Problem 1

In order to determine whether 
[image: image1.wmf]in

r

 and 
[image: image2.wmf]out

r

 are “small” or “large,” the following values will be used for the small-signal parameters of the transistors
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Also, in calculating analytical expressions for 
[image: image4.wmf]in

r

 and 
[image: image5.wmf]out

r

, it will be assumed that the input source has a source resistance of 
[image: image6.wmf]S

R

 and a load resistance 
[image: image7.wmf]L

R

 has been applied.
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[image: image10.wmf]in

r

 is high; thus, voltage in


[image: image11.wmf]out

r

 is low; thus, voltage out

Hence, amplifier is best characterized using the voltage 2-port model
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(b)
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[image: image15.wmf]in

r

 is low; thus, current in


[image: image16.wmf]out

r

 is low; thus, voltage out

Hence, amplifier is best characterized using the transresistance 2-port model
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(c)


[image: image18.wmf]¥

=

in

r



[image: image19.wmf]2

1

1

1

1

//

)

)

(

(

o

X

o

mb

m

X

o

out

r

R

r

g

g

R

r

r

×

×

+

+

+

=


The lowest that 
[image: image20.wmf]out

r

 can be in value is when 
[image: image21.wmf]0
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.  Hence, 
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[image: image23.wmf]in

r

 is high; thus, voltage in


[image: image24.wmf]out

r

 is high; thus, current out

Hence, amplifier is best characterized using the transconductance 2-port model
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(d)
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[image: image27.wmf]in

r

 is high; thus, voltage in


[image: image28.wmf]out

r

 is high; thus, current out

Hence, amplifier is best characterized using the transconductance 2-port model

One can use the transconductance formula derived in part (c) here, but noting that 
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(e)
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The value for 
[image: image32.wmf]in

r

 depends heavily on 
[image: image33.wmf]L

R

.  Let’s assume that 
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<<

.  Hence,
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The lowest that 
[image: image37.wmf]out

r

 can be in value is when 
[image: image38.wmf]0
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[image: image40.wmf]in

r

 is low; thus, current in


[image: image41.wmf]out

r

 is high; thus, current out

Hence, amplifier is best characterized using the current 2-port model
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[image: image45.wmf]in

r

 is high; thus, voltage in


[image: image46.wmf]out

r

 is low; thus, voltage out

Hence, amplifier is best characterized using the voltage 2-port model
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[image: image50.wmf]in

r

 is high; thus, voltage in


[image: image51.wmf]out

r

 is low; thus, voltage out

Hence, amplifier is best characterized using the voltage 2-port model
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[image: image54.wmf]in

r

 is high; thus, voltage in


[image: image55.wmf]out

r

 is high; thus, current out

Hence, amplifier is best characterized using the transconductance 2-port model

One can use the transconductance formula derived in part (c) here, but noting that 
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[image: image60.wmf]in

r

 is high; thus, voltage in


[image: image61.wmf]out

r

 is low; thus, voltage out

Hence, amplifier is best characterized using the voltage 2-port model
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