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Ϣϳέ΍Ω�ϝΎϘΘϧ΍�ήϔλ�ϱ΍ήΑ�  

 

 

 ������������Ϣϳέ΍Ω�ήϠϴϣ�ί΍ϭ������������� (ù→Ϭ)������ Ϣϳέ΍Ω�ϝϭ΍�ΐτϗ�έΩϭ 
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˭ϡϭΩ�ΐτϗ�έΩϭϭ!!Ȧ�Ϣϳέ΍Ωϭ�  

 
 

νήϓ�ΎΑ�  

RL

io 

(roIIRL )

Cµ 

is 

I1

gmvbe 

Rs 

10k 

Vs

VSI
NE 

Q cð 

io 

Comman base

rð

Rs

is

Vs 

10k 

Cµ 

 +  

v↓ 

- 

+ 

Vbe 

- gmvbe 

v↓= (cð+cµ)Vbe/gmcµ 

(roIIRL )

          P2=-gm/cð 

cð 
    RsIIcð=Cð �ΪϨϛ�ϲϣ������� bypass΍έRs˭Cð      

     CT=cð+cµ            

R= roIIRLIIRac↓ 

Rs 

V2 

Vs 
rð 

Cµ(1+gmRL) 

P1=1/cµgmRLRs����

�������������� 

CT=cð+cµ(1+gmRL) 

 gmvbe 

is 

(roIIRL )
cð 

           RT=RsIIrð    

io 

cµ(1+1/gmRL)
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                  RL>>Rs  →  To↓→     P1  in out put  node:  

 

 

 

Ϣϳέ΍Ω�ϡϭΩ�ΐτϗ�έΩϭ��������������������������������������������������������������������������������������   �            
ù  >>1  → ����������� cµII(RLIIro� 

����������������������������������������������������������� 

 

�νήϓ�ΎΑϭ�      

                                                                                       � 

                                             

                                                       

  

Cµ

 

gmvbe 
R=(1/gmIIRs) 

Rs       P2=-gm/cð Cð
 

1/gm 

Vs  

+ 

    

Vbe 

 -                                            

is

                                                        

C=cð 

(roIIRL )

Cµ io 

gmvbe 

Rs 1/gm 

     C=cµ 

R= roIIRL[1+gm(RsII1/gm)] 

P1=1/cµRL 
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Rs>>RL→P1 in     input  node  &  P2  in  output  node�  

 

ΩϮη�ϲϣ�νϮϋ�ϡϭΩϭ�ϝϭ΍�ΐτϗ�ϱΎΟ�ΖγέΩ�ϲϨόϳ�  

  

�ϙήΘθϣέϮΘϜϠϛ��ϝΩΎόϣ�ϝΪϣϭ�έ΍Ϊϣ����

 

ϭ�ϻΎΑ�αΎϳΎΑ�ςϳ΍ήη�ΎΑ�  

Icq↑  →  gm ���Ĺ�  →�  1/gm↓    :1/gm<Rs<âRL 

            
            
            
            
            
            
            
            

        Comman colector     

       

Q  
Rs

Vs

is 

RL

io vo 

Rs

Cð 

is 

rð

io 

Cµ 

 

gmvbe 

RL 
 

vo 

Vs 

                                       P2                                                      in P1 node:                                                                                                    

                                                                                                          C=cð                                                                                   

                                                                                           R=(1/gmIIRs)[1+gm(roIIRL)] 

+                                                                                                                →  R=1/gm 

                                                                                                                     P1=-gm/cð                          

-                                                                         in P2 node:   ù>>1                                             

         cðII1/gmIIRs=cð;(by pass) 

                C=cµ 

                R=roIIRL~RL 

        P2=1/cµRL 

Cµ

 

gmvbe

Rs

is 

Cð
 

1/gm 

 

vs
 

roIIRL 
 

vo

vbe 
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P1 in input node: 

 

            

         R=[RsIIrð(1+gmRL)] 

R~RS 

     C= cðmi+cµ 

        C~ cµ 

    P1=-1/Rscµ 

    

Rs

 

Cðmi 

 

rð

 
 
gmvbe 

RL

 

vo 
Vs

Cðmi=cð[1-(gmRL)/(1+gmRL)] 

Cðmi~ cð[1-1]~0 

Cðmo= cð 

 

cµ

Cðmo 

is

           ϝΎϘΘϧ΍�ήϔλ�

       C=cð+cµ    ~cð  

             R=1/gm 

                 Sz=-gm/cð 

R1is

cð

   + 

 vbe 

    - 

rð 

Io=0→vo=0 

cµ

 gmvbe 

Vs
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P2 in output node:                     (ù>>1) 

 

 

 

��Ϣϳέ΍Ω�ϩΎ̴ϧ΁ˬΪηΎΑ�ϢϛΎΣ� Rs<<1/gm<âRL Ϯ��ςϳ΍ήη�ή̳΍  

 

 

P1 in output node: 

  

Rs 

Rs<<1/gm→ VRs ~0 

Cµ 

is 

1/gm 

     R=1/gmIIRL 

        R~1/gm  

            C= cð 

     P1=-gm/ cð 

io 

 

gmvbe

RL
 

vo

Cð 

 V=0 

Rs

      ΪϨϛ�ϲϣ� by pass�΍έRsˬCµ 

Cµ 

is 

1/gm   R=(1/gmIIRL) 

        R~1/gm 

C=cð+cµ  ~ cð 

gmvbe

RL

 

 

 

vo

Cð

  P2=-gm/ cð 
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P2 in input node:                            (ù>>1) 

  ΪϨϛ�ϲϣ�   by pass΍έ1/gmˬCð 

                                                                  R=Rs 

    C=cð+cµ  ~ cð 

P1=? 

��ϻΎΑ�αΎϳΎΑ�ϝϭ΍�ΖϟΎΣ�έΩ�ϲδϧΎΘϛϭΪϧ΍�ΖϴλΎΧ�ϭ�Ζγ΍�ϢϬϣ�ϲΟϭήΧ�βϧ΍Ϊ̢ϣ΍�ϙήΘθϣ�έϮΘϜϠϛ�έΩ

�έΎΑ�ή̳΍�Ϫϛ�Ωέ΍ΩΩήϛ�Ϊϫ΍ϮΧ�ϥΎγϮϧϭ�ϩΩήϛ�ΩΎΠϳ΍�ϚϧΎΗ�έ΍Ϊϣ�Ϛϳ�ΪηΎΑ�ϲϧίΎΧ�  

Rs

 
Cð 

 

1/gm 

 

Cµ 

 
gmvbe

 

RL 
io 

 
Vs 

 

Rs 

 Cð 

 
RL 

Cµ 

 

 

gmvbe 

 

 

is
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                 Zo=[rð+Rs/1+gm rð]{1+[S/(1/( rðIIRs)]/1+(S/gm/Cð)}IICµ 

Ζγ΍�κΨθϣ�ϲΟϭήΧ�έΩ�ϻΎΑ�αΎϳΎΑ�έΩ�ΐϟΎϏ�ΐτϗϭ�ϝΎϘΘϧ΍�ήϔλ�ΩϮη�ϲϣ�ϩΪϫΎθϣ�Ϫϛ�έϮτϧΎϤϫ�  

                                   Sz=-1/RsCð        ,         P=-gm/Cð 

I↑   →    gm↑     →    1/gm→0   

                        Zo=[rð+Rs/1+gm rð]{1+[S/(1/( rðIIRs)] 

                                    Zo=(1/gm)+SRs Cð/gm 

Ζγ΍�ήϔλϭ�ΐτϗ�ϦϴΑ�ϲδϧΎΘϛϭΪϧ΍�ΖϴλΎΧ�ή̴ϧΎθϧ˭�  S 

Rs

Cµ

rð 

 

gmvbe 

it 

RL 

Cð

Vt 

Zo 
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ΪϧϮ̢Ϥϛ�ήλΎϨϋ�  

 

 

Q 

Q 

io 

Rs 

Cascade 

RL 

Cc-ce componde         
Vs 

is 

ù 

IZoI 

[rð+Rs/1+gm rð] 

1/RsCð        gm/Cð  
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�ϝΎϘΘϧ΍�ήϔλ�  

 

 

Cµ1 

+ 

Vbe 

- 
gm1vbe 

io1 

ro1
io1=0→v1=0 

Sz= gm/ Cµ1 

Ϣϳέ΍Ω�ϩΎ̴ϧ΁�  

Vs

Rs

10k 

Cð1 

1nF

rð1 

Cµ1 

1nF

is 

gm1vbe
ro1

      →io1=o 

gm2vbe 

Cµ2

io2=0→ gm2vbe=0 

 

 rð2 Cð2

1nF 

io 

ro2IIRL

Vs 

Rs 

Cð1 rð1

Cµ1 is 

I1

gm1vbe ro1 Cð2 

I3

gm2vbe

Cµ2

1nF

rð2

io 

roIIRL 

10k

mailto:mojtaba.pak@gmail.com


12 
 

  mojtaba.pak@gmail.com 

νήϓ�ΎΑ�  

         Rs<1/gm<RL      → RL↑   → T↓    :     P1  in  Po 

 

 

P2 in avrge node   &    ù2~10 ù1  :   ù2>>1 

   

   

 

 

 

Cð1 

R=[vx/ix]= R↓IIro1II1/gm2 Cµ1 

P2=- gm/ cµ1 

C= cð2+ [cð1IIcµ1] 

gm1vbe

ix 

ro1

1/gm2

+ 

Vbe 

- 

Cð2

R 

Vx 
+ 

V↓ 

- 

?

gm1vbe

ro1II1/gm1 
P1=-1/RLCµ 

R=( ro2IIRL)[1+gm(ro1II1/gm)] gm2vbe 

Cµ1 

C= cµ 

+ 

Vo 

 

- 

 ro2IIRL
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P3 in output node   &  ù3~10ù2    →    ù3>>1 

 

But if :         Rs>>RL           Rs↑  →Tin   →P1 in input node: 

Ϣϳέ΍Ω�ΎϬϧίΎΧ�ϱ΍ήΑ�ήϠϴϣ�ί΍�ϩΩΎϔΘγ΍�ΎΑ�  

Vo/Vi=-gm(1/gmIIro1)~  -gm(1/gm)=1 

 

Ζγ΍�ϕΩΎλ�ϲϧΎϣί�ΖΑΎΛ�ϥΎϤϫ�ΰϴϧ�ϡϮγ�ΐτϗ�έΩ�ϦϴϨ̪Ϥϫ�ϭ�ΪϨϛ�ϲϤϧ�ϲϗήϓ�ϡϭΩ�ΐτϗ�  

ΪϨϛ�ϲϣ�ϕήϓ�ΐϟΎϏ�ΐτϗ�ϞΤϣ�ςϘϓ�ΩϮϜγΎϛ�ΖϟΎΣ�ϭΩ�Ϧϳ΍�έΩ�  

 

 

 

 Vs 

C=cð1+2cµ1~ cð1 

Rs 

 

R=RsIIrð~RS 

 Cð1 

P3=-1/Rs cð1 

rð1
gm1vbe ro1 

Cµ1 

Vo2=0→io2=0→io1=0→vo1=0 

2 Cµ1

Vs

Vo2=0→io2=0→io1=0→vo1=0 Rs 

10k 

Cð1 

P3=-1/Rs cð1

  

rð1 C=cð1+cµ1~ cð1 

Cµ1 

1nF

R=RsIIrð~RS 

gm1vbe 
ro1

10k 
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ΖϣϭΎϘϣ�ϱΩϭέϭ��΍έήΘϴϣ΍ȕ�ΪϨϴΑ�ϲϣήΑ΍ήΑ�Ϣϳέ΍Ωϭ�ϩΪη�ήΘ̳ΰΑ�ϱΩέϭ�βϧ΍Ϊ̢ϣ΍�ϪΠϴΘϧ�έΩ�  

Rin=Rs+rð1[1+gm(REII rð2)] 

Ϣϳέ΍Ω�ϙήΘθϣ�ήΘϴϣ΍�ϱΩϭέϭ�Ύϳ�ϲϧΎϴϣ�ϩή̳�έΩ�ΐϟΎϏ�ΐτϗϭ����������������������������������������������                     

 

                                                                                                           

 Cð2 

I1

gm2vbe
ro2IIRL

 

10k

Cµ2

1nF

Rs 

10k

Cð1 

1nF

rð1

10k

Cµ1 

1nF I1

gm1vbe

RE

10k

Vs 

is 

 rð2

10k 

Q2 

2N3390

RL

io 

Q1 

2N2369

Rs 
is 

Vs 

ΪηΎΑ�ϲϣ�Ϛ̩Ϯϛ�ϲϠϴΧϭ�ϊΒϨϣ�ΖϣϭΎϘϣˬ�  Rs 

RE 

10k
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Ϣϳέ΍Ω�ήϠϴϣ�ί΍������������������������������������������������������������������������������������   

  

 P2 in output node:   ù~10ù1       →      ù>>1  

ΪϨϛ�ϲϣ�β̡�ϱΎΑ�΍έ�����������������������  ( RE , rð2),Cð2ϭ ΪϨϛ�ϲϣ�β̡�ϱΎΑ�΍έ� rð1,Cð1       

 

 P3 in input node: ù~10ù2        → ù>>1 

ΪϨϛ�ϲϣ�β̡�ϱΎΑ�΍έ�����������������������  ( RE , rð2),Cð2ϭ ΪϨϛ�ϲϣ�β̡�ϱΎΑ�΍έ� rð1,Cð1       

 

 

 

 

Cð2 

R= ro2IIRL~RL 

gm2vbe
ro2IIRL 

C= Cð2+ Cð1+ Cµ2 

RE 
C~2cð 

  rð2

Cµ2

P2=1/ R2cð L 

Cð1 

VRs~0
I1

Cð2 

Vo/Vi2=gm (REII rð2)/{1+gm[Rs/â+(REII rð2)]*(-gmRL)}~1/2gmRL 

gm2vb

e C~ cµ(1/2gmRL) 

ro2IIRL

R=(RSIIrð)/âII REII rð2 

REII rð2 

P1= â/2gmRLRscµ 

(RSIIrð1)/â 

10k

cµ(1-1/2gmRL)

C= Cð1+ cµ(1-1/2gmRL) 
cµ

R~Rs/â 
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Rs -is 

V2 

-Vid/2 rð2 Cð2 

+ 

Vo2 

 

- 

S=-gm/cµ2 gm2vbe ro2IIRL

io2 Cµ2

ϝΎϘΘϧ΍�ήϔλ�

Q1 

Gm=io2-io1/Vid 

Gm=gm1=gm2 
Rs +is 

+Vid/2 

Ϫϛ�Ζγ΍�ϲϓΎϛ�ϞϴϠΤΗ�ϱ΍ήΑ�ϢϴϨϛ�ϞϴϠΤΗ�΍έ�έ΍Ϊϣ�ϪϤϴϧ�Ϛϳ�  

RL 

Q2 

Vod 

Rs-is 

-Vid/2 
Av=Vod/Vid=-2gmRL 

-IEE

RL

Vcc 

-VEE 

C= [(Cµ2+ Cð2)II Cð1]+ Cµ1 

Cð2 RE rð2 

Cµ2 
Cð1 

R=Rs 

Rs 

C~ Cð/2 

Cµ1 

1nF

VS 

P3=2/ Cð Rs 

R4
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�έΩϢϳέ΍Ω�ήϠϴϣ�Ϫϴπϗ�ί΍�ϝϭ΍�ΐτϗ�  

P1 in output node: 

 

P2in input node because Rs res sourse &very smole: 

 ù2=10ù1 , ù2>>1,  

 

 

Rs is

Vs 

  + 

Vbe 

  - 

rð2 R=RsII rð2~Rs Cð2

1nF

gm2vbe

P2=1/ Rs Cð2 

ro2IIRL

C= Cð2+ Cµ2~ Cð2 cµ2 

1nF

Rs 

+ 

Vbe 

- 

rð2

P1=1/ cµ2 RL 

Cð2 

1nF

gm2vbe R= ro2IIRL~ RL 
ro2IIRL

 cµ2 C= cµ2 

    Cµ2mi= cµ2(1+gmRL) 

Cµ2mi 
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P1 in out put node: 

 

Rs io

R4

10k 

2Cµ2 

1nF

gm2vbe

C=2cµ2 

ro2 

10k

Cð2 

1nF 

2cµ2 

R= ro2II1/gm~1/gm 
1/gm 

P1= gm/2cµ2 

Q2 

2N3390

 

D1 

1N4001

Q2 

2N3390

1/gm

10k

Rs 

10k

Rs 

10k

Q1

Ro=ro2II1/gm~1/gm 

Q2 

2N3390

Q3 

Ri=2[rð+RS] 

Q4

Vod

Av=Vod/Vid=-1 
-IEE 

Rs Rs 

Gm=io2-io1/Vid 

Gm=gm1=gm2 

+Vid/2 -Vid/2 

Vcc

-VEE 
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οΎϔΗ�ϱ΍ήΑ�ϩΪη�ϪΘηϮϧ�ςΑ΍ϭέ�ϥΎϤϫ�ϡϭΩ�ΐτϗ�έΩϠΖγ΍�ϕΩΎλ�ϝϭ΍�ϲ�  

 

 

 

Q2

2N2369

Q3

2N5086

Rs

Vod1

-Vid/2 

-Vid/2 

Rs 

10k 

rð2

    + 

Vod2 

   - 

Cð2 

Cµ2 

Av2=gm2ro/2 

gm2vbe 

ro2

Cµ4 

1nF

gm2vbe

ro4 

10k

 Av2=Vod2/(-Vid/2) 

Q1

Ri=2[rð+Rs] 

Q2 

Ro=ro3IIro2 

   Ro=ro/2 

Gm=iod/Vid 

  Gm=gm1,2 

-IEE 

Vcc 

-VEE

Q3
baias 

Q4 

Vod

Rs 

10k

Rs 

Av=Vod/Vid 

Av=-2gmro/2 

   Av=-gmro    

-Vid/2

+Vid/2
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P1 in output node: 

 

P2 in input node & ù2~10ù1 , ù2>>1 

 

 

 

VSINE

Rs

C= Cð2 
rð2 

R=Rs 

Cð2

P2= 1/Cð2Rs 

C= Cð2+ Cµ2 

gm2vbe

Cµ2 

R=RsII rð2 
-Vid/2 

-Vid/2 

Rs 

rð2

R= ro/2 

Cð2

gm2vbe

C= Cµ2+ Cµ4 

    C=2 Cµ 

ro2

10k 

gm4vbe 

Cµmo~ Cµ2 

ro4 Cµmi Cµ2 

Cµmi=Cµ2 (1+ gm2ro/2) 

Cµ4 

1nF

P1=1/ Cµ ro 
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�ήϔλ�ϥΎϳήΟ�ϪϨϳ΁�ΩϮΟϭ�ϞϴϟΩ�ϪΑ�ςϘϓϭ�ϢϴϨϛ�ϞϴϠΤΗ�΍έ�έ΍Ϊϣ�ϪϤϴϧ�Ϛϳ�Ϫϛ�Ζγ΍�ϲϓΎϛ�ίΎΑ�ϞϴϠΤΗ�ϱ΍ήΑ

Ϣϳέ΍Ω�ήϳί�ΕέϮλ�ϪΑ�ϲϠϴϠΤΗ�Ϫϛ�Ϊϳ΁�ϲϣ�ΩϮΟϭ�ϪΑ�ϲλΎΧ�βϧΎϛήϓ�Ϛϳ�έΩΰϴϧ�ϲϣϭΩ�ϝΎϘΘϧ΍�  

 

Q1 

2N2369

Q2

Vo

Q3 Q4

Rs Rs+Vid/2 

-Vid/2 

Cð
1nFCð 

1nF

Q1 

Ro=ro/2 

Q2 

Av=Vo/Vid 

Av=-gmro/2 

Q3

Ri=2[Rs+rð]

Q4

Gm=io/Vid 

Gm=gm1,2/2 

Rs 

10k

Rs 

10k

+Vid/2

-Vid/2

Vo 

-IEE

Vcc

-VEE 
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έϮΘδϳΰϧ΍ήΗ�ϪΑ�ΩϮϳΩ�ί΍�ϩΪϧέά̳�ϥΎϳήΟϰΩϮη�ϲϣ�ϪϨϳ΁��έϮΘδϳΰϧ΍ήΗ�ϱέϮΒϋ�ϥΎϳήΟ�ΎΑ�ϥΎϳήΟ�Ϧϳ΍�Ϫϛ

ϮΪϫΩ�ϲϣ�Ύϣ�ϪΑ�΍έ�ϝΎϘΘϧ΍�ήϔλ�βϧΎϛήϓ�Ϧϳ΍�Ϫϛ�ΩϮη�ϲϣ�ήΑ΍ήΑ�ϲδϧΎϛήϓ�έΩ��ήΑ΍ήΑ�ϥΎϳήΟ�Ϧϳ΍�Ϫϛ

ΎΑ�Ζγ΍���  

 

 

                             I(1/gm)=Vid/2gm    →     Sz=-gm/cð 

�ϭΩ�ϖϟΎτϣ�ΕϼϴϠΤΗ�ϡΎϤΗ�Ϫϛ�ϢϴϨϛ�ϞϴϠΤΗ�ΪϳΎΑ�΍έ�έ΍Ϊϣ�ϪϤϴϧ�Ϛϳ�βϧϻΎΑ�έ΍Ϊϣ�ϖΒσ�Ύϫ�ΐτϗ�ϞϴϠΤΗ�ϱ΍ήΑ

ΪηΎΑ�ϲϣ�ϲϠΒϗ�έ΍Ϊϣ�  

ϳΰϧ΍ήΗ�ϱέ΍Ω�Ϫϛ�Ε΍έ΍Ϊϣ�έΩδί΍�ΪηΎΑ�ϱΩΎϳί�ϱΎϫ�έϮΘ�εϭέ��ϦΘϓΎϳ�ϱ΍ήΑ�Ύϫ�ϲϧΎϣί�ΖΑΎΛ�ϊϤΟ

ϢϳήΑ�ϲϣ�έΎϜΑ�ϪϧΎ̳�Ϫγ�ΪϧϮ̢Ϥϛ�έΩ�΍έ�εϭέ�Ϧϳ΍�Ύϣ�Ϫϛ�ϢϴϨϛ�ϲϣ�ϩΩΎϔΘγ΍�ϻΎΑ�ΖδϜη�βϧΎϛήϓ�  

ϪϧΎ̳�Ϫγ�ΪϧϮ̢Ϥϛ�  

Cð 

I(1/gm)={[gmVid2*1/S(2cð)]/[1/S2cð+1/gm]} 

Cð 1/gm
rð

gmvid/2
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Rs is 

Vs rð1

10k 

Cð1 gmVbe 

Cµ1 

1nF

rð2 
gmVbe 

1/gm

10k 

ro
10k 

io

gmVbe roIIRL 

10k

Cð2 
1nF 

Cµ3 

1nF

Cµ2 

1nF

Cð3 

Q1

2N3390

Rs

Vs 

VSINE 

Q2

2N3390

Q3 

2N3390

RL

io

is
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For cð1: 

 

For cµ1: 

for cð2: 

R=rð2  →T cð2=1/ rð2 cð2 

For  cµ2: 

  

rð2 

      R=1/gm3+ rð2 

T=1/(1/gm3+ rð2) cµ2 ro2II1/gm3

R 

Vz

iz

Rs

R

rð1

iy 

Vy R=[ rð1 +rð2]IIRs 

   Tc µ1=1/ Rsµ1 

R3

rð2 

Rs

R=Vx/ix=rð1IIRs 

Tc ð1=1/ Rsc ð1 
rð1 

ix

Vx

R 
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For cð3: 

R=ro2II(1/gm3)  ~(1/gm3)  → T=1/(1/gm3)cð3 

For cµ3: 

R=ro3IIRL~RL    →T= 1/RL cµ3 

Tt=∑Ti       →P=1/T 
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