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Lesson 2

Lesson Exercises: B1.8, B1.9, B3.1-B3.3, B3.7, 3

Recommended Exercises: B1.6, B1.7, B1.10, B3.4, B3.6, B3.8-B3.10

Theoretical Issues: Large Signal Models, Small Signal Models, Small Signal Ca-
pacitors, Simple Current Mirror, Common Source Amplifier,
Common Drain Amplifier, Common Gate Amplifier

Exercise B1.6

From p. 56-60.

Active:  since

Triode: . But  =>

Exercise B1.7

From p. 56-60.

Find λ:

 where

Exercise B1.8

,

ID
β
2
--- V GS V T–( )2 1 λ V DS V eff–( )+( ) β V GS V T–( )2= = V DS V eff=

ID β V GS V T–( )V DS

V DS
2

2
----------– 

 = V eff V DS=

ID β V GS V T–( ) V GS V T–( )
V GS V T–( )2

2
------------------------------– 

  β
2
--- V GS V T–( )2= =

ID
β
2
--- V GS V T–( )2 1 λ V DS V eff–( )+( )=

λ
krds

2L V DS V eff– Φo+
---------------------------------------------------=

krds

2K sεo

qN A
--------------- 2 11.8 8.85 1012–⋅ ⋅ ⋅

1.602 1019– 1022⋅ ⋅
-------------------------------------------------- 3.612 10 7–⋅ m/ V= = =

V DS V eff= λ 3.612 107–⋅
2 1.5 10 6– 0 0.9+⋅ ⋅
---------------------------------------------------=⇒ 0.127V 1–=

ID V DS V eff=

92µ
2

--------- 50
1.5
------- 1.1 0.8–( )2 1 λ 0⋅+( )⋅ ⋅ ⋅ 138µA= =

ID V DS V eff 0.3+=

92µ
2

--------- 50
1.5
------- 1.1 0.8–( )2 1 λ 0.3⋅+( )⋅ ⋅ ⋅ 143µA= =

ID V DS V eff=
20µA= ID V DS V eff 0.5+=

23µA=

1 λ 0.5⋅+( )ID V DS V eff=
ID V DS V eff 0.5+=

= λ⇒ 2 23µ
20µ
--------- 1– 

  0.3V 1–= =

Analog Discrete-Time Integrated Circuits, TSTE80 Lesson 2

Elektronics Systems, http://www.es.isy.liu.se/ 6

Exercise B1.9

Use p. 56-60 in the book. In the following we will ignore the increase in threshold voltage
caused by the non-zero bulk-source voltage, since the transistor will otherwise be cut-off.
(This is probably a mistake by the person who made this problem).

Exercise B1.10

p. 33-35, 59.

Exercise B3.1

,  =>
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,

Transistor M2 must be in the active region:

Exercise B3.2

Small Signal Model:

,  =>

Conclusion: Large gain => Small  and Large transistor area.

Exercise B3.3

Small Signal Model:

Nodal Equations:

Solving for  gives:
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where  and

.

Assuming widely separated poles the dominant pole is given by

If the signal source resistance ( ) is small the second term in  dominates and we have

Conclusion: Large Bandwidth => Large bias current and small length.

Exercise B3.4

See above.

Exercise B3.6

Small Signal Model:

The output resistance is derived for zero input signal. Nodal equations:

Exercise B3.7

Same problem as 3.6 with .
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Exercise 3

Small Signal Model:

When using y- or z- parameters to derive the input impedance, either the output current or the
output voltage should be set to zero. When analysing circuits where the input resistance
depends on the load impedance (the CG stage is such a circuit) it is more convenient to include
the load in the analysis and leaving the output open. This has be done in the above small signal
model and gives the following nodal equations:

Exercise B3.8

p. 156-160. Referring to fig. 3.34-6 in the book:
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b) All parameters are the same except: A/V:

Conclusion: Q should be smaller than 0.5 to avoid overshoot in the step response. This means
that if we eliminate the body effect by connecting the bulk of M1 the source of M1 we will
have a small overshoot which is not desirable.

Exercise B3.9

p. 161-63.

a)

,

b)

A/V => , ,

,

Exercise B3.10

Small Signal Model

Total capacitance at the output node:
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pF

Output resistance:

Nodal Equations:

Solving for  gives:

where

 if

,

Assuming widely separated poles => Dominant pole:
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