒𝑥𝑝 *𝑉#$𝑉%
,
=

1.5𝑚𝐴

𝑒𝑥𝑝 * 0.700𝑉0.0259𝑉,
= 2.74	𝑓𝐴 
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€ 

(a) At the Q - point :  βF =
IC

IB

=
1.5mA
15µA

=100      (b) IS =
IC

exp VBE

VT

# 

$ 
% 

& 

' 
( 

=
1.5mA

exp
0.700V
0.025V
# 

$ 
% 

& 

' 
( 

=1.04 fA

(c) Rin =
vbe

ib

=
8mV
5µA

=1.6 kΩ      (d ) Yes.  With the given applied signal,  the smallest value of  vCE  is

vCE
min = 5V − 0.5mA 3.3kΩ( ) = 3.35 V  which exceeds vBE = 0.708 V .  e( ) AvdB = 20 log−206 = 46.3 dB  

    

€ 

(a) At the Q - point :  βF =
IC

IB

=
1.5mA
15µA

=100      (b) IS =
IC

exp VBE

VT

# 

$ 
% 

& 

' 
( 

=
1.5mA

exp
0.700V
0.025V
# 

$ 
% 

& 

' 
( 

=1.04 fA

(c) Rin =
vbe

ib

=
8mV
5µA

=1.6 kΩ      (d ) Yes.  With the given applied signal,  the smallest value of  vCE  is

vCE
min = 5V − 0.5mA 3.3kΩ( ) = 3.35 V  which exceeds vBE = 0.708 V .  e( ) AvdB = 20 log−206 = 46.3 dB

    

€ 

(a) No :  vDS
min ≅ 2.7V  with  vGS −VTN = 4 −1= 3V ,  so the transistor has entered the triode region.

(b) Choose two points on the i - v characteristics.  For example,   

1.56mA =
Kn

2
3.5 −VTN( )

2
  and  1.0mA =

Kn

2
3.0 −VTN( )

2
.

Solving for Kn and VTN  yields 500 µA
V2   and  1 V respectively.

c( ) AvdB = 20 log−4.13 =12.3 dB

    

€ 

VEQ =
10kΩ

10kΩ+ 30kΩ
12V = 3.00 V   |    REQ =10kΩ 30kΩ = 7.5 kΩ

IC = βF IB = βF

VEQ −VBE

REQ + βF +1( )R4
=100 3.0V − 0.7V

7.5kΩ+ 101( ) 1.5kΩ( )
=1.45 mA

VCE =12 − 4300IC −1500IE =12 − 4300 1.45mA( ) −1500 101100
% 

& 
' 

( 

) 
* 1.45mA( ) = 3.57 V

VB = VEQ − IB REQ = 3.00 − 1.45mA
100

7.5kΩ( ) = 2.89 V



  ©R. C. Jaeger, T. N. Blalock, B. J. Blalock 
06/15/22 

6 

Page 358 

 

         
Page 361 

 
         

Page 365 

 

         
  

    

€ 

vC t( ) = VC + vC = 5.8 −1.1sin2000πt( ) V   |    vE t( ) = VE + 0 =1.45mA 101
100
$ 

% 
& 

' 

( 
) 1.5kΩ( ) = 2.20 V

ic =
1.1V
4.3kΩ

= 0.256mA   |    ∠ic =180o    |    ic t( ) = −0.26sin2000πt  mA   |    vB t( ) = VB + vb t( )

VB = VEQ − IB REQ = 3.00 − 1.45mA
100

7.5kΩ( ) = 2.89 V   |    vB t( ) = 2.89 + 0.005sinsin2000π( ) V

−−−

XC =
1
ωC

=
1

2000π 500µF( )
= 0.318 Ω   |    XC << Rin

    

€ 

RB = 20kΩ 62kΩ =15.1 kΩ   |    RL = 8.2kΩ 100kΩ = 7.58 kΩ

    

€ 

rd =
VT

ID + IS

   |    rd =
0.025V
1 fA

= 25.0 TΩ   |    rd =
0.025V
50µA

= 500 Ω

rd =
0.025V
2mA

=12.5 Ω   |    rd =
0.025V
3A

= 8.33 mΩ

−−−

rd =
0.025V
1.5mA

=16.7 Ω   |    kT
q

= 8.62x10−5 V
K

$ 

% 
& 

' 

( 
) 373K( ) = 0.0322 V   |    rd =

0.0322V
1.5mA

= 21.4  Ω
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         --- 
										𝑟& = 𝛽'𝑟' = 100𝑟'   |   Multiply each entry by 100. 

       
 
 

    

€ 

gm = 40IC = 40 50µA( ) = 2.00 mS   |    rπ =
βo

gm

=
75
2mS

= 37.5 kΩ

ro =
VA + VCE

IC

=
60V + 5V
50µA

=1.30 MΩ   |    µ f = gmro = 2mS 1.30MΩ( ) = 2600 

−−−

gm = 40IC = 40 250µA( ) =10.0 mS   |    rπ =
βo

gm

=
50
10mS

= 5.00 kΩ

ro =
VA + VCE

IC

=
75V +15V
250µA

= 360 kΩ   |    µ f = gmro =10mS 360kΩ( ) = 3600

- - -
The slope of the output characteristics is zero, so VA =∞  and  ro =∞.

βFO =
βF

1+
VCE

VA

= βF =
IC

IB

=
1.5mA
15µA

=100   |    gm =
ΔiC
ΔvBE

=
0.5mA
8mV

= 62.5 mS

βo =
ΔiC
ΔiB

=
500µA
5µA

=100   |    rπ =
βo

gm

=
100

62.5mS
=1.60 kΩ   |     rπ =

ΔvBE

ΔiB

=
8mV

0.5mA 100
=1.60 kΩ
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€ 

Avt = −gmRL = −9.80mS 18kΩ( ) = −176   |    Ten percent of the input signal is being lost

by voltage division between source resistance RI and the amplifier input resistance.
−−−

Assume the Q - point remains constant.

a( ) RiB = rπ =
125

9.80mS
=12.8 kΩ   |    Av = −9.80mS 18kΩ( )

104kΩ 12.8kΩ

1kΩ+104kΩ 12.8kΩ

% 

& 
' 
' 

( 

) 
* 
* = −162

b( ) RL
max =1.1 18kΩ( ) =19.8 kΩ   |    RL

min = 0.9 18kΩ( ) =16.2 kΩ

Av
min = −9.80mS 16.2kΩ( )

104kΩ 10.2kΩ

1kΩ+104kΩ 10.2kΩ

% 

& 
' 
' 

( 

) 
* 
* = −143

Av
max = Av

min 19.8kΩ
16.2kΩ

% 

& 
' 

( 

) 
* = −143

19.8kΩ
16.2kΩ

% 

& 
' 

( 

) 
* = −175

Checking : Av
min = Av

nom 16.2kΩ
18kΩ

% 

& 
' 

( 

) 
* = −159 0.9( ) = −143   |   Av

max = Av
nom 19.8kΩ

18kΩ

% 

& 
' 

( 

) 
* = −159 1.1( ) = −175

c( ) VCE =12V − 22kΩIC −13kΩIE =12V − 0.275mA 22kΩ+
101
100

13kΩ
% 

& 
' 

( 

) 
* = 2.34 V

gm = 40 0.275mA( ) =11.0 mS   |    RiB = rπ =
100

11.0mS
= 9.09 kΩ

Av = −11.0mS 18kΩ( )
104kΩ 9.09kΩ

1kΩ+104kΩ 9.09kΩ

% 

& 
' 
' 

( 

) 
* 
* = −177

−−−

Av
CE ≅ −10VCC = −10 20( ) = −200  |   gm = 40IC = 40 100µA( ) = 4.00 mS  |   RiB = rπ =

βo

gm

=
100
4mS

= 25 kΩ

ro =
VA + VCE

IC

=
50V +10V
100µA

= 600 kΩ   |    µ f = gmro = 4mS 600kΩ( ) = 2400

Av = −gm RC ro( )
RB RiB

RI + RB RiB

= −4.00mS 100kΩ 600kΩ( )
150kΩ 25kΩ

5kΩ+150kΩ 25kΩ

% 

& 
' 
' 

( 

) 
* 
* = −278
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There is a units error in the previous equation:  IS = 0.422 fA ! 
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€ 

VEQ =
160kΩ

160kΩ+ 300kΩ
12V = 4.17 V   |    REQ =160kΩ 300kΩ =104  kΩ

IC = βF IB = βF

VEQ −VBE

REQ + βF +1( )RE

=100 4.17V − 0.7V
104kΩ+ 101( ) 13kΩ( )

= 0.245 mA

VCE =12 − 22000IC −13000IE =12 − 22000 0.245mA( ) −13000 101100
% 

& 
' 

( 

) 
* 0.245mA( ) = 3.39 V

−−−

IC = IS exp VBE

VT

% 

& 
' 

( 

) 
* 1+

VCB

VA

% 

& 
' 

( 

) 
*    |   VT =

kT
q

=
1.38x10−23 300( )
1.6x10−19

= .025875 V

IS =
0.245mA

exp 0.7
0.025875
% 

& 
' 

( 

) 
* 1+

3.39 − 0.7
75

% 

& 
' 

( 

) 
* 

= 422 fA

    

€ 

a( )  gm = 2KnID 1+ λVDS( ) = 2 1mA /V 2( ) 0.25mA( ) 1+ 0.02 5( )[ ] = 0.742 mS

ro =

1
λ

+ VDS

ID

=
50V + 5V
250µA

= 220 kΩ   |    µ f = gmro = 0.742mS 220kΩ( ) =163

gm = 2KnID 1+ λVDS( ) = 2 1mA /V 2( ) 5mA( ) 1+ 0.02 10( )[ ] = 3.46 mS

ro =

1
λ

+ VDS

ID

=
50V +10V
5mA

=12 kΩ   |    µ f = gmro = 3.46mS 12kΩ( ) = 41.5

b( )  The slope of the output characteristics is zero, so λ = 0  and  ro =∞.

For the positive change in vgs ,  gm =
ΔiD

ΔvGS

≅

2.1V
3.3kΩ
0.5V

=1.3 mS

    

€ 

vgs ≤ 0.2 VGS −VTN( ) = 0.2 2ID

Kn

= 0.2
2 25mA( )
2.0mA /V 2 =1.00 V   |    vbe ≤ 0.005 V

    

€ 

η =
γ

2 VSB + 2φF

=
0.75

2 0 + 0.6
= 0.48   |    η =

0.75
2 3+ 0.6

= 0.20
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Page 387 

𝐼( = 𝐼()𝑒𝑥𝑝 :
𝑉*! − 𝑉%+
𝑛𝑉%

=			|			𝑔, =
𝜕𝐼(
𝜕𝑉*!

=
𝐼(
𝑛𝑉%

			 | 			
𝑔,
𝐼(

=
1
𝑛𝑉%

=
1

1.5𝑉%
= 25.8/𝑉 

			𝐼" = 𝐼!𝑒𝑥𝑝 :
𝑉#$
𝑉%
=			|			𝑔, =

𝜕𝐼(
𝜕𝑉#$

=
𝐼"
𝑉%
			 | 			

𝑔,
𝐼(

=
1
𝑉%
=
1
𝑉%
= 38.8/𝑉 

𝑆 = 𝑛𝑉%𝑙𝑛(10) = 1.5(0.0258𝑚𝑉)𝑙𝑛(10) = 89.1	𝑚𝑉/𝑑𝑒𝑐	 
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The small-signal model appears in Fig. 7.27(c). 

 
         

 

    

€ 

gm = 2
IDSS ID 1+ λVDS( )

VP

= 2
5mA 2mA( ) 1+ 0.02 5( )[ ]

−2
= 3.32 mS

ro =

1
λ

+ VDS

ID

=
50V + 5V
2mA

= 27.5 kΩ   |    µ f = gmro = 3.32mS 27.5kΩ( ) = 91.3

VGS = VP 1−
ID

IDSS

% 

& 
' ' 

( 

) 
* * = −2V 1− 2mA

5mA

% 

& 
' ' 

( 

) 
* * = −0.735 V

vgs ≤ 0.2 VGS −VP( ) = 0.2 −0.735 + 2( ) = 0.253 V

 

    

€ 

VEQ =
1.5MΩ

1.5MΩ+ 2.2MΩ
12V = 4.87 V   |    REQ =1.5MΩ 2.2MΩ = 892 kΩ

Neglect λ in hand calculations of the Q - point.

4.87 = VGS +12000ID    |    4.87 = VGS +12000 5x10−4

2

% 

& 
' 

( 

) 
* VGS −1( )

2

3VGS
2 − 5VGS −1.87 = 0→VGS =1.981 V   |    ID = 241 µA

VDS =12 − 22000ID −12000ID = 3.81 V   |    Q - point :  241 µA,  3.81 V( )
−−−

The small - signal model appears in Fig. 13.27(c).
−−−

VGS −VTN ≅
2 241µA( )
2x10−3

= 0.491 V   |    Av
CS ≅ −

12V
0.491V

= −24.4    |    M =
Kn2

Kn1

=
2x10−3

5x10−4
= 4

 

    

€ 

VEQ =
1.5MΩ

1.5MΩ+ 2.2MΩ
12V = 4.87 V   |    REQ =1.5MΩ 2.2MΩ = 892 kΩ

Neglect λ in hand calculations of the Q - point.

4.87 = VGS +12000ID    |    4.87 = VGS +12000 5x10−4

2

% 

& 
' 

( 

) 
* VGS −1( )

2

3VGS
2 − 5VGS −1.87 = 0→VGS =1.981 V   |    ID = 241 µA

VDS =12 − 22000ID −12000ID = 3.81 V   |    Q - point :  241 µA,  3.81 V( )
−−−

The small - signal model appears in Fig. 13.27(c).
−−−

VGS −VTN ≅
2 241µA( )
2x10−3

= 0.491 V   |    Av
CS ≅ −

12V
0.491V

= −24.4    |    M =
Kn2

Kn1

=
2x10−3

5x10−4
= 4
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Page 404 

 

         
  

    

€ 

VEQ =
1.5MΩ

1.5MΩ+ 2.2MΩ
12V = 4.87 V   |    REQ =1.5MΩ 2.2MΩ = 892 kΩ

Neglect λ in hand calculations of the Q - point.

4.87 = VGS +12000ID    |    4.87 = VGS +12000 5x10−4

2

% 

& 
' 

( 

) 
* VGS −1( )

2

3VGS
2 − 5VGS −1.87 = 0→VGS =1.981 V   |    ID = 241 µA

VDS =12 − 22000ID −12000ID = 3.81 V   |    Q - point :  241 µA,  3.81 V( )
−−−

The small - signal model appears in Fig. 13.27(c).
−−−

VGS −VTN ≅
2 241µA( )
2x10−3

= 0.491 V   |    Av
CS ≅ −

12V
0.491V

= −24.4    |    M =
Kn2

Kn1

=
2x10−3

5x10−4
= 4

    

€ 

rπ =
βoVT

IC

=
100 0.025V( )
0.725mA

= 3.45 kΩ   |    Rin
CE = RB rπ =104kΩ 3.45kΩ = 3.34 kΩ

    

€ 

Rin
CS = 680kΩ 1.0MΩ = 405 kΩ   |    VEQnew =

680kΩ
680kΩ+1MΩ

VDD = 0.405VDD

VEQold =
1.5MΩ

1.5MkΩ+ 2.2MΩ
VDD = 0.405VDD   |    No change.  The gate voltages are the same.

    

€ 

From Ex. 13.6,  µ f = 230  and  Av = −20.3.   Av << µ f

−−−

VGS = VP 1−
ID

IDSS

# 

$ 
% % 

& 

' 
( ( = −1V 1− 0.25mA

1mA

# 

$ 
% % 

& 

' 
( ( = −0.500 V

vgs ≤ 0.2 VGS −VP( ) = 0.2 −0.5 +1( ) = 0.100 V   |    vo ≤ 20.3 0.1( ) = 2.03 V

−−−

SPICE Results :

λ = 0 :  Q - point = 250 µA,  4.75 V( )   |    λ = 0.02 V −1 :  Q - point = 257 µA,  4.54 V( )
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Page 408 

 

         

  

 

    

€ 

IC = 245 µA   |    VCE = 3.39 V   |    IE = 245µA 66
65
" 

# 
$ 

% 

& 
' = 249 µA

PD = ICVCE + IBVBE = 245µA 3.39V( ) +
245µA

65
0.7V( ) = 0.833 mW

PS = VCC IC + I2( )   |    I2 =
VCC −VB

R2

=
VCC − VBE + IE RE( )

R2

=
12 − 0.7 − 0.249mA 13kΩ( )

300kΩ
= 26.9 µA

PS =12V 245µA + 26.9µA( ) = 3.26 mW

−−−

PD = IDVDS = 241µA 3.81V( ) = 0.918 mW   |    PS = VDD ID + I2( )

I2 =
VDD

R1 + R2

=
12V

1.5MΩ+ 2.2MΩ
= 3.24 µA   |    PS =12V 241µA + 3.24µA( ) = 2.93 mW

 

    

€ 

IC = 245 µA   |    VCE = 3.39 V   |    IE = 245µA 66
65
" 

# 
$ 

% 

& 
' = 249 µA

PD = ICVCE + IBVBE = 245µA 3.39V( ) +
245µA

65
0.7V( ) = 0.833 mW

PS = VCC IC + I2( )   |    I2 =
VCC −VB

R2

=
VCC − VBE + IE RE( )

R2

=
12 − 0.7 − 0.249mA 13kΩ( )

300kΩ
= 26.9 µA

PS =12V 245µA + 26.9µA( ) = 3.26 mW

−−−

PD = IDVDS = 241µA 3.81V( ) = 0.918 mW   |    PS = VDD ID + I2( )

I2 =
VDD

R1 + R2

=
12V

1.5MΩ+ 2.2MΩ
= 3.24 µA   |    PS =12V 241µA + 3.24µA( ) = 2.93 mW

    

€ 

a( ) VM ≤ min IC RC , VCE −VBE( )[ ] = min 245µA 22kΩ( ), 3.39 − 0.7( )V[ ] = 2.69 V

      VM  is limited by the value of VCE .

b( ) VM ≤ min ID RD , VDS −VDSSAT( )[ ] = min 241µA 22kΩ( ), 3.81− 0.982( )V[ ] = 2.83 V

      Limited by the value of VDS .
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CHAPTER  8 
         

Page 427 

- 

- - - 

LTSpice Circuit   
         

  

VEQ =
160kΩ

160kΩ+300kΩ
12V = 4.17 V    |   REQ =160kΩ 300kΩ =104 kΩ

IC = βFIB = βF
VEQ −VBE

REQ + βF +1( )RE
=100 4.17V − 0.7V

104kΩ+ 101( ) 13kΩ( )
= 0.245 mA

VCE =12− 22000IC −13000IE =12− 22000 0.245mA( )−13000 101
100
#

$
%

&

'
( 0.245mA( ) = 3.39 V

gm = 40IC = 40 0.245mA( ) = 9.80 mS    |   rπ =
βo
gm

=
100

9.80mS
=10.2 kΩ

ro =
VA +VCE
IC

=
53.4V

0.245mA
= 218 kΩ   |   µ f = gmro = 2140

−−−

VEQ =
1.5MΩ

1.5MΩ+ 2.2MΩ
12V = 4.87 V    |   REQ =1.5MΩ 2.2MΩ = 892 kΩ

Neglect λ  in hand calculations of the Q-point.

4.87 =VGS +12000ID    |   4.87 =VGS +12000 5x10−4

2
#

$
%

&

'
( VGS −1( )2

3VGS
2 − 5VGS −1.87 = 0→VGS =1.981 V    |   ID = 241 µA

VDS =12− 22000ID −12000ID = 3.81 V    |   Q-point: 241 µA,  3.81 V( )

gm = 2KnID = 2 5x10−4( ) 2.41x10−4( ) = 0.491 mS    |   ro =
λ−1 +VCE

IC
=

53.8V
0.241mA

= 223 kΩ

µ f = gmro =110
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€ 

RB =160kΩ 300kΩ =104 kΩ    |    RE = 3.00 kΩ   |    RL = 22kΩ 100kΩ =18.0 kΩ

RG =1.5MΩ 2.2MΩ = 892 kΩ   |    RS = 2.00 kΩ   |    RL = 22kΩ 100kΩ =18.0 kΩ

−−−

RB =160kΩ 300kΩ =104 kΩ   |    RL =13kΩ 100kΩ =11.5 kΩ

RG =1.5MΩ 2.2MΩ = 892 kΩ  |    RL =12kΩ 100kΩ =10.7 kΩ

    

€ 

RI = 2 kΩ    |    R6 =13 kΩ   |    RL = 22kΩ 100kΩ =18.0 kΩ

RI = 2 kΩ    |    R6 =12 kΩ   |    RL = 22kΩ 100kΩ =18.0 kΩ
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Page 442 

 

 
Continued on the next page 
 

    

€ 

a( ) IC ≅
VEQ −VBE

RE + R4
  or  IC ∝

1
RE + R4

  |   IC = 0.245mA 13kΩ
RE + R4

For large gmRE ,   Avt
CE = −

gmRL

1+ gmRE

≅ −
RL

RE

= −
RC R3

RE

For Avt
CE max make RC  and R3 large and RE  small.   RL =1.1 22kΩ( ) 1.1 100kΩ( ) =19.8 kΩ 

RE = 0.9 3kΩ( ) = 2.7 kΩ  |   IC = 0.245mA 13kΩ
12.7kΩ

= 0.251 mA   |   gm = 40 0.251 mA( ) =10.0 mS

 rπ =
βo

gm

=
100

10.0mS
=10.0 kΩ   |    RiB =10.0kΩ+101 2.7kΩ( ) = 283 kΩ

Av
CE max = −

10.0mS 19.8kΩ( )
1+10.0mS 2.7kΩ( )

104kΩ 283kΩ
1kΩ+104kΩ 283kΩ

( 

) 
* 
* 

+ 

, 
- 
- = −6.98

For Avt
CE min make RC  and R3 small and RE  large.   RL = 0.9 22kΩ( ) 0.9 100kΩ( ) =16.2 kΩ 

RE =1.1 3kΩ( ) = 3.3 kΩ  |   IC = 0.245mA 13kΩ
13.3kΩ

= 0.239 mA   |   gm = 40 0.239 mA( ) = 9.56 mS

 rπ =
βo

gm

=
100

9.56mS
=10.5 kΩ   |    RiB =10.5kΩ+101 3.3kΩ( ) = 344  kΩ

Av
CE min = −

9.56mS 16.2kΩ( )
1+ 9.56mS 3.3kΩ( )

104kΩ 344kΩ

1kΩ+104kΩ 344kΩ

( 

) 
* 
* 

+ 

, 
- 
- = −4.70

b( ) Assume the collector current does not change.

rπ =
βo

gm

=
125
9.8mS

=12.8 kΩ   |    RiB =12.8kΩ+126 3.0kΩ( ) = 391 kΩ

Av
CE = −

9.80mS 18kΩ( )
1+ 9.80mS 3kΩ( )

104kΩ 391kΩ
1kΩ+104kΩ 391kΩ

( 

) 
* 
* 

+ 

, 
- 
- = −5.73   The gain is essentially unchanged.

c( ) VCE = VCC − IC RC − IE RE + R4( ) =12V − 0.275mA 22kΩ+
101
100

13kΩ
( 

) 
* 

+ 

, 
- = 2.34 V

2.34 V >  0.7 V      Therefore the transistor is still in the active region.

gm = 40 0.275mA( ) =11.0 mS   |    rπ =
βo

gm

=
100
11mS

= 9.09 kΩ   |    RiB = 9.09kΩ+101 3.0kΩ( ) = 312 kΩ

Av
CE = −

11.0mS 18kΩ( )
1+11.0mS 3kΩ( )

104kΩ 312kΩ

1kΩ+104kΩ 312kΩ

( 

) 
* 
* 

+ 

, 
- 
- = −5.75   The gain is essentially unchanged.
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The anwer above should be 0.425 fA. 

 
         

Page 451 

 
         

 
 

    

€ 

RiC = 320kΩ 1+
100 2kΩ( )

1kΩ 104kΩ( ) +10.2kΩ+ 2kΩ

# 

$ 

% 
% 

& 

' 

( 
( 

= 5.17 MΩ   |    µ f RE = 3140 2kΩ( ) = 6.28 MΩ

RiC < µ f RE    |    Rout = 5.17MΩ 22kΩ = 21.9 kΩ  |   Rout << µ f RE

−−−

lim RiC
RE →∞

= lim
RE →∞

ro 1+
βoRE

Rth + rπ + RE

. 

/ 
0 

1 

2 
3 = ro 1+

βoRE

RE

. 

/ 
0 

1 

2 
3 = βo +1( )ro

 

    

€ 

RiB =10.2kΩ+101 1kΩ( ) =111 kΩ

Av = −
9.80mS 18kΩ( )
1+ 9.80mS 1kΩ( )

104kΩ 111kΩ
1kΩ+104kΩ 111kΩ

$ 

% 
& 
& 

' 

( 
) 
) = −16.0   |    R4 =13kΩ−1kΩ =12 kΩ.

−−−

IC = IS exp VBE

VT

$ 

% 
& 

' 

( 
) 1+

VCB

VA

$ 

% 
& 

' 

( 
)    |   VT =

kT
q

=
1.38x10−23 300( )
1.60x10−19

= .025875 V

IS =
0.245mA

exp 0.7
0.025875
$ 

% 
& 

' 

( 
) 1+

3.39 − 0.7
100

$ 

% 
& 

' 

( 
) 

= 425 fA

−−−

Av
CE ≅ −10VCC = −10 20( ) = −200  |   gm = 40IC = 40 100µA( ) = 4.00 mS  |   RiB = rπ =

βo

gm

=
100
4mS

= 25 kΩ

ro =
VA + VCE

IC

=
50V +10V
100µA

= 600 kΩ   |    µ f = gmro = 4mS 600kΩ( ) = 2400

Av
CE = −gm RC ro( )

RB RiB

RI + RB RiB

= −4.00mS 100kΩ 600kΩ( )
150kΩ 25kΩ

5kΩ+150kΩ 25kΩ

$ 

% 
& 
& 

' 

( 
) 
) = −278

 

    

€ 

RiB =10.2kΩ+101 1kΩ( ) =111 kΩ

Av = −
9.80mS 18kΩ( )
1+ 9.80mS 1kΩ( )

104kΩ 111kΩ
1kΩ+104kΩ 111kΩ

$ 

% 
& 
& 

' 

( 
) 
) = −16.0   |    R4 =13kΩ−1kΩ =12 kΩ.

−−−

IC = IS exp VBE

VT

$ 

% 
& 

' 

( 
) 1+

VCB

VA

$ 

% 
& 

' 

( 
)    |   VT =

kT
q

=
1.38x10−23 300( )
1.60x10−19

= .025875 V

IS =
0.245mA

exp 0.7
0.025875
$ 

% 
& 

' 

( 
) 1+

3.39 − 0.7
100

$ 

% 
& 

' 

( 
) 

= 425 fA

−−−

Av
CE ≅ −10VCC = −10 20( ) = −200  |   gm = 40IC = 40 100µA( ) = 4.00 mS  |   RiB = rπ =

βo

gm

=
100
4mS

= 25 kΩ

ro =
VA + VCE

IC

=
50V +10V
100µA

= 600 kΩ   |    µ f = gmro = 4mS 600kΩ( ) = 2400

Av
CE = −gm RC ro( )

RB RiB

RI + RB RiB

= −4.00mS 100kΩ 600kΩ( )
150kΩ 25kΩ

5kΩ+150kΩ 25kΩ

$ 

% 
& 
& 

' 

( 
) 
) = −278

 

    

€ 

VEQ =
1.5MΩ

1.5MΩ+ 2.2MΩ
12V = 4.87 V   |    REQ =1.5MΩ 2.2MΩ = 892 kΩ

Neglect λ in hand calculations of the Q - point.

4.87 = VGS +12000ID    |    4.87 = VGS +12000 5x10−4

2

% 

& 
' 

( 

) 
* VGS −1( )

2

3VGS
2 − 5VGS −1.87 = 0→VGS =1.981 V   |    ID = 241 µA

VDS =12 − 22000ID −12000ID = 3.81 V   |    Q - point :  241 µA,  3.81 V( )
−−−

AvdB
CS = 20 log−4.50 = −13.1 dB

−−−

RiB =10.2kΩ+101 1kΩ( ) =111kΩ

Av
CE = −

9.80mS 18kΩ( )
1+ 9.80mS 1kΩ( )

104kΩ 111kΩ
1kΩ+104kΩ 111kΩ

% 

& 
' 
' 

( 

) 
* 
* = −16.0   |    R4 =13kΩ−1kΩ =12 kΩ

Av
CS = −

0.503mS 18kΩ( )
1+ 0.503mS 1kΩ( )

892kΩ
1kΩ+ 892kΩ

% 

& 
' 

( 

) 
* = −6.02   |    R4 =12kΩ−1kΩ =11 kΩ

iii( )  RiB =10.2kΩ+101 13kΩ( ) =1.32 MΩ

Av
CE = −

9.80mS 18kΩ( )
1+ 9.80mS 13kΩ( )

104kΩ 1.32MΩ

1kΩ+104kΩ 1.32MΩ

% 

& 
' 
' 

( 

) 
* 
* = −1.36  |   Av

CE ≅ −
RL

RE + R4
= −
18kΩ
13kΩ

= −1.38

Av
CS = −

0.503mS 18kΩ( )
1+ 0.503mS 12kΩ( )

892kΩ
1kΩ+ 892kΩ

% 

& 
' 

( 

) 
* = −1.29  |   Av

CS ≅ −
RL

RS + R4
= −
18kΩ
12kΩ

= −1.50
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€ 

VEQ =
1.5MΩ

1.5MΩ+ 2.2MΩ
12V = 4.87 V   |    REQ =1.5MΩ 2.2MΩ = 892 kΩ

Neglect λ in hand calculations of the Q - point.

4.87 = VGS +12000ID    |    4.87 = VGS +12000 5x10−4

2

% 

& 
' 

( 

) 
* VGS −1( )

2

3VGS
2 − 5VGS −1.87 = 0→VGS =1.981 V   |    ID = 241 µA

VDS =12 − 22000ID −12000ID = 3.81 V   |    Q - point :  241 µA,  3.81 V( )
−−−

AvdB
CS = 20 log−4.50 = −13.1 dB

−−−

RiB =10.2kΩ+101 1kΩ( ) =111kΩ

Av
CE = −

9.80mS 18kΩ( )
1+ 9.80mS 1kΩ( )

104kΩ 111kΩ
1kΩ+104kΩ 111kΩ

% 

& 
' 
' 

( 

) 
* 
* = −16.0   |    R4 =13kΩ−1kΩ =12 kΩ

Av
CS = −

0.503mS 18kΩ( )
1+ 0.503mS 1kΩ( )

892kΩ
1kΩ+ 892kΩ

% 

& 
' 

( 

) 
* = −6.02   |    R4 =12kΩ−1kΩ =11 kΩ

iii( )  RiB =10.2kΩ+101 13kΩ( ) =1.32 MΩ

Av
CE = −

9.80mS 18kΩ( )
1+ 9.80mS 13kΩ( )

104kΩ 1.32MΩ

1kΩ+104kΩ 1.32MΩ

% 

& 
' 
' 

( 

) 
* 
* = −1.36  |   Av

CE ≅ −
RL

RE + R4
= −
18kΩ
13kΩ

= −1.38

Av
CS = −

0.503mS 18kΩ( )
1+ 0.503mS 12kΩ( )

892kΩ
1kΩ+ 892kΩ

% 

& 
' 

( 

) 
* = −1.29  |   Av

CS ≅ −
RL

RS + R4
= −
18kΩ
12kΩ

= −1.50

    

€ 

VT =
1.381x10−23

1.602x10−19
V
K

# 

$ 
% 

& 

' 
( 273K + 27K( ) = 25.861 mV   |    IS =

IC

exp VBE

VT

# 

$ 
% 

& 

' 
( 

=
245µA

exp 0.700V
0.025861V
# 

$ 
% 

& 

' 
( 

= 0.430 fA

−−−

gmRL = -9.80mS 18kΩ( ) = −176   |    Av
CE ≅ −

18kΩ
3kΩ

= −6.00   |    5.72 < 6.00

gmRL = -0.503mS 18kΩ( ) = −9.05   |    Av
CS ≅ −

18kΩ
2kΩ

= −9.00   |    4.50 < 9.00

    

€ 

RB =160kΩ 300kΩ =104kΩ   |    RiB ≅ rπ 1+ gmRL( ) =
2.5V
0.25mA

1+10mS 11.5kΩ( )[ ] =1.16 MΩ

vi ≤ 0.005V 1+ gmRL( )
RI + RB RiB

RB RiB

= 0.005V 1+10mS 11.5kΩ( )[ ] 2kΩ+ 95.4kΩ
95.4kΩ

= 0.592 V

vi ≤ 0.2 VGS −VTN( ) 1+ gmRL( ) RI + RG

RG

= 0.2 1V( ) 1+ 0.5mS 10.7kΩ( )[ ] 2kΩ+ 892kΩ
892kΩ

=1.27 V
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Page 459 
Add ro either in parallel the dependent current source or in parallel with vx. 
 

𝑖- =
𝑣-
𝑟'
+

𝑣-
𝑟. + 𝑅%/

− 𝛽'𝑖- =
𝑣-
𝑟'
+

𝑣-
𝑟. + 𝑅%/

− 𝛽' :−
𝑣-

𝑟. + 𝑅%/
= 

 
𝑖-
𝑣-
=
1
𝑟'
+

𝛽' + 1
𝑟. + 𝑅%/

			 |			𝑅0$ =
𝑣-
𝑖-
= 𝑟'||

𝑟. + 𝑅%/
𝛽' + 1

≅ 𝑟'|| :
1
𝑔,

+
𝑅%/
𝛽'

= ≅
1
𝑔,

 

         
Page 460  
Replace vx in Fig. 8.17 with a current source ix.  (ro is also included but not in Eq. 8.68) 

𝑖- =
𝑣-
𝑟'
± 𝑖# − 𝛽'𝑖# =

𝑣-
𝑟'
− (𝛽' + 1)𝑖# 			|			𝑣- = −𝑖#(𝑟. + 𝑅%/) 

𝑖- = 𝑣-𝑖- = 𝑣- :
𝑣-
𝑟'
+

𝛽' + 1
𝑟. + 𝑅%/

= 			|			𝑅0$ =
𝑣-
𝑖-
= 𝑟'||

𝑟. + 𝑅%/
𝛽' + 1

≅ 𝑟'|| :
1
𝑔,

+
𝑅%/
𝛽'

= ≅
1
𝑔,
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€ 

Avt =
2kΩ+ 892kΩ
892kΩ

0.971= 0.973   |    
0.491ms( )RL

1+ 0.491ms( )RL

= 0.973→ RL = 73.4kΩ

R6 100kΩ = 73.4kΩ→ R6 = 276 kΩ  |   Note,  however,  that the 12 kΩ resistor 

can' t simply be replaced with a 276 kΩ resistor because of Q - point problems.
−−−

RiB =10.2kΩ+101 13kΩ( ) =1.32MΩ   |    Rin
CC =104kΩ 1.32MΩ = 96.4kΩ

Av
CE = −

9.80mS 13kΩ( )
1+ 9.80mS 13kΩ( )

96.4kΩ
2kΩ+ 96.4kΩ
% 

& 
' 

( 

) 
* = +0.972

Av
CS = −

0.491mS 12kΩ( )
1+ 0.491mS 12kΩ( )

892kΩ
2kΩ+ 892kΩ
% 

& 
' 

( 

) 
* = +0.853

−−−

BJT :  gmRL = 9.80mS 11.5kΩ( ) =113   |    FET :  gmRL = 0.491mS 10.7kΩ( ) = 5.25

    

€ 

BJT :  vi ≤ 0.005V 1+ gmRI( ) RI + R6

R6

= 0.005V 1+ 9.8mS 2kΩ( )[ ] 2kΩ+13kΩ
13kΩ

$ 

% 
& 

' 

( 
) =119 mV

Neglecting R6,   vi ≤ 0.005V 1+ gmRI( ) = 0.005V 1+ 9.8mS 2kΩ( )[ ] =103 mV

FET :  vi ≤ 0.2 VGS −VTN( ) 1+ gmRI( ) RI + R6

R6

= 0.2 0.982( ) 1+ 0.491mS 2kΩ( )[ ] 2kΩ+12kΩ
12kΩ

= 454 mV

Neglecting R6,   vi ≤ 0.2 VGS −VTN( ) 1+ gmRI( ) = 0.2 0.982( ) 1+ 0.491mS 2kΩ( )[ ] = 389 mV
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€ 

RiC = ro 1+
βoRth

Rth + rπ

$ 

% 
& 

' 

( 
) = 219kΩ 1+

100 1.73kΩ( )
1.73kΩ+10.2kΩ

$ 

% 
& 
& 

' 

( 
) 
) 

= 3.40 MΩ

Or more approximately,   RiC = ro 1+ gmRth[ ] = 219kΩ 1+ 9.8mS 1.73kΩ( )[ ] = 3.93 MΩ

RiD = ro 1+ gmRth[ ] = 223kΩ 1+ 0.491 1.71kΩ( )[ ] = 410 kΩ

Av
CB = gmRL

R6
1
gm

!

"
#

$

%
&

R6 +
1
gm

RI +
R6

1
gm

!

"
#

$

%
&

R6 +
1
gm

= gmRL

R6

R6 +
1
gm

gmRI +
R6

R6 +
1
gm

= gmRL
R6

R6 1+ gmRI( )+ RI

Av
CB = gmRL

R6

R6 + RI
1

1+ gmRIR6

R6 + RI

=
gmRL

1+ gmRth
R6

R6 + RI

!

"
#

$

%
&

−−−

The voltage gains are proportional to the load resistance

Av
CE = +8.48 22kΩ

18kΩ
!

"
#

$

%
&= +10.4   |   Av

CG = +4.12 22kΩ
18kΩ
!

"
#

$

%
&= +5.02

−−−

CB: Av
CB ≤ gmRL =176   |   Av

CB ≅
RL
Rth

=
RL

RI R6

=
18kΩ

1.73kΩ
=10.4   |   8.48<10.4 <<176

CG: Av
CG ≤ gmRL = 8.84   |   Av

CB ≅
RL
Rth

=
RL

RI R6

=
18kΩ

1.71kΩ
=10.5   |   4.11< 8.84 <10.5

−−−

RiE ≅
1
gm

=
1

40IC
   |   RiS =

1
gm

=
VGS −VTN

2ID
   |   RiE

RiS
=

1
40IC

2ID
VGS −VTN

!

"
#

$

%
&=

2
40 1( )

=
1
20

    

€ 

Av
CS =

1
1+η

W L( )1
W L( )2

   |    10
26
20 =

1
1+ 0.2

W L( )1
4

=
2290
1
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𝑔, =
2𝐼(

𝑉*! − 𝑉%1
			 |			𝑔,2 =

2(421𝜇𝐴)
2 − 1 = 8.42𝑥1034𝐴/𝑉			|			𝑔,5 =

2(421𝜇𝐴)
3 − 1 = 4.21𝑥1034𝐴/𝑉 

𝑟' =
1/𝜆 + 𝑉(!

𝐼(
			 |			𝑟62 =

50𝑉 + 2𝑉
421𝜇𝐴 = 123.5	𝑘𝛺			|			𝑟65 =

50𝑉 + 3𝑉
421𝜇𝐴 = 125.9	𝑘𝛺 

𝐴7 = −𝑔,2 :
1
𝑔,5

||𝑟62||𝑟65||𝑅8= = −8.42𝑥1034/𝑉(2.375𝑘𝛺||123.5𝑘𝛺||125.9𝑘𝛺||1𝑀𝛺) = −1.92 

 Note	Eq. 8.100:	For	𝜂 = 0, 𝐴7 ≅
9*+
9*,

= :.45
4.52

= 2.00			𝑜𝑟		𝐴7 ≅ _</>+
</>,

	= _:/2
5/2

= 2.00 

         
Page 483 

 

𝑔, =
2𝐼(

𝑉*! − 𝑉%1
			 |			𝑔,2 =

2(932𝜇𝐴)
1.65 − 0.7 = 1.97𝑥103?𝐴/𝑉			|			𝑔,5 =

2(932𝜇𝐴)
3.3 − 1.65 − 1 = 1.97𝑥103?𝐴/𝑉 

𝑟' =
1/𝜆 + 𝑉(!

𝐼(
			 |			𝑟62 = 𝑟65 =

50𝑉 + 1.65𝑉
932𝜇𝐴 = 55.4	𝑘𝛺			|			𝐴7 = −(𝑔,5 + 𝑔,5)a𝑟62b|𝑟65|b𝑅8c 

𝐴7 = −3.94𝑥103?/𝑉(55.4𝑘𝛺||55.4𝑘𝛺||560𝑘𝛺) = −3.94(26.4) = −104 
(Compare this to the gain of the circuit in Fig. 8.30 on page 480!!) 
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η = 0  |   ID2 = ID1  |   Both transistors are in the active region since VDS = VGS .

Neglecting λ :   10
−4

2
2
1
% 

& 
' 
( 

) 
* 5 −VO −1( )

2
=
10−4

2
8
1
% 

& 
' 
( 

) 
* VO −1( )

2
→VO = 2.00 V

Keeping λ :   10
−4

2
2
1
% 

& 
' 
( 

) 
* 5 −VO −1( )

2
1+ 0.02 5 −VO( )[ ] =

10−4

2
8
1
% 

& 
' 
( 

) 
* VO −1( )

2
1+ 0.02VO( )→

VO = 2.0064 V ,   ID = 421.39 µA→Q− point :  2.01 V ,  421 µA( )
−−−

 ID2 = ID1  |   Both transistors are in the active region since VDS = VGS .

Kn =10−4 20
1

% 

& 
' 

( 

) 
* = 2x10−3 A

V 2    |    K p = 4x10−5 50
1

% 

& 
' 

( 

) 
* = 2x10−3 A

V 2    |   The transistors are symmetrical.

∴  VO =
VDD

2
=
3.3V
2

=1.65 V  |   ID =
10−4

2
20
1

% 

& 
' 

( 

) 
* 1.65 − 0.7( )

2
1+ 0.02 1.65( )[ ] = 932 µA

Q− point :  1.65 V ,  932 µA( )

 

    

€ 

η = 0  |   ID2 = ID1  |   Both transistors are in the active region since VDS = VGS .

Neglecting λ :   10
−4

2
2
1
% 

& 
' 
( 

) 
* 5 −VO −1( )

2
=
10−4

2
8
1
% 

& 
' 
( 

) 
* VO −1( )

2
→VO = 2.00 V

Keeping λ :   10
−4

2
2
1
% 

& 
' 
( 

) 
* 5 −VO −1( )

2
1+ 0.02 5 −VO( )[ ] =

10−4

2
8
1
% 

& 
' 
( 

) 
* VO −1( )

2
1+ 0.02VO( )→

VO = 2.0064 V ,   ID = 421.39 µA→Q− point :  2.01 V ,  421 µA( )
−−−

 ID2 = ID1  |   Both transistors are in the active region since VDS = VGS .

Kn =10−4 20
1

% 

& 
' 

( 

) 
* = 2x10−3 A

V 2    |    K p = 4x10−5 50
1

% 

& 
' 

( 

) 
* = 2x10−3 A

V 2    |   The transistors are symmetrical.

∴  VO =
VDD

2
=
3.3V
2

=1.65 V  |   ID =
10−4

2
20
1

% 

& 
' 

( 

) 
* 1.65 − 0.7( )

2
1+ 0.02 1.65( )[ ] = 932 µA

Q− point :  1.65 V ,  932 µA( )

    

€ 

Since we need high gain,  the emitter should be bypassed,  and Rin
CE = RB rπ = 250kΩ.

If we choose RB ≅ rπ ,   IC =
βo

40rπ
≅

100
40 500kΩ( )

= 5 µA

−−−

Rin
CG ≅

1
gm

   |    IC ≅
1

40 2kΩ( )
=12.5 µA



 

  ©R. C. Jaeger, T. N. Blalock, B. J. Blalock 
06/15/22 

  

21 

Page 489 

 

         
Page 491 

 

         

    

€ 

Common −Emitter :

C1 >>
1

2π 250Hz( ) 1kΩ+ 77.9kΩ( )
= 8.07nF   |    Choose C1 = 82 nF = 0.082 µF

C2 >>
1

2π 250Hz( ) 21.9kΩ+ 82kΩ( )
= 6.13nF   |    Choose C2 = 68 nF = 0.068 µF

C3 >>
1

2π 250Hz( ) 10kΩ 3kΩ+
1

9.80mS
% 

& 
' 

( 

) 
* 

+ 

, 
- 
- 

. 

/ 
0 
0 

= 0.269µF   |    Choose C3 = 2.7 µF

Common −Source :

C1 >>
1

2π 250Hz( ) 1kΩ+ 892kΩ( )
= 713pF   |    Choose C1 = 8200 pF

C2 >>
1

2π 250Hz( ) 21.5kΩ+ 82kΩ( )
= 6.15nF   |    Choose C2 = 68 nF = 0.068 µF

C3 >>
1

2π 250Hz( ) 10kΩ 2kΩ+
1

0.491mS

% 

& 
' 

( 

) 
* 

+ 

, 
- 
- 

. 

/ 
0 
0 

= 0.221µF   |    Choose C3 = 2.2 µF

    

€ 

Common −Collector :

C1 >>
1

2π 250Hz( ) 1kΩ+ 95.5kΩ( )
= 6.60nF   |    Choose C1 = 68 nF = 0.068 µF

C2 >>
1

2π 250Hz( ) 120Ω+ 82kΩ( )
= 7.75nF   |    Choose C2 = 82 nF = 0.082 µF

Common −Drain :

C1 >>
1

2π 250Hz( ) 1kΩ+ 892kΩ( )
= 713pF   |    Choose C1 = 8200 pF

C2 >>
1

2π 250Hz( ) 1.74kΩ+ 82kΩ( )
= 7.60nF   |    Choose C2 = 82 nF = 0.082 µF



  ©R. C. Jaeger, T. N. Blalock, B. J. Blalock 
06/15/22 

22 

Page 495 

 
         

Page 496 

 

         

Common−Base:

C1 >>
1

2π 250Hz( ) 1kΩ+ 0.1kΩ( )
= 0.579µF    |   Choose C1 = 6.8 µF

C2 >>
1

2π 250Hz( ) 21.9kΩ+82kΩ( )
= 6.13nF    |   Choose C2 = 0.068 µF

C3 >>
1

2π 250Hz( ) 160kΩ 300kΩ 10.2kΩ+101 13kΩ 1kΩ( )#$ %&( )  
=12.2nF    |   Choose C3 = 0.12 µF

Common−Gate:

C1 >>
1

2π 250Hz( ) 1kΩ+1.74kΩ( )
= 0.232µF    |   Choose C1 = 2.2 µF

C2 >>
1

2π 250Hz( ) 20.9kΩ+82kΩ( )
= 6.19nF    |   Choose C2 = 0.068 µF

C3 >>
1

2π 250Hz( ) 1.5MΩ 2.2MΩ( )  
= 714pF    |   Choose C3 = 8200 pF

    

€ 

a( ) Common −Source :

C3 =
1

2π 1000Hz( ) 10kΩ 2kΩ+
1

0.491mS

% 

& 
' 

( 

) 
* 

+ 

, 
- 
- 

. 

/ 
0 
0 

= 55.3nF   |    Choose C3 = 0.056 µF

b( ) Common −Collector :

C2 >>
1

2π 2000Hz( ) 120Ω+100kΩ( )
= 795 pF   |    Choose C2 = 820 pF

c( ) Common −Gate :

C1 >>
1

2π 1000Hz( ) 2kΩ+1.74kΩ( )
= 42.6nF   |    Choose C1 = 0.042 µF
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20V = VGS + 3600ID   |   20 = VGS + 3600 0.020
2

VGS −1.5( )
2
→VGS = 2.203 V  |   ID = 4.94  mA

VDS = 5 − −VGS( ) = 7.20 V   |    Q - point :  (4.94 mA,  7.20 V)   |    Rin = RG = 22 MΩ

Av
CD =

gmRL

1+ gmRL

  |   gm =
2 4.94mA( )
2.20 −1.50( )V

=14.2 mS  |   RL = 3600Ω 3000Ω =1630 Ω  |   Av
CD = 0.959

−−−

Rout
CD = 3.6kΩ

1
gm

= 3.6kΩ
1

0.0142
= 69.1 Ω  |    vgs ≤ 0.2 2.20 −1.50( ) 1+ 0.0142 1630( )[ ] = 3.38 V

−−−

ro =

1
λ

+ VDS

ID

=

1
0.015

+ 5 + 2.21

0.005
=14.8 kΩ  |   RL = 3600Ω 3000Ω 14.8kΩ =1470 Ω  |   Av

CD = 0.954

−−−

W
L

=
Kn

' K n
=
2x10−2

5x10−5
=
400
1

    

€ 

A =
gmRS

1+ gmRS

  |   gm =
2 4.94mA( )
2.20 −1.50( )V

=14.2 mS  |   RS = 3600 Ω  |   Av
CD = 0.981  |   Rin = RG = 22 MΩ

Rout
CD = 3.6kΩ 1

gm

= 3.6kΩ 1
0.0142

= 69.1 Ω   |    Av
CD = A 3000Ω

69.1Ω+ 3000Ω
= 0.959
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Reverse the direction of the arrow on the emitter of the transistor as well
as the values of VEE  and VCC.
−−−

Rin
CG = RE

1
gm

=13kΩ 1
40 331µA( )

= 75.1 Ω   |   Av
CB =

75.1Ω
75Ω+ 75.1Ω

13.2mS( ) 7.58kΩ( ) = 50.1

−−−

For vCB ≥ 0,  we require vC ≥ 0.   VC = 5− ICRC = 2.29 V    ∴ vc ≤ 2.29 V

vo ≤ 5mV gmRL( ) = 5mV 13.2mS( ) 7580Ω( ) = 0.500 V
−−−

RE = 75Ω 1+ 40 7.5− 0.7( )&' ()= 20.5 kΩ (a standard 1% value)   |   IC ≅
6.8V

20.5kΩ
= 332 µA

50 = 40 332µA( )RL
75

75+ 75
→ RL = 7.53kΩ→ RC = 8.14 kΩ→ 8.06 kΩ (a standard 1% value)

VEC = 0.7+ 7.5− ICRC = 5.52 V
−−−

f1 =
1

2π RI + Rin( )C1

=
1

2π 75Ω+ 75.1Ω( ) 0.022µF( )
= 48.2 kHz

f2 =
1

2π R3 + Rout( )C2

=
1

2π 100kΩ+8.2kΩ( ) 33pF( )
= 44.6 kHz

We have two almost identical poles and can estimate fL  by applying the bandwidth shrinkage factor

from Table 14.13 to the mean of the two frequencies:  fL ≅1.55 48.2+ 44.6
2

,

-
.

/

0
1kHz = 72 kHz

Using the design value:  fL ≅1.55 50+ 50
2

,

-
.

/

0
1kHz = 77.5 kHz

 

Reverse the direction of the arrow on the emitter of the transistor as well
as the values of VEE  and VCC.
−−−

Rin
CG = RE

1
gm

=13kΩ 1
40 331µA( )

= 75.1 Ω   |   Av
CB =

75.1Ω
75Ω+ 75.1Ω

13.2mS( ) 7.58kΩ( ) = 50.1

−−−

For vCB ≥ 0,  we require vC ≥ 0.   VC = 5− ICRC = 2.29 V    ∴ vc ≤ 2.29 V

vo ≤ 5mV gmRL( ) = 5mV 13.2mS( ) 7580Ω( ) = 0.500 V
−−−

RE = 75Ω 1+ 40 7.5− 0.7( )&' ()= 20.5 kΩ (a standard 1% value)   |   IC ≅
6.8V

20.5kΩ
= 332 µA

50 = 40 332µA( )RL
75

75+ 75
→ RL = 7.53kΩ→ RC = 8.14 kΩ→ 8.06 kΩ (a standard 1% value)

VEC = 0.7+ 7.5− ICRC = 5.52 V
−−−

f1 =
1

2π RI + Rin( )C1

=
1

2π 75Ω+ 75.1Ω( ) 0.022µF( )
= 48.2 kHz

f2 =
1

2π R3 + Rout( )C2

=
1

2π 100kΩ+8.2kΩ( ) 33pF( )
= 44.6 kHz

We have two almost identical poles and can estimate fL  by applying the bandwidth shrinkage factor

from Table 14.13 to the mean of the two frequencies:  fL ≅1.55 48.2+ 44.6
2

,

-
.

/

0
1kHz = 72 kHz

Using the design value:  fL ≅1.55 50+ 50
2

,

-
.

/

0
1kHz = 77.5 kHz

    

€ 

5% tolerances IC
max ≅

VEE
max − 0.7V

RE
min =

5 1.05( ) − 0.7V
13kΩ 0.95( )

= 368µA  

VC
min = VCC

min − IC
max RC

max = 5V 0.95( ) − 368µA 8.2kΩ( ) 1.05( ) =1.58 V  |   1.58 ≥ 0,  so active region is ok.

10% tolerances IC
max ≅

VEE
max − 0.7V

RE
min =

5 1.1( ) − 0.7V
13kΩ 0.9( )

= 410µA  

VC
min = VCC

min − IC
max RC

max = 5V 0.90( ) − 410µA 8.2kΩ( ) 1.1( ) = 0.802 V  |   0.802 ≥ 0,  so active region is ok.

−−−

vth = vi
Rin

CB

75Ω+ Rin
CB

gmRC = vi
75

75Ω+ 75
13.2mS( ) 8200Ω( ) = 54.1vi   |    Rth = Rout

CB = 8.2 kΩ

Av
CG =

vo

vi

=
vth

vi

100kΩ
Rth +100kΩ

= 54.1 100kΩ
8.2kΩ+100kΩ

= 50.0
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Continued on the next page … 

f1 =
1

2π RI + Rin( )C1

=
1

2π 75Ω+ 75Ω( ) 0.022µF( )
= 48.2 kHz

f2 =
1

2π R7 + Rout( )C2

=
1

2π 100kΩ+100kΩ( ) 20pF( )
= 39.8 kHz

f3 =
1

2π Rs 1/ gm( )C3

=
1

2π 9.1kΩ 500Ω( ) 0.0068µF( )
= 49.4 kHz

We have three almost identical poles and can estimate fL  by applying the bandwidth shrinkage factor

from Table 14.13 to the mean of the three frequencies:  fL ≅1.95 48.2+39.8+ 49.4
3

#

$
%

&

'
(kHz = 89 kHz

−−−

ro ≅ ro =
1
λID

=
1

0.015 2x10−4( )
= 333 kΩ 

or more exactly  VDS = 25−105 ID − 9.1x103 ID = 25−1.09x105 0.2mA( ) = 3.18 V      

ro =

1
λ
+VDS

ID
=

1
0.015

+3.18

2x10−4 = 349 kΩ   |   RL =100kΩ 100kΩ 349kΩ = 43.7 kΩ

Av
CS = − gmRL( ) Rin

RI + Rin
= −

2 0.2mA( )
0.2V

43.7kΩ( ) 75Ω
75Ω+ 75Ω
#

$
%

&

'
(= −43.7

−−−

ID =
0.01

2
0.25( )2

= 0.3125 mA   |   VGS −VTN = 0.25 V    |   VGS = 0.25− 2 = −1.75 V

RS =
−VGS
ID

=
1.75V

0.3125mA
= 5.60kΩ→ 5.6 kΩ  |  RL = 2 Av

gm
=

50 0.25V( )
0.3125mA

= 40 kΩ  |  RD 100kΩ = 40 kΩ

RD = 66.7kΩ→ 68 kΩ   |   C1  remains unchanged.  

C2 >>
1

106π 68kΩ+100kΩ( )
=1.90pF→Choose C2 = 20 pF

C3 >>
1

106π 5.6kΩ 1
2.5mS

#

$
%

&

'
(

= 0.853nF→Choose C3 = 8200 pF

−−−

vth = vi
Rin

CG

75Ω+ Rin
CG gmRD = vi

75Ω
75Ω+ 75Ω

2mS( ) 100kΩ( ) =100vi    |   Rth = Rout
CG =100 kΩ

Av
CG =

vo
vi
=
vth
vi

100kΩ
Rth +100kΩ

=100 100kΩ
100kΩ+100kΩ

= 50.0 
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(𝑐)				𝑣@A = 𝑣B
75𝛺

75𝛺 + 75𝛺
(2𝑚𝑆)(100𝑘𝛺||100𝑘𝛺) 	= 50.0			|			𝑅@A = 100𝑘𝛺||100𝑘𝛺 = 50𝑘𝛺 

										𝐴7"* = 50
100𝑘𝛺

50𝑘𝛺 + 100𝑘𝛺 = 33.3 
         

Page 512 

 
𝐼- = 150

(3.30 − 0.6)𝑉
17.2𝑘𝛺 + 151(1.6𝑘𝛺) = 1.57	𝑚𝐴			|			𝑉-. = 15 − 1.57𝑚𝐴 ?4.7𝑘𝛺 +

151
1501.6𝑘𝛺@ = 5.09𝑉 

𝑔! = (1.57𝑚𝐴)40/𝑉 = 62.8	𝑚𝑆  |   𝑟" =
#$%

&'.)!*
= 2.39	𝑘𝛺			|			𝑟+ =

)%,$.%-
#.$.!/

= 54.2	𝑘𝛺			 

	
𝐼- = 80

(8.53 − 0.6)𝑉
51.8𝑘𝛺 + 81(3.3𝑘𝛺) = 1.99	𝑚𝐴			|			𝑉-. = 15 − 1.99𝑚𝐴?

81
803.3𝑘𝛺@ = 8.35	𝑉 

𝑔! = (1.96𝑚𝐴)40/𝑉 = 78.4	𝑚𝑆  |   𝑟" =
)%

.).0!*
= 2.39	𝑘𝛺			|			𝑟+ =

)%,).1$
#.--!/

= 34.4	𝑘𝛺			 
--- 
A typical op-amp gain is at least 10,000 which exceeds the amplification factor of  
a single transistor. 
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€ 

M1 :   ID =
Kn

2
VGS −VTN( )

2
  |   VGS = −RS1ID   |   ID =

0.01
2

−200ID + 2( )
2
→ ID = 5.00 mA

VDS =15 − 5mA 820Ω( ) =10.9 V

gm = 2KnID = 2 0.01( ) 0.005( ) =10.0 mS   |    ro =
1+ λVDS

λID

=
1+ 0.02 10.9( )
0.02 5mA( )

=12.2 kΩ

Q2 :   VEQ =
22kΩ

22kΩ+ 78kΩ
15V( ) = 3.30 V   |    REQ = 22kΩ 78kΩ =17.2 kΩ   

IC =150 3.30 − 0.7
17.2kΩ+151 1.6kΩ( )

=1.52 mA   |    VCE =15 −1.52mA 4.7kΩ+
151
150

1.6kΩ
& 

' 
( 

) 

* 
+ = 5.41 V 

gm = 40 1.52mA( ) = 60.8 mS   |    rπ =
150

60.8mS
= 2.47 kΩ   |    ro =

80 + 5.41
1.52mA

= 56.2 kΩ

Q3 :   VEQ =
120kΩ

120kΩ+ 91kΩ
15V( ) = 8.53 V   |    REQ =120kΩ 91kΩ = 51.8 kΩ   

IC = 80 8.53− 0.7
51.8kΩ+ 81 3.3kΩ( )

=1.96 mA   |    VCE =15 −1.96mA 81
80
3.3kΩ

& 

' 
( 

) 

* 
+ = 8.45 V    

gm = 40 1.96mA( ) = 78.4  mS   |    rπ =
80

78.4mS
=1.02 kΩ   |    ro =

60 + 8.45
1.96mA

= 34.9 kΩ

−−−

A typical op - amp gain is at least 10,000 which exceeds the amplification factor 
of a single transistor. 

 

    

€ 

M1 :   ID =
Kn

2
VGS −VTN( )

2
  |   VGS = −RS1ID   |   ID =

0.01
2

−200ID + 2( )
2
→ ID = 5.00 mA

VDS =15 − 5mA 820Ω( ) =10.9 V

gm = 2KnID = 2 0.01( ) 0.005( ) =10.0 mS   |    ro =
1+ λVDS

λID

=
1+ 0.02 10.9( )
0.02 5mA( )

=12.2 kΩ

Q2 :   VEQ =
22kΩ

22kΩ+ 78kΩ
15V( ) = 3.30 V   |    REQ = 22kΩ 78kΩ =17.2 kΩ   

IC =150 3.30 − 0.7
17.2kΩ+151 1.6kΩ( )

=1.52 mA   |    VCE =15 −1.52mA 4.7kΩ+
151
150

1.6kΩ
& 

' 
( 

) 

* 
+ = 5.41 V 

gm = 40 1.52mA( ) = 60.8 mS   |    rπ =
150

60.8mS
= 2.47 kΩ   |    ro =

80 + 5.41
1.52mA

= 56.2 kΩ

Q3 :   VEQ =
120kΩ

120kΩ+ 91kΩ
15V( ) = 8.53 V   |    REQ =120kΩ 91kΩ = 51.8 kΩ   

IC = 80 8.53− 0.7
51.8kΩ+ 81 3.3kΩ( )

=1.96 mA   |    VCE =15 −1.96mA 81
80
3.3kΩ

& 

' 
( 

) 

* 
+ = 8.45 V    

gm = 40 1.96mA( ) = 78.4  mS   |    rπ =
80

78.4mS
=1.02 kΩ   |    ro =

60 + 8.45
1.96mA

= 34.9 kΩ

−−−

A typical op - amp gain is at least 10,000 which exceeds the amplification factor 
of a single transistor. 

    

€ 

RL1 = 478Ω 12.2kΩ = 460 Ω   |    RL2 = 3.53kΩ 54.2kΩ = 3.31 kΩ   |    RL3 = 232Ω 34.4kΩ = 230 Ω

Av = −10mS 460Ω( ) −62.8mS( ) 3.31kΩ( )
79.6mS 230Ω( )

1+ 79.6mS 230Ω( )
$ 

% 
& 
& 

' 

( 
) 
) 

1MΩ
10kΩ+1MΩ

* 

+ 
, 

- 

. 
/ = 898

20 log 898( ) = 59.1 dB

−−−

Av ≅ −
VDD

VGS −VTN

* 

+ 
, 

- 

. 
/ −10VCC( ) 1( ) = −

15
1

−10( ) 15( ) 1( ) = 2250

−−−

Av = −10mS 2.39kΩ( ) −62.8mS( ) 19.8kΩ( ) 0.95( ) 0.99( ) = 28000
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Page 519 

 
         

Page 520 

     
          

Page 523 
(𝑎)											𝑉(2 = 15𝑉 − 620Ω(5𝑚𝐴) = 11.9	𝑉			|			𝑉"5 = 15𝑉 − 4.7𝑘Ω(1.57𝑚𝐴) = 7.62	𝑉			 

𝑉%/5 = 15𝑉
22𝑘Ω

22𝑘Ω + 78𝑘Ω = 3.3𝑉			|			𝑅%/5 = (22𝑘Ω||78𝑘Ω) = 17.1𝑘Ω 

𝑉#5 = 3.3𝑉 −
1.57𝑚𝐴
150

(17.16𝑘Ω) = 3.12	𝑉 

𝑉%/? = 15𝑉
120𝑘Ω

91𝑘Ω + 120𝑘Ω = 8.53𝑉			|			𝑅%/? = (120𝑘Ω||91𝑘Ω) = 51.75𝑘Ω 

|			𝑉#? = 8.53𝑉 −
1.99𝑚𝐴
80

(51.75𝑘Ω) = 7.24	𝑉 

(𝑏)																		3.1𝑉 = 15𝑉 − 𝑅( :5𝑚𝐴 +
1.57𝑚𝐴
150 = → 𝑅( = 2.37𝑘𝛺 → 2.4𝑘𝛺 

		7.2𝑉 = 15𝑉 − 𝑅"5 :1.57𝑚𝐴 +
1.99𝑚𝐴
80 = → 𝑅"5 = 4.89𝑘𝛺 → 5.1	𝑘𝛺		𝑜𝑟		4.7	𝑘𝛺	 

         
Page 525 

(𝑎)					𝐼C$8 =
𝐾+D *

𝑊
𝐿 ,2
2

(𝑉*! − 𝑉%1)5			|			𝐼(5 =
𝐾+D *

𝑊
𝐿 ,5
2

(𝑉*! − 𝑉%1)5 

𝐼(5
𝐼C$8

=
*𝑊𝐿 ,5
*𝑊𝐿 ,2

				𝑜𝑟				𝐼(5 = 𝐼C$8
*𝑊𝐿 ,5
*𝑊𝐿 ,2

 

(𝑏)					𝐼C$8 = 𝐼"2 = 𝐼!2𝑒𝑥𝑝 :
𝑉#$
𝑉%
=			|		𝐼) = 𝐼"5 = 𝐼!5𝑒𝑥𝑝 :

𝑉#$
𝑉%
= 

𝐼)
𝐼C$8

=
𝐼!5
𝐼!2
				𝑜𝑟				𝐼) = 𝐼C$8

𝐼!5
𝐼!2

= 𝐼C$8
𝐴$5
𝐴$2

 

         
 

  

 

    

€ 

Rout = 3300 1
0.0796S

+
3990
90.1

" 

# 
$ 

% 

& 
' = 55.9 Ω

−−−

Note that the answers are obtained directly from SPICE.
−−−

Av1 = −gmRL1 = − 2 0.01( ) 0.001( ) 3kΩ 17.2kΩ 2.39kΩ( ) = 5.52

Av = −5.52 −222( ) 3.31kΩ( ) 0.95( ) 0.99( ) =1150

 

    

€ 

Rout = 3300 1
0.0796S

+
3990
90.1

" 

# 
$ 

% 

& 
' = 55.9 Ω

−−−

Note that the answers are obtained directly from SPICE.
−−−

Av1 = −gmRL1 = − 2 0.01( ) 0.001( ) 3kΩ 17.2kΩ 2.39kΩ( ) = 5.52

Av = −5.52 −222( ) 3.31kΩ( ) 0.95( ) 0.99( ) =1150
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CHAPTER  9 
         

Page 547 

 
         

Page 548 

 

         
Page 549 

 

         
Page 550 

 

As s approaches 0,  AH(s) = 100  or  20 log(100) = 40 dB 
         

Page 553 

 
𝑣9E = 𝑣B

𝑅*
𝑅0 + 𝑅*

			 |			𝑣' = −𝑔,𝑣9E(𝑅(||𝑅?)			|			𝐴F, =
𝑣'
𝑣9E

= −𝑔,(𝑅(||𝑅?) +
𝑅*

𝑅0 + 𝑅*
			 

         
  

    

€ 

fL ≅
1
2π

102 +10002 − 2 50( )
2
− 2 0( )

2
=159 Hz   |    fL ≅

1
2π

1002 +10002 − 2 500( )
2
− 2 0( )

2
=114 Hz

    

€ 

200s
s +1000( )

≥ 0.9 
200s s +100( )

s +10( ) s +1000( )
   |    1≥ 0.9 ω 2 +1002

ω 2 +102
→ 0.81≤ ω 2 +102

ω 2 +1002
→ω ≥ 205 rad/s

fH ≅
106

2π
=159 kHz

    

€ 

fH ≅
1
2π

1

1
105
$ 

% 
& 

' 

( 
) 

2

+
1

5x105
$ 

% 
& 

' 

( 
) 

2

− 2 1
2x105
$ 

% 
& 

' 

( 
) 

2

− 2 1
∞

$ 

% 
& 

' 

( 
) 

2
= 21.7 kHz
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Page 555 

 

         
Page 558 

 
         

Page 560 

 
         

The value of C3  does not change Amid, ωP1, ωP2, ωz1, or ωZ2.  

ωP3 = −
1

2µF 1.3kΩ 1
1.23mS

#

$
%

&

'
(

= −1000 rad/s   |   ωZ3 = −
1

2µF 1.3kΩ( )
= −385 rad/s

fL =
1

2π
41.02 + 95.92 +10002 − 2 02 + 02 +3852( ) =135 Hz

−−−

Amid =10
13.5
20 = 4.732   |   4.3kΩ 100kΩ ro =

4.732
1.23mS

→ ro = 57.5 kΩ

Note that the SPICE value of gm  probably differs from 1.23 mS as well.
−−−

ωP2 = −
1

0.1µF 4.3kΩ 57.5kΩ+100kΩ( )
= −96.2 rad/s

fL =
1

2π
41.02 + 96.22 + 2022 − 2 02 + 02 + 76.92( ) = 31.8 Hz

rπ =
140 0.025V( )

175µA
= 20.0 kΩ  |  R1SC1 = 1kΩ+ 75kΩ 20.0kΩ( )2µF = 33.6 ms  |  Rth = 75kΩ 1kΩ = 987 Ω

R2SC2 = 43kΩ+100kΩ( )0.1µF =14.3 ms   |   R3SC3 = 13kΩ 20.0kΩ+ 987Ω
141

"

#
$

%

&
'10µF =1.47 ms

fL ≅
1

2π
1

33.6ms
+

1
1.47ms

+
1

14.3ms
"

#
$

%

&
'=124 Hz

    

€ 

Av = −
Rin

RI + Rin

βo

rπ
RL

% 

& 
' 

( 

) 
* ≅ −

1260
2260
% 

& 
' 

( 

) 
* 
100
1.51kΩ
% 

& 
' 

( 

) 
* 4.3kΩ 100kΩ( ) = −157

Av = −
Rin

RI + Rin

βo

rπ
RL

% 

& 
' 

( 

) 
* ≅ −

1260
2260
% 

& 
' 

( 

) 
* 
100
1.51kΩ
% 

& 
' 

( 

) 
* 4.3kΩ 100kΩ 46.8kΩ( ) = −140

ro is responsible for most of the discrepancy.  rπ  and βo will also be differ from our hand calculations.  
Note that 45% of the gain is lost because of the amplifier's low input resistance.
−−−

gm =
2 1.5mA( )
0.5V

= 6.00 mS   |    R1SC1 = 1kΩ+ 243kΩ( )0.1µF = 24.4 ms

R2SC2 = 4.3kΩ+100kΩ( )0.1µF =10.4  ms   |    R3SC3 = 1.3kΩ 1
6.00mS

% 

& 
' 

( 

) 
* 10µF =1.48 ms

fL ≅
1
2π

1
24.4ms

+
1

1.48ms
+

1
10.4ms

% 

& 
' 

( 

) 
* =129 Hz  
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Page 562  

  

         
Page 563 

 

         
Page 564 

 

         

gm = 40 0.1mA( ) = 4.00 mS    |   R1SC1 = 100Ω+ 43kΩ 1
4.00mS

"

#
$

%

&
'4.7µF =1.64 ms

R2SC2 = 22kΩ+ 75kΩ( )1µF = 97.0 ms   |    fL ≅
1

2π
1

1.64ms
+

1
97.0ms

"

#
$

%

&
'= 98.7 Hz

Amid =
43kΩ 250Ω

100Ω+ 43kΩ 250Ω
4.00mS( ) 22kΩ 75kΩ( ) = 48.5

−−−

gm =
2 1.5mA( )

0.5V
= 6.00 mS    |   R1SC1 = 100Ω+1.3kΩ 1

6.00mS
"

#
$

%

&
'1µF = 0.248 ms

R2SC2 = 4.3kΩ+ 75kΩ( )0.1µF = 7.93 ms   |    fL ≅
1

2π
1

0.248ms
+

1
7.93ms

"

#
$

%

&
'= 662 Hz

gm = 40 1mA( ) = 40.0 mS    |   rπ =
100
.04S

= 2.50 kΩ

R1SC1 = 1kΩ+100kΩ 2.5kΩ+101 3kΩ 47kΩ( )"# $%( )0.1µF = 7.52 ms

R2SC2 = 47kΩ+3kΩ
2.5kΩ+ 100kΩ 1kΩ( )

101

&

'
(
(

)

*
+
+100µF = 4.70 s   |    fL ≅

1
2π

1
7.52ms

+
1

4.7s
&

'
(

)

*
+= 21.2 Hz

Amid ≅
βo +1( )RL

Rth + rπ + βo +1( )RL
RI

RI + RB

&

'
(

)

*
+=

101 3kΩ 47kΩ( )
990Ω+ 2.5kΩ+101 3kΩ 47kΩ( )

100kΩ
1kΩ+100kΩ
&

'
(

)

*
+= +0.978

R1SC1 = 1kΩ+ 243kΩ( )0.1µF = 24.4 ms   |   R2SC2 = 24kΩ+1.3kΩ 1
1mS

"

#
$

%

&
'47µF =1.15 s

fL ≅
1

2π
1

24.4ms
+

1
1.15s

"

#
$

%

&
'= 6.66 Hz

Amid = +
RG

RI + RG

"

#
$

%

&
'
gmRL

1+ gmRL
= +

243kΩ
244kΩ
"

#
$

%

&
'  

1mS 1.3kΩ 24kΩ( )
1+1mS 1.3kΩ 24kΩ( )
)

*
+
+

,

-
.
.
= +0.550
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Page 568

 

         
Page 571 

          
Page 573 

 

         
  

Cπ =
gm
ωT

−Cµ     Cµ =
Cµo

1+VCB
ϕ jc

100 µA,  8 V( ):   Cµ =
2pF

1+ 7.3V
0.6V

= 0.551 pF    |   Cπ =
40 10−4( )

2π 500MHz( )
− 0.551x10−12 = 0.722 pF

2 mA,  5 V( ):  Cµ =
2pF

1+ 4.3V
0.6V

= 0.700 pF    |   Cπ =
40 2x10−3( )

2π 500MHz( )
− 0.700x10−12 = 24.8 pF

50 mA,  8 V( ):  Cµ =
2pF

1+ 7.3V
0.6V

= 0.551 pF    |   Cπ =
40 5x10−2( )

2π 500MHz( )
− 0.551x10−12 = 636 pF

CGS =CGD =
1
2
CISS = 0.5 pF

−−−

CGS +CGD =
gm
ωT

   |   5CGD +CGD =
2 0.01( ) 0.01( )

2π 200MHz( )
=11.3 pF    |   CGD =1.88 pF    |   CGS = 9.38 pF

−−−

Cµ =
Cµo

1+VCB
ϕ jc

=
2pF

1+ 7.3V
0.6V

= 0.551 pF    |   Cπ =
gm
ωT

−Cµ =
40 20µA( )

2π 500MHz( )
− 0.551pF = −0.296 pF

    

€ 

Av = −
Rin

RI + Rin

βo

rx + rπ
RL

% 

& 
' 

( 

) 
*    |    Rin = 7.5kΩ 1.51kΩ+ 250Ω( ) =1.43kΩ

≅ −
1430
2430
% 

& 
' 

( 

) 
* 

100
1.76kΩ

% 

& 
' 

( 

) 
* 4.3kΩ 100kΩ( ) = −139

 Av = −
Rin

RI + Rin

βo

rπ
RL

% 

& 
' 

( 

) 
* ≅ −

1260
2260
% 

& 
' 

( 

) 
* 
100
1.51kΩ
% 

& 
' 

( 

) 
* 4.3kΩ 100kΩ( ) = −157
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The term CL
RL
rπo

 is added to the value of CT .

CL
RL
rπo

= 3pF 4120
656

!

"
#

$

%
&=18.8 pF    |   fP1 =

1
2π 656Ω( ) 156+18.8( ) pF

=1.39 MHz

fP2 =
gm

2π Cπ +CL( )
=

0.064S
2π 19.9+3( ) pF

= 445 MHz

−−−

Cπ =
0.064

2π 500MHz( )
−10−12 =19.4 pF

CT =19.4+1 1+ 0.064 4120( )+ 4120
656

)

*+
,

-.
= 290 pF    |   fP1 =

1
2π 656Ω( )290pF

= 837 kHz

fP2 =
gm

2πCπ

=
0.064S

2π 19.4pF( )
= 525 MHz   |   fZ =

gm
2πCµ

=
0.064S

2π 1pF( )
=10.2 GHz

Amid = −135 is not affected by the value of fT.
−−−

Δ = s2 Cπ Cµ +CL( )+CµCL
)* ,-+ s CπgL +Cµ gm + gπ 0 + gL( )+CLgπ 0

)* ,-+ gLgπ 0

Cπ =19.9 pF    Cµ = 0.5 pF   CL = 3 pF    rπ 0 = 656 Ω   RL = 4.12 kΩ   gm = 64.0 mS

CL = 0 :     9.95x10−24 s2 +3.77x10−14 s+3.700x10−7 = 0
MATLAB:  roots([9.950E-24  3.771E-14  3.700E-7])→   -3.7801x109rad/s ,  -9.8373x106 rad/s
CL = 3 pF :     9.95x10−24 s2 +3.77x10−14 s+3.700x10−7 = 0
MATLAB:  roots([7.115E-23  4.240E-14  3.700E-7])→   -5.8707x108rad/s ,  -8.8581x106 rad/s
−−−

a( )   CT =10+ 2 1+1.23mS 4.12kΩ( )+ 4120
996

)

*+
,

-.
= 30.4 pF    |   fP1 =

1
2π 996Ω( )30.4pF

= 5.26 MHz

fP2 =
gm

2πCGS

=
1.23mS

2π 10pF( )
=19.6 MHz   |   fZ =

gm
2πCGD

=
1.23mS

2π 2pF( )
= 97.9 MHz

fT =
gm

2π CGS +CD( )
=

1.23mS
2π 12pF( )

=16.3 MHz

b( )   CT =10+ 2 1+1.23mS 4.12kΩ( )+ 4120
1296

)

*+
,

-.
= 28.5 pF    |   fP1 =

1
2π 1296Ω( )28.5pF

= 4.31 MHz
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Page 591 

 
         

Page 592 

 

         
Page 593 

 

         
  

    

€ 

1+ gmRE =1+ 0.064 100( ) = 7.40   |    RiB = 250 +1560 +101 100( ) =11.9 kΩ   

rπ 0 =11.9kΩ 882 + 250( ) =1030 Ω   |    Ai =
10kΩ 30kΩ 11.9kΩ

1kΩ+10kΩ 30kΩ 11.9kΩ
= 0.821

Amid = −0.821 264
7.4

% 

& 
' 

( 

) 
* = −29.3   |    fH =

1

2π 1.03kΩ( ) 19.9 pF
7.4

+ 0.5 pF 1+
264
7.4

+
4120
1030

% 

& 
' 

( 

) 
* 

+ 

, 
- 

. 

/ 
0 

= 6.70 MHz

GBW = 29.3 6.70MHz( ) =196 MHz

Amid ≅
"gmRL

1+ "gmRE
   |   "gm =

βo
rx + rπ

=
100

250+ 100
40 0.1mA( )

= 3.96 mS    |   Amid ≅
3.96mS 17.0kΩ( )

1+3.96mS 100Ω( )
= +48.2

fH ≅
1

2π 17.0kΩ( ) 0.5pF( )
=18.7 MHz   |   GBW = 903 MHz

RiS = R4
1
gm

=1.3kΩ 1
3mS

= 265 Ω    

Amid = 0.726 gmRL( ) = 0.726 3mS( ) 4.12kΩ( ) = 8.98   |    fH ≅
1

2π 4.12kΩ( ) 4pF( )
= 9.66 MHz

GBW = 86.7 MHz   |   fT ≅
3mS

2π 11pF( )
= 43.4 MHz
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Page 595 

 

         
  

gm = 40 1.5mA( ) = 60.0 mS     rπ =
100
.06

=1.67 kΩ    Cπ =
60.0mS

2π 500MHz( )
− 0.5pF =18.6 pF

Using Eq. (17.138):  ωP1 =
1

990Ω+150Ω( ) 1.67kΩ+101 2.82kΩ( )#$ %&{ } 0.5pF + 18.6pF
1+ 60.0mS 2.82kΩ( )

#

$
'
'

%

&
(
(

fP1 =
ωP1

2π
= 230 MHz     |     Abe =

60.0mS 2.82kΩ( )
1+ 60.0mS 2.82kΩ( )

= 0.9941

Ai =
100kΩ 150Ω+1.67kΩ+101 2.82kΩ( )#$ %&

1kΩ+100kΩ 150Ω+1.67kΩ+101 2.82kΩ( )#$ %&
= 0.9867    |    Av = 0.9867 0.9941( ) = 0.981

−−−

a( )  RL =1.3kΩ 24kΩ =1.23kΩ   |   Amid = 0.998
3mS 1.23kΩ( )

1+3mS 1.23kΩ( )
= 0.785

 fH ≅
1

2π
1

1kΩ 430kΩ( ) 1pF + 10pF
1+3.69

*

+
,

-

.
/
= 50.9 MHz

b( )   fH ≅
1

2π
1

250Ω+1kΩ 430kΩ( ) 1pF + 10pF
1+3.69

*

+
,

-

.
/
= 40.7 MHz
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Page 599 This exercise should refer to Fig. 9.46(c). 

   
In this case, Cp is not specified as it is negligible relative to the CµgmRL terms.  We find fZ and fP using the SCTC and 

OCTC time constant methods.  Note:  Gm = gm  and RE = 2REE 

   

𝑆𝐶𝑇𝐶:			𝑣- = 𝑖-𝑟- + (𝑖- + 𝑔,𝑖-𝑟-)𝑅>			| 			
𝑣-
𝑖-
= 𝑟- + 𝑅>(1 + 𝑔,𝑟-) ≅ 𝑟- + 𝑅> 

𝑂𝐶𝑇𝐶:			𝑣- = 𝑖-𝑟- + 𝑖-𝑅> + 𝑖-𝑟- :
𝑔,

1 + 2𝑔,𝑅$$
=𝑅>			| 			

𝑣-
𝑖-
≅ 𝑟- + 𝑅> + 𝑅> :

𝑟-
2𝑅$$

= ≅ 𝑟- + 𝑅> 

    
Note that the BJT is now connected as a diode in the left-hand figure, but not the right! 

𝑆𝐶𝑇𝐶:					𝑣- = 𝑖- m2𝑅$$|| :
1
𝑔,

+ 𝑟-||𝑅>=n			| 			
𝑣-
𝑖-
≅

1
𝑔,

+ 𝑟- 

𝑂𝐶𝑇𝐶:			𝑣- = 𝑖- m2𝑅$$|| :
1
𝑔,
=n			| 			

𝑣-
𝑖-
≅

1
𝑔,

 

Continued on next page 
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𝑆𝐶𝑇𝐶:		𝜔G =
1

𝐶&(𝑟- + 𝑅>) + 0.5𝐶$$ :
1
𝑔,

+ 𝑟-=
		|		𝑓G =

1
2𝜋(0.5𝑝𝐹)[500 + 50𝑘 + 2𝑘]Ω = 6.06	𝑀𝐻𝑧 

𝑂𝐶𝑇𝐶:		𝜔H ≅
1

𝐶&(𝑟- + 𝑅>)
+

1
𝐶$$/2𝑔,

≅
1

𝐶$$/2𝑔,
		 |		𝑓H =

1
2𝜋(1000𝛺)0.5𝑝𝐹 = 318	𝑀𝐻𝑧 

It would be good practice to directly derive the four SCTC and OCTC terms! 
         

Page 600 

 
𝑓/ ≅

1
2𝜋(50𝑘𝛺)(0.5𝑝𝐹) = 6.37	𝑀𝐻𝑧 
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€ 

Differential Pair :  Adm = −gmRC = −40 99.0µA( ) 50kΩ( ) = −198

Cπ =
40 99.0µA( )
2π 500MHz( )

− 0.5 pF = 0.761 pF   |    rπ =
100

40 99.0µA( )
= 25.3 kΩ

fH =
1

2π 250Ω( ) 0.761pf + 0.5 pF 1+198 +
50kΩ
250Ω

% 

& 
' 

( 

) 
* 

+ 

, 
- 

. 

/ 
0 

= 3.18 MHz

CC −CB Cascade :  Av =

gm1
1

gm2

% 

& 
' 

( 

) 
* 

1+ gm1
1

gm2

% 

& 
' 

( 

) 
* 

gmRC( ) = +
198
2

= +99.0

 fH ≅
1

2π 50kΩ( ) 0.5 pF( )
= 6.37 MHz

    

€ 

gm = 40 1.6mA( ) = 64.0 mS   |    rπ =
100
64mS

=1.56 kΩ   |    Cπ =
64.0mS

2π 500MHz( )
− 0.5 pF =19.9 pF

Amid =
rπ

RI + rx + rπ
−gmRL( ) =

1.56 kΩ
882Ω+ 250Ω+1.56 kΩ

−64.0mS( ) 4.12kΩ( ) = −153

fP1 ≅
1

2π rπ 0 Cπ + 2Cµ( )
=

1
2π 656Ω( ) 19.9 +1( ) pF

=11.6 MHz

fP 2 ≅
1

2π RL Cµ + CL( )
=

1
2π 4120Ω( ) 0.5 + 5( ) pF

= 7.02 MHz

    

€ 

fP1 ≅
1

4π CGGDro2

=
0.02 100µA( )
4π 1pF( )

=159 kHz   |    fP1 ≅
1

4π CGGDro2

=
0.02 25µA( )
4π 1pF( )

= 39.8 kHz
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Page 610 

 
         

Page 615 

 

fo = 4.59 MHz 
         

Page 621 

 
         

Page 623 

 

         
  

    

€ 

XC =
1

2π 530Hz( )39 pF
= 7.69 MΩ >> 2.39 kΩ

XC =
1

2π 530Hz( )1pF
= 300 MΩ  |   51.8kΩ 19.8kΩ =14.3 kΩ  |   300 MΩ >>14.3 kΩ

−−−

X1 =
1

2π 667kHz( )0.01µF
= 23.9 Ω <<1.01 MΩ   |    X2 =

1
2π 667kHz( )47µF

= 5.08 mΩ << 66.7 Ω

X3 =
1

2π 667kHz( )1µF
= 239 mΩ << 2.69 kΩ

ZC =
1

2π  j 5MHz( )0.01µF
= − j3.18 Ω

−−−

fo =
1

2π 10µH( ) 100pF + 20pF( )
= 4.59 MHz   |   ro =

50V +15V −1.6V
3.2mA

=19.8 kΩ

Q =
100kΩ 100kΩ ro

2π 4.59 MHz( ) 10µH( )
= 49.2   |  BW =

4.59MHz
49.2

= 93.3 kHz

Amid = −gm 100kΩ 100kΩ ro( ) = − 2 0.005( ) 0.0032( ) 100kΩ 100kΩ 19.8kΩ( ) = −80.2

−−−

fo  is unchanged   |   ro =
50V +10V −1.6V

3.2mA
=18.3 kΩ   |   Q =

100kΩ 100kΩ ro
2π 4.59 MHz( ) 10µH( )

= 46.4

    

€ 

LS ≅
REQ

ωT

=
L2REQ

µn VGS −VTN( )
=

5x10−5cm( )
2
75Ω

400cm2 V − s( ) 0.25V( )
=1.88x10-9 H

fosc =100MHz+10.7MHz =110.7 MHz     fU =100MHz+110.7MHz = 210.7 MHz
−−−

a( )   fosc =104.7MHz±10.7MHz→ 94.0 MHz  or  115.4 MHz

b( )   fosc = 88.1MHz±10.7MHz→ 77.4 MHz  or  98.8 MHz
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Page 624 
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Page 6.28 
From Fig. 9.81(a), the amplitude of the output signal is approximately 70 mV, so the conversion gain  is 
approximately: 

 

From Fig. 9.81(b), the spectral components at 46 and 54 kHz have amplitudes of approximately 45 mV, 
so the conversion gain is: 
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ACG =
1
A
A
π
=

1
π

   |   20log 1
π

!

"
#

$

%
&= −9.94 dB

    

€ 

ACG =
1
A

2A
π

=
2
π

   |    20log 2
π

# 

$ 
% 

& 

' 
( = −3.92 dB

    

€ 

ACG =
1

100mV
0.7( ) 200mV

π

# 

$ 
% 

& 

' 
( =

1.4
π

   |    20log 1.4
π

# 

$ 
% 

& 

' 
( = −7.02 dB

    

€ 

ACG =
45mV

100mV
= 0.45   |    20log 0.45( ) = −6.93 dB   |   Note : 1.4

π
= 0.446

fC − fm = 20− 0.01=19.99 MHz   |   fC + fm = 20+ 0.01= 20.01 MHz
3 fC − fm = 60− 0.01= 59.99 MHz   |   3fC + fm = 60+ 0.01= 60.01 MHz
5 fC − fm =100− 0.01= 99.99 MHz   |   5fC + fm =100+ 0.01=100.01 MHz
−−−

AfC+ fm
= AfC− fm

= 3 V

A3 fC+ fm
= A3 fC− fm

=
AfC− fm

3
=1 V

A5 fC+ fm
= A5 fC− fm

=
AfC− fm

5
= 0.6 V


