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 ��ก��,%�� 2.1 ���������	�
����
�����*���'"%��
�&�( ��� �������(���� ���
�$ :- 
  − 1Q %��
�&�( ��� %��.
"�%�� ���������
��������� %����!(�"����."�������
����#$
 1Q  
�� "�������
�����������
�	�
����
�������"�� *�����	� TF  (%	�ก�! 6 GHz ��� obC (%	�ก�! 1 pF  
���)�%����
���	�
'�$
(� ��ก�������(�+ก( ��� �.� ���(��� 
  − 1 2,B BR R ��� ER �	��ก�
����!��� �."�ก	  %��
�&�( ��� �."��"�)�%����
%��(�
���;�3 
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  − ,B CC C ��� EC  %��.
"�%�� ('-���������ก�������!<	�
 ����
(��  � 	��	����."�//0� 
ก���� ���.�<	�
��" ��������.
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 ���������� 
  − gE �.�	�ก��(
&���������,��
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�!!�&�& ( ����	�� (/�����������"�
��ก ( )oV  ��ก�
�"��ก�!�"�
(�"� 180�  
2.1.1  ก

����

#$!��	
%&&'
ก
#(��
�         

(3-��,������	��)�%����
���%��
�&�( �����"�ก	 ก���� ,B CI I ��������
 CEV  
��ก��,%�� 2.2  �����(ก (.+
��	�� ��(ก+!,���) 	����	�
����  (
-�����ก ��(ก+!,���)��	 

����."�//0�ก���� ���.�<	�
  

 

RE
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RB1

RB2

��*���)��� &

F BIβ

0.6 VBEV =

CI

BI

E B CI I I= +

1Q

1BRI

2BRI

B

C

E

 VCC = 12 V

 

��,%�� 2.2 ���������//0�ก���� �����������,%�� 2.1 

�����//0�ก���� �����%��
�&�( ��� �������(���� ���
�$ :-  
  − �.�	�ก��(
&�ก���� F BIβ  *��,�&���ก�������(�+ก( ��� ( )CI  (,����
�,���	� 

 ��ก��(,����
�,�����ก����(!� ( )BI  
 − ��*���
�)��� & (,5
�����ก?�� !�ก�."%��!�	� ��(!�(,5
���ก#�� ��
��'
&�3� 
 − BEV ���	�(%	�ก�! 0.6 V  
  − %&@%�����ก���� CI ��	�����
�.�<	�
��ก%����(!���" 
  − ก���� BI ��	�����
�.�<	�
�.�	�ก��(
&�ก���� F BIβ ��" 

2.1.1.1  ก

)
#�
*��
 BI   

ก��,������	�ก���� BI ����$
 �
 ��������
��,%�� 2.3, 2.4 �����,%�� 2.5   
��ก��,%�� 2.3 ����"��ก�� 

                                              

( )

( )

1 2 1 2

1 2

2

CC B B B B
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B B

TH B

V IR IR I R R

V
I

R R

V IR

= + = +

=
+

=

                                  

���
�$
                                    
( )

2

1 2

CC B
TH

B B

V R
V

R R
=

+
                                                                  (2.1)  
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1 2
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TH B B
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R R
R R R
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= =

+
�                                   (2.2)  
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1Q
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��,%�� 2.3 ����ก�� ����(!���ก��ก�������ก��,������	� THV  

THR

THR

 

��,%�� 2.4 ����ก��,������	� THR  
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��,%�� 2.5 ����ก��,������	�ก���� BI ��ก�.�	�ก��(
&������
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��ก��,%�� 2.5 ก��,������	�ก���� BI ��ก�.�	�ก��(
&������
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                                              TH B TH BE E EV I R V I R= + +                                                         (2.2a)  

(
-�����ก  ( ), , 1 ;E B C C F B E F BI I I I I I Iβ β= + = = +  

                              ( )
( ){ }

1

1

TH B TH BE F B E

TH BE B TH F E

V I R V I R

V V I R R

β

β

= + + +

− = + +
 

���
�$
                                      ( )
( )1

TH BE
B

TH F E

V V
I

R Rβ

−
=

+ +
                                              (2.3)  

2.1.1.2  ก

)
#�
*��
 CI (+# CEV  
ก��,������	�ก���� CI ��������
 CEV ��ก��,%�� 2.5  ����"��ก�� 

 

                                                C F BI Iβ=                                                                    (2.4)  

                                              ( )1CC C C CE F B EV I R V I Rβ= + + +     

���
�$
                                    ( ){ }1CE CC C C F B EV V I R I Rβ− + +=                             (2.5)  

�,� ��
���� 2.1  ��ก��,%�� 2.1 ��,������	� , , ,TH TH B CV R I I ��� CEV  

��-��.
  ��ก��ก�� (2.1)          
( ) ( )

3
2

3 3
1 2

12 10 10
3 V

30 10 10 10

CC B
TH

B B

V R
V

R R

× ×
= = =

+ × + ×
      

��ก��ก�� (2.2)                    
( ) ( )

3 3
1 2

3 3
1 2

30 10 10 10
7,500 

30 10 10 10

B B
TH

B B

R R
R

R R

× × ×
= = = Ω

+ × + ×
   

��ก��ก�� (2.3)                       ( )
( )

( )
( )3

3 0.6

1 7.5 10 100 1 470
TH BE

B
TH F E

V V
I

R Rβ

− −
= =

+ + × + +
   

                                                43.66 µABI =  

��ก��ก�� (2.4)                       6100 43.66 10 4.366 mAC F BI Iβ −= = × × =      

��ก��ก�� (2.5)                     ( ){ }1CE CC C C F B EV V I R I Rβ= − + +                                                                  

                                              ( ) ( ){ }3 3 612 4.366 10 1 10 101 43.66 10 470CEV − −= − × × × + × × ×   

                                               5.561 VCEV =  

� �  C3 V, 7.5 k , 43.66 µA, 4.366 mA, 5.561 V;TH TH B CEV R I I V= = Ω = = == = Ω = = == = Ω = = == = Ω = = =  
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                          ����
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�	�����
����.�	������
�� ���"�
 ��� ก�!�"�
���  *������
�� 
ก��� ��%���."�	� ,

B EC CX X ���
CCX ���	�(%	�ก�! 0 Ω     � 	�	�

b eCX
′

���
b cCX
′

 ���	������ก   �����
 
��%&$���"��������
��,%�� 2.6 ��� 2.7  

gE

oZ outZiZinZ

b′bbr ′

b er ′ b eV ′ m b eg V ′

 
��,%�� 2.7 ���������//0�ก�������!����
��ก�����%&$� b eC ′ ��� b cC ′  

2.1.2.1  ก

)
#�
*��
 mg (+# b er ′′′′  
���(,5
 "��%��! ( ) ,C dc TI V ��� Fβ ���%��
�&�( ��� 

��ก��ก�� (1.9)                      ( ) ( )

( )
C dc C dc

m
T B

I I
g

V k T q
= =      

��ก��ก�� (1.10)                     = o
b e

m

r
g

β
′      

2.1.2.2  ก

)
#�
*��
 iZ (+# inZ  

                                         2.1.2.2.1 iZ �-� �	��&�3���
���"�
(�"���.�	����(!� ก�!ก�����  *����%&$�
���� "�
%�
;��
�ก%�$�.�� %�� 	���.�	����(!� ก�!ก����� ��������
��,%�� 2.7 

 

                                                i bb b eZ r r′ ′= +                                                                         (2.6)  

2.1.2.2.2 inZ �-� �	��&�3���
���"�
(�"���.�	����(!� ก�!ก�����   ������� 
�
��,%�� 2.7 
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( )

1 2

1 2

B B
BB

B B

R R
R

R R
=

+
                                  

���
�$
                                     ( )
( )

( )
( )

BB bb b eBB i
in BB i

BB i BB bb b e

R r rR Z
Z R Z

R Z R r r
′ ′

′ ′

+
= = =

+ + +
�                    (2.7)  

2.1.2.3  ก

)
#�
*��
 oZ (+# outZ  
2.1.2.3.1 oZ �-� �	��&�3���
���"�
��ก��.�	�������(�+ก( ���  ก�!ก�����  

*��
-��	� �.�	�ก��(
&�ก���� m b eg V ′ ������ "�
%�
�����ก .�-��	��
�
 �  �����
�%
�"��  ���� 
(,G� ��������
��,%�� 2.7 
                                oZ = ∞                                                                         (2.8)  

2.1.2.3.2 outZ �-� �	��&�3���
���"�
��ก��.�	�������(�+ก( ���ก�!ก����� 
*������	����� "�
%�
%�� 	����	��.�	�������(�+ก( ��� ก�!ก�����  ��������
��,%�� 2.7 

          

                                              ( )out o C LZ Z R R= � �  

(
-�����ก 
( )

, ;C L
o out

C L

R R
Z R

R R
= ∞ =

+
 

���
�$
                                   ( )
( )

C L
out out C L

C L

R R
Z R R R

R R
= = =

+
�                                          (2.9)  

�,� ��
���� 2.2  ��ก��,%�� 2.1 gE ������
�� 15 MHz  ��,������	� , , , ,m b e i in og r Z Z Z′ ��� outZ *��%�� 

                        25 CAT = �  

��-��.
  ��ก��ก�� (1.9)            ( ) ( )

( )
C dc C dc

m
T B

I I
g

V k T q
= =   

                                               

( )
23

19

3
( )

3

273 25 298 K

1.38 10 298
25.7 mV

1.60 10

4.366 10
 169.883 mS

25.7 10

B
T

C dc
m

T

T

k T
V

q

I
g

V

−

−

−

−

= + =

× ×
= = =

×

×
= = =

×
 

                  

��ก��ก�� (1.10)                    
3

100
 = 588.64 

169.883 10
o

b e
m

r
g

β
′ −

= = Ω
×

  

                                              
( ) ( )

3

3

1 10 75
69.767 

1 10 75

C L
out

C L

R R
R

R R

× ×
= = = Ω

+ × +
              

��ก��ก�� (2.6)                        i bb b eZ r r′ ′= +   
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                                                 2 588.64 590.64 iZ = + = Ω    

��ก��ก�� (2.7)                      ( )
( )

( )
( )

BB bb b eBB i
in BB i

BB i BB bb b e

R r rR Z
Z R Z

R Z R r r
′ ′

′ ′

+
= = =

+ + +
�  

(
-�����ก  
( ) ( )

3 3
1 2

3 3
1 2

30 10 10 10
7,500 

30 10 10 10

B B
BB

B B

R R
R

R R

× × ×
= = = Ω

+ × + ×
     

                                                
( ) ( )

7,500 590.64
547.521 

7,500 590.64
BB i

in
BB i

R Z
Z

R Z

×
= = = Ω

+ +
   

��ก��ก�� (2.8)                       oZ = ∞       

��ก��ก�� (2.9)                    
( )

3

3

1 10 75
69.767 

1 10 75
out outZ R

× ×
= = = Ω

× +
    

� � 169.883 mS, 588.64 , 590.64 , 547.521 , ,m b e i in og r Z Z Z′′′′= = Ω = Ω = Ω = ∞= = Ω = Ω = Ω = ∞= = Ω = Ω = Ω = ∞= = Ω = Ω = Ω = ∞  

         69.767 ;outZ = Ω= Ω= Ω= Ω  

2.1.2.4  ก

)
#�
*��
 ( )MidV FA (+# ( )Midi FA   

2.1.2.4.1 ( )MidV FA �-� �� �����������
����
��ก�����.�	�������
 oV  	� 

iE  ��ก��,%�� 2.7 �����
(���
��ก���"�
(�"���" 
 

              

( )

( )

( )

i b bb b e

i
b

bb b e

i b e i b e
b e b b e

bb b e i

E I r r

E
I

r r

E r E r
V I r

r r Z

′ ′

′ ′

′ ′
′ ′

′ ′

= +

=
+

= = =
+

 

��ก���"�
��ก                        o c outV I Z=  
(
-�����ก  c m b eI g V ′=  

                                                 o m b e outV g V Z′=  

(
-�����ก  i b e
b e

i

E r
V

Z
′

′ =  

                                                 m i b e out
o

i

g E r Z
V

Z
′=        

���
�$
                             
( ) ( )( )Mid

o m b e out m b e C L
V F

i i bb b e C L

V g r Z g r R R
A

E Z r r R R
′ ′

′ ′
= − = − = −

+ +
             (2.10)                              
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                                                ( )g i g i in i g inE I R I Z I R Z= + = +  

                                       

( )

( )

( )( )Mid

g
i

g in

i i in

g in
i

g in

g ino o i o
V F

g i g i g g in

E
I

R Z

E I Z

E Z
E

R Z

E ZV V E V
A

E E E E E R Z

=
+

=

=
+

= − = − × = − ×
+

 

���
�$
                             
( ) ( )( )Mid

o o in m b e out in
V F

g i ig in g in

V V Z g r Z Z
A

E E ZR Z R Z
′= − = − × = − ×

+ +
  (2.11)   

(
-�����ก�����
 oV  ��(/���������� ��ก�
�"��ก�! gE  ���	 180�   �#��(,5
 
�)���!� &��������!!�&�& ( ����	�� ���
�$
 ( )MidV FA �#���(��-���.����! ( )− ���	�"�
.
"�����(/�
����������"�
��ก (��-���.����!���ก�	������	
���,���
��  

2.1.2.4.2 ( )Midi FA �-� �� ������ก��������
��ก�����.�	��ก����
LRI  	� 

ก���� bI ��������
��,%�� 2.7 ��ก����� ( )Midi FA ��	�	����'" gE .�-� iE ����"��ก��(.�-�
ก�
 

                                        ( )

( )

( )
L

Mid

R
i F

b

i b bb b e

i
b

bb b e

I
A

I

E I r r

E
I

r r

′ ′

′ ′

=

= +

=
+

 

                                               ( )

( ) ( ) ( )L

i b e
b e b b e

bb b e

m b e C m i b e C
R

C L bb b e C L

E r
V I r

r r

g V R g E r R
I

R R r r R R

′
′ ′

′ ′

′ ′

′ ′

= =
+

= =
+ + +

 

                                        
( ) ( )

( )
( )

L
Mid

R bb b em i b e C
i F

b bb b e C L i

I r rg E r R
A

I r r R R E
′ ′′

′ ′

+
= = ×

+ +
      

���
�$
                              
( )( )

L
Mid

R m b e C
i F

b C L

I g r R
A

I R R
′= =
+

                                                             (2.12)  

�,� ��
���� 2.3  ��ก��,%�� 2.1 ��,������	� ( ) ( ),
Mid Mid

o o
V F V F

i g

V V
A A

E E
= − = − ��� ( )Midi FA  

��-��.
  ��ก��ก�� (2.10)
( ) ( )( )Mid

o m b e out m b e C L
V F

i i bb b e C L

V g r Z g r R R
A

E Z r r R R
′ ′

′ ′
= − = − = −

+ +
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3

( )

( )

169.883 10 588.64 69.767
11.812

590.64

11.812

Mid

Mid

V F

o
V F

i

A

V
A

E

−× × ×
= − = −

= − = −

  

��ก��ก�� (2.11)             
( )( )Mid

o o in
V F

g i g in

V V Z
A

E E R Z
= − = − ×

+
 

                                        
( )( )

( )

547.521
11.812

75 547.521

11.812 0.879 10.382

Mid

Mid

o
V F

g

o
V F

g

V
A

E

V
A

E

= − = − ×
+

= − = − × = −

 

��ก��ก�� (2.12)              
( )( )

L
Mid

R m b e C
i F

b C L

I g r R
A

I R R
′= =
+

 

                                         ( )

3

( )

( )

169.883 10 588.64 1, 000

1, 000 75

93.023

Mid

Mid

i F

i F

A

A

−× × ×
=

+

=

 

� � ( ) ( ) ( )11.812, 10.382, 93.023;L
Mid Mid Mid

Ro o
V F V F i F

i g b

IV V
A A A

E E I
= − = − = − = − = == − = − = − = − = == − = − = − = − = == − = − = − = − = =       

2.1.2.5  ก

)
#�
*��
 ,�

��
�ก.
+,� (Power Gain; GP )  

�� ������ก����� (,5
�	��� ���	�
��.�	��ก������"�
��ก ( )outP  	� ก�����
�"�
(�"� ( )inP  .�-�<������.�	���� �����������
����
��ก��� ก�!�� ������ก��������
��ก���
���
&��%���."���	�
��,(��&(!� ก��,������	� GP  � %������
��ก�����	���(,5
  �� "��%��ก���� '� 
�"�
(�"� ����"�
��ก������� (
-�����ก������	���	�����ก� 
��.��(.�-����	 

��ก��ก�� (2.11)            
( )( )Mid

o o in
V F

g i g in

V V Z
A

E E R Z
= − = − ×

+
                                                      

��ก��ก�� (2.12)             
( )( )

L
Mid

R m b e C
i F

b C L

I g r R
A

I R R
′= =
+

                                                        

                                                 

( ) ( )

L

L

Ro
G

g b

Ro o in m b e C
G

g b i C Lg in

IV
P

E I

IV V Z g r R
P

E I E R RR Z
′

= ×

= × = × ×
++

     

                                                 
( ) ( ) ( ) ( )

LRo m b e C L in m b e C
G

g b bb b e C L C Lg in

IV g r R R Z g r R
P

E I r r R R R RR Z
′ ′

′ ′
= × = × ×

+ + ++
 

��ก�� (2.12a) �'"ก�! gE �����ก�� (2.12b) �'"ก�! iE   
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                                                ( )
( ) ( )

2

2
LR m b e C Lo in

G
g b g ini C L

I g r R RV Z
P

E I R ZZ R R

′= × = ×
++

                     (2.12a)  

                                                ( )
( )

2

2
LR m b e C Lo

G
i b i C L

I g r R RV
P

E I Z R R

′= × =
+

                                           (2.12b)   

�,� ��
���� 2.4  ��ก��,%�� 2.1 ��,������	� (dB)GP  (�-���'"ก�! iE ��� gE  

��-��.
  ��ก��ก�� (2.12b)        ( )
( )

2

2
LR m b e C Lo

G
i b i C L

I g r R RV
P

E I Z R R

′= × =
+

     

                                                 
10

11.812 93.023 1, 098.787

10 log 1, 098.787 30.409 dB

LRo
G

i b

G

IV
P

E I

P

= × = × =

= =

 

��ก��ก�� (2.12a)                   ( )
( ) ( )

2

2
LR m b e C Lo in

G
g b g ini C L

I g r R RV Z
P

E I R ZZ R R

′= × = ×
++

 

                                                 
( )

547.521
11.812 93.023

75 547.521

11.812 93.023 0.879

L

L

Ro
G

g b

Ro
G

g b

IV
P

E I

IV
P

E I

= × = × ×
+

= × = × ×

 

                                                 

10

965.834

10 log 965.834 29.849 dB

LRo
G

g b

G

IV
P

E I

P

= × =

= =

 

� �  (�-���'" iE ����" 30.409 dBGP ====  (�-���'" gE ����" 29.849 dBGP ====  

2.1.3  ก

����

#$!��	
%&&'
ก
#(��+,���
�����,���
���.
 

 ����
�� ���"�
 ��� ( )LF  (�-�� gE ������
�� ������	���� ,
B EC CX X  ���

CCX  �����	���� 
�#$
�#����(!� ��
�ก��!�)�����
��*�� BC ���&�& ( ���
�ก��!�)�*�� EC  ��� CC  ��!�)�����
�� ��
�"�
 �����������(�+ก( ���  ก����ก�!!���������	�
����
�����
&����ก�!!  *��ก��.
��." BC  
��!�)�����
�� ���"�
 ��� �#�����!	�ก���&(����.���ก(,5
 3 �	�
 ���
�$  

2.1.3.1  ก

)
#�
*��
 ( )BL CF   

��ก��,%�� 2.8  (�-�� gE  ������
��(%	�ก�! ����
�� ���"�
 ���  �#��%���."
BCX ���	� 

(%	�ก�!�	����� "�
%�
%��(�
� 	���
(�� �	�����
�����ก�	�� 
�กก��.
��."(,5
 ( )BL CF  �#��(,5
����
�� 
 ���"�
 ���%�� BC ��!�)�%����(!� ����	����� "�
%�
%��(�
� 	�

BCX ก+�-� FLCBR  ���
�$
(�-�� gE ���	� 
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����
��(%	�ก�! ( )BL CF ��%���."
BCX ���	�(%	�ก�! FLCBR �����
,������	� ( )BL CF ��"��ก��ก�� 

FLCBR

outR

b′bbr ′

b er ′ b eV ′ m b eg V ′

gE

 
��,%�� 2.8 ��������,������	� ( )BL CF  

                                              
BC FLCBX R=  

(
-�����ก 
( )

1

2B
B

C
L C B

X
F Cπ

=    

                                
( )

1

2
B

FLCB
L C B

R
F Cπ

=  

���
�$
                                ( )
1

2BL C
FLCB B

F
R Cπ

=                       (2.13)  

FLCBR

outR

b′bbr ′

b er ′ b eV ′ m b eg V ′

gE

bbr ′ b′

b er ′

FLCBR

( ){ } ( )
( )

BB bb b e
FLCB g BB bb b e g

BB bb b e

R r r
R R R r r R

R r r
′ ′

′ ′
′ ′

+
= + + = +

+ +
�

FLCBR

 
��,%�� 2.9 ��������,������	� FLCBR  

                                             ก��,������	� FLCBR �#��(,5
�	����� "�
%�
%��(�
� 	� BC ��������
 
��,%�� 2.9 

                                           ( ){ } ( )
( )

BB bb b e
FLCB g BB bb b e g

BB bb b e

R r r
R R R r r R

R r r
′ ′

′ ′
′ ′

+
= + + = +

+ +
�  
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���
�$
                                 ( )
( )

BB bb b e
FLCB g

BB bb b e

R r r
R R

R r r
′ ′

′ ′

+
= +

+ +
 

�,� ��
���� 2.5  ��ก��,%�� 2.1 ��,������	� ( )BL CF  

��-��.
  ��ก��ก�� (2.13)    ( )
1

2BL C
FLCB B

F
R Cπ

=  

*��%��     ( )
( )

( )
( )
7,500 2 588.64

75 622.521 
7,500 2 588.64

BB bb b e
FLCB g

BB bb b e

R r r
R R

R r r
′ ′

′ ′

+ +
= + = + = Ω

+ + + +
  

                                          ( ) 12

( )

1 1

2 2 3.14 622.521 240 10

1.065 MHz

B

B

L C
FLCB B

L C

F
R C

F

π −
= =

× × × ×
=

  

� � ( ) 1.065 MHz
BL CF ====    

2.1.3.2  ก

)
#�
*��
 ( )EL CF   

��ก��,%�� 2.10 (�-�� gE ���	�����
��(%	�ก�! ( )EL CF �#��(,5
����
�� ���"�
 ��� %�� 

EC ��!�)�%�����&�& ( �����%���."
ECX ���	�(%	�ก�! FLCER �����
,������	� ( )EL CF ��"��ก��ก�� 

                                              
EC FLCEX R=  

(
-�����ก  
( )

1

2EC
L CE E

X
F Cπ

=         

����"                        
( )

1

2 FLCE
L CE E

R
F Cπ

=  

���
�$
                                ( )
1

2EL C
FLCE E

F
R Cπ

=                                      (2.14)  

IcIb

ROUT
gE

RBB

 Rg

bbr ′ b′

b er ′ b eV ′ m b eg V ′

CE
RE

FLCER

B C

E

 
��,%�� 2.10 ��������,������	� ( )EL CF  

                                         ก��,������	� FLCER   �#��(,5
�	����� "�
%�
%��(�
� 	� EC   (3-���."�	�� 

�#��"�� , ,bb b e gr r R′ ′ ��� BBR �."�����	�
�	�
������&�& ( ���ก���(,5
 
( ) ( )

, ,
1 1

bb b e

o o

r r

β β
′ ′

+ + ( )1
g

o

R

β +
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���
( )+1  

BB

o

R

β
 ��������
��,%�� 2.11  

                                           

( )
( ) ( ) ( )

( )
( ) ( ) ( )

( )
( )

1 1 1

1 1

gbb b e BB
EE

o o o

g BBbb b e
EE

o o g BB

E EE
FLCE E EE

E EE

Rr r R
R

R Rr r
R

R R

R R
R R R

R R

β β β

β β

′ ′

′ ′

 +  
= +  

+ + +  

+
= +

+ + +

= =
+

�

�

                                             

bbr ′ b′

b er ′

FLCER

( )
( )1
bb b e

o

r r

β
′ ′+

+

( )1
g

o

R

β +

EER

( )
( ) ( ) ( )

( )
( ) ( )( )

( )
( )

1 1 1

1 1

gbb b e BB
EE

o o o

g BBbb b e
EE

o o g BB

E EE
FLCE E EE

E EE

Rr r R
R

R Rr r
R

R R

R R
R R R

R R

β β β

β β

′ ′

′ ′

 +  
= +  

+ + +  

 +  
= +  

+ + +  

= =
+

�

�

gE

( )1
BB

o

R

β +

 

��,%�� 2.11 ��������,������	� FLCER  

�,� ��
���� 2.6  ��ก��,%�� 2.1 ��,������	� ( )EL CF  

��-��.
  ��ก��ก�� (2.14)    ( )
1

2EL C
FLCE E

F
R Cπ

=         

*��%��     ( )
( )

E EE
FLCE E EE

E EE

R R
R R R

R R
= =

+
�  

              

( )
( ) ( ) ( )

( ) ( )

2 588.64 75 7,500
5.847 0.735 6.582 

100 1 100 1 75 7,500

470 6.582
6.491 

470 6.582

EE

E EE
FLCE

E EE

R

R R
R

R R

 + × 
= + = + = Ω 

+ + +  
×

= = = Ω
+ +

                                              

                                           ( ) 6

1 1
2.453 kHz

2 2 3.14 6.491 10 10EL C
FLCE E

F
R Cπ −

= = =
× × × ×

 

� � ( ) 2.453 kHz
EL CF ====   
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2.1.3.3  ก

)
#�
*��
 ( )CL CF  

��ก��,%�� 2.12 (�-�� gE ������
��(%	�ก�! ( )CL CF  �#��(,5
�	�����
�� ���"�
 ��� %�� 

CC ��!�)�%�������(�+ก( �����%���."
CCX (%	�ก�! FLCCR �����
,������	� ( )CL CF ��"��ก��ก�� 

 

                                             
CC FLCCX R=  

(
-�����ก  
( )

1

2C
C

C
L C C

X
F Cπ

=      

����"                       
( )

1

2
C

FLCC
L C C

R
F Cπ

=  

���
�$
                               ( )
1

2CL C
FLCC C

F
R Cπ

=                                                     (2.15)  

RC

gE
RBB

 Rg

CC

RL

FLCCRb′bbr ′

b er ′ b eV ′ m b eg V ′

B C

E

 

��,%�� 2.12 ��������,������	� ( )CL CF  

ก��,������	� FLCCR   �#��(,5
�	����� "�
%�
%��(�
� 	� CC  ��������

��,%�� 2.13  
                                          ( )FLCC C LR R R= +  

m b eg V ′

FLCCR

( )FLCC C LR R R= +

 
��,%�� 2.13 ��������,������	� FLCCR  

2.1.3.4  ก

)
#�
*��
 LF � ���	
  
*�� LF �-� �	�����
�� ���"�
 �����������#����
�ก(�-�ก��ก�	���� ( ) ,

BL CF  

( )EL CF ��� ( )CL CF %�����	�����
������)�(,5
����
�� LF ������� 
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�,� ��
���� 2.7  ��ก��,%�� 2.1 ��,������	� ( )CL CF ��� LF ������� 

��-��.
  ��ก��ก�� (2.15)    ( )
1

2CL C
FLCC C

F
R Cπ

=  

*��%��     ( ) ( )31 10 75 1,075 FLCC C LR R R= + = × + = Ω  

                                          

( )

( ) 12

( )

1

2

1

2 3.14 1, 075 820 10

180.641 kHz

C

C

C

L C
FLCC C

L C

L C

F
R C

F

F

π

−

=

=
× × × ×

=

 

(
-�����ก ( ) ( ) ( )1.065 MHz, 2.453 kHz, 180.641 kHz;
B E CL C L C L CF F F= = =  

���
�$
                                       ( ) 1.065 MHz
BL L CF F= =  

� �  ( ) 180.641 kHz
CL CF ==== ��� ����
�� LF ��������-� ( ) 1.065 MHz

BL CF ====    

2.1.3.5  ก

)
#�
*��
 ( )LV FA   

( )LV FA �-� �� �����������
����
�� ���"�
 �����.�	��  �����
 oV   	� gE  
���%�� gE  ��"��!����
�� ���"�
 ��� �����&(����.�(H3��ก����!�)�*�� BC �	�
ก����!�)�*�� EC  
��� CC 
�$
��<�('	
(����ก�! BC  �.�	�ก��(
&�������%���'"��
��&� ������ "�
%�
�"�
��ก 50 Ω  
.�-� 75 Ω  ���
�$
ก��,������	� ( )LV FA (ก����ก�!����
�� ���"�
 ����#� "���'" gE ��� gR   

gE

bI cIiI

b′bbr ′

b er ′ b eV ′ m b eg V ′

 
��,%�� 2.14 ��������,������	� ( )LV FA %��
�ก��!�)�*�� BC  

                                         ��ก��,%�� 2.14 �����	� FLCBR  ('	
(����ก�!��,%�� 2.9 ����"��ก��      

                                           ( )
( )

BB bb b e
FLCB g

BB bb b e

R r r
R R

R r r
′ ′

′ ′

+
= +

+ +
 

ก��.
��."  ( )
( )

BB bb b e
BB

BB bb b e

R r r
Z

R r r
′ ′

′ ′

+
=

+ +
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                                           FLCB g BBR R Z= +  
                                                ( )Bg i g C i BBE I R X I Z= + +  

                                                

( ){ }

( ){ }

( )

( ){ } ( )

1

11

1

1

g i g i BB
B

B g BB
g i g BB i

B B

g B
i

B g BB

i BB
b

BB bb b e

g B BB
b

BB bb b eB g BB

E I R I Z
J C

J C R Z
E I R Z I

J C J C

E J C
I

J C R Z

I R
I

R r r

E J C R
I

R r rJ C R Z

ω

ω

ω ω

ω

ω

ω

ω

′ ′

′ ′

 
= + + 

 

+ + 
= + + = 

 

=
+ +

=
+ +

= ×
+ ++ +

              

                                                 o m b e outV g V Z′=                                                                              

                                                 
( ){ } ( )1

g m out B b e BB
o

B g BB BB bb b e

E g Z J C r R
V

J C R Z R r r

ω

ω

′

′ ′

=
+ + + +

                              

                                          
( ){ } ( )

( )
1L

o m out B b e BB
V F

g B g BB BB bb b e

V g Z J C r R
A

E J C R Z R r r

ω

ω
′

′ ′

= − = −
+ + + +

  

                                             
BC FLCB g BBX R R Z= = +  

(
-�����ก 1
BC

B

X
Cω

= .�-� ( )1
g BB

B

R Z
Cω

= +   

                                             
( )

1
B

g BB

C
R Z

ω =
+

 

�%
�	� 
( )

1
B

g BB

C
R Z

ω =
+

 ���
 BJ Cω       

                                          ( )
( )
( )

( )
( )( )

1

1

L

m b e out BBo
V F

g g BBg BB
BB bb b e

g BB

J g r Z RV
A

E R ZR Z
J R r r

R Z

′

′ ′

= − = − ×
  ++ 

+ + + 
+  

 

                                          ( )
{ } ( ) ( )( )
1 1L

m b e out BBo
V F

g BB bb b e g BB

J g r Z RV
A

E J R r r R Z

′

′ ′

= − = −
+ + + +

 

                                        

90�( )

( ) ( ) ( ) ( )

( )
( ) ( )

( )
2 2 1

( )

1
1 1 tan

1

2          

L

L

m b e out BB
V F

BB bb b e g BB

m b e out BBo
V F

g BB bb b e g BB

g r Z R
A

R r r R Z

g r Z RV
A

E R r r R Z

′

−
′ ′

′

′ ′

= −
 

+ + + + 
 

= − = −
+ + +

90�

45�  
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( ) ( )
( ) ( )( )

( )

0.707                  

0.70

L

L

m b e out BBo
V F

g BB bb b e g BB

o
V F

g

g r Z RV
A

E R r r R Z

V
A

E

′

′ ′

= − = −
+ + +

= − = −
( ) ( )
( ) ( )
( )

( ) ( )( )

7         

0.707         
L

m b e out BB

BB bb b e g BB

m b e outo BB
V F

g BB bb b eg BB

g r Z R

R r r R Z

g r ZV R
A

E R r rR Z

′

′ ′

′

′ ′

+ + +

= − = − ×
+ ++

90 45−� �

45�

45�

 

(
-�����ก ( )
( )

,BB bb b e
BB in

BB bb b e

R r r
Z Z

R r r
′ ′

′ ′

+
= =

+ +
( ) ;i bb b eZ r r′ ′= +    

                                               ( )
( ) ( ) ( )

BB bb b ein BB

i BB bb b e bb b e BB bb b e

R r rZ R

Z R r r r r R r r
′ ′

′ ′ ′ ′ ′ ′

+
= =

+ + + + +
 

                                          ( )
( )( )

0.707
L

m b e outo in
V F

g ig in

g r ZV Z
A

E ZR Z

′= − = − ×
+

45�  

(
-�����ก 
( ) ( )( )Mid

o o in m b e out in
V F

g i ig in g in

V V Z g r Z Z
A

E E ZR Z R Z
′= − = − × = − ×

+ +
 

���
�$
                                ( ) ( )0.707
L Mid

o
V F V F

g

V
A A

E
= − =                                                       (2.16)  

�,� ��
���� 2.8  ��ก��,%�� 2.1 ��,������	� ( )LV FA  

��-��.
  ��ก��ก�� (2.16)    ( )( ) ( )0.707
L Mid

o
V F V F

g

V
A A

E
= − =  

                                          ( ) ( )( ) 0.707 10.382 7.34
L

o
V F

g

V
A

E
= − = − = − 45�  

� � ( ) 7.34
L

o
V F

g

V
A

E
= − = −= − = −= − = −= − = − 45����  

2.1.4  ก

����

#$!��	
%&&'
ก
#(��+,���
�����,���
����  

(�-�� gE ������
�����ก�	�����
��ก���   (�"���	����
�� ���"�
��� ( )HF  TC  �#�� 	��
�
 
ก�! b er ′  �����	�

TCX �����#����<�%���."�����
 b eV ′  ���	������"��  �#����<�%���."�����
 oV  ���� �� 
�,�"�� ก���&(����.������//0�ก�������!����
�� ���"�
��� (3-��,������	� ( ),

HH V FF A ��� WB  
2.1.4.1  ก

)
#�
*��
 HF  

HF �-��	�����
�� ���"�
���  
�ก��!�)�*�� TC   ��ก��,%�� 2.15 (�-�� gE ���	� 
����
��(%	�ก�! HF ��%���."

TCX ���	�(%	�ก�! FHR �#�� FHR (,5
�	����� "�
%�
%��(�
� 	� TC ��� (�-�� 
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TCX (%	�ก�! FHR �����
,������	� HF ��"��ก��ก��       

                                              
TC FHX R=         

(
-�����ก  1

2TC
H T

X
F Cπ

=       

����"                             1

2 FH
H T

R
F Cπ

=  

���
�$
                                     1

2H
FH T

F
R Cπ

=                                                                         (2.17)  

gE

( )1T b e b c m outC C C g R′ ′= + +
b′bbr ′

TC b er ′ b eV ′ m b eg V ′

outZ  
��,%�� 2.15 ��������,������	� HF ��� ( )HV FA  

gE RBB

 Rg

TC b er ′

bbr ′ b′

m b eg V ′

( )1T b e b c m outC C C g R′ ′= + +

Rg

bbr ′

b er ′
TC

( )
( )

( )
1

1 1
1

, ;g BB b e FH
FH bb FH b e FH

b e FHg BB

R R r R
R r R r R

r RR R
′

′ ′
′

  
= + = = 

++  
�

FHR

BBR

1FHR

E

B C

 
��,%�� 2.16 ��������ก��,������	� FHR  

                                         ก��,������	���� FHR �#��(,5
�	����� "�
%�
%��(�
� 	� TC ������� 
�
��,%�� 2.16 

                                            

( ) ( )

( )
( )

( )

1

1
1

1

g BB g bb BB bb g BB
FH bb

g BB g BB

b e FH
FH b e FH

b e FH

b e g bb BB bb g BB
FH

g b e BB b e g bb BB bb g BB

R R R r R r R R
R r

R R R R

r R
R r R

r R

r R r R r R R
R

R r R r R r R r R R

′ ′
′

′
′

′

′ ′ ′

′ ′ ′ ′

  + + 
= + = 

+ +  

= =
+

+ +
=

+ + + +

�                                              
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�,� ��
���� 2.9  ��ก��,%�� 2.1  ��,������	� HF ������� 

��-��.
  ��ก��ก�� (2.17)         1

2H
FH T

F
R Cπ

=  

*��%��    
( ) ( )1

75 7,500
2 76.257 

75 7,500
g BB

FH bb
g BB

R R
R r

R R
′

  ×  = + = + = Ω   ++    
 

             
( ) ( )

1

1

588.64 76.257
67.511 , 69.767 ;

588.64 76.257
b e FH

FH out
b e FH

r R
R R

r R
′

′

×
= = = Ω = Ω

+ +
                 

             
( ) ( ){ }

3
12

9

12 12 3

1 pF

169.883 10
1 10 3.508 pF

2 2 3.14 6 10

1 3.508 10 1 10 1 169.883 10 69.767

16.360 pF

b c ob

m
b e ob

T

T b e b c m out

T

C C

g
C C

F

C C C g R

C

π

′

−
−

′

− − −
′ ′

= =

×
= − = − × =

× × ×

= + + = × + × + × ×

=

 

                                               12

1 1

2 2 3.14 67.511 16.360 10

144.172 MHz

H
FH T

H

F
R C

F

π −
= =

× × × ×

=

 

� � 144.172 MHzHF ====  

                           2.1.4.2  ก

)
#�
*��
 ( )HV FA  

( )HV FA �-� �	��� �����������
����
�� ���"�
�����.�	�������
 oV  	� gE  
��ก��,%�� 2.15 ��� 2.16  (�-�� gE ������
��(%	�ก�! HF %���."

TCX (%	�ก�! FHR  ����"��ก��  

                                                

( ) ( )

( )

1

1

b e
g i g i BB bb

b e T

b e
g i g BB bb

b e T

g bb b e BB BB bb b e

b e T g BB g bb bb BB

r
E I R I R r

J r C

r
E I R R r

J r C

R r r R R r r
a

J r C R R R r r R

ω

ω

ω

′
′

′

′
′

′

′ ′ ′ ′

′ ′ ′

   = + +  
+   

    
= + +   

+     

 + + + +
 

=  
 + + + 

�

�  

                                                

( ) ( )
( ) ( ){ }

( )
( ) ( ){ }

( )

1

1

g i
bb b e BB b e T BB bb

g bb b e BB b e T BB bb
i

i BB b e T
b

BB bb b e b e T BB bb

g BB b e T
b

a
E I

r r R J r C R r

E r r R J r C R r
I

a
I R J r C

I
R r r J r C R r

E R J r C
I

a

ω

ω

ω

ω

ω

′ ′ ′ ′

′ ′ ′ ′

′

′ ′ ′ ′

′

=
+ + + +

+ + + +
=

+
=

+ + + +

+
=
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( )

( )

1

H

g b e BBb e
b e b

b e T

o m b e out

o m out b e BB
V F

g

E r Rr
V I

J r C a

V g V Z
V g Z r R

A
E a

ω
′′

′
′

′

′

  
= = 

+  
=

= − = −

 

(
-�����ก 1
,T

FH

C
R

ω =
( )

;
b e g bb BB bb g BB

FH
g b e BB b e g bb BB bb g BB

r R r R r R R
R

R r R r R r R r R R

′ ′ ′

′ ′ ′ ′

+ +
=

+ + + +
 

                                              
( )

1 g b e BB b e g bb BB bb g BB
T

FH b e g bb BB bb g BB

R r R r R r R r R R
C

R r R r R r R R
ω ′ ′ ′ ′

′ ′ ′

+ + + +
= =

+ +
                         

�%
�	� TCω ���
 a           

( ) ( ){ }

( ) ( ) ( ) ( )

( )

( )

( )

H

H

H

m out b e BB
V F

m out b e BB
V F

g bb b e BB BB bb b e g b e BB b e g bb BB bb g BB

m out b e BB

g bb b e BB BB bb b e g bb b e BB BB bb b e

m out b e
V F

g Z r R
A

a
g Z r R

A
R r r R R r r JR r R r R r R r R R

g Z r R

R r r R R r r JR r r R R r r

g Z r R
A

′

′

′ ′ ′ ′ ′ ′ ′ ′

′

′ ′ ′ ′ ′ ′ ′ ′

′

= −

= −
+ + + + + + + + +

= −
+ + + + + + + + +

= −
( ) ( ){ } ( )

( ) ( ){ } ( ) ( )
( )

2 2 1

1 1

1
1 1 tan

1

H

BB

g bb b e BB BB bb b e

m out b e BB
V F

g bb b e BB BB bb b e

R r r R R r r J

g Z r R
A

R r r R R r r

′ ′ ′ ′

′

−
′ ′ ′ ′

+ + + + +

= −
+ + + + +

45�( ) ( ){ }( )  
2           H

m out b e BB
V F

g bb b e BB BB bb b e

g Z r R
A

R r r R R r r
′

′ ′ ′ ′

= −
+ + + +

 

                                         

45− �( )
( ) ( )( )

0.707
H

m out b e BB
V F

g bb b e BB BB bb b e

g Z r R
A

R r r R R r r
′

′ ′ ′ ′
= −

+ + + +  
(
-�����ก

( ) ( ) ( ){ }
in BB

i g in g bb b e BB BB bb b e

Z R

Z R Z R r r R R r r′ ′ ′ ′

=
+ + + + +

 

                                          

45− �( )
( )

0.707            
H

m out b eo in
V F

g i g in

g Z rV Z
A

E Z R Z
′= − = − ×

+
 

(
-�����ก ( )Mid
o m out b e in

V F
g i g in

V g Z r Z
A

E Z R Z
′= − = − ×

+
                                           

���
�$
                               
45− �( )( ) ( )0.707

H Mid
o

V F V F
g

V
A A

E
= − =

                                   (2.18)                            
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�,� ��
���� 2.10  ��ก��,%�� 2.1  ��,������	� ( )HV FA  

��-��.
  ��ก��ก�� (2.18)   ( )( ) ( )0.707
H Mid

o
V F V F

g

V
A A

E
= − = 45− �

 

                                                                     ( ) ( )( ) 0.707 10.382
H

o
V F

g

V
A

E
= − = − 45− �  

                                         ( ) 7.34
H

o
V F

g

V
A

E
= − = − 45− �                                          

� �  ( ) 7.34
HV FA = −= −= −= − 45−−−− ����  

2.1.4.3  ก

)
#�
*��
 WB   
            WB  �-� ����ก�"���
!����
���������   *��,�������"��ก<� 	������	� 

����
�� ���"�
��� ก�!�	�����
�� ���"�
 ��� 
 

                                               W H LB F F= −                                                                            (2.19)  

�����
%�� 
( )Mid

V

V F

A

A
 �."���	��, dB (��!�) 

               ( ) 10
( ) ( )

dB 20 log
Mid Mid

V V

V F V F

A A

A A
=  

*��%��    VA �-� �� �����������
����
���� 6 

( )MidV FA �-� �� �����������
����
��ก���  

 � %������
��ก��� ( )MidF  

                              ( )( ) ( )
10 10

( ) ( )

1
dB 20 log 20 log 0 dB

1
Mid Mid

Mid Mid

V F V F

V F V F

A A

A A
= = =                                       

 � %������
�� ���"�
 ��� ( )LF  

                              ( ) ( )( ) ( )
10 10

( ) ( )

0.707
dB 20 log 20 log 20 0.15 3 dB

1
L L

Mid Mid

V F V F

V F V F

A A

A A
= = = − = −                                                         

 � %������
�� ���"�
��� ( )HF  

                              ( ) ( )( ) ( )
10 10

( ) ( )

0.707
dB 20 log 20 log 20 0.15 3 dB

1
H H

Mid Mid

V F V F

V F V F

A A

A A
= = = − = −         
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�,� ��
���� 2.11  ��ก��,%�� 2.1 ��,������	� WB ���(���
ก��/�������3�
K���.�	��
( ) dBMid

V

V F

A

A
   

                          ก�!����
�� ( )F   
��-��.
  ��ก��ก�� (2.19)         W H LB F F= −  

*��%��    144.172 MHz, 1.065 MHz;H LF F= =  

                                 6 6144.172 10 1.065 10 143.107 MHzWB = × − × =  
� � 143.107 MHzWB ====  

 � LF �����
,������	� 

                ( ) ( )( ) ( )
10 10

( ) ( )

7.340
dB 20 log 20 log 20 0.15 3 dB

10.382
L L

Mid Mid

V F V F

V F V F

A A

A A

−
= = = − = −

−
 

 � HF �����
,������	� 

                ( ) ( )( ) ( )
10 10

( ) ( )

7.340
dB 20 log 20 log 20 0.15 3 dB

10.382
H H

Mid Mid

V F V F

V F V F

A A

A A

−
= = = − = −

−
  


���"������(���
ก��/��������
��,%�� 2.17 

( ) dBMid

V

V F

A

A
 = 143.107 MHzWB

(log scale)F
1.065 MHzLF = 144.107 MHzHF =

( )MidF

 

��,%�� 2.17 �����������3�
K���.�	��
( ) dBMid

V

V F

A

A
ก�! F ���������,%�� 2.1 

2.1.5  ก

  ก(����	
��
���
���
��������������

������ 
! 

�� ก.
$����ก

  ก(�� 

12 V, 75 , 75 , 1 MHz, 250 MHz, 25 C;CC g L L H AV R R F F T= = Ω = Ω ≤ ≥ = �   
*��(�-�ก 1 MHz, 250 MHz;L HF F= =       
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gE

oV

iE

1Q

1

(MAX)

 2SC3355 20 V, 12 V,

3 V, 100 mA, 2 ,

600 mW, 120, 0.6 V,

6.5 GHz, 0.65 pF;

CBO CEO

EBO C bb

D F o BE

T ob

Q V V

V I r

P V

F C

β β
′

= =

= = = Ω

= = = =

= =

 
��,%�� 2.18 �������������	�
����
�����%���'"��ก�!! 

�,C�� �ก

  ก(�� 

��ก��ก�� (2.17)                    1

2H
FH T

F
R Cπ

=  

                                                1

2T
FH H

C
R Fπ

=  

           ( ){ } 1
1

2b e b c m out
FH H

C C g R
R Fπ′ ′+ + =                                     

               1

2b e b c b c m out
FH H

C C C g R
R Fπ′ ′ ′+ + =  

                                   ( )1

2b c m out b e b c
FH H

C g R C C
R Fπ′ ′ ′= − +  

(
-�����ก ( )
2

m
b e b c

T

g
C C

Fπ′ ′+ =  �%
���
��ก�� 

                                   1

2 2
m

b c m out
FH H T

g
C g R

R F Fπ π′ = −  

                                   
2

2 2

4
T m FH H

b c m out
FH H T

F g R F
C g R

R F F

π π

π
′

−
=                                         

                                   ( ) ( )
2

2

24

T m FH H T m FH H
b c m out

FH H TFH H T

F g R F F g R F
C g R

R F FR F F

π

ππ
′

− −
= =                                                    

                                                ( )
2

T m FH H
m

FH H T b c out

F g R F
g

R F F C Rπ ′

−
=  

              ( )2 m FH H T b c out T m FH Hg R F F C R F g R Fπ ′ = −   

                                                2T m FH H T b c out m FH HF g R F F C R g R Fπ ′= +  

                                                ( )2 1T m FH H T b c outF g R F F C Rπ ′= +  

                                                
( )2 1

T
m

FH H T b c out

F
g

R F F C Rπ ′
=

+
 

(
-�����ก ( )

( )
C dc

m
B

I
g

k T q
=  

                                      
( ) ( )

( )

2 1
C dc T

B FH H T b c out

I F

k T q R F F C Rπ ′
=

+
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���
�$
                                 ( )
( )( ) 2 1
T B

C dc
FH H T b c out

F k T q
I

R F F C Rπ ′
=

+
                                             (2.20)  

2.1.5.1  ก

ก.
$����
 CI   

�� "��(�-�ก��กก���� ( )C dcI    %��,������	���ก��ก�� (2.20)   �#���	���� 

( )C dcI �� "����	ก&
 (MAX)0.5 CI  (3-������,���;�����%��
�&�( ���  
 

��ก��ก�� (2.20)                ( )
( )( ) 2 1
T B

C dc
FH H T b c out

F k T q
I

R F F C Rπ ′
=

+
 

ก��.
��." 250 MHz, , , ;H FH g out L b c obF R R R R C C′= = = =   

�,� ��
���� 2.12  ��,������	� CI  

��-��.
  ��ก��ก�� (2.20)     ( )
( )( ) 2 1
T B

C dc
FH H T b c out

F k T q
I

R F F C Rπ ′
=

+
 

*��%��    250 MHz, 75 , 75 , 0.65 pF, 25 C;H FH g out L b c ob AF R R R R C C T′= = = Ω = = Ω = = = �   

         ( )
( )( ) 2 1
T B

C dc
FH H T b c out

F k T q
I

R F F C Rπ ′
=

+
                  

         
( ){ }

9 3

( ) 6 9 12

6.5 10 25.7 10

75 250 10 2 3.14 6.5 10 0.65 10 75 1
C dcI

−

−

× × ×
=

× × × × × × × × +
 

                                           ( ) 2.979 mAC dcI =    

� �  *��(�-�ก 2.5 mACI ====  

2.1.5.2  ก

ก.
$����
 1, ,C E BR R R (+# 2BR   
���������	�
����
������� "�� �$��)�%����
�."���	�
'�$
(� �� "����ก���� 

���(�+ก( ���,����� 2.5 mA  ���ก��.
��	������
�//0�  ����ก�� 	��,
�$ 

ก��.
�                                 0.5  CE CCV V=                                                                            (2.21)  

                                             0.35  RC CCV V=                                      (2.22)  

                                             0.15RE CCV V=                                                     (2.23)  

                                               0.35 CC
C

C

V
R

I
=                                                                            (2.24)  

                                 
( )

0.15

1
CC

E
F B

V
R

Iβ
=

+
                                                       (2.25)                                                                        
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(�-��ก��.
� 15TH ER R=                                                                   (2.26)  
��ก��ก�� (2.2a)                   TH B TH BE E EV I R V I R= + +  

                                ( )1TH B TH BE F B EV I R V I Rβ= + + +                                          (2.27)  

                                
( )1 2, ;CC TH CC TH

B B
TH CC TH

V R V R
R R

V V V
= =

−
                          (2.28)  

�,� ��
���� 2.13  ��ก��.
��	� 1, ,C E BR R R ��� 2BR   
��-��.
  ��ก��ก�� (2.21), (2.22) ��� (2.23)     

                                        

0.5 12 6 V

0.35 12 4.2 V

0.15 12 1.8 V

CE

RC

RE

V

V

V

= × =

= × =

= × =

 

                                          
32.5 10

20.833 µA
120

C
B

F

I
I

β

−×
= = =                                         

��ก��ก�� (2.24)                    
3

0.35 0.35 12
1,680 

2.5 10
CC

C
C

V
R

I −

×
= = = Ω

×
                                

��ก��ก�� (2.25)                    
( ) ( )6

0.15 0.15 12
714.061 

1 20.833 10 120 1
CC

E
F B

V
R

Iβ −

×
= = = Ω

+ × +
                                 

��ก��ก�� (2.26)                  15 15 714.061 10.710 kTH ER R= = × = Ω        

��ก��ก�� (2.27)                   ( )1TH B TH BE F B EV I R V I Rβ= + + +                   

                                              
( )
( )

6 3

6

20.833 10 10.710 10 0.6

 121 20.833 10 714.061

THV −

−

= × × × +

+ × × ×
                                                       

                                               2.623 VTHV =       

��ก��ก�� (2.28)                   
3

1
12 10.710 10

48.997 k
2.623

CC TH
B

TH

V R
R

V

× ×
= = = Ω                                

                                 
( ) ( )

3

2
12 10.710 10

13.705 k
12 2.623

CC TH
B

CC TH

V R
R

V V

× ×
= = = Ω

− −
  

� � 1 21.68 k , 714.061 , 48.997 k , 13.705 k ;C E B BR R R R= Ω = Ω = Ω = Ω= Ω = Ω = Ω = Ω= Ω = Ω = Ω = Ω= Ω = Ω = Ω = Ω  

2.1.5.3  ก

�)+������
��
���
��
��$��)D���
�
�
E
� 
(
-�����ก!���	�%����"��กก����ก�!! ��	�����.
	�� �#����(,5
 "��(,����
�."

(,5
�	��� �4�
 %�������.
	���
%"�� ��� *���'" ���� A-1  �
;��<
�ก ก. 
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1.68 kCR = Ω       (,5
�	��� �4�
 1.6 kCR = Ω  
714.061 ER = Ω   (,5
�	��� �4�
 680 ER = Ω  

1 48.997 kBR = Ω  (,5
�	��� �4�
 1 47 kBR = Ω  

2 13.705 kBR = Ω  (,5
�	��� �4�
 2 13 kBR = Ω    

2.1.5.4  ก

�
�	� �	F��.
�
�� ��

������ 
!  

��%��ก�� �����! (�-�������'"�	����� "�
%�
�� �4�
 
 

��ก��ก�� (2.3)                       ( )
( )1

TH BE
B

TH F E

V V
I

R Rβ

−
=

+ +
                  

��ก��ก�� (2.4)                       C F BI Iβ=                                                                                      
��ก��ก�� (2.5)                     ( ){ }1CE CC C C F B EV V I R I Rβ= − + +    

∗.���(. ) CEV �� "��<&�3�����	(ก&
 0.5 V± 
"�.�ก(ก&
.�-�����."(,����
�,���	���� 1BR .�-� 
                   2BR �.�	 

�,� ��
���� 2.14   �����!�)�%����
���%��
�&�( ���  

��-��.
 ��ก��ก�� (2.1)           
( ) ( )

3
2

3 3
1 2

12 13 10
2.6 V

47 10 13 10

CC B
TH

B B

V R
V

R R

× ×
= = =

+ × + ×
   

��ก��ก�� (2.2)                    
( ) ( )

3 3
1 2

3 3
1 2

47 10 13 10
10.183 k

47 10 13 10

B B
TH

B B

R R
R

R R

× × ×
= = = Ω

+ × + ×
   

��ก��ก�� (2.3)                       ( )
( )

( )
( )3

2.60 0.6
21.630 µA

1 10.183 10 121 680
TH BE

B
TH F E

V V
I

R Rβ

− −
= = =

+ + × + ×
  

��ก��ก�� (2.4)                       6120 21.630 10 2.595 mAC F BI Iβ −= = × × =   

��ก��ก�� (2.5)                     ( ){ }1CE CC C C F B EV V I R I Rβ= − + +  

                                               ( ) ( ){ }3 3 612 2.595 10 1.6 10 121 21.630 10 680

6.068 V

CE

CE

V

V

− −= − × × × + × × ×

=
 

� �  21.630 µA, 2.595 mA, 6.068 V;B C CEI I V= = == = == = == = =     

2.1.5.5  ก

ก.
$����
 ,B CC C (+# EC   

(3-����������ก �
ก����ก�!!  �#�ก��.
� BC ��!�)�ก�� ���"�
 ������ 
���� ���('-��� 	�������(�"���(!�  
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EC %��.
"�%�� !��3����������ก�������!��ก�����   %���."���&�& ( ��� 
���;�3(,5
ก�����%���//0�ก�������!  

CC %��.
"�%�� ('-��� 	��������//0�ก�������!�,��� LR  

��ก��ก�� (2.13)               ( )
1

2BL C
FLCB B

F
R Cπ

=   

                                               
( )

1

2
B

B
FLCB L C

C
R Fπ

=                                            (2.29)  

*��%��     LF �-� �	�����
�� ���"�
 ����������  

              ( )
( ) ( ),

B

BB bb b e
FLCB g L C L

BB bb b e

R r r
R R F F

R r r
′ ′

′ ′

+
= + =

+ +
���

( )
1 2

1 2

B B
BB

B B

R R
R

R R
=

+
 

��ก��ก�� (2.14)               ( )
1

2EL C
FLCE E

F
R Cπ

=   

                                               
( )

1

2
E

E
FLCE L C

C
R Fπ

=                                                                (2.30)  

*��%��     LF �-� �	�����
�� ���"�
 ����������  
              ( )0.5 , ;

E EFLCE C L C LR X F F= = Ω =  

��ก��ก�� (2.15)              ( )
1

2CL C
FLCC C

F
R Cπ

=      

                                               
( )

1

2
C

C
FLCC L C

C
R Fπ

=                                                 (2.31)  

*��%��    ( )0.5 , ;
E EFLCE C L C LR X F F= = Ω =   

              LF �-� �	�����
�� ���"�
 ����������  

�,� ��
���� 2.15  ��ก��.
��	� ,B EC C ��� CC  

��-��.
  ��ก��ก�� (2.29)         
( )

1

2
B

B
FLCB L C

C
R Fπ

=                                                     

*��%��      10.183 kBBR = Ω  

              

3

3

3

2.595 10
100.972 mS

25.7 10
120

1.188 k
100.972 10

m

o
b e

m

g

r
g

β

−

−

′ −

×
= =

×

= = = Ω
×
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               ( )
( )

( )
( )

3 3

3 3

10.183 10 2 1.188 10
75 1.14 k

10.183 10 2 1.188 10

BB bb b e
FLCB g

BB bb b e

R r r
R R

R r r
′ ′

′ ′

× + ×+
= + = + = Ω

+ + × + + ×
      

               ( ) 1 MHz
BL C LF F= =  

                                                3 6
( )

1 1

2 2 3.14 1.14 10 1 10

139.680 pF
B

B
FLCB L C

B

C
R F

C

π
= =

× × × × ×

=

 

��ก��ก�� (2.30)                     
( )

1

2
E

E
FLCE L C

C
R Fπ

=  

*��%��     ( )0.5 , 1 MHz;
E EFLCE C L C LR X F F= = Ω = =  

                                  
6

( )

1 1
0.3184 µF

2 2 3.14 0.5 1 10E

E
FLCE L C

C
R Fπ

= = =
× × × ×

 

��ก��ก�� (2.31)                   
( )

1

2
C

C
FLCC L C

C
R Fπ

=    

*��%��     ( )0.5 , 1 MHz;
EFLCC L C LR F F= Ω = =                                                   

                                                
6

( )

1 1
0.3184 µF

2 2 3.14 0.5 1 10C

C
FLCC L C

C
R Fπ

= = =
× × × ×

 

� � 139.680 pF, = 0.3184 µF, 0.3184 µF;B E CC C C= == == == =  

2.1.5.6  ก

�)+������
�,��กG�)
#	F�$��)D���
�
�
E
�  
 ('	
(����ก�
ก�! �� "�
%�
 *���'" ���� A-4 �
;��<
�ก ก. 

139.680 pFBC =  (,5
�	��� �4�
  150 pFBC =   (����&ก 
0.3184 µFEC =    (,5
�	��� �4�
 0.33 µFEC =  �%
%���� 
0.3184 µFCC =    (,5
�	��� �4�
 0.33 µFCC =  �%
%����   

2.1.5.7  ก

�
�	� � LF � ���	
    

BC %��.
"�%�� ��!�)�����
�� ���"�
 ����������  ก�� �����!ก��%��(�-�� 

������"�'" ��(ก+!,���)�	��� �4�
 

��ก��ก�� (2.13)                     ( )
1

2BL L C
FLCB B

F F
R Cπ

= =  

�,� ��
���� 2.16   �����! LF ������� (�-���'"�	��� �4�
 

��-��.
 ��ก��ก�� (2.13)           ( )
1

2BL L C
FLCB B

F F
R Cπ

= =  

*��%��     10.183 k , 150 pF;BB BR C= Ω =                
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               ( )
( )

( )
( )

3 3

3 3

10.183 10 2 1.188 10
75 1.14 k

10.183 10 2 1.188 10

BB bb b e
FLCB g

BB bb b e

R r r
R R

R r r
′ ′

′ ′

× + ×+
= + = + = Ω

+ + × + + ×
  

                                                 ( ) 3 12

1 1

2 2 3.14 1.14 10 150 10

931.202 kHz

BL L C
FLCB B

L

F F
R C

F

π −
= = =

× × × × ×
=

 

� �  �	� LF ��������-� 931.202 kHz �#�� ���ก�	� 1 MHz  
-��	��'"��" 

2.1.5.8  ก

�
�	� � HF � ���	
  

TC ��� FHR  ��!�)�����
�� ���"�
��� FHR  (,5
�	����� "�
%�
  %��(�
� 
 	� TC ก�� �����!��ก��%��(�-���'"�	��� �4�
 

��ก��ก�� (2.17)                    1

2H
FH T

F
R Cπ

=   

�,� ��
���� 2.17  ก�� �����! HF �������   

��-��.
  ��ก��ก�� (2.17)         1

2H
FH T

F
R Cπ

=   

*��%��     
3

3

2.595 10
 10.183 k , 100.972 mS;

25.7 10
BB mR g

−

−

×
= Ω = =

×
              

               
3

120
1.188 k

100.972 10
o

b e
m

r
g

β
′ −

= = = Ω
×

 

              
( )

( )
( )

3

1 3

75 10.183 10
2 76.451 

75 10.183 10

g BB
FH bb

g BB

R R
R r

R R
′

  × × 
= + = + = Ω 

+ + ×  
 

              
( ) ( )

( ) ( )

3
1

3
1

3

3

1.188 10 76.451
71.828 

1.188 10 76.451

1.6 10 75
71.641 

1.6 10 75

b e FH
FH

b e FH

C L
out

C L

r R
R

r R

R R
R

R R

′

′

× ×
= = = Ω

+ × +

× ×
= = = Ω

+ × +

 

              ( )
( ){ }

3
12

9

12 12 3

0.65 pF 

100.972 10
0.65 10 1.823 pF

2 3.14 6.5 10
1.823 10 0.65 10 1 100.972 10 71.641 7.174 pF

b c ob

b e

T

C C

C

C

′

−
−

′

− − −

= =

×
= − × =

× × ×
= × + × + × × =

             

                                                
12

1 1

2 2 3.14 71.828 7.174 10
H

FH T

F
R Cπ −

= =
× × × ×

      

                                                309.019 MHzHF =  

� �  309.019 MHzHF ==== �#�����ก�	� 250 MHz 
-��	��'"��" 
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2.1.5.9  ก

�
�	� � ( ) ( ),
Mid LV F V FA A (+# ( )HV FA  

��ก��ก�� (2.10)            
( )( )Mid

o m b e out m b e out
V F

i bb b e i

V g r Z g r Z
A

E r r Z
′ ′

′ ′
= − = − = −

+
          

��ก��ก�� (2.11)            ( )Mid
o m b e out in

V F
g i g in

V g r Z Z
A

E Z R Z
′= − = − ×

+
  

��ก��ก�� (2.16)               ( ) ( )0.707
L Mid

o
V F V F

g

V
A A

E
= − = 45�       

��ก��ก�� (2.18)              ( ) ( )0.707
H Mid

o
V F V F

g

V
A A

E
= − = 45− �                

�,� ��
���� 2.18  �� �����!�	� ( ) ( ) ( ) ( ), , , ;
Mid Mid L H

o o o o
V F V F V F V F

i g g g

V V V V
A A A A

E E E E
= − = − = − = −                           

��-��.
  ��ก��ก�� (2.10) ( )Mid
o m b e out

V F
i i

V g r Z
A

E Z
′= − = −  

*��%��     
3

3

2.595 10
100.972 mS

25.7 10
mg

−

−

×
= =

×
      

 ( )3
3

120
1.188 k , 2 1.188 10 1.190 k ;

100.972 10
o

b e i bb b e
m

r Z r r
g

β
′ ′ ′−

= = = Ω = + = + × = Ω
×

 

              ( )32 1.188 10 1.190 ki bb b eZ r r′ ′= + = + × = Ω  

 
( ) ( )

3 3

3 3

10.183 10 1.190 10
1.065 k

10.183 10 1.190 10

BB i
in

BB i

R Z
Z

R Z

× × ×
= = = Ω

+ × + ×
 

 
( ) ( )

3

3

1.6 10 75
71.641 

1.6 10 75

C L
out out

C L

R R
Z R

R R

× ×
= = = = Ω

+ × +
 

                          
( )

3 3

( ) 3

100.972 10 1.1833 10 71.641
7.193

1.190 10Mid
o

V F
i

V
A

E

−× × × ×
= − = − = −

×
 

��ก��ก�� (2.11)            ( )
( )

3

( ) 3

1.065 10
7.193

75 1.065 10Mid
o

V F
g

V
A

E

×
= − = − ×

+ ×
 

                                        ( )( ) 7.193 0.934 6.718
MidV FA = − × = −  

��ก��ก�� (2.16)               ( ) ( )0.707
L Mid

o
V F V F

g

V
A A

E
= − = 45�  

                                          ( )( ) 0.707 6.718 4.749
L

o
V F

g

V
A

E
= − = − × = − 45�                                  

��ก��ก�� (2.18)              ( ) ( )0.707
H Mid

o
V F V F

g

V
A A

E
= − = 45− �  
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                               ( )( ) 0.707 6.718 4.749
HV FA = − × = − 45− �                 

� �  ( ) ( )6.718, 4.749
Mid LV F V FA A= − = −= − = −= − = −= − = − 45����

( ), 4.749
HV FA = −= −= −= − 45−−−− ����

;  

2.1.5.10  ก

�
�	� ��F*+,กH*#�
�%&&'
� ��

������ 
!  
(3-������,���;�����%��
�&�( ���  ���%����
�#����(,5
 �� "��%��ก�� 

 �����!�)���ก?��%���//0����%��
�&�( ��� *���'"��ก�� 

CC CEOV V≤                                                                                 (2.32)  

  (MAX)0.5C CI I<                                                                    (2.33)  

                                   CE C DV I P<                                                (2.34)  

�,� ��
���� 2.19  �� �����!�)���ก?��%���//0����%��
�&�( ��� 
��-��.
  ��ก��ก�� (2.32), (2.33) ��� (2.34)  

                                      
12 V 12 V

CC CEOV V≤

≤
                                         

                                   CCV∴  
"��ก�	�.�-�(%	�ก�! CEOV  ��&�   
                                                 (MAX)0.5C CI I<  

                              
32.595 mA (0.5 100 10 )

2.595 mA 50 mA

−< × ×

<
                                 

                                   CI∴  
"��ก�	� (MAX)0.5 CI ��&� 

                      
36.068 2.595 10 600 mW

CE C DV I P

−

<

× × <
 

                           15.746 mW 600 mW<  

CE CV I∴ 
"��ก�	� DP ��&� 

� �  %��
�&�( �����	(���.�� 

                           2.1.5.11  ก

�
�	� ��F*+,กH*#�
�%&&'
� ��,���
��
�  

(3-������,���;����� �� "�
%�
���%����
     �#����(,5
�� "��(�-�ก�'" 
 �� "�
%�
 %�����	�%
ก������//0�%��(.����� *����,��������ก�	��	�ก������//0�%��(ก&��#$
��&� 2 (%	� 

�	�%
ก������//0���� �� "�
%�
 ��"�ก	  1 1 1
, , ,1, 2, 3, 5,10,12

8 4 2
 ��� 20 W   �	�<&�3���  1%, 5%,  
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10%  ��� 20%  
                                          2.1.5.11.1  �	�%
ก������//0���� CR .�-� ( )

CRP ,�������"��ก��ก�� 

            ( )2
2 0.35

C

CC
R

C

V
P

R
=                                                                    (2.35)  

2.1.5.11.2  �	�%
ก������//0���� ER .�-� ( )
ERP ,�������"��ก��ก��                                                               

              ( )2
2 0.15

E

CC
R

E

V
P

R
=                                         (2.36)  

2.1.5.11.3  �	�%
ก������//0���� 1BR .�-�
1

( )
BRP ,�������"��ก��ก�� 

                                             ( ) ( ){ }1

1

 22

1 1

22
EB

B

CC BE RR
R

B B

V V VV
P

R R

− +
= =                              (2.37)  

2.1.5.11.4  �	�%
ก������//0���� 2BR .�-�
2

( )
BRP ,�������"��ก��ก�� 

                                             ( ) ( )2

2

2 2

2 2

2 2
B E

B

R BE R
R

B B

V V V
P

R R

+
= =                                            (2.38)  

�,� ��
���� 2.20  �� �����!�)���ก?��%���//0���� �� "�
%�
 

��-��.
  ��ก��ก�� (2.35)        ( ) ( )2 2

3

2 0.35 2 0.35 12
22.05 mW

1.6 10C

CC
R

C

V
P

R

×
= = =

×
  

                                                1.6 k 5%CR = Ω ±  (�-�ก�'"�
�� 1
W (125 mW)

8
 

��ก��ก�� (2.36)                ( ) ( )2 22 0.15 2 0.15 12
9.529 mW

680E

CC
R

E

V
P

R

×
= = =    

                                                680 5%ER = Ω ±  (�-�ก�'"�
�� 1
W (125 mW)

8
 

��ก��ก�� (2.37)                  ( ){ } ( ){ }
1

 2  2

3
1

2 2 12 0.6 1.8
3.921 mW

47 10

E

B

CC BE R
R

B

V V V
P

R

− + − +
= = =

×
   

                                               1 47 k 5%BR = Ω ±  (�-�ก�'"�
�� 1
W (125 mW)

8
 

��ก��ก�� (2.38)                  ( ) ( ) ( )2

2

2 2 2

3
2 2

2 2 2 0.6 1.8
0.886 mW

13 10

B E

B

R BE R
R

B B

V V V
P

R R

+ +
= = = =

×
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                                               2 13 k 5%BR = Ω ±  (�-�ก�'"�
�� 1
W (125 mW)

8
 

� �  ����" �� "�
%�
���
�$     

         1.6 k 5%CR = Ω ±  1 8 W  

         680 5%ER = Ω ±  1 8 W  

         1 47 k 5%BR = Ω ±  1 8 W  

         2 13 k 5%BR = Ω ±  1 8 W  

                           2.1.5.12  ก

�
�	� ��F*+,กH*#�
�%&&'
� ��,��กG�)
#	F  

(3-������,���;���
ก��%����
 �#����(,5
 "��(�-�ก�'" ��(ก+!,���)  %�����	�
%
�����
ก���� �����ก�	� �	������
%�� ก��	����&� 2 (%	� 
                                          2.1.5.12.1  �	�%
�����
ก���� ����� CC ,�������"��ก��ก��  
                                              ( ) ( )2 0.5 0.15 2 0.65

CC CC CC CCV V V V= + =                               (2.39)  

2.1.5.12.2  �	�%
�����
ก���� ����� EC ,�������"��ก��ก�� 

     ( )2 0.15
EC CCV V=                                      (2.40)  

2.1.5.12.3  �	�%
�����
ก���� ����� BC ,�������"��ก��ก�� 

                                              ( )2 0.15 0.6 V
BC CCV V= +                                                          (2.41)  

2.1.5.12.4   ��(ก+!,���)%��(.�����ก�!ก���'"��
�
�	�
����
����� ��"�ก	 

1)  '
&���ก� (Mica) ���(����&ก (Ceramic)   �	� �$�� 	 1.8 pF


#� 820 pF  ��� 0.001 µF  
#� 0.22 µF  �	�%
�����
ก���� �� 50 V,100 V, 300 V, 500 V, 600 V

���1000 V  
2)  '
&��%
%���� (Tantalum) ���	� �$�� 	 0.10 µF 
#� 330 µF   

�����	�%
�����
ก���� �� 6.3 V,10 V,16 V, 20 V ��� 50 V  

�,� ��
���� 2.21  ก�� �����!�)���ก?��%���//0���� ��(ก+!,���) 
��-��.
  ��ก��ก�� (2.39)        ( ) ( ) ( )2 0.5 0.15 2 0.65 2 0.65 12 15.6 V

CC CC CC CCV V V V= + = = × =     
                                                0.33 µFCC =  '
&��%
%���� �	�%
�����
ก���� �� 16 V  
��ก��ก�� (2.40)                   ( ) ( )2 0.15 2 0.15 12 3.6 V

EC CCV V= = × =              
                                                0.33 µFEC =  '
&��%
%���� �	�%
�����
ก���� �� 16 V     
��ก��ก�� (2.41)                   ( ) ( ){ }2 0.15 0.6V 2 0.15 12 0.6 4.8 V

BC CCV V= + = × + =          
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                                                150 pFBC = '
&�(����&ก �	�%
�����
ก���� �� 50 V        
� �  ����" ��(ก+!,���)���
�$     

         150 pFBC = 50 V (����&ก 
         0.33 µFEC = 16 V �%
%���� 
         0.33 µFCC = 16 V �%
%����   
 

2.2  ��	
��
���
���
��������������&�   
 

RD

1.8 kΩ
RG1

590 kΩ

RL

2 kΩ

gE
RG2

47 kΩ
RS

750 Ω

 Rg

75 Ω

5 V, 25 V;

4 pF, 1 pF;
P GSS

iss rss

V BV

C C

= − = −

= =

oV

iE
CS

0.1 F

CG 100 pF

CD  0.047 F

1Q

 N-CH

G

S

D

 VDD = 20 V

     

��,%�� 2.19 �������������	�
����
�����*���'"(�(/   

2.2.1  ก

����

#$!��	
%&&'
ก
#(��
�     

(3-��,������	��)�%����
���(/  �#��,��ก�!�"�� ,D DSI V ��������
 GSV ��ก��,
%�� 2.20 �����
(���
��ก����"                   

                    G GS RSV V V= +                              (2.42)  

                                              1 D
GS P

DSS

I
V V

I

 
= −  

 
                                    (2.43)  

                                            
( )2

2

1 2
G

DD G
R G

G G

V R
V V

R R
= =

+
                                    (2.44)  

5 V

25 V
P

GSS

V

BV

= −

= −
1Q

GV
SRV

GSV

DSV

DRVDI

 

��,%�� 2.20 ���������//0�ก���� �������,%�� 2.19 
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                                             DD D D DS D SV I R V I R= + +                                     (2.45)  

                                             DD
DSS

D S

V
I

R R
=

+
                                   (2.45a)  

                                                
2

1 GS
D DSS

P

V
I I

V

 
= − 

 
                                    (2.46)  

*��%��     DI �-� ก����(��
�.�<	�
 DR (�"���(��
 ��ก����� ���<	�
 SR ��ก����� 
               DSSI �-� ก����(��
����)����%�� ��(ก ���������ก����� 
               GSV �-� �����
�//0���.�	����(ก  ก�!����� 
               PV �-� �����
�//0�%��%���."ก����(��
���	�(,5
@�
�� 

��ก��ก�� (2.42)                     G GS RSV V V= +  

(
-�����ก RS D SV I R=  

                                                G GS D SV V I R= +  

�%
 
2

1 GS
D DSS

P

V
I I

V

 
= − 

 
���
��ก�� G GS D SV V I R= + ����" 

                                                
2 2

1 1GS GS
G GS DSS S GS DSS S

P P

V V
V V I R V I R

V V

   
= + − = + −   

   
 

                                                
( )

2

2

2
1 GS GS

G GS DSS S
P P

V V
V V I R

V V

 
 = + − +
 
 

 

                                                
( )

2

2

2 DSS S GS DSS S GS
G GS DSS S

P P

I R V I R V
V V I R

V V

 
 = + − +
 
 

      

                                                ( )

( )

2

2

2

2

2

2
0

DSS S GS DSS S GS
G GS DSS S

P P

DSS S GS DSS S GS
GS DSS S G

PP

I R V I R V
V V I R

V V

I R V I R V
V I R V

VV

= + − +

= + − + −

 

                                                   
( )

2

2

2
0 1DSS S GS DSS S

GS DSS S G
PP

I R V I R
V I R V

VV

 
= + − + − 

 
 

���
�$
                                        
( )

2

2

2
0 1DSS S GS DSS S

GS DSS S G
PP

I R V I R
V I R V

VV

 
= + − + − 

 
         (2.47)  

*��%��     
( )2

2
, 1 , ;DSS S DSS S

DSS S G
PP

I R I R
a b c I R V

VV

 
= = − = − 

 
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2 4

2GS
b b ac

V
a

− ± −
=                                     (2.48)  

∗.���(. )  �	���� GSV ��������	�*��(�-�ก�	�%�����	� ���ก�	� PV (,5
�	�%��
�ก "�� 

�,� ��
���� 2.22  ��ก��,%�� 2.20 ��,������	� GSV ��� DI  

��-��.
  ��ก��ก�� (2.44)      ( )
( ) ( )2

3
2

3 3
1 2

20 47 10
1.475 V

590 10 47 10G

DD G
R G

G G

V R
V V

R R

× ×
= = = =

+ × + ×
  

��ก��ก�� (2.45a)               
( )3

20
7.843 mA

1.8 10 750

DD
DSS

D S

V
I

R R
= = =

+ × +
 

��ก��ก�� (2.48)                   
2 4

2GS
b b ac

V
a

− ± −
=  

*��%��     
( ) ( )

3

2 2

7.843 10 750
0.235

5

DSS S

P

I R
a

V

−× ×
= = =

−
  

               
( )

3

3

2 2 7.843 10 750
1 1 3.352

5

7.843 10 750 1.475 4.407

DSS S

P

DSS S G

I R
b

V

c I R V

−

−

   × × ×
= − = − =    −   

= − = × × − =

 

                                              ( ) ( ) ( )
( )

2

1

3.352 3.352 4 0.235 4.407

2 0.235GSV
− + − × ×

=
×

 

                                              ( )
1

3.352 2.663
1.465 V

0.47GSV
− +

= = −  

                                             

( ) ( ) ( )
( )

( )

2

2

2

2

3.352 3.352 4 0.235 4.407

2 0.235

3.352 2.663

0.47
12.797 V

GS

GS

GS

V

V

V

− − − × ×
=

×

− −
=

= −

                                              

��ก��ก�� (2.46)                     
2

1 GS
D DSS

P

V
I I

V

 
= − 

 
 

*��%��     7.843 mA, 5 V, 1.465 V;DSS P GSI V V= = − = −   

                                                 
2

3 1.465
7.843 10 1 3.92 mA

5DI − − 
= × − = − 

  

� �  1 1.465 V, 3.92 mA;GS GS DV V I= = − == = − == = − == = − =  
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2.2.2  ก

����

#$!��	
%&&'
ก
#(��+,���
����ก+
� 

����
��ก�����%���." ,
G SC CX X ���

DCX ���	�(%	�ก�! 0 Ω   �	� issC  ��� rssC  ��	��<� 
 	�����
��ก��� �#������
��%&$���"  ��������
��,%�� 2.21 

V mg V

gE

iZinZ oZ outZ  
��,%�� 2.21 ���������//0�ก�������!����
��ก��������,%�� 2.19 

2.2.2.1  ก

)
#�
*��
 mg   
ก��,������	� mg ���(/   ���(,5
 "��%��!�	� ,DSS PI V  ��������
 GSV  

��ก��ก�� (1.20)  

                                                2
1DSS GS

m
P P

I V
g

V V

 
= − 

 
  

�,� ��
���� 2.23  ��ก��,%�� 2.19  ��,������	� mg  

��-��.
  ��ก��ก�� (1.20)         2
1DSS GS

m
P P

I V
g

V V

 
= − 

 
 

*��%��     7.843 mA, 5 V, 1.465 V;DSS P GSI V V= = − = −                 

                                         
3

32 7.843 10 1.465
1 3.137 10 0.707 2.217 mS

5 5mg
−

−× × − 
= − = × × = − − 

 

� �  2.217 mSmg ====  

2.2.2.2  ก

)
#�
*��
 iZ (+# inZ  
                                         2.2.2.2.1 iZ �-� �	��&�3���
���"�
(�"���.�	����(ก  ก�!ก�����   *����%&$� 

GGR ��������
��,%�� 2.21 ����"��ก�� 

                                                iZ = ∞ .�-� iZ = ����(,G�                                      (2.49)  

                                         2.2.2.2.2 inZ �-� �	��&�3���
���"�
(�"���.�	����(ก  ก�!ก�����    �������
�
��,%�� 2.21 ����"��ก�� 

                                               
( )

1 2

1 2

G G
in GG

G G

R R
Z R

R R
= =

+
                                                         (2.50)                              
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2.2.2.3  ก

)
#�
*��
 oZ (+# outZ   

2.2.2.3.1 oZ  �-� �	��&�3���
���"�
��ก  ��.�	����(��
  ก�!ก�����  ��%&$� 

DR ��� LR  
-��	��.�	�ก��(
&�ก���� mg V  ������ "�
%�
��� .�-����	��
�
 � ( )∞  �%
�"������ 
(,G���������
��,%�� 2.21 

                                               oZ = ∞                                           (2.51)  

  2.2.2.3.2 outZ �-� �	��&�3���
���"�
��ก ��.�	����(��
 ก�!ก�����  �����"
�����
��,%�� 2.21 
                                              ( ){ }out o D LZ Z R R= � �  

*��%��     ( )
( )

, ;D L
o out D L

D L

R R
Z R R R

R R
= ∞ = =

+
�  

���
�$
                                   ( )
( )

D L
out out D L

D L

R R
Z R R R

R R
= = =

+
�                                       (2.52)  

�,� ��
���� 2.24  ��ก��,%�� 2.19  ��,������	� , ,i in oZ Z Z ��� outZ  

��-��.
  ��ก��ก�� (2.49)           iZ = ∞  

��ก��ก�� (2.50)                    
( ) ( )

3 3
1 2

3 3
1 2

590 10 47 10
43.532 k

590 10 47 10

G G
in GG

G G

R R
Z R

R R

× × ×
= = = = Ω

+ × + ×
  

��ก��ก�� (2.51)                     oZ = ∞         

��ก��ก�� (2.52)                  ( )
( )

3 3

3 3

1.8 10 2 10
947.368 

1.8 10 2 10
out out D LZ R R R

× × ×
= = = = Ω

× + ×
�  

� �  , 43.532 k , , 947.368 ;i in o outZ Z Z Z= ∞ = Ω = ∞ = Ω= ∞ = Ω = ∞ = Ω= ∞ = Ω = ∞ = Ω= ∞ = Ω = ∞ = Ω             

2.2.2.4  ก

)
#�
*��
 ( )MidV FA  

 ( )MidV FA �-� �� �����������
����
��ก�����.�	�� oV   	� iE   ��������

��,%�� 2.22 ����"��ก�� 

0gI = dI

Ei
VORD RLRGG

 Rg V mg V

gE

iZinZ oZ outZ

iI

G D

S

 
��,%�� 2.22 ��������,������	� ( )MidV FA ���(/  
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��ก���"�
��ก                       o d outV I Z=  
(
-�����ก  d mI g V=  

                                                 o m outV g VZ=  
(
-�����ก  iV E=  

                                                 o m i outV g E Z=  

��ก���"�
(�"�                          iE V=  

���
�$
                             ( )Mid
o

V F m out
i

V
A g Z

E
= − = −                                                    (2.53)  

                                                ( )g i g inE I R Z= +  

                                                  
( )

g
i

g in

E
I

R Z
=

+
 

                                                 
( )

g in
i i in

g in

E Z
E I Z

R Z
= =

+
 

                                                
( )

i in

g g in

E Z

E R Z
=

+
 

                                       
( )( )Mid

o o i in
V F m out

g i g g in

V V E Z
A g Z

E E E R Z
= − = − × = − ×

+
 

 ���
�$
                            
( ) ( )( )Mid

o o in in
V F m out

g i g in g in

V V Z Z
A g Z

E E R Z R Z
= − = − × = − ×

+ +
       (2.53a)  

�,� ��
���� 2.25  ��ก��,%�� 2.22  ��,������	� ( )Mid
o

V F
i

V
A

E
= − ��� ( )Mid

o
V F

g

V
A

E
= −  

��-��.
  ��ก��ก�� (2.53) ( )Mid
o

V F
i

V
A

E
= −         

                                        ( )3
( ) 2.217 10 947.368 2.10

Mid
o

V F m out
i

V
A g Z

E
−= − = − = − × × = −  

��ก��ก�� (2.53a)          
( ) ( )( )Mid

o o in in
V F m out

g i g in g in

V V Z Z
A g Z

E E R Z R Z
= − = − × = − ×

+ +
 

                                        
( )

3

( ) 3

43.532 10
2.10 2.10 0.998 2.095

75 43.532 10Mid
o

V F
g

V
A

E

×
= − = − × = − × = −

+ ×
 

� �  ( ) ( )2.10, 2.095;
Mid Mid

o o
V F V F

i g

V V
A A

E E
= − = − = − = −= − = − = − = −= − = − = − = −= − = − = − = −                        
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2.2.3  ก

����

#$!��	
%&&'
ก
#(��+,���
�����,���
���.
 

2.2.3.1  ก

)
#�
*��
 ( )GL CF   

( )GL CF �-� �	�����
�� ���"�
 ����#��
�กก��.
�*�� GC ��ก��,%�� 2.23 (�-�� gE  
������
��(%	�ก�! ( )GL CF ��%���."

GCX (%	�ก�! FLCGR �����
,������	���� ( )GL CF  ��"��ก��ก�� 

   

gE

0gI = dI

FLCGR

V mg V

 
��,%�� 2.23 ��������,������	� ( )GL CF ���(/  

                                              
GC FLCGX R=                  

(
-�����ก  
( )

1

2G
G

C
GL C

X
F Cπ

=  

����"                            
( )

1

2
G

FLCG
L C

R
Fπ

=  

���
�$
                                ( )
1

2GL C
FLCG G

F
R Cπ

=                                     (2.54)       

ก��,������	� FLCGR  �#��(,5
�	����� "�
%�
%��(�
� 	� GC ��������

��,%�� 2.24 ����"��ก�� 
                                           FLCG g GGR R R= +  

gE

FLCGR FLCB g GGR R R= +

 

��,%�� 2.24 ��������,������	� FLCGR ���(/  

2.2.3.2  ก

)
#�
*��
 ( )SL CF   

                                       ( )SL CF �-� �	�����
�� ���"�
 ��� �#��
�กก��.
�*�� SC   ��ก��,%�� 2.25  (�-�� gE  
������
��(%	�ก�! ( )SL CF ��%���."

SCX (%	�ก�! FLCSR ��������
,������	� ( )SL CF ��"��ก��ก�� 
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gE

0gI = dI
V mg V

FLCSR  
��,%�� 2.25 ��������,������	� ( )SL CF ���(/  

                                              
SC FLCSX R=                  

(
-�����ก  
( )

1

2S
S

C
SL C

X
F Cπ

=  

����"                        
( )

1

2
S

FLCS
SL C

R
F Cπ

=  

���
�$
                                ( )
1

2SL C
FLCS S

F
R Cπ

=                                                     (2.55)  

ก��,������	� FLCSR   �#��(,5
�	����� "�
%�
%��(�
� 	� SC   *��(,5
�	� 
���� "�
%�
��.�	�������ก�!ก�����  ��������
��,%�� 2.26 

(1) �����	
 Eg

gE

VORoutRGG

 Rg

0gI = I

E

1
o

m

R
g

=

V mg V

G D

S

S

 
��,%�� 2.26 ��������,������	� oR ���(/  

                                         ��ก��,%�� 2.26 ก��,������	� oR  %�������ก�!ก�����*�� 	� E  (�"���.�	�� 
�����ก�!ก����� ��� E �����
ก�� )"
 V %���." mg V (ก&�ก���� I �.�����"��ก�� 

                                                   mI g V=  
(�-�� V E=  

                                                   mI g E=  

(
-�����ก  o
E

R
I

=    
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                                                1
o

m m

E E
R

I g E g
= = =  

���
�$
                                      1
o

m

R
g

=                                                                    (2.55a)  

1
o

m

R
g

=

( )
( )1

S
FLCS S o

m s

R
R R R

g R
= =

+
�

FLCSR

 

��,%�� 2.27 ��������,������	� FLCSR  

                                         ��ก��,%�� 2.27 ����"��ก�� 

                                          ( )
( )1

S
FLCS S o

m S

R
R R R

g R
= =

+
�  

2.2.3.3  ก

)
#�
*��
 ( )DL CF   

                                        ( )DL CF �-� �	�����
�� ���"�
 ����#��
�กก��.
�*�� DC ��ก��,%�� 2.28 (�-�� gE  
������
��(%	�ก�! ( )DL CF ��%���."

DCX (%	�ก�! FLCDR �����
,������	� ( )DL CF ��"��ก��ก�� 

                                             
DC FLCDX R=                  

(
-�����ก  
( )

1

2D
D

C
DL C

X
F Cπ

=  

����"                      
( )

1

2
G

FLCD
DL C

R
F Cπ

=  

���
�$
                               ( )
1

2DL C
FLCD D

F
R Cπ

=                                                                     (2.56)    

gE

0gI = dI

oV
V mg V

FLCDR

 
��,%�� 2.28 ��������,������	� ( )DL CF ���(/  

                                         ก��,������	� FLCDR   �#��(,5
�	����� "�
%�
%��(�
� 	� DC  ��������
 
��,%�� 2.29  ����"��ก�� 
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                                          FLCD D LR R R= +  

RD

CD

RL RD
CD

RL

mg V ( )FLCD D LR R R= +

FLCDR

D

S

 
��,%�� 2.29 ��������,������	� FLCDR ���(/  

�,� ��
���� 2.26  ��ก��,%�� 2.21  ��,������	� ( ) ( ),
G SL C L CF F ��� ( )CL CF  

��-��.
  ��ก��ก�� (2.54)   ( )
1

2GL C
FLCG G

F
R Cπ

=   

*��%��     ( ) ( )343.532 k , 75 43.532 10 43.607 k ;GG FLCB g GGR R R R= Ω = + = + × = Ω  

               100 pFGC =  

                                    
( ) 3 12

( )

1 1

2 2 3.14 43.607 10 100 10

36.516 kHz

G

G

L C
FLCG G

L C

F
R C

F

π −
= =

× × × × ×

=

 

��ก��ก�� (2.55)               ( )
1

2SL C
FLCS S

F
R Cπ

=       

*��%��     
( ) ( )3

750
281.663 

1 1 2.217 10 750

S
FLCS

m S

R
R

g R −
= = = Ω

+ + × ×
 

                                           ( ) 6

1 1
5.653 kHz

2 2 3.14 281.663 0.1 10SL C
FLCS S

F
R Cπ −

= = =
× × × ×

        

��ก��ก�� (2.56)               ( )
1

2DL C
FLCD D

F
R Cπ

=   

*��%��     ( ) ( )3 31.8 10 2 10 3.8 kFLCD D LR R R= + = × + × = Ω  

                                          ( ) 3 6

1 1
891.577 Hz

2 2 3.14 3.8 10 0.047 10DL C
FLCD D

F
R Cπ −

= = =
× × × × ×

 

� � ( ) ( ) ( )36.516 kHz, 5.653 kHz, 891.577 Hz;
G S DL C L C L CF F F= = == = == = == = =  

2.2.3.4  ก

)
#�
*��
 LF � ���	
   
*��3&����� ��ก�	�����
�� ����� ( ) ( ),

G SL C L CF F  ��� ( )DL CF    %��������
��                
����)�(,5
����
�� LF ������� 
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100

�,� ��
���� 2.27  ��ก��,%�� 2.21  ��,������	� LF ������� 
��-��.
 ( ) ( )36.516 kHz, 5.653 kHz

G SL C L CF F= =  ��� ( ) 891.577 Hz
DL CF =  

� �  ����
�� LF ��������-� ( ) 36.516 kHz
GL CF ====    

2.2.3.5  ก

)
#�
*��
 ( )LV FA   

gE

iI dI

FLCGR

V mg V

 
��,%�� 2.30 ��������,������	� ( )LV FA ���(/  

( )LV FA �-� �� �����������
����
�� ���"�
 ���  ��.�	�������
 oV    	� gE

*��
�ก��!�)�*�� GC ��������
��,%�� 2.30 
(�-�� gE ������
��(%	�ก�! ( )GL CF   ��%���."�	�

GCX  ���	�(%	�ก�! FLCGR   ���
�$

(�-�� FLCGR ���	�(%	�ก�! GGR  ����"��ก���"�
(�"� 

                                      

( )

( ){ }

( ){ }

1 1

11

1

1

g i g i GG i g GG
G G

G g GG
g i g GG i

G G

g G
i

G g GG

g GG G
i GG

G g GG

E I R I R I R R
J C J C

J C R R
E I R R I

J C J C

E J C
I

J C R R

E J R C
V I R

J C R R

ω ω

ω

ω ω

ω

ω

ω

ω

   
= + + = + +   

   

 + +   
= + + =   

    

=
+ +

= =
+ +

                                  

��ก���"�
��ก                        o m outV g VZ=  

                                           
( ){ }

( ){ }( )

1

1L

g m out GG G
o

G g GG

o m out GG G
V F

g G g GG

E g Z J R C
V

J C R R

V g Z J R C
A

E J C R R

ω

ω

ω

ω

=
+ +

= − = −
+ +

                                           

(
-�����ก 1
, ;

GC FLCG g GG
FLCG

X R R R
R

= = +  

                                             1
FLCG

G

R
Cω

=  
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( )

1 1
G

FLCG g GG

C
R R R

ω = =
+

 

�%
�	� 
( )

1
G

g GG

C
R R

ω =
+

     

                                           ( )L
o

V F
g

V
A

E
= −  

                                           
( )
( )

( )( )
1

1

L
m out GG

V F
g GGg GG

g GG

g Z JR
A

R RR R
J

R R

= − ×
  ++ 

+ 
+  

 

                                          
45�

( ) ( ) ( ) ( ) ( )

( )
( )

( )

( )
2 2 1

( )

11 1 1 1 tan
1

0.707                           

2          

L

L

m out GG m out GG
V F

g GG
g GG

m out GGm out GG
V F

g GG g GG

g Z JR g Z R
A

R R J R R

g Z Rg Z R
A

R R R R

−
= − = −

+ + + +

= − = −
+ +

90 45−� �

90�

90�

 

                                          

45�( )
( )( ) 0.707         

L
o GG

V F m out
g g GG

V R
A g Z

E R R
= − = − ×

+
 

(
-�����ก  
( )( )Mid

o GG
V F m out

g g GG

V R
A g Z

E R R
= − = − ×

+
     

                                         
45�

( ) ( )0.707             
L Mid

o
V F V F

g

V
A A

E
= − = (2.57)

   
�,� ��
���� 2.28  ��ก��,%�� 2.21  ��,������	� ( )L

o
V F

g

V
A

E
= −  

��-��.
  ��ก��ก�� (2.57)    ( ) ( )0.707
L Mid

o
V F V F

g

V
A A

E
= − = 45�  

                                          ( ) ( )( ) 0.707 2.095 1.481
L

o
V F

g

V
A

E
= − = − = − 45�                                      

� �  ( ) 1.481
L

o
V F

g

V
A

E
= − = −= − = −= − = −= − = − 45����  

2.2.4  ก

����

#$!��	
%&&'
ก
#(��+,���
�����,���
���� 

2.2.4.1  ก

)
#�
*��
 HF   

HF �-��	�����
�� ���"�
���������� �#�� rssC �����
�"�����
�
ก�! issC  
ก���(,5
 TC (%	�ก�! ( )iss rss m outC C g R+ �	�� 	�ก�����
�� ��������
��,%�� 2.31 ��� 2.32 
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Rout

IdIg

gE
RGG

 Rg

Ei

VO

 Crss

 Ciss V mg V

G D

S

 
��,%�� 2.31 ���������//0�ก�������!����
�� ���"�
��� 

gE
V mg V

T iss rss m outC C C g R= +

iI

 
��,%�� 2.32 ���������//0�ก�������!����
�� ���"�
��� ��,�!! TC  

                                         ��ก��,%�� 2.32 (�-�� gE ������
��(%	�ก�! HF ��%���."
TCX ���	�(%	� FHR  ��� 

��ก��,%�� 2.33 (,5
ก��,������	� FHR  �����
,������	� HF ��"��ก��ก�� 
                                             

TC FHX R=  

(
-�����ก 1

2TC
H T

X
F Cπ

=         

����"��ก��                 1

2 FH
H T

R
F Cπ

=  

���
�$
                                     1

2H
FH T

F
R Cπ

=                                                                     (2.58)   

                                              ( ) ( )
g GG

FH g GG
g GG

R R
R R R

R R
= =

+
�  

TC

( )FH g GGR R R= �

gE

V mg V

T iss rss m outC C C g R= +

 
��,%�� 2.33 ��������,������	� FHR ���(/  

�,� ��
���� 2.29  ��ก��,%�� 2.21 ��,������	� HF ������� 

��-��.
  ��ก��ก�� (2.58)         1

2H
FH T

F
R Cπ

=    
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*��%��     
( ) ( ) ( )

3

3

75 43.532 10
74.871 , 947.368 ;

75 43.532 10

g GG D L
FH out

D Lg GG

R R R R
R R

R RR R

× ×
= = = Ω = = Ω

++ + ×
               

              ( )12 12 34 10 1 10 2.217 10 947.368 6.100 pFT iss rss m outC C C g R − − −= + = × + × × × × =  

                                               
12

1 1
348.655 MHz

2 2 3.14 74.871 6.100 10
H

FH T

F
R Cπ −

= = =
× × × ×

 

� � 348.655 MHzHF ====                                 

2.2.4.2  ก

)
#�
*��
 ( )HV FA   

( )HV FA �-� �	��� �����������
����
�� ���"�
���   ��.�	�������
 oV   	� 

gE  ��ก��,%�� 2.32 ����"��ก�� 

                                                

( )

( )
( )

( )
( )

1

1

1

GG
g i g i

GG T

g GG g GG T
g i

GG T

g GG T
i

g GG g GG T

R
E I R I

J R C

R R J R R C
E I

J R C

E J R C
I

R R J R R C

ω

ω

ω

ω

ω

  
= +  

+  

 + + 
=  

+  

+
=

+ +

 

                                                 
( )

( )

g GG

g GG g GG T

o m out

g m out GG
o

g GG g GG T

E R
V

R R J R R C

V g VZ

E g Z R
V

R R J R R C

ω

ω

=
+ +

=

=
+ +

 

                                         
( )( )H

o m out GG
V F

g g GG g GG T

V g Z R
A

E R R J R R Cω
= − = −

+ +
               

(
-�����ก 
( )

1
, ;

T

g GG
C FH

FH g GG

R R
X R

R R R
= =

+
 

                                             ( )

1

1

FH
T

g GG
T

FH g GG

R
C

R R
C

R R R

ω

ω

=

+
= =

 

�%
�	� ( )g GG
T

g GG

R R
C

R R
ω

+
=  �
��ก�� ( )HV FA  
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( ) ( )( )H

o m out GG
V F

g g GG
g GG g GG

g GG

V g Z R
A

E R R
R R JR R

R R

= − = −
+

+ +

 

                                         ( ) ( )

( ) ( )

( )

( )
1 1

H

H

o m out GG
V F

g g GG g GG

m out GG
V F

g GG

V g Z R
A

E R R J R R

g Z R
A

R R J

= − = −
+ + +

= −
+ +

 

                                         

( ) ( ) ( )

( )

( )

( )
2 2 1

( )

1
1 1 tan

1

2          

H

H

H

o
V F

g

m out GG
V F

g GG

m out GG
V F

g GG

V
A

E

g Z R
A

R R

g Z R
A

R R

−

= −

= −

+ +

= −
+ 45�

 

                                         

45− �

( )

( )

( )

( )

0.707                 

0.707

H

H

m out GG
V F

g GG

GG
V F m out

g GG

g Z R
A

R R

R
A g Z

R R

= −
+

= − ×
+

0 45−� �

 
(
-�����ก 

( )( )Mid
o GG

V F m out
g g GG

V R
A g Z

E R R
= − = − ×

+
 

���
�$
                              
45− �

( ) ( )0.707             
H Mid

o
V F V F

g

V
A A

E
= − =

                                         (2.58a)                                                                               

�,� ��
���� 2.30  ��ก��,%�� 2.21  ��,������	� ( )HV FA  

��-��.
  ��ก��ก�� (2.58a) ( ) ( )0.707
H Mid

o
V F V F

g

V
A A

E
= − = 45− �  

                                          ( ) ( )( ) 0.707 2.095 1.481
H

o
V F

g

V
A

E
= − = − = − 45− �  

� �  ( ) 1.481
H

o
V F

g

V
A

E
= − = −= − = −= − = −= − = − 45−−−− ����  

2.2.5  ก

  ก(����	
��
���
���
��������������&� 



�+#� ���� ���	
 1Q  (�(/  (!��� 2SK33 �!!'	��(�+
 (EGC 451) 
5 pF, 1.2 pF, 4 V, 4-10 mA, 25 V, 75 ,iss rss P DSS GSS gC C V I BV R= = = − = = − = Ω  

310 mW, 20 V, 1.5 k , 1 MHz, 250 MHz;D DD L L HP V R F F= = = Ω ≤ ≥ (�-�ก 8 mADSSI =  
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gE

oV1Q

     

��,%�� 2.34 �������������	�
����
�����*���'"(/ %���'"��ก�!! 

�,C�� �ก

  ก(�� 

��ก��ก�� (2.46)                     
2

1 GS
D DSS

P

V
I I

V

 
= − 

 
   

                                    

2

1

1

D GS

DSS P

GS
D DSS

P

I V

I V

V
I I

V

 
= − 
 

= −

   

                                              1GS
D DSS

P

V
I I

V
= −  

                                               ( )1GS P D DSSV V I I= −  

ก��.
��." 0.5D DSSI I=  (3-������ก�
ก����ก�!! ���(,5
ก��ก��.
��)�%����
�
'�$
(� 
 

                                               

( )

( )

( )

1 0.5

1 0.707 0.293

1 0.707 0.293

GS P DSS DSS

GS P P

GS P P

V V I I

V V V

V V V

= −

= − =

= − =

 

���
�$
                                    0.293  GS PV V= (�-�� ( )0.5D DSSI I=                                            (2.59)  

��ก��ก�� (1.20)                    2
1DSS GS

m
P P

I V
g

V V

 
= − 

 
 

(
-�����ก 0.293GS PV V=   

                                                ( )2 1 0.2932 0.293
1 DSSDSS P

m
P P P

II V
g

V V V

− 
= − = 

 
 

                                                ( )2 1 0.293 1.414DSS DSS
m

P P

I I
g

V V

−
= =  
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���
�$
                                     
 

1.414 DSS
m

P

I
g

V
=  (�-�� ( )0.5 , 0.293 ;D DSS GS PI I V V= =             (2.60)  

2.2.5.1  ก

ก.
$��	F��.
�
�� ��&�    
*��ก��.
��)�%����
�
'�$
(� 

*��ก��.
�                            2 2 0.293
SR GS PV V V= =  

                                              0.586
SR PV V=                                                                          (2.61)  

                                              0.5DS DDV V=                                      (2.62)  

                                              ( )D SR DD DS RV V V V= − +                                     (2.63)  

2.2.5.2  ก

)
#�
*��
 1, ,D S GR R R (+# 2GR  

��ก��ก�� (2.63)                   ( )D SR DD DS RV V V V= − +  

                                               
DR D DV I R=  

                                               DR
D

D

V
R

I
=                                                     (2.64)  

��ก��ก�� (2.61)                    0.586
SR PV V=                                                  

                                               0.586SR P
S

D D

V V
R

I I
= =                                                    (2.65)  

ก��.
��."                             2 47 kGR = Ω  ((,����
�,���	���")                                    

��ก��ก�� (2.42)                 
2G SR G GS RV V V V= = +  

��ก��ก�� (2.59) 0.293GS PV V= �����ก�� (2.61) 0.586
SR PV V=  ���
�$
 

                                            
2

0.293 0.586
GR G P PV V V V= = +  (�-�� (/ '	��(�+
                   (2.65a)  

                                            
2

0.293 0.586
GR G P PV V V V= = −  (�-�� (/ '	��3�                         (2.65b)  

(
-�����ก 0GI =  

                                              
1 2

1 2

1 2

( )

( )

G GDD R R

DD G G

DD

G G

V V V

V I R R

V
I

R R

= +

= +

=
+
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��� 2

2

GR

G

V
I

R
=  .�-� 1

1

GR

G

V
I

R
=  .�-� 

1 2( )
DD

G G

V
I

R R
=

+
(
-�����ก 1GR ��� 2GR  	��
)ก��ก�
 

                                              
1 2

2
1

G G

G

R DD R

DD R
G

V V V

V V
R

I

= −

−
=

 

*��(�-�ก 2

2

GR

G

V
I

R
=  

                                               ( )22

2

2
1

GG

G

DD R GDD R
G

R

V V RV V
R

I V

−−
= =  

���
�$
                                    ( )2

2

2
1

G

G

DD R G
G

R

V V R
R

V

−
=                                     (2.66)  

�,� ��
���� 2.31  ��ก��,%�� 2.34  ��ก��,������	� 1, ,D S GR R R ��� 2GR  
��-��.
  ��ก��ก�� (2.61)        0.586 0.586 4 2.344 V

SR PV V= = − =                     
��ก��ก�� (2.62)                   0.5 0.5 20 10 VDS DDV V= = × =   
��ก��ก�� (2.63)                   ( ) ( )20 10 2.344 7.656 V

D SR DD DS RV V V V= − + = − + =   

ก��.
��."                                30.5 0.5 8 10 4 mAD DSSI I −= = × × =  

��ก��ก�� (2.64)                    
3

7.656
1.914 k

4 10
DR

D
D

V
R

I −
= = = Ω

×
                                                  

��ก��ก�� (2.65)                    
3

2.344
586 

4 10
SR

S
D

V
R

I −
= = = Ω

×
   

ก��.
��."                             2 47 kGR = Ω       
��ก��ก�� (2.65a)               

2
0.293 0.586

GR G P PV V V V= = +  ((H3��(/  '	��(�+
)                                                 
                                             ( ){ } ( )2

0.293 4 0.586 4 1.172 V
GRV = − + − =  

��ก��ก�� (2.66)                   ( ) ( )2

2

3
2

1
20 1.172 47 10

755.047 k
1.172

G

G

DD R G
G

R

V V R
R

V

− − ×
= = = Ω  

� �  2 11.914 k , 586 , 47 k , 755.047 k ;D S G GR R R R= Ω = Ω = Ω = Ω= Ω = Ω = Ω = Ω= Ω = Ω = Ω = Ω= Ω = Ω = Ω = Ω     

2.2.5.3  ก

�)+������
��
���
��
��$��)D���
�
�
E
�  
�'" ����%�� A-1 �
;��<
�ก ก. 

1.914 kDR = Ω  (,5
�	��� �4�
 2 kDR = Ω  
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586 SR = Ω  (,5
�	��� �4�
 560 SR = Ω  

1 755.047 kGR = Ω  (,5
�	��� �4�
 1 750 kGR = Ω  

2 47 kGR = Ω  (,5
�	��� �4�
 2 47 kGR = Ω  

2.2.5.4  ก

�
�	� �	F��.
�
�� ��&�  

��ก��ก�� (2.45a)                DD
DSS

D S

V
I

R R
=

+
            

��ก��ก�� (2.48)                   
2 4

2GS
b b ac

V
a

− ± −
=  

*��%��     
( )2

2
, 1 , ;DSS S DSS S

DSS S G
PP

I R I R
a b c I R V

VV

 
= = − = − 

 
 

��ก��ก�� (2.46)                     
2

1 GS
D DSS

P

V
I I

V

 
= − 

 
 

��ก��ก�� (2.45)                   DD D D DS D SV I R V I R= + −    

                                               ( )DS DD D D D SV V I R I R= − +  

∗.���(. )  �	���� DI  %�������!��"�-� 0.5 mADI ± �	���������
 DSV %�������!��"�-� 0.5 VDSV ±  

�,� ��
���� 2.32  ��ก��,%�� 2.34  �� �����!�)�%����
���(/  (�-���'"�	����� "�
%�
�� �4�
 

��-��.
  ��ก��ก�� (2.45a)     
( )3

20
7.812 mA

2 10 560

DD
DSS

D S

V
I

R R
= = =

+ × +
                 

��ก��ก�� (2.44)                 
( ) ( )2

3
2

3 3
1 2

20 47 10
1.179 V

750 10 47 10G
DD G

R G
G G

V R
V V

R R

× ×
= = = =

+ × + ×
  

��ก��ก�� (2.48)                   
2 4

2GS
b b ac

V
a

− ± −
=  

*��%��     
( ) ( )

3

2 2

7.812 10 560
0.273

4

DSS S

P

I R
a

V

−× ×
= = =

−
     

               
32 2 7.812 10 560

1 1 3.187
4

DSS S

P

I R
b

V

−  × × ×
= − = − = 

− 
 

               ( ) ( )37.812 10 560 1.179 3.195DSS S Gc I R V −= − = × × − =  

                                               ( ) ( ) ( )22 3.187 3.187 4 0.273 3.1954

2 2 0.273GS
b b ac

V
a

− ± − × ×− ± −
= =

×
 

                                              ( )
1

3.187 2.582
1.108 V

0.546GSV
− +

= = −  

                                             ( )
2

3.187 2.582
10.565 V

0.546GSV
− −

= = −  
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                                             1 1.108 VGS GSV V= = −            

��ก��ก�� (2.46)                     
2 2

3 1.108
1 7.812 10 1 4.083 mA

4
GS

D DSS
P

V
I I

V
−  − 

= − = × − =   −  
 

��ก��ก�� (2.45)                  DD D D DS D SV I R V I R= + +                                            

                                               
( )

( ) ( ){ }3 3 320 4.083 10 2 10 4.083 10 560

DS DD D D D S

DS

V V I R I R

V − −

= − +

= − × × × + × ×
 

                                               9.547 VDSV =  

� �  �)�%����
���(/ 1.108 V, 4.083 mAGS DV I= − == − == − == − = ��� 9.547 VDSV ====  

2.2.5.5  ก

)
#�
*��
 ,G SC C (+# DC   
*��ก��.
��." GC ��!�)�ก�� ������
���"�
 ����������   

��ก��ก�� (2.54)              ( )
1

2GL C
FLCG G

F
R Cπ

=  

���
�$
                                     
( )

1

2
G

G
FLCG L C

C
R Fπ

=                       (2.67)  

��ก��ก�� (2.55)               ( )
1

2SL C
FLCS S

F
R Cπ

=  

���
�$
                                     
( )

1

2
S

S
FLCS L C

C
R Fπ

=                                                 (2.68)  

*��%��     0.5 FLCSR = Ω          

��ก��ก�� (2.56)              ( )
1

2DL C
FLCD D

F
R Cπ

=  

���
�$
                                     
( )

1

2
D

D
FLCD L C

C
R Fπ

=                                                                (2.69)  

�,� ��
���� 2.33  ��ก��,%�� 2.34  ��,������	� ,G SC C ��� DC  

��-��.
  ��ก��ก�� (2.67)         
( )

1

2
G

G
FLCG L C

C
R Fπ

=      

*��%��     
( ) ( )

3 3
1 2

3 3
1 2

750 10 47 10
44.228 k

750 10 47 10

G G
GG

G G

R R
R

R R

× × ×
= = = Ω

+ × + ×
 

              375 44.228 10 44.303 kFLCG g GGR R R= + = + × = Ω  
              ( ) 1 MHz

GL C LF F= =  
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3 6

( )

1 1
3.594 pF

2 2 3.14 44.303 10 1 10G

G
FLCG L C

C
R Fπ

= = =
× × × × ×

 
 

��ก��ก�� (2.68)                    
( )

1

2
S

S
FLCS L C

C
R Fπ

=   

*��%��     ( )0.5 , 1 MHz;
SFLCS L C LR F F= Ω = =  

                                                
6

1
0.3184 µF

2 3.14 0.5 1 10
SC = =

× × × ×
  

��ก��ก�� (2.69)                    
( )

1

2
D

D
FLCD L C

C
R Fπ

=         

*��%��     3 3
( )2 10 1.5 10 3.5 k , 1 MHz;

DFLCD D L L C LR R R F F= + = × + × = Ω = =  

                                 
3 6

1
45.495 pF

2 3.14 3.5 10 1 10
DC = =

× × × × ×
 

� �  3.594 pF, 0.3184 µF, 45.495 pF;G S DC C C= = == = == = == = =                                 

2.2.5.6  ก

�)+������
�,��กG�)
#	F �$��)D���
�
�
E
�     
3.594 pFGC =  (,5
�	��� �4�
 3.9 pFGC =  (����&ก 
0.3184 µFSC =  (,5
�	��� �4�
 0.33 µFSC =  �%
%���� 
45.495 pFDC =  (,5
�	��� �4�
 47 pFDC =  (����&ก   

2.2.5.7  ก

�
�	� � LF (+# HF � ���	
     

��ก��ก�� (2.54)              ( )
1

2GL C
FLCG G

F
R Cπ

=  

                                                ( )
1

2GL L C
FLCG G

F F
R Cπ

= =  

��ก��ก�� (2.58)                    1

2H
FH T

F
R Cπ

=    

∗.���(. )  �	���� LF  %�������!��"�-� �� "�� ���ก�	�.�-�(%	�ก�! �	�%��ก��.
�  
                     �	���� HF %�������!��"�-� �� "�����ก�	�.�-�(%	�ก�! �	�%��ก��.
�  

�,� ��
���� 2.34  ��ก��,%�� 2.34  �� �����! LF ��� HF ������� 

��-��.
  ��ก��ก�� (2.54)   ( )
1

2GL C
FLCG G

F
R Cπ

=    

                                                ( )
1

2GL L C
FLCG G

F F
R Cπ

= =  
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����
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111

*��%��     
( ) ( )

3 3
1 2

3 3
1 2

750 10 47 10
44.228 k

750 10 47 10

G G
GG

G G

R R
R

R R

× × ×
= = = Ω

+ × + ×
 

               375 44.228 10 44.303 k , 3.9 pF;FLCG g GG GR R R C= + = + × = Ω =                                                                 

                                                ( ) 3 12

1
921.600 kHz

2 3.14 44.303 10 3.9 10GL L CF F
−

= = =
× × × × ×

                                             

��ก��ก�� (1.20)                    2
1DSS GS

m
P P

I V
g

V V

 
= − 

 
 

*��%��     7.812 mA, 4 V, 1.108 V;DSS P GSI V V= = − = −  

                                                
3

3

2 7.812 10 1.108
1

4 4

3.906 10 0.723 2.824 mS

m

m

g

g

−

−

× × − 
= − − − 

= × × =

                                              

��ก��ก�� (2.58)                    1

2H
FH T

F
R Cπ

=    

*��%��     
( ) ( )

3 3
1 2

3 3
1 2

750 10 47 10
44.228 k

750 10 47 10

G G
GG

G G

R R
R

R R

× × ×
= = = Ω

+ × + ×
 

               ( ) ( ) ( )
3

3

75 44.228 10
74.873 

75 44.228 10

g GG
FH g GG

g GG

R R
R R R

R R

× ×
= = = = Ω

+ + ×
�  

               
( ) ( )

3 3

3 3

2 10 1.5 10
857.142 

2 10 1.5 10

D L
out

D L

R R
R

R R

× × ×
= = = Ω

+ × + ×
 

                ( )12 12 35 10 1.2 10 2.824 10 857.142 7.904 pFT iss rss m outC C C g R − − −= + = × + × × × × =  

                 
12

1
269.071 MHz

2 3.14 74.873 7.904 10
HF

−
= =

× × × ×
  

� � LF ����������	� 922 kHz ��� HF ����������	� 269.071 MHz �#��(,5
�	�%�������!��" 

2.2.5.8  ก

�
�	� ���
 ( ) ( ),
Mid LV F V FA A (+# ( )HV FA  

��ก��ก�� (2.53)            ( )Mid
o

V F m out
i

V
A g R

E
= − = −   

��ก��ก�� (2.53a)          
( ) ( )( )Mid

o o in in
V F m out

g i g in g in

V V Z Z
A g Z

E E R Z R Z
= − = − × = − ×

+ +
               

��ก��ก�� (2.57)               ( ) ( )0.707
L Mid

o
V F V F

g

V
A A

E
= − = 45� 

��ก��ก�� (2.58a)            ( ) ( )0.707
H Mid

o
V F V F

g

V
A A

E
= − = 45− �  
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�,� ��
���� 2.35  ��ก��,%�� 2.34  �� �����!�	� ( ) ( ) ( ), ,
Mid Mid L

o o o
V F V F V F

i g g

V V V
A A A

E E E
= − = − = −       

                          ��� ( )H
o

V F
g

V
A

E
= −  

��-��.
  ��ก��ก�� (1.20)          2
1DSS GS

m
P P

I V
g

V V

 
= − 

 
 

*��%��     7.812 mA, 4 V, 1.108 V;DSS P GSI V V= = − = −  

                                                
32 7.812 10 1.108

1 2.824 mS
4 4mg

−× × − 
= − = − − 

 

                                              
( ) ( )

3 3

3 3

2 10 1.5 10
857.142 

2 10 1.5 10

D L
out out

D L

R R
Z R

R R

× × ×
= = = = Ω

+ × + ×
 

��ก��ก�� (2.53)            ( )3
( ) 2.824 10 857.142 2.420

Mid
o

V F m out
i

V
A g Z

E
−= − = − = − × × = −       

                                                
( )

3 3

3 3

750 10 47 10
44.228 k

750 10 47 10
in GGZ R

× × ×
= = = Ω

× + ×
   

��ก��ก�� (2.53a)          
( )( )Mid

o o in
V F

g i g in

V V Z
A

E E R Z
= − = − ×

+
   

                                       
( ) ( )
( )

3
3

( ) 3

( )

44.228 10
2.824 10 857.142

75 44.228 10

2.420 0.998 2.415

Mid

Mid

o
V F

g

o
V F

g

V
A

E

V
A

E

− ×
= − = − × × ×

+ ×

= − = − × = −

                          

��ก��ก�� (2.57)              ( ) ( )0.707
L Mid

o
V F V F

g

V
A A

E
= − = 45� 

                                          ( )( ) 0.707 2.415 1.707
LV FA = − × = − 45� 

��ก��ก�� (2.58a)            ( ) ( )0.707
H Mid

o
V F V F

g

V
A A

E
= − = 45− �  

                                         ( )( ) 0.707 2.415
H

o
V F

g

V
A

E
= − = − × 45− �  

                                         ( ) 1.707
H

o
V F

g

V
A

E
= − = − 45− �            

� �  ( ) ( ) ( )2.420, 2.415, 1.707
Mid Mid L

o o o
V F V F V F

i g g

V V V
A A A

E E E
= − = − = − = − = − = −= − = − = − = − = − = −= − = − = − = − = − = −= − = − = − = − = − = − 45���� ,  

          ( ) 1.707
H

o
V F

g

V
A

E
= − = −= − = −= − = −= − = − 45−−−− ����

;  
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                           2.2.5.9  ก

�
�	� ��F*+,กH*#�
�%&&'
� ��&� 

��ก��                              DD GSS

DS D D

V BV

V I P

< 


< 
                                                                             (2.70)     

�,� ��
���� 2.36  ��ก��,%�� 2.32  �� �����!�)���ก?��%���//0�������(/  

��-��.
  ��ก��ก�� (2.70)       DD GSSV BV<  

                                          20 V 25 V∴ < −  

                                          DS D DV I P<  
                  ( )39.547 4.083 10 310 mW                −× × <  

                               38.98  mW < 310 W ∴  
� �  (/ ��	(���.�� 

2.2.5.10  ก

�
�	� ��F*+,กH*#�
�%&&'
� ��,���
��
�  

  (3-������,���;����� �� "�
%�
  �
���%����
   �#����(,5
 "��(�-�ก�'" 
 �� "�
%�
%�����	�%
ก������//0�%��(.����� *����,��������ก�	��	�ก������//0�%��(ก&��#$
��&� 2 (%	� 

2.2.5.10.1  �	�%
ก������//0���� DR .�-�
DRP ,�������"��ก��ก�� 

              ( )2
2

D

D

R
R

D

V
P

R
=                                                           (2.71a)  

                                          2.2.5.10.2  �	�%
ก������//0���� SR .�-�
SRP ,�������"��ก��ก�� 

              ( )2
2

S

S

R
R

S

V
P

R
=                                                                         (2.71b)  

                                          2.2.5.10.3  �	�%
ก������//0���� 1GR .�-�
1GRP ,�������"��ก��ก�� 

             ( )1

1

2

1

2
G

G

R
R

G

V
P

R
=                                                           (2.71c)  

                                          2.2.5.10.4  �	�%
ก������//0���� 2GR .�-�
2GRP ,�������"��ก��ก�� 

            ( )2

2

2

2

2
G

G

R
R

G

V
P

R
=                                            (2.71d)  
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�,� ��
���� 2.37  ��ก��,%�� 2.32  �� �����!�)���ก?��%���//0���� �� "�
%�
  

��-��.
  ��ก��ก�� (2.71a)      ( ) ( ) ( )22 3 32 2 2 10 4.083 10 66.683 mW
DR D DP R I −= = × × × =   

                                                2 k 5%DR = Ω ± (�-�ก�'"�
�� 1
W (125 mW)

8
 

��ก��ก�� (2.71b)                 ( ) ( ) ( )22 32 2 560 4.083 10 18.671 mW
SR S DP R I −= = × × =   

                                                560 5%SR = Ω ± (�-�ก�'"�
�� 1
W (125 mW)

8
 

��ก��ก�� (2.44)                 
( ) ( )2

3
2

3 3
1 2

20 47 10
1.179 V

750 10 47 10G
DD G

R G
G G

V R
V V

R R

× ×
= = = =

+ × + ×
  

                                             
1 2

20 1.179 18.821 V
G GR DD RV V V= − = − =   

��ก��ก�� (2.71c)                ( ) ( )1

1

2 2

3
1

2 2 18.821
0.944 mW

750 10
G

G

R
R

G

V
P

R
= = =

×
      

                                               1 750 k 5%GR = Ω ± (�-�ก�'"�
�� 1
W (125 mW)

8
 

��ก��ก�� (2.71d)               ( ) ( )2

2

2 2

3
2

2 2 1.179
0.05915 mW

47 10
G

G

R
R

G

V
P

R
= = =

×
       

                                              2 47 k 5%GR = Ω ± (�-�ก�'"�
�� 1
W (125 mW)

8
 

� �  ����"�	����� "�
%�
���
�$ 

2 k 5%DR = Ω ±
1

 W, 560 5%
8 SR = Ω ±

1
 W;

8
 

1 750 k 5%GR = Ω ±  2
1

 W, 47 k 5%
8 GR = Ω ±

1
 W;

8
 

                           2.2.5.11  ก

�
�	� ��F*+,กH*#�
�%&&'
� ��,��กG�)
#	F  

*����,������	����ก�	��	������
�//0�%�� ก��	����&� 2 (%	� 
                                          2.2.5.11.1  �	�%
�����
ก���� ����� DC ,�������"��ก��ก�� 
                                              ( )2

D SC DS RV V V= +                                                (2.72a)  

                                          2.2.5.11.2  �	�%
�����
ก���� ����� SC ,�������"��ก��ก�� 
                                              ( )2

S SC RV V=                                                                            (2.72b)  

                                          2.2.5.11.3  �	�%
�����
ก���� ����� GC ,�������"��ก��ก�� 
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                                              ( )2
2

G GC RV V=                                                                          (2.72c)  

�,� ��
���� 2.38  ��ก��,%�� 2.32  �� �����!�)���ก?��%���//0���� ��(ก+!,���)     
��-��.
  ��ก��ก�� (2.72a)      ( ) ( )2 2 9.547 2.286 23.666 V

D SC DS RV V V= + = + =                                        

                                                47 pFDC =  '
&�(����&ก �	�%
�����
ก���� �� 50 V  
��ก��ก�� (2.72b)                 ( ) ( )2 2 2.286 4.572 V

S SC RV V= = =                               

                                                0.33 µFSC = '
&��%
%���� �	�%
�����
ก���� �� 16 V    
��ก��ก�� (2.72c)                 ( ) ( )

2
2 2 1.178 2.356 V

G GC RV V= = =   

                                                3.9 pFGC =  '
&�(����&ก �	�%
�����
ก���� �� 50 V  
� �  ����" ��(ก+!,���)���
�$    

3.9 pFGC =  50 V  (����&ก 
0.33 µFSC =  16 V  �%
%����  
47 pFDC =  50 V  (����&ก   

 

�
F) 
���������	�
����
�����*���'"%��
�&�( ��� 
�ก��ก�!!�."����������%������
��ก���

(�-������
��(3&���#$
 ��%���."�� ������ก������������
���� (
-�����ก<���� b cC ′ ��� b eC ′ �
%�� 
 ��ก�
�"�� ก������������%��������
�� ���ก�	�����
��ก��� ,B CC C ��� EC  %��.
"�%�� ��!�)����� 

�� ���"�
 ���������� *���	�
��ก�
ก����ก�!! ��ก��.
��." BC ��!�)� LF �������             
 ���������	�
����
����� *���'"(/  ��������ก��%���"�
����
����� �#$
���	ก�! issC ��� rssC

%���"�
����
�� ��� ก+('	
(����ก�!%��
�&�( ��� 
 
�ก��ก�	� , ,b c b e issC C C′ ′ ��� rssC ��"������,^�����-�
 ('	
 ,�&���ก�������(�+ก( ���, 
ก����(��
 ����	����� "�
%�
*.�� 
"�.�ก,�&������ก�	��(3&����ก�#$
 ��%���."�	� TC ���	�(3&��
��ก�#$
(,5
<��."�	� HF ����������� 
 

______________________________  
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