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GM can also be obtained by inspection of the 

circuit. Since for  Q2, collector current is the 

output current and emitter current is the input 

current (CB configuration), then current gain of 

Q2 is ≈ 1. 

 

Hence, current gain of the cascode is equal to 

the current gain of the CE Q1.  

 

For the CE, ais = β.  
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At node C2 : 

To determine RO : 

 

 

 

When vi=0, then v1=0.  

Hence,  gm1v1=0 

t m2 2 ro2i =g v +i

 
  

 

o2t ro2 2

t m2 2 o2t 2

t t o2 m2 2 o2 2

m2 o2t t o2 2

-v +i r -v = 0

-v + i -g v r -v = 0

-v +i r -g v r -v = 0

v =i r - g r +1 v

+
2v


m2 2g v o2r

2C

r

2B

+
tv


o1r

+

2v
 ti

1C
ro2i

t

o
t

v 0i

v
R =

i


KVL at the output loop, 

r

+

1v m1 1g v

2v







1 2,C E
R

m2 2g v
o2r

2C

r

2B

+

ov



1E

+
iv


o1r

OR

1B

iR



                              4 

+
2v


m2 2g v o2r

2C

r

2B

+
tv


o1r

+

2v
 ti

1C ti

 

   
 

m2 o2t t o2 2

2
t

o1 π2

m2 o2 t o1 π2t t o2

t m2 o2

O o2
t

o1 π2

v =i r - g r +1 v

-v
i =

r //r

v = i r - g r +1 -i r //r

v g r +1
R = = r +

1 1i
+

r r

 
 
 

 m2 o2

O o2
m2

o1 o2

m2

o2
O o2

m2

o1 o2

m2

o2
O o2

m2 o1

o1 o2

g r +1
R = r +

1 g
+

r β

1
g +

r
R = r 1+

1 g
+

r β

1
g +

r
R = r 1+

1 g r
1+

r β

 
 
 
 
  

 
 
 

  
    

where  
o

π
m

β
r =

g

←  enough  



                              5 

If ro1 = ro2 , 
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If gm2 ro1 >> βo2 ,  
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Hence, the CE-CB connection displays an output resistance that is 

larger by a factor of about  βo2  then the CE stage alone (RO  of CE is  ro  

if RC is neglected) 

    o o o
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v v i
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v i v

Open circuit voltage gain : 

Hence,  vo o2 o2 m1a = r β g

O o2 o2R r β

For a CE amplifier,                 if RC is not 

included. Thus, the magnitude of the 

maximum available voltage gain is higher 

by a factor βo2 than for the case of a single 

transistor. 

 

 

v m oa = g r
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3.4.2.2  The MOS Cascode 
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If  gm2ro1 >>1, then  M m1G g

This equation shows that the 

transconductance of the cascode is 

always < gm1. If gm2ro1>>1, the 

difference is small. The main point here 

is that the cascode configuration has 

little effect on the transconductance 

since the overall GM for the CS is gm.   
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Another way of deriving to this 

conclusion is by inspecting the circuit.  

 

For CG,  

Ri =1/gm.  

 

The current gm1vi will mostly flow 

through this Ri rather  than ro1 as   

1/ gm << ro1 .   
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The output resistance can further be increased by using more 

than one level of cascoding. However, number of levels of 

cascoding is limited by the power supply voltage and signal 

swing requirements. 

This equation shows that the MOS cascode increases the output 

resistance by  a factor of about gm2ro as the RO for CS is ro if RD is 

not included. 
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Two-stage Amplifier (Cascade) 
 

BJT Cascade 
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(a) Final stage voltage gain, v2a
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(b) Final stage input impedance, in2Z
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(d) Amplifier input impedance, Zin1 
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Overall voltage gain of the cascaded amplifier, av 

0.5357 4778.97
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Find (a) Voltage gain ratio  

 

        (b) The current gain ratio  
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(a) Voltage gain ratio  
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