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Multistage Amplifiers

1) Additional Amplification can be 
required .

2)   Improving the performance of the amplifier 
( high input impedance ,high gain , small output 
impedance ) .

3)   Increasing the Bandwidth . 

Multistage Amplifiers

Vs

+

-

+

-

𝑽𝑶𝟐

𝑽𝑺
= A𝒗𝟏. A𝒗𝟐

𝑽𝑶𝟐 = A𝒗𝟐𝑽𝒊𝟐

𝑽𝒊𝟐 = 𝑽𝑶𝟏

𝑽𝑶𝟏= A𝒗𝟏𝑽𝑺
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Multistage Amplifiers

Vs

+

-

+

-

 When the output of one amplifier stage is connected to the  input 

of another , the amplifier stages are said to be in cascade .

A𝒗𝑻= A𝒗𝟏. A𝒗𝟐 . A𝒗𝟑………A𝒗𝒏

A𝒗𝟏 , A𝒗𝟐, and A𝒗𝒏are the in – circuit gains .

Multistage Amplifiers

Methods of Coupling: 
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Capacitor Coupled Multistage Amplifier 
𝑽𝑪𝑪 + 

Q1
Q2

𝑹𝑪𝟏 

𝑹𝟐  

𝑹𝟏  
𝑹𝑪𝟐 

𝑹𝑬 

C

c

 the coupling 

capacitor blocks 

the flow of DC 

current while it 

permits the flow 

of Ac signal 

between stages .

 It makes it possible to have a dc bias voltage at the output of one stage that 

is different from the dc bias voltage at the input to the next stage 

 (stage isolation ) .

Advantages: 

Capacitor Coupled Multistage Amplifier 

𝑽𝑪𝑪 + 

Q1
Q2

𝑹𝑪𝟏 

𝑹𝟐  

𝑹𝟏  
𝑹𝑪𝟐 

𝑹𝑬 

C

c

Disadvantages: 

 It not used in integrated circuit , because it is difficult and 

uneconomical to fabricate  capacitors on a chip .

 It effects the low –

frequency response of the 

amplifier .
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Example: find the gain of the multistage amplifier

Capacitor Coupled Multistage Amplifier 

2k

1K

4K

Q1
Q2

10 K

2k

C220K

4K

C1

1K
CE1 CE2

C3

1K

+

-

Capacitor Coupled Multistage Amplifier 

DC Analysis: 

Solution:
2k

1K

4K

Q1
Q2

10 K

2k

C220K

4K

C1

1K
CE1 CE2

C3

1K

+

-

2k

1K

+𝟐𝟎 𝒗𝒐𝒍𝒕 

4K

Q1 Q2

10 K

2k

20K

4K 1K

Open Circuit!

𝑹𝑻𝑯𝟏= 4K \\ 20K = 3.33K

𝑉𝑇𝐻1= 
4𝐾

4𝐾+20𝐾
(20) = 3.33v

𝑰𝑬𝟏=2.47 mA        𝒉𝒊𝒆𝟏= 0.51K

𝑹𝑻𝑯𝟐= 2K \\ 10K = 1.67 K

𝑽𝑻𝑯𝟐= 
𝟐𝑲

𝟐𝑲+𝟏𝟎𝑲
(20) = 3.33v

𝑰𝑬𝟐=2.55 mA       
 𝒉𝒊𝒆𝟐≈ 0.51K
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Short Circuit

Capacitor Coupled Multistage Amplifier 

Ac small signal equivalent circuit

2k

1K

4K

Q1
Q2

10 K

2k

C220K

4K

C1

1K
CE1 CE2

C3

1K

+

-

𝒊𝒃𝟏 
 ℎ𝑖𝑒1  

𝒉𝒇𝒆𝒊𝒃𝟏 

b1

e1

c1

4 k

𝑽𝒊  𝒊𝒃𝟐 
ℎ𝑖𝑒2  

𝒉𝒇𝒆𝒊𝒃𝟐 

b2

1K

𝑽𝒐  

+

-

2k

e2

Capacitor Coupled Multistage Amplifier 
Ac small signal equivalent circuit

2k

1K

+𝟐𝟎 𝒗𝒐𝒍𝒕 

4K

Q1
Q2

10 K

2k

C220K

4K

𝑽𝒔(𝒕) 

C1

1K
CE1 CE2

C3

1K

𝑽𝒐 

+

-

β1 = β2 = 50 

+

-

Vo1
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b1

e1

c1

4 k

b2

1K +

-

2k

e2

Capacitor Coupled Multistage Amplifier 

A𝒗𝑻= A𝒗𝟏. A𝒗𝟐

 A𝑣1 = 
𝑉𝑂1

𝑉𝑖

𝑉𝑂1= −ℎ𝑓𝑒1𝑖𝑏1(4𝑘| 2𝑘 |10𝑘||ℎ𝑖𝑒2)

𝑖𝑏1 =
𝑉𝑖

ℎ𝑖𝑒1

 A𝑣1 = −34.14

 A𝑣2 = 
𝑉𝑂2

𝑉𝑖2
= 

𝑉𝑂2

𝑉𝑂1
= 

𝑉𝑂

𝑉𝑂1

𝑉𝑂2= −ℎ𝑓𝑒2𝑖𝑏2(1𝑘||2𝑘)

𝑖𝑏2= 
𝑉𝑂1

ℎ𝑖𝑒2

 A𝑣2 = −66.66

A𝑣𝑇= A𝑣1. A𝑣2

 A𝑣𝑇 = 2342

Vo1

+

-
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2) Direct – coupled multistage Amplifier 

Used in differential and operational 
amplifier .

Used in low and high frequency 
applications .

Advantages

Q1

Q2

`

Disadvantages

2) Direct – coupled multistage Amplifier 

Any change in the 
dc voltage at the 
output of one stage 
produce an identical 
change in dc 
voltage at the input 
to the next stage 

We must use 𝑅𝐸 .

We must use alternating transistor 
types ( npn, pnp ) .

Q1

Q2

`
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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

𝑽𝒔  

C1

𝑽𝒐 

+

-

+𝑽𝒄𝒄 

𝑹𝑬 

Q1
Q2

𝑹𝑩 

DC Analysis :

Ac small signal equivalent circuit 

Darlington compound configuration

𝑽𝒔  

C1

𝑽𝒐 

+

-

+𝑽𝒄𝒄 

𝑹𝑬 

Q1
Q2

𝑹𝑩 

𝑽𝒔 

𝑽𝒐 

+

-

𝑹𝑬 

𝑹𝑩 

𝒊𝒃𝟏 
 ℎ𝑖𝑒1  

𝒉𝒇𝒆𝒊𝒃𝟏 

b1

e1

c1

𝒊𝒃𝟐 
𝒉𝒇𝒆𝒊𝒃𝟐 

e2

ℎ𝑖𝑒2  

𝒊𝒐 

𝒊𝒆𝟏 b2
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𝑨𝒊 =
𝒊𝑶

𝒊𝒃𝟏
= 

𝒊𝒆𝟐

𝒊𝒃𝟏

Darlington compound configuration

𝑽𝒔 

𝑽𝒐 

+

-

𝑹𝑬 

𝑹𝑩 

𝒊𝒃𝟏 
 ℎ𝑖𝑒1  

𝒉𝒇𝒆𝒊𝒃𝟏 

b1

e1

c1

𝒊𝒃𝟐 

𝒉𝒇𝒆𝒊𝒃𝟐 

e2

ℎ𝑖𝑒2  

𝒊𝒐 

𝒊𝒆𝟏 b2

𝑉𝑂=𝑅𝑬𝑖𝑂
𝑖𝑂= (1 + ℎ𝑓𝑒2) (1 + ℎ𝑓𝑒1)𝑖𝑏1

𝒊𝒆𝟐 =(1+𝒉𝒇𝒆𝟐) 𝒊𝒃𝟐

𝒊𝒃𝟐 = 𝒊𝒆𝟏

𝒊𝒆𝟏 =(1+𝒉𝒇𝒆𝟏) 𝒊𝒃𝟏

𝑨𝒊 =
𝒊𝑶

𝒊𝒃𝟏
= (1+𝒉𝒇𝒆𝟐) (1+𝒉𝒇𝒆𝟏)

𝐴𝑣 = 
𝑉𝑂

𝑉𝑆

To find 𝑖𝑏1 base   equivalent
Darlington compound configuration

𝑽𝒔 

𝑹𝑩 

𝒊𝒃𝟏 
 ℎ𝑖𝑒1  

𝒉𝒇𝒆𝒊𝒃𝟏 

b1

e1

c1

ℎ𝑖𝑒2 +  𝑅𝐸(1 + ℎ𝑓𝑒2) 

𝑽𝒔 

𝑹𝑩 

𝒊𝒃𝟏 
 

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

b1

𝑽𝒔 

𝑽𝒐 

+

-

𝑹𝑬 

𝑹𝑩 

𝒊𝒃𝟏 
 ℎ𝑖𝑒1  

𝒉𝒇𝒆𝒊𝒃𝟏 

b1

e1

c1

𝒊𝒃𝟐 

𝒉𝒇𝒆𝒊𝒃𝟐 

e2

ℎ𝑖𝑒2  

𝒊𝒐 

𝒊𝒆𝟏 
b2



ENEE2303 

2) Direct – coupled multistage Amplifier 

5/13/2017

Instructor : Mr.Mohammad AL-Jubeh

ECE

BZU 4

𝑹𝑩 

𝒊𝒃𝟏 
 

𝑍𝑖  

b1

𝑽𝒔 

Zi

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

+

-

b1

e1

c1

e2

b2

Zo
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Darlington compound configuration

Ac small signal equivalent circuit of the BJT

𝑖𝑏  

𝑣𝑏𝑒  

+

-

𝑣𝑐𝑒  

+

-

ℎ𝑖𝑒  

ℎ𝑓𝑒 𝑖𝑏  

b

e

𝑖𝑐  

b

e

c

Ac small signal equivalent circuit of the Darlington
C

b1

e2

Q1
Q2

𝑖𝑏1 

+

-

+

-

ℎ𝑖𝑒𝐷  

ℎ𝑓𝑒𝐷 𝑖𝑏1 

e2

C
𝑖𝑐  

𝒉𝒊𝒆𝑫= 2 𝒉𝒊𝒆𝟏

𝒉𝒇𝒆𝑫 = 𝒉𝒇𝒆𝟏. 𝒉𝒇𝒆𝟐

𝒉𝒇𝒆𝑫=  
𝒊𝒄

𝒊𝒃𝟏
𝒉𝒊𝒆𝑫= 𝒁𝒊 with 𝑹𝑬=0

C

b1

e2

Q1
Q2

𝑖𝑏1 

+

-

+

-

ℎ𝑖𝑒𝐷  

ℎ𝑓𝑒𝐷𝑖𝑏1 

e2

ic1

ic2

iC ic

Darlington compound configuration
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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

Darlington compound configuration

C

b1

e2

Q1
Q2

𝑖𝑏1 

+

-

+

-

ℎ𝑖𝑒𝐷  

ℎ𝑓𝑒𝐷𝑖𝑏1 

e2

ic1

ic2

iC ic

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
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 𝒉𝒊𝒆𝑫=   =𝒉𝒊𝒆𝟏 +  
(1+𝒉𝒇𝒆𝟏)𝑽𝑻

𝑰𝑬𝟏
𝒉𝒊𝒆𝑫 = 𝒉𝒊𝒆𝟏 +𝒉𝒊𝒆𝟏

= 2𝒉𝒊𝒆𝟏

Darlington compound configuration

C

b1

e2

Q1
Q2

𝑖𝑏1 

+

-

+

-

ℎ𝑖𝑒𝐷  

ℎ𝑓𝑒𝐷𝑖𝑏1 

e2

ic1

ic2

iC ic

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 .

Q1

4.7K

C1

1K

CE2

5.6K

1.8K6.8K

C2

C3
+

-

18 V

Q2
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Q1

4.7K
𝑽𝒔  

C1

1K

CE2

5.6K

1.8K6.8K

+𝑽𝒄𝒄 

C2

C3
𝑽𝒐 

+

-

18 V

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 ẞ   =  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 

Q1

4.7K 1K

5.6K

1.8K6.8K

+𝑽𝒄𝒄 

18 V

Q2

𝑰 

𝑰 − 𝑰𝑩 

𝑰𝑩  

𝑰𝑩  

𝑰 − 𝟐𝑰𝑩 

IE2

IC1

DC Analysis :
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3) Transformer coupled multistage amplifier 

1 : 4

Q1

1K
4K

20K

5 : 1

4K

Q2

1K

20 K

2 K

+8 v

5 : 1

1

ℎ𝑜𝑒
= 50𝑘 

hfe =  50

3) Transformer coupled multistage amplifier 

Advantages:

Disadvantages

1) cost , weight , size , and noise .

2) poor frequency response .

1 ) The coupling transformer is used to pass the ac signal from one stage to 
the next , while blocking the DC voltages .

2) DC isolation .

3) matching for maximum power transfer .

4) low dc power dissipation ( 𝑹𝑪 = 0) .
1 : 4

Q1

1K
4K

20K

5 : 1

4K

Q2

1K

20 K

2 K

+8 v

5 : 1
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3) Transformer coupled multistage amplifier 

DC Analysis:

𝑹𝑻𝑯𝟏 = 𝑹𝑻𝑯𝟐= 4K \\ 20K = 3.33K

𝑽𝑻𝑯𝟏= 𝑽𝑻𝑯𝟐= 
𝟒𝑲

𝟒𝑲+𝟐𝟎𝑲
(+8) = 1.33 V

𝑰𝑬𝟏=𝑰𝑬𝟐 = 
𝟒𝑲

𝑹𝑻𝑯

+𝟏
+𝟏𝑲

= 0.595 mA           

 𝒉𝒊𝒆𝟏=𝒉𝒊𝒆𝟐 = 2K

1 : 4

Q1

1K
4K

20K

5 : 1

4K

Q2

1K

20 K

2 K

+8 v

5 : 1

3) Transformer coupled multistage amplifier 

Ac small signal equivalent circuit 

DC

1 : 4 b1

e1

c1 5 : 1 b2

e2

c2 5 : 1

2 K

1 : 4

Q1

1K
4K

20K

5 : 1

4K

Q2

1K

20 K

2 K

+8 v

5 : 1
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DC

1 : 4 b1

e1

c1 5 : 1 b2

e2

c2 5 : 1

2 K

3) Transformer coupled multistage amplifier 

5 : 1

2 K
+

-
Vo

Transformation

2 K
+

-

𝑽𝑶 = -
𝟐𝑲

𝟐𝑲+𝟐𝑲

𝒉𝒇𝒆 𝒊𝒃𝟐

𝟓𝒉𝒐𝒆

3) Transformer coupled multistage amplifier 
To find 𝒊𝒃𝟐

DC

1 : 4 b1

e1

c1 5 : 1 b2

e2

c2 5 : 1

2 K

𝐼1 = −𝒉𝒇𝒆 𝒊𝒃𝟏
𝟓𝟎𝑲

𝟓𝟎𝑲+𝟓𝟎𝑲

c1 5 : 1 b2𝒊𝒃𝟐 = 5𝑰𝟏

To find 𝑰𝟏
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To find 𝑖𝑏1

𝒊𝒃𝟏 = + 
𝟏

𝟒
𝑰𝟐

3) Transformer coupled multistage amplifier 

DC

1 : 4 b1

e1

c1 5 : 1 b2

e2

c2 5 : 1

2 K

1 : 4

DC

𝑽𝒔(𝒕) 

ℎ𝑖𝑒1

42
 

𝑰𝟐 To find 𝑰𝟐

𝑰𝟐 =
𝑽𝑺
𝒉𝒊𝒆𝟏
𝟏𝟔

 𝑨𝒗 = 
𝑽𝑶

𝑽𝑺
= +𝟔𝟐. 𝟓


