
2) Direct – coupled multistage Amplifier 

 Used in differential 
and operational 
amplifier .

 Used in low and high 
frequency 
applications .

Advantages
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Darlington compound configuration

𝑉𝑐𝑐 = 𝑅𝑩𝐼𝑩𝟏 + 𝑉𝑩𝑬𝟏 + 𝑉𝑩𝑬𝟐 + 𝑅𝑬𝐼𝑬𝟐

𝐼𝑬𝟐= (2+1) 𝐼𝑩𝟐

𝐼𝑩𝟐 = 𝐼𝑬𝟏

𝐼𝑬𝟏=(1+1) 𝐼𝑩𝟏

𝐼𝑬𝟐 = (2+1) (1+1) 𝐼𝑩𝟏
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DC Analysis :



Ac small signal equivalent circuit 

Darlington compound configuration
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𝐴𝑖 =
𝑖𝑂

𝑖𝑏1
= 

𝑖𝑒2

𝑖𝑏1

𝑖𝑒2 =(1+ℎ𝑓𝑒2) 𝑖𝑏2
𝑖𝑏2 = 𝑖𝑒1
𝑖𝑒1 =(1+ℎ𝑓𝑒1) 𝑖𝑏1

𝐴𝑖 =
𝑖𝑂

𝑖𝑏1
= (1+ℎ𝑓𝑒2) (1+ℎ𝑓𝑒1)

𝐴𝑣 = 
𝑉𝑂

𝑉𝑆

Darlington compound configuration

+
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e1

c1

e2

b2

𝑉𝑂=𝑅𝑬𝑖𝑂
𝑖𝑂= (1 + ℎ𝑓𝑒2) (1 + ℎ𝑓𝑒1)𝑖𝑏1



To find 𝑖𝑏1 base   equivalent
Darlington compound configuration
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𝑽𝒔 

𝑹𝑩 

𝒊𝒃𝟏 
 ℎ𝑖𝑒1 +   ℎ𝑖𝑒2 + 𝑅𝐸 1 + ℎ𝑓𝑒2  (1 + ℎ𝑓𝑒1) 
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b1

Darlington compound configuration

𝑽𝒔 

𝑹𝑩 

𝒊𝒃𝟏 
 ℎ𝑖𝑒1 +   ℎ𝑖𝑒2 + 𝑅𝐸 1 + ℎ𝑓𝑒2  (1 + ℎ𝑓𝑒1) 

b1 Zi

𝑖𝑏1= 
𝑉𝑆

𝑍𝑖

𝒁𝒊= 𝒉𝒊𝒆𝟏+(𝒉𝒊𝒆𝟐+𝑹𝑬 (1+𝒉𝒇𝒆𝟐) )(1+𝒉𝒇𝒆𝟏) 



𝑍𝑖 very very large 

𝑍𝑂very very small

modified buffer

𝑨𝒗 = 
𝑹𝑬(1+𝒉𝒇𝒆𝟐) (1+𝒉𝒇𝒆𝟏)

𝒉𝒊𝒆𝟏+ 𝑹𝑬 (𝟏+𝒉𝒇𝒆𝟐)+𝒉𝒊𝒆𝟐 (𝟏+𝒉𝒇𝒆𝟏)
< 𝟏

To find 𝑍𝑂 , set 𝑉𝑆 = 0

𝑍𝑂= 

ℎ𝑖𝑒1
1+ℎ𝑓𝑒1

+ℎ𝑖𝑒2

1+ℎ𝑓𝑒2
||𝑅𝑬

Darlington compound configuration

𝐴𝑖 > 1

𝐴𝑣 < 1
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Darlington compound configuration

Ac small signal equivalent circuit of the BJT
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Ac small signal equivalent circuit of the Darlington
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ℎ𝑖𝑒𝐷= 2 ℎ𝑖𝑒1
ℎ𝑓𝑒𝐷 = ℎ𝑓𝑒1. ℎ𝑓𝑒2
ℎ𝑓𝑒𝐷=  

𝑖𝑐

𝑖𝑏1
ℎ𝑖𝑒𝐷= 𝑍𝑖 with 𝑅𝐸=0

C
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Darlington compound configuration



ℎ𝑓𝑒𝐷=
𝑖𝑐

𝑖𝑏1

𝑖𝑐 =𝑖𝑐1+𝑖𝑐2

𝑖𝑐 =ℎ𝑓𝑒1 𝑖𝑏1+ℎ𝑓𝑒2𝑖𝑏2

𝑖𝑐 =ℎ𝑓𝑒1𝑖𝑏1+ℎ𝑓𝑒2 i𝑒1

𝑖𝑐 =ℎ𝑓𝑒1𝑖𝑏1+ℎ𝑓𝑒2(1+ℎ𝑓𝑒1)𝑖𝑏1

𝑖𝑐= (ℎ𝑓𝑒1 +ℎ𝑓𝑒2+ℎ𝑓𝑒2ℎ𝑓𝑒1)𝑖𝑏1

ℎ𝑓𝑒𝐷 = ℎ𝑓𝑒1 +ℎ𝑓𝑒2+ℎ𝑓𝑒2ℎ𝑓𝑒1

ℎ𝑓𝑒𝐷≈ ℎ𝑓𝑒2ℎ𝑓𝑒1
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Darlington compound configuration



ℎ𝑖𝑒𝐷= 𝑍𝑖 |𝑅𝐸=0

• 𝑍𝑖 = ℎ𝑖𝑒1 + (𝑅𝑬 (1+ℎ𝑓𝑒2)+ℎ𝑖𝑒2)(1+ℎ𝑓𝑒1)

 ℎ𝑖𝑒𝐷= ℎ𝑖𝑒1 + (1+ℎ𝑓𝑒1) ℎ𝑖𝑒2

=ℎ𝑖𝑒1 + (1+ℎ𝑓𝑒1)
(1+ℎ𝑓𝑒2)𝑉𝑇

𝐼𝐸2

= ℎ𝑖𝑒1 + (1+ℎ𝑓𝑒1)
(1+ℎ𝑓𝑒2)𝑉𝑇

(1+ℎ𝑓𝑒2)𝐼𝐸1

Darlington compound configuration



 ℎ𝑖𝑒𝐷=   =ℎ𝑖𝑒1 +  
(1+ℎ𝑓𝑒1)𝑉𝑇

𝐼𝐸1
ℎ𝑖𝑒𝐷 = ℎ𝑖𝑒1 +ℎ𝑖𝑒1

= 2ℎ𝑖𝑒1
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+
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Darlington compound configuration



Cascode Amplifier 
Used to amplify video signal

It has a wide bandwidth 

It consists of a CE and CB stages 
or  CS and CG stages .
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β1 = β2 = 100 

Q2

Cascode Amplifier 

DC Analysis :

Q1

4.7K 1K

5.6K

1.8K6.8K

18 V

Q2 Open 

Circuit!

IC1   =   IE2    ≈   IC2

Since ẞ1   =  ẞ2   

IB1 = IB2 = IB



𝐼𝐶1 = 𝐼𝐸2= 𝐼𝐶2

And since 1=2

𝐼𝐵1 = 𝐼𝐵2=𝐼𝐵

18 = 6.8k 𝐼 + 5.6𝑘 𝐼 − 𝐼𝐵 + 4.7𝑘(𝐼 − 2𝐼𝐵)
18 = 6.8k 𝐼 + 5.6𝑘 𝐼 − 𝐼𝐵 + 𝑉𝐵𝐸1 + 1𝑘𝐼𝐸1

Solving for 𝐼𝐸 = 4𝑚𝐴

Cascode Amplifier 
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Ac small signal analysis

Cascode Amplifier 
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Short 

Circuit!
b1

e1
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1.8k +

-
b2

𝑉𝑂= -ℎ𝑓𝑏i𝑒2 (1.8K)

i𝑒2= ℎ𝑓𝑒1i𝑏1

i𝑏1= 
𝑉𝑆

ℎ𝑖𝑒1

 𝐴𝑣= -294


