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Circuit AnalysisCircuit AnalysisCircuit AnalysisCircuit Analysis
� the precise way:the precise way:the precise way:the precise way: solving complex equationssolving complex equationssolving complex equationssolving complex equations
� the approximate way:the approximate way:the approximate way:the approximate way: find the dominant polefind the dominant polefind the dominant polefind the dominant pole
� the handy way:the handy way:the handy way:the handy way: let Spice do it preciselylet Spice do it preciselylet Spice do it preciselylet Spice do it precisely

Goal: Goal: Goal: Goal: You are able to identify the dominant pole in a You are able to identify the dominant pole in a You are able to identify the dominant pole in a You are able to identify the dominant pole in a 
transistor circuit. You can approximately determine transistor circuit. You can approximately determine transistor circuit. You can approximately determine transistor circuit. You can approximately determine 
the contribution of each node in a circuit to the the contribution of each node in a circuit to the the contribution of each node in a circuit to the the contribution of each node in a circuit to the 
total frequency response.total frequency response.total frequency response.total frequency response.
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OutlineOutlineOutlineOutline

� Frequency responseFrequency responseFrequency responseFrequency response
� commoncommoncommoncommon----source amplifiersource amplifiersource amplifiersource amplifier
� sourcesourcesourcesource----follower amplifierfollower amplifierfollower amplifierfollower amplifier
� sourcesourcesourcesource----follower amplifier with compensation techniquefollower amplifier with compensation techniquefollower amplifier with compensation techniquefollower amplifier with compensation technique
� cascode gain stagecascode gain stagecascode gain stagecascode gain stage

� Johns&MartinJohns&MartinJohns&MartinJohns&Martin
� frequency response (chap 3.11)frequency response (chap 3.11)frequency response (chap 3.11)frequency response (chap 3.11)

� Gray&MeyerGray&MeyerGray&MeyerGray&Meyer
� estimation of dominant polesestimation of dominant polesestimation of dominant polesestimation of dominant poles
� zerozerozerozero----Value Time Constant Analysis (pp500 Value Time Constant Analysis (pp500 Value Time Constant Analysis (pp500 Value Time Constant Analysis (pp500 ffffffff))))
 (Analysis and Design of Analog Integrated Circuits, 3rd (Analysis and Design of Analog Integrated Circuits, 3rd (Analysis and Design of Analog Integrated Circuits, 3rd (Analysis and Design of Analog Integrated Circuits, 3rd 

edition, Wiley and Sons, ISBNedition, Wiley and Sons, ISBNedition, Wiley and Sons, ISBNedition, Wiley and Sons, ISBN----0471047104710471----59984599845998459984----0)0)0)0)

� ExercisesExercisesExercisesExercises
� hand calculationshand calculationshand calculationshand calculations
� spice simulationsspice simulationsspice simulationsspice simulations
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Frequency ResponseFrequency ResponseFrequency ResponseFrequency Response
Dominant Pole ApproximationDominant Pole ApproximationDominant Pole ApproximationDominant Pole Approximation

� precise calculation of frequency response is a precise calculation of frequency response is a precise calculation of frequency response is a precise calculation of frequency response is a 
complex task and thus different approximation complex task and thus different approximation complex task and thus different approximation complex task and thus different approximation 
methods existmethods existmethods existmethods exist

� one method is the zeroone method is the zeroone method is the zeroone method is the zero----value time constant analysisvalue time constant analysisvalue time constant analysisvalue time constant analysis
� first some ideas about dominantfirst some ideas about dominantfirst some ideas about dominantfirst some ideas about dominant----pole approximation pole approximation pole approximation pole approximation 

are developedare developedare developedare developed
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�

transfer function by smalltransfer function by smalltransfer function by smalltransfer function by small----signal analysissignal analysissignal analysissignal analysis

very often the zeros are unimportant, thusvery often the zeros are unimportant, thusvery often the zeros are unimportant, thusvery often the zeros are unimportant, thus
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Where K is a constant and pWhere K is a constant and pWhere K is a constant and pWhere K is a constant and p1111,p,p,p,p2222 ... are poles of the transfer function,... are poles of the transfer function,... are poles of the transfer function,... are poles of the transfer function,
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Dominant Pole Approximation Dominant Pole Approximation Dominant Pole Approximation Dominant Pole Approximation 
((((con’tcon’tcon’tcon’t 2)2)2)2)

an important practical case occurs when one pole is dominantan important practical case occurs when one pole is dominantan important practical case occurs when one pole is dominantan important practical case occurs when one pole is dominant
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�

the gain the gain the gain the gain magnitutemagnitutemagnitutemagnitute in the frequency domain isin the frequency domain isin the frequency domain isin the frequency domain is

with a dominant pole we simply getwith a dominant pole we simply getwith a dominant pole we simply getwith a dominant pole we simply get
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Dominant Pole Approximation Dominant Pole Approximation Dominant Pole Approximation Dominant Pole Approximation 
((((con’tcon’tcon’tcon’t 3)3)3)3)

this approximation will be quite accurate as long as  this approximation will be quite accurate as long as  this approximation will be quite accurate as long as  this approximation will be quite accurate as long as  1111pppp≅≅≅≅ωωωω

thus for a dominant pole situation the thus for a dominant pole situation the thus for a dominant pole situation the thus for a dominant pole situation the ----3dB frequency is  3dB frequency is  3dB frequency is  3dB frequency is  
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pole plot for a circuit with a dominant polepole plot for a circuit with a dominant polepole plot for a circuit with a dominant polepole plot for a circuit with a dominant pole
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ZeroZeroZeroZero----Value Time ConstantValue Time ConstantValue Time ConstantValue Time Constant

 Method for finding the time constant associated Method for finding the time constant associated Method for finding the time constant associated Method for finding the time constant associated 
with a capacitor in the small signal equivalent with a capacitor in the small signal equivalent with a capacitor in the small signal equivalent with a capacitor in the small signal equivalent 
circuitcircuitcircuitcircuit

� replace the capacitor replace the capacitor replace the capacitor replace the capacitor CCCCxxxx by a voltage source by a voltage source by a voltage source by a voltage source VVVVxxxx

� set all independent sources to groundset all independent sources to groundset all independent sources to groundset all independent sources to ground
� set all other network capacitors to zeroset all other network capacitors to zeroset all other network capacitors to zeroset all other network capacitors to zero
� find admittance find admittance find admittance find admittance YYYYxxxx (=1/R(=1/R(=1/R(=1/Rxxxx) which is driven by a ) which is driven by a ) which is driven by a ) which is driven by a 

voltage source voltage source voltage source voltage source VVVVxxxx

� the time constant the time constant the time constant the time constant ττττxxxx is given by:is given by:is given by:is given by:

xxx CR=τ
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Frequency ResponseFrequency ResponseFrequency ResponseFrequency Response
ZeroZeroZeroZero----Value Time ConstantValue Time ConstantValue Time ConstantValue Time Constant

RRRRinininin

~~~~
++++

----
vvvvinininin

RRRRLLLL

vvvvoutoutoutout

ggggmmmmvvvv1111

RRRRinininin

~~~~
++++

----
vvvvinininin

RRRRLLLL
CCCCππππ

CCCCµµµµ

vvvv1111

rrrrbbbb

rrrrππππiiii1111

iiii2222

vvvv2222++++
++++

----

----

CCCCxxxx

iiii3333

vvvv3333
++++ ----

vvvvoutoutoutout

(((( )))) 3333131313132222121212121111111111111111 vvvvggggvvvvggggvvvvsCsCsCsCggggiiii ++++++++++++==== ππππ

(((( )))) 3333232323232222222222221111212121212222 vvvvggggvvvvsCsCsCsCggggvvvvggggiiii ++++++++++++==== µµµµ

(((( )))) 3333xxxx333333332222323232321111313131313333 vvvvsCsCsCsCggggvvvvggggvvvvggggiiii ++++++++++++====

We can show that with this choice We can show that with this choice We can show that with this choice We can show that with this choice od od od od variables the circuit equations are of the form:variables the circuit equations are of the form:variables the circuit equations are of the form:variables the circuit equations are of the form:
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ZeroZeroZeroZero----Value Time ConstantValue Time ConstantValue Time ConstantValue Time Constant
((((con’t con’t con’t con’t 1)1)1)1)
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222211110000 ssssKKKKssssKKKKssssKKKKKKKKssss ++++++++++++====∆∆∆∆

The poles of the transfer function are the zeros of the determinThe poles of the transfer function are the zeros of the determinThe poles of the transfer function are the zeros of the determinThe poles of the transfer function are the zeros of the determinant ant ant ant ∆∆∆∆ of theof theof theof the
circuit equations, which can be written in the form:circuit equations, which can be written in the form:circuit equations, which can be written in the form:circuit equations, which can be written in the form:
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222211110000 ssssbbbbssssbbbbssssbbbb1111KKKKssss ++++++++++++====∆∆∆∆

If all capacitors are zero:If all capacitors are zero:If all capacitors are zero:If all capacitors are zero:

00000000CCCCCCCCCCCC0000 xxxx
KKKK ∆∆∆∆≡≡≡≡∆∆∆∆==== ============ µµµµππππ

Consider now the term KConsider now the term KConsider now the term KConsider now the term K1111s, this is the sum of the terms involving s that are s, this is the sum of the terms involving s that are s, this is the sum of the terms involving s that are s, this is the sum of the terms involving s that are 
obtained when the system determinant is evaluated. However it isobtained when the system determinant is evaluated. However it isobtained when the system determinant is evaluated. However it isobtained when the system determinant is evaluated. However it is apparent,apparent,apparent,apparent,
that s only occurs when associated with a capacitance:that s only occurs when associated with a capacitance:that s only occurs when associated with a capacitance:that s only occurs when associated with a capacitance:

xxxx3333222211111111 sCsCsCsChhhhsCsCsCsChhhhsCsCsCsChhhhssssKKKK ++++++++==== µµµµππππ

The terms are constants. hThe terms are constants. hThe terms are constants. hThe terms are constants. h1111 can be evaluated by expanding the determinantcan be evaluated by expanding the determinantcan be evaluated by expanding the determinantcan be evaluated by expanding the determinant
about the first row:about the first row:about the first row:about the first row:
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With cofactors With cofactors With cofactors With cofactors ∆∆∆∆xxxxxxxx of the determinant. The term of the determinant. The term of the determinant. The term of the determinant. The term sCsCsCsCππππ is found by evaluatingis found by evaluatingis found by evaluatingis found by evaluating
∆∆∆∆11111111 with Cwith Cwith Cwith Cµµµµ and and and and CCCCxxxx equal zeroequal zeroequal zeroequal zero

0000CCCCCCCC111111111111 xxxx
hhhh ========µµµµ

∆∆∆∆====
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ZeroZeroZeroZero----Value Time ConstantValue Time ConstantValue Time ConstantValue Time Constant
((((con’t con’t con’t con’t 2)2)2)2)

Now consider expansion of the determinant about the second row.Now consider expansion of the determinant about the second row.Now consider expansion of the determinant about the second row.Now consider expansion of the determinant about the second row.
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With cofactors With cofactors With cofactors With cofactors ∆∆∆∆xxxxxxxx of the determinant. The term of the determinant. The term of the determinant. The term of the determinant. The term sCsCsCsCµµµµ is found by evaluatingis found by evaluatingis found by evaluatingis found by evaluating
∆∆∆∆22222222 with with with with CCCCππππ and and and and CCCCxxxx equal zeroequal zeroequal zeroequal zero
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similarlysimilarlysimilarlysimilarly

Combining these equations gives:Combining these equations gives:Combining these equations gives:Combining these equations gives:
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and:and:and:and:
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ZeroZeroZeroZero----Value Time ConstantValue Time ConstantValue Time ConstantValue Time Constant
((((con’t con’t con’t con’t 3)3)3)3)
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Now consider putting iNow consider putting iNow consider putting iNow consider putting i2222=i=i=i=i3333=0 and solving for v=0 and solving for v=0 and solving for v=0 and solving for v1111

The drivingThe drivingThe drivingThe driving----point resistance at the point resistance at the point resistance at the point resistance at the CCCCππππ node pair with all capacitors node pair with all capacitors node pair with all capacitors node pair with all capacitors 
equal to zero:equal to zero:equal to zero:equal to zero:
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We now defineWe now defineWe now defineWe now define
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We can write now:We can write now:We can write now:We can write now:
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Thus:Thus:Thus:Thus:
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Summary: Frequency Analysis MethodsSummary: Frequency Analysis MethodsSummary: Frequency Analysis MethodsSummary: Frequency Analysis Methods
The precise way:The precise way:The precise way:The precise way:
� Add the parasitic capacitors to the equivalent circuit. Use Add the parasitic capacitors to the equivalent circuit. Use Add the parasitic capacitors to the equivalent circuit. Use Add the parasitic capacitors to the equivalent circuit. Use 

nodal analysis for evaluating the transfer function.nodal analysis for evaluating the transfer function.nodal analysis for evaluating the transfer function.nodal analysis for evaluating the transfer function.
The approximate way:The approximate way:The approximate way:The approximate way:
� if there exists a pole pif there exists a pole pif there exists a pole pif there exists a pole p1111 <<p<<p<<p<<p2222, p, p, p, p3333 ,..., and the transfer ,..., and the transfer ,..., and the transfer ,..., and the transfer 

function is already given be the transfer function function is already given be the transfer function function is already given be the transfer function function is already given be the transfer function 
A(s)=N(s)/D(s) A(s)=N(s)/D(s) A(s)=N(s)/D(s) A(s)=N(s)/D(s) 
with                                                        with                                                        with                                                        with                                                        
the pole pthe pole pthe pole pthe pole p1111 is given by:is given by:is given by:is given by:

� the dominant pole may be found directly in the circuit the dominant pole may be found directly in the circuit the dominant pole may be found directly in the circuit the dominant pole may be found directly in the circuit 
diagram by looking for the node with the largest diagram by looking for the node with the largest diagram by looking for the node with the largest diagram by looking for the node with the largest 
impedance. Take care of the Miller Effect.impedance. Take care of the Miller Effect.impedance. Take care of the Miller Effect.impedance. Take care of the Miller Effect.

� The time constant (and its influence on the frequency The time constant (and its influence on the frequency The time constant (and its influence on the frequency The time constant (and its influence on the frequency 
response) associated with a single parasitic capacitor can response) associated with a single parasitic capacitor can response) associated with a single parasitic capacitor can response) associated with a single parasitic capacitor can 
be estimated with the zero value time constant method:be estimated with the zero value time constant method:be estimated with the zero value time constant method:be estimated with the zero value time constant method:
� set all independent sources to zeroset all independent sources to zeroset all independent sources to zeroset all independent sources to zero
� replace the interesting capacitor replace the interesting capacitor replace the interesting capacitor replace the interesting capacitor CCCCxxxx by a voltage source by a voltage source by a voltage source by a voltage source VVVVxxxx

� set all other capacitors to zeroset all other capacitors to zeroset all other capacitors to zeroset all other capacitors to zero
� evaluate the impedance Revaluate the impedance Revaluate the impedance Revaluate the impedance Rxxxx seen by the voltage source seen by the voltage source seen by the voltage source seen by the voltage source VVVVxxxx

� the time constant is equal to the time constant is equal to the time constant is equal to the time constant is equal to CCCCxxxxRRRRxxxx

The handy way:The handy way:The handy way:The handy way:
� AC analysis with SpiceAC analysis with SpiceAC analysis with SpiceAC analysis with Spice
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Frequency ResponseFrequency ResponseFrequency ResponseFrequency Response
CommonCommonCommonCommon----Source AmplifierSource AmplifierSource AmplifierSource Amplifier

� precise calculation of frequency response is most precise calculation of frequency response is most precise calculation of frequency response is most precise calculation of frequency response is most 
often left to computer simulationsoften left to computer simulationsoften left to computer simulationsoften left to computer simulations

� much insight can be obtained by finding the much insight can be obtained by finding the much insight can be obtained by finding the much insight can be obtained by finding the 
dominant frequency effects (dominant poles, zeros)dominant frequency effects (dominant poles, zeros)dominant frequency effects (dominant poles, zeros)dominant frequency effects (dominant poles, zeros)
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Frequency Analysis (Frequency Analysis (Frequency Analysis (Frequency Analysis (con’tcon’tcon’tcon’t))))
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at frequencies at frequencies at frequencies at frequencies 
where gain has justwhere gain has justwhere gain has justwhere gain has just
started to decreasestarted to decreasestarted to decreasestarted to decrease
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for for for for RRRRinininin >> R>> R>> R>> R2222Miller capacitanceMiller capacitanceMiller capacitanceMiller capacitance

analysis for high frequencies for widely separated polesanalysis for high frequencies for widely separated polesanalysis for high frequencies for widely separated polesanalysis for high frequencies for widely separated poles

(((( ))))
2222pppp1111pppp

2222

1111pppp2222pppp1111pppp

ssssssss
1111

ssss
1111

ssss
1111ssssDDDD

ωωωωωωωω
++++

ωωωω
++++≅≅≅≅












ωωωω
++++














ωωωω
++++====

22221111gdgdgdgd22221111gsgsgsgs1111gdgdgdgd1111gsgsgsgs

1111gdgdgdgd1111mmmm
2222pppp CCCCCCCCCCCCCCCCCCCCCCCC

CCCCgggg

++++++++
≅≅≅≅ωωωω

(((( ))))22221111gdgdgdgd22221111gsgsgsgs1111gsgsgsgs1111gdgdgdgd2222inininin CCCCCCCCCCCCCCCCCCCCCCCCRRRRRRRRbbbb ++++++++====

(((( ))))[[[[ ]]]] (((( ))))22221111gdgdgdgd222222221111mmmm1111gdgdgdgd1111gsgsgsgsinininin CCCCCCCCRRRRRRRRgggg1111CCCCCCCCRRRRaaaa ++++++++++++++++====
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JMM v1.2

Frequency ResponseFrequency ResponseFrequency ResponseFrequency Response
SourceSourceSourceSource----Follower AmplifierFollower AmplifierFollower AmplifierFollower Amplifier

� source followers can have complex poles and thus source followers can have complex poles and thus source followers can have complex poles and thus source followers can have complex poles and thus 
exhibit overshootexhibit overshootexhibit overshootexhibit overshoot

� a compensation technique resulting in only real axis a compensation technique resulting in only real axis a compensation technique resulting in only real axis a compensation technique resulting in only real axis 
poles is shown, resulting in no overshootingpoles is shown, resulting in no overshootingpoles is shown, resulting in no overshootingpoles is shown, resulting in no overshooting

IIIIinininin
IIIIbiasbiasbiasbias

RRRRinininin CCCCinininin

CCCCLLLL

vvvvoutoutoutout

QQQQ1111

vvvvs1s1s1s1

vvvvgs1gs1gs1gs1

++++

----

ggggm1m1m1m1vvvvgs1gs1gs1gs1 ggggs1s1s1s1vvvvs1s1s1s1 rrrrds1ds1ds1ds1

vvvvd1d1d1d1

vvvvoutoutoutout

rrrrds2ds2ds2ds2 CCCCssss

CCCCgs1gs1gs1gs1

CCCCgd1gd1gd1gd1

CCCCininininRRRRininininiiiiinininin

CCCCssss=C=C=C=CLLLL+C+C+C+Csb1sb1sb1sb1
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JMM v1.2

SourceSourceSourceSource----Follower AmplifierFollower AmplifierFollower AmplifierFollower Amplifier
((((con’t con’t con’t con’t 1)1)1)1)

vvvvs1s1s1s1

vvvvgs1gs1gs1gs1

++++

----

ggggm1m1m1m1vvvvgs1gs1gs1gs1

vvvvoutoutoutout

RRRRs1s1s1s1 CCCCssss

CCCCgs1gs1gs1gs1C’C’C’C’ininininRRRRininininiiiiinininin

C’C’C’C’inininin====CCCCinininin+C+C+C+Cgd1gd1gd1gd1

YYYYggggvvvvg1g1g1g1

(((( ))))1111ssss2222dsdsdsds1111dsdsdsds1111ssss gggg////1111rrrrrrrrRRRR ====

1. gain from v1. gain from v1. gain from v1. gain from vg1g1g1g1 to to to to vvvvoutoutoutout is foundis foundis foundis found
2. admittance 2. admittance 2. admittance 2. admittance YYYYgggg looking into gate of Qlooking into gate of Qlooking into gate of Qlooking into gate of Q1111 without considering Cwithout considering Cwithout considering Cwithout considering Cgd1gd1gd1gd1 is foundis foundis foundis found
3. Gain from 3. Gain from 3. Gain from 3. Gain from iiiiinininin to vto vto vto vg1g1g1g1 is foundis foundis foundis found
4. overall gain from v4. overall gain from v4. overall gain from v4. overall gain from vinininin to to to to vvvvoutoutoutout is found and results interpretedis found and results interpretedis found and results interpretedis found and results interpreted

(((( )))) (((( )))) 0000vvvvvvvvggggsCsCsCsCvvvvGGGGsCsCsCsCsCsCsCsCvvvv outoutoutout1111gggg1111mmmm1111gsgsgsgs1111gggg1111ssss1111gsgsgsgsssssoutoutoutout ====−−−−−−−−−−−−++++++++

(((( )))) 1111ssss1111mmmmssss1111gsgsgsgs

1111mmmm1111gsgsgsgs

1111gggg

outoutoutout

GGGGggggCCCCCCCCssss

ggggsCsCsCsC

vvvv
vvvv

++++++++++++
++++

====

1. gain from v1. gain from v1. gain from v1. gain from vg1g1g1g1 totototo vvvvoutoutoutout is foundis foundis foundis found
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JMM v1.2

SourceSourceSourceSource----Follower AmplifierFollower AmplifierFollower AmplifierFollower Amplifier
((((con’t con’t con’t con’t 2)2)2)2)

1. gain from v1. gain from v1. gain from v1. gain from vg1g1g1g1 to to to to vvvvoutoutoutout is foundis foundis foundis found
2. admittance 2. admittance 2. admittance 2. admittance YYYYgggg looking into gate of Qlooking into gate of Qlooking into gate of Qlooking into gate of Q1111 without considering Cwithout considering Cwithout considering Cwithout considering Cgd1gd1gd1gd1 is foundis foundis foundis found
3. Gain from 3. Gain from 3. Gain from 3. Gain from iiiiinininin to vto vto vto vg1g1g1g1 is foundis foundis foundis found
4. overall gain from v4. overall gain from v4. overall gain from v4. overall gain from vinininin to to to to vvvvoutoutoutout is found and results interpretedis found and results interpretedis found and results interpretedis found and results interpreted

(((( ))))
(((( )))) 1111ssss1111mmmmssss1111gsgsgsgs

sqsqsqsqssss1111gsgsgsgs

1111gggg

tttt1111gggg
gggg GGGGggggCCCCCCCCssss

GGGGsCsCsCsCsCsCsCsC

vvvv

iiii
YYYY

++++++++++++
++++

========

2. admittance2. admittance2. admittance2. admittance YYYYgggg looking into gate of Qlooking into gate of Qlooking into gate of Qlooking into gate of Q1111 without considering Cwithout considering Cwithout considering Cwithout considering Cgd1gd1gd1gd1 is foundis foundis foundis found

3. Gain from3. Gain from3. Gain from3. Gain from iiiiinininin to vto vto vto vg1g1g1g1 is foundis foundis foundis found

(((( ))))
ccccsssssbsbsbsbaaaa

GGGGggggCCCCCCCCssss

iiii

vvvv
2222

1111ssss1111mmmmssss1111gsgsgsgs

inininin

1111gggg

++++++++
++++++++++++

====

4. overall gain from v4. overall gain from v4. overall gain from v4. overall gain from vinininin totototo vvvvoutoutoutout is found and results interpretedis found and results interpretedis found and results interpretedis found and results interpreted

(((( ))))
ccccsssssbsbsbsbaaaa

ggggsCsCsCsC

iiii
vvvv

ssssAAAA 2222
1111mmmm1111gsgsgsgs

inininin

outoutoutout

++++++++
++++

========
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JMM v1.2

SourceSourceSourceSource----Follower AmplifierFollower AmplifierFollower AmplifierFollower Amplifier
((((con’t con’t con’t con’t 3)3)3)3)

ωωωω0000 is the pole frequencyis the pole frequencyis the pole frequencyis the pole frequency
Q is the Q factorQ is the Q factorQ is the Q factorQ is the Q factor (((( )))) (((( )))) (((( ))))

2222
0000

2222

0000

ssss
QQQQ

ssss1111

ssssNNNN
0000AAAAssssAAAA

ωωωω
++++

ωωωω
++++

====

There is no peaking and the transfer functions maximum is at dc There is no peaking and the transfer functions maximum is at dc There is no peaking and the transfer functions maximum is at dc There is no peaking and the transfer functions maximum is at dc if:if:if:if:

707707707707....00002222////1111QQQQ ≅≅≅≅<<<<
2222////1111QQQQ ====ωωωω0000 is the is the is the is the ----3dB frequency if:3dB frequency if:3dB frequency if:3dB frequency if:

Step input function:Step input function:Step input function:Step input function:
no peaking forno peaking forno peaking forno peaking for

peaking forpeaking forpeaking forpeaking for
(complex conjugate poles)(complex conjugate poles)(complex conjugate poles)(complex conjugate poles)

5555....0000QQQQ ≤≤≤≤

5555....0000QQQQ >>>>
1111QQQQ4444//// 2222

eeee100100100100overshootovershootovershootovershoot  %%%% −−−−ππππ−−−−====
For the source follower:For the source follower:For the source follower:For the source follower: (((( ))))

(((( ))))ssss1111gsgsgsgs
''''
ininininssss1111gsgsgsgs

1111ssss1111mmmminininin
0000 CCCCCCCCCCCCCCCCCCCC

GGGGggggGGGG
++++++++

++++====ωωωω

(((( )))) (((( ))))[[[[ ]]]]
(((( )))) 1111ssss1111gsgsgsgs1111ssss1111mmmm

''''
ininininssssinininin

ssss1111gsgsgsgs
''''
ininininssss1111gsgsgsgs1111ssss1111mmmminininin

GGGGCCCCGGGGggggCCCCCCCCGGGG

CCCCCCCCCCCCCCCCCCCCGGGGggggGGGG
QQQQ

++++++++++++
++++++++++++

====

Source follower circuits can exhibit large amounts of overshoot Source follower circuits can exhibit large amounts of overshoot Source follower circuits can exhibit large amounts of overshoot Source follower circuits can exhibit large amounts of overshoot under certainunder certainunder certainunder certain
conditions. In practical conditions. In practical conditions. In practical conditions. In practical uE uE uE uE circuits the parasitic circuits the parasitic circuits the parasitic circuits the parasitic capacitances capacitances capacitances capacitances and the outputand the outputand the outputand the output
capacitance results in only moderate overshoot for worstcapacitance results in only moderate overshoot for worstcapacitance results in only moderate overshoot for worstcapacitance results in only moderate overshoot for worst----case conditions.case conditions.case conditions.case conditions.

1111gsgsgsgs

1111mmmm
ZZZZ CCCC

gggg−−−−====ωωωω
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JMM v1.2

SourceSourceSourceSource----Follower AmplifierFollower AmplifierFollower AmplifierFollower Amplifier
Compensation TechniqueCompensation TechniqueCompensation TechniqueCompensation Technique

� source followers can have complex poles and thus source followers can have complex poles and thus source followers can have complex poles and thus source followers can have complex poles and thus 
exhibit overshootexhibit overshootexhibit overshootexhibit overshoot

� overshooting may be reduced by:overshooting may be reduced by:overshooting may be reduced by:overshooting may be reduced by:
� increasing increasing increasing increasing CCCCinininin or or or or CCCCssss or bothor bothor bothor both
� adding a adding a adding a adding a compensation networkcompensation networkcompensation networkcompensation network

IIIIinininin
IIIIbiasbiasbiasbias

RRRRinininin CCCCinininin

CCCCLLLL

vvvvoutoutoutout

QQQQ1111

CCCC1111

RRRR1111

(((( ))))
(((( ))))(((( )))) (((( ))))(((( ))))ssss1111gsgsgsgs1111ssss1111mmmm

ssss1111gsgsgsgs1111mmmm

ssss1111gsgsgsgs1111ssss1111mmmm

1111ssss1111gsgsgsgs1111mmmmssss1111gsgsgsgs
1111 CCCCCCCCGGGGgggg

CCCCCCCCgggg

CCCCCCCCGGGGgggg

GGGGCCCCggggCCCCCCCC
CCCC

++++++++
≅≅≅≅

++++++++
−−−−

====

(((( ))))
(((( ))))

(((( ))))
1111mmmmssss1111gsgsgsgs

2222
ssss1111gsgsgsgs

1111ssss1111gsgsgsgs1111mmmmssss1111gsgsgsgs

2222
ssss1111gsgsgsgs

1111 ggggCCCCCCCC

GGGGCCCC

GGGGCCCCggggCCCCCCCC

GGGGCCCC
RRRR

++++
≅≅≅≅

−−−−
++++

====

ssss1111gsgsgsgs

ssss1111gsgsgsgs
2222 CCCCCCCC

CCCCCCCC
CCCC

++++
====

(see Johns/Martin pp160(see Johns/Martin pp160(see Johns/Martin pp160(see Johns/Martin pp160----162)162)162)162)
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JMM v1.2

Frequency ResponseFrequency ResponseFrequency ResponseFrequency Response
CommonCommonCommonCommon----Gate AmplifierGate AmplifierGate AmplifierGate Amplifier

(see Johns/Martin pp160(see Johns/Martin pp160(see Johns/Martin pp160(see Johns/Martin pp160----162)162)162)162)

� The frequency response of the commonThe frequency response of the commonThe frequency response of the commonThe frequency response of the common----gate stage gate stage gate stage gate stage 
is usually superior to that of the commonis usually superior to that of the commonis usually superior to that of the commonis usually superior to that of the common----source source source source 
stage due to the low impedance, stage due to the low impedance, stage due to the low impedance, stage due to the low impedance, rrrrinininin, at the source , at the source , at the source , at the source 
node, assuming Gnode, assuming Gnode, assuming Gnode, assuming GLLLL=(=(=(=(sCsCsCsCLLLL+g+g+g+gds2ds2ds2ds2)is not considerably )is not considerably )is not considerably )is not considerably 
smaller than gsmaller than gsmaller than gsmaller than gds1ds1ds1ds1....

IIIIbiasbiasbiasbias

CCCCLLLL

vvvvoutoutoutout
QQQQ1111

vvvvoutoutoutout

====
VVVVbiasbiasbiasbias
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JMM v1.2

Frequency ResponseFrequency ResponseFrequency ResponseFrequency Response
HighHighHighHigh----Ouput Ouput Ouput Ouput Impedance MirrorsImpedance MirrorsImpedance MirrorsImpedance Mirrors

(see Johns/Martin pp163)(see Johns/Martin pp163)(see Johns/Martin pp163)(see Johns/Martin pp163)

� Both the Wilson and the cascode current mirrors Both the Wilson and the cascode current mirrors Both the Wilson and the cascode current mirrors Both the Wilson and the cascode current mirrors 
introduce highintroduce highintroduce highintroduce high----frequency poles into the signal frequency poles into the signal frequency poles into the signal frequency poles into the signal 
transfer function.transfer function.transfer function.transfer function.

� The approximate time constant of these poles is The approximate time constant of these poles is The approximate time constant of these poles is The approximate time constant of these poles is 
CCCCgsgsgsgs/g/g/g/gmmmm, the roof of this statement can be found by , the roof of this statement can be found by , the roof of this statement can be found by , the roof of this statement can be found by 
doing highdoing highdoing highdoing high----frequency, smallfrequency, smallfrequency, smallfrequency, small----signal analysis.signal analysis.signal analysis.signal analysis.

IIIIinininin

QQQQ3333 QQQQ4444

rrrroutoutoutout

IIIIoutoutoutout

QQQQ1111 QQQQ2222

VVVVoutoutoutout IIIIinininin

QQQQ3333 QQQQ4444

rrrroutoutoutout

IIIIoutoutoutout

QQQQ1111 QQQQ2222

rrrrinininin
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JMM v1.2

Frequency ResponseFrequency ResponseFrequency ResponseFrequency Response
Cascode Gain StageCascode Gain StageCascode Gain StageCascode Gain Stage

� The exact highThe exact highThe exact highThe exact high----frequency analysis of a cascode gain frequency analysis of a cascode gain frequency analysis of a cascode gain frequency analysis of a cascode gain 
stage is usually left to simulation on a computer.stage is usually left to simulation on a computer.stage is usually left to simulation on a computer.stage is usually left to simulation on a computer.

� at highat highat highat high----frequencies, the time constant  due to the frequencies, the time constant  due to the frequencies, the time constant  due to the frequencies, the time constant  due to the 
output node almost always dominates since the output node almost always dominates since the output node almost always dominates since the output node almost always dominates since the 
impedance is so large at that node:impedance is so large at that node:impedance is so large at that node:impedance is so large at that node:
� CCCCoutoutoutout=(C=(C=(C=(Cgd2gd2gd2gd2+C+C+C+Cdb2db2db2db2)+C)+C)+C)+CLLLL++++CCCCbiasbiasbiasbias

� CCCCLLLL is normally the major contributoris normally the major contributoris normally the major contributoris normally the major contributor

IIIIbiasbiasbiasbias

QQQQ1111

QQQQ2222

VVVVoutoutoutout
VVVVbiasbiasbiasbias

VVVVinininin

CCCCLLLL

LLLLmmmm

2222

LLLLoutoutoutout
dBdBdBdB3333 CCCCgggg

gggg2222

CCCCRRRR
1111 dsdsdsds≅≅≅≅≅≅≅≅ωωωω−−−−
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JMM v1.2

Cascode Gain StageCascode Gain StageCascode Gain StageCascode Gain Stage
((((con’t con’t con’t con’t 1)1)1)1)

� ZeroZeroZeroZero----value time constant analysis method usedvalue time constant analysis method usedvalue time constant analysis method usedvalue time constant analysis method used

IIIIbiasbiasbiasbias

QQQQ1111

QQQQ2222

VVVVoutoutoutout
VVVVbiasbiasbiasbias

VVVVinininin

CCCCLLLL

vvvvoutoutoutoutggggm2m2m2m2vvvvs2s2s2s2

rrrrds2ds2ds2ds2vvvvg1g1g1g1

ggggm1m1m1m1vvvvg1g1g1g1 rrrrds1ds1ds1ds1 CCCCs2s2s2s2

CCCCgd1gd1gd1gd1

CCCCgs1gs1gs1gs1

vvvvinininin

CCCCd2d2d2d2 GGGGLLLL

vvvvs2s2s2s2

2222gsgsgsgs2222sbsbsbsb1111dbdbdbdb2222ssss CCCCCCCCCCCCCCCC ++++++++====
biasbiasbiasbiasLLLL2222dbdbdbdb2222gdgdgdgd2222dddd CCCCCCCCCCCCCCCCCCCC ++++++++++++====

node vnode vnode vnode vg1g1g1g1 inininin1111gsgsgsgs1111CgsCgsCgsCgs RRRRCCCC====ττττ

� All independent sources have to be set to zero All independent sources have to be set to zero All independent sources have to be set to zero All independent sources have to be set to zero 
(v(v(v(vinininin=0)=0)=0)=0)
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JMM v1.2

Cascode Gain StageCascode Gain StageCascode Gain StageCascode Gain Stage
((((con’t con’t con’t con’t 2)2)2)2)

vvvvoutoutoutoutggggm2m2m2m2vvvvs2s2s2s2

rrrrds2ds2ds2ds2vvvvg1g1g1g1

ggggm1m1m1m1vvvvg1g1g1g1 rrrrds1ds1ds1ds1 CCCCs2s2s2s2

CCCCgd1gd1gd1gd1

CCCCgs1gs1gs1gs1

vvvvinininin

CCCCd2d2d2d2 GGGGLLLL

vvvvs2s2s2s2

nodes vnodes vnodes vnodes vg1g1g1g1,v,v,v,vs2s2s2s2 the capacitor Cthe capacitor Cthe capacitor Cthe capacitor Cgd1gd1gd1gd1 is replaced by a voltage source is replaced by a voltage source is replaced by a voltage source is replaced by a voltage source vvvvxxxx in order in order in order in order 
to calculate the input resistance seen from that node.to calculate the input resistance seen from that node.to calculate the input resistance seen from that node.to calculate the input resistance seen from that node.

2222ssss1111dsdsdsds1111dddd YYYYggggGGGG ++++====vvvvg1g1g1g1

ggggm1m1m1m1vvvvg1g1g1g1 RRRRd1d1d1d1

vvvvxxxx

RRRRinininin

---- ++++~~~~
iiiixxxx

[[[[ ]]]](((( ))))1111mmmm1111ddddinininin1111dddd1111gdgdgdgd1111CgdCgdCgdCgd ggggGGGGRRRR1111RRRRCCCC ++++++++====ττττ

admittance looking into the sourceadmittance looking into the sourceadmittance looking into the sourceadmittance looking into the source
of a cascode transistor is Yof a cascode transistor is Yof a cascode transistor is Yof a cascode transistor is Ys2s2s2s2
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JMM v1.2

Cascode Gain StageCascode Gain StageCascode Gain StageCascode Gain Stage
((((con’t con’t con’t con’t 3)3)3)3)

vvvvoutoutoutoutggggm2m2m2m2vvvvs2s2s2s2

rrrrds2ds2ds2ds2vvvvg1g1g1g1

ggggm1m1m1m1vvvvg1g1g1g1 rrrrds1ds1ds1ds1 CCCCs2s2s2s2

CCCCgd1gd1gd1gd1

CCCCgs1gs1gs1gs1

vvvvinininin

CCCCd2d2d2d2 GGGGLLLL

vvvvs2s2s2s2

2222ssss1111dsdsdsds1111dddd YYYYggggGGGG ++++====
admittance looking into the sourceadmittance looking into the sourceadmittance looking into the sourceadmittance looking into the source
of a cascode transistor is Yof a cascode transistor is Yof a cascode transistor is Yof a cascode transistor is Ys2s2s2s2 vvvvoutoutoutoutggggm2m2m2m2vvvvs2s2s2s2

rrrrds2ds2ds2ds2 CCCCd2d2d2d2 GGGGLLLLvvvvs2s2s2s2

iiiissss

YYYYs2s2s2s2=i=i=i=issss/v/v/v/vs2s2s2s2

dsdsdsds
ggggYYYY 2222ssss ≅≅≅≅

mmmm
ggggggggdsdsdsds <<<<<<<< 2222

dsdsdsdsmmmmLLLL rrrrggggRRRR ≅≅≅≅
forforforfor

(see cascode current mirror (see cascode current mirror (see cascode current mirror (see cascode current mirror 
impedance, pp137, impedance, pp137, impedance, pp137, impedance, pp137, vlsivlsivlsivlsi----25/17)25/17)25/17)25/17)

(((( ))))ininininmmmm
dsdsdsds

1111gdgdgdgd1111CgdCgdCgdCgd RRRRgggg1111
2222
rrrr

CCCC ++++≅≅≅≅ττττ

2222
rrrrgggg

CCCC
2222
dsdsdsdsmmmm

1111gdgdgdgd1111CgdCgdCgdCgd ≅≅≅≅ττττ for for for for RRRRinininin is large and equal is large and equal is large and equal is large and equal rrrrdsdsdsds
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JMM v1.2

Cascode Gain StageCascode Gain StageCascode Gain StageCascode Gain Stage
((((con’t con’t con’t con’t 4)4)4)4)

vvvvoutoutoutoutggggm2m2m2m2vvvvs2s2s2s2

rrrrds2ds2ds2ds2vvvvg1g1g1g1

ggggm1m1m1m1vvvvg1g1g1g1 rrrrds1ds1ds1ds1 CCCCs2s2s2s2

CCCCgd1gd1gd1gd1

CCCCgs1gs1gs1gs1

vvvvinininin

CCCCd2d2d2d2 GGGGLLLL

vvvvs2s2s2s2

node vnode vnode vnode vs2s2s2s2 the resistance seen by the capacitor Cthe resistance seen by the capacitor Cthe resistance seen by the capacitor Cthe resistance seen by the capacitor Cs2s2s2s2 is ris ris ris rds1ds1ds1ds1 in in in in paralell paralell paralell paralell 
with the impedance seen looking in the source of Qwith the impedance seen looking in the source of Qwith the impedance seen looking in the source of Qwith the impedance seen looking in the source of Q2222 which which which which 
is approximately is approximately is approximately is approximately rrrrdsdsdsds, thus:, thus:, thus:, thus:

2222
rrrr

CCCC dsdsdsds
2222ssss2222CsCsCsCs ≅≅≅≅ττττ

node node node node vvvvoutoutoutout

2222

rrrrgggg
CCCC

2222
mmmm

2222dddd2222CdCdCdCd
dsdsdsds≅≅≅≅ττττ

The resistance seen by CThe resistance seen by CThe resistance seen by CThe resistance seen by Cd2d2d2d2 is the output impedance of theis the output impedance of theis the output impedance of theis the output impedance of the
cascode amplifier, thus:cascode amplifier, thus:cascode amplifier, thus:cascode amplifier, thus:

1111CdCdCdCd1111CsCsCsCs1111CgdCgdCgdCgd1111CgsCgsCgsCgstotaltotaltotaltotal ττττ++++ττττ++++ττττ++++ττττ≅≅≅≅ττττ

2222

rrrrgggg
CCCC

2222
rrrr

CCCC
2222

rrrrgggg
CCCCRRRRCCCC

2222
mmmm

2222dddd
dsdsdsds

2222ssss

2222
mmmm

1111gdgdgdgdinininin1111gsgsgsgstotaltotaltotaltotal
dsdsdsdsdsdsdsds ++++++++++++≅≅≅≅ττττ
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Cascode Gain StageCascode Gain StageCascode Gain StageCascode Gain Stage
CommentsCommentsCommentsComments

� High frequencies considerationsHigh frequencies considerationsHigh frequencies considerationsHigh frequencies considerations

IIIIbiasbiasbiasbias

QQQQ1111

QQQQ2222

VVVVoutoutoutout
VVVVbiasbiasbiasbias

VVVVinininin

CCCCLLLL

(((( ))))
dBdBdBdB3333

vvvv

////ssss1111
AAAA

ssssAAAA
−−−−ωωωω++++

====

(((( ))))
LLLL

1111mmmm

dBdBdBdB3333

vvvv

sCsCsCsC
gggg

////ssss
AAAA

ssssAAAA −−−−≅≅≅≅
ωωωω

≅≅≅≅
−−−−

one pole dominates, thus the gain is:one pole dominates, thus the gain is:one pole dominates, thus the gain is:one pole dominates, thus the gain is:

at frequencies substantial larger than at frequencies substantial larger than at frequencies substantial larger than at frequencies substantial larger than ωωωω----3dB3dB3dB3dB::::

� upper limit of the unityupper limit of the unityupper limit of the unityupper limit of the unity----gain frequency of an gain frequency of an gain frequency of an gain frequency of an 
amplifier that uses a cascode gain stage is limited amplifier that uses a cascode gain stage is limited amplifier that uses a cascode gain stage is limited amplifier that uses a cascode gain stage is limited 
by source node of Qby source node of Qby source node of Qby source node of Q2222::::

2222
2222

2222effeffeffeffpppp

2222ssss
2222pppp LLLL2222

VVVV33331111 µµµµ
>>>>

ττττ
====ωωωω
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Coming Up...Coming Up...Coming Up...Coming Up...

� Next topic…Next topic…Next topic…Next topic…
 BasicBasicBasicBasic OpAmpOpAmpOpAmpOpAmp design and compensationdesign and compensationdesign and compensationdesign and compensation

� Readings for next time…Readings for next time…Readings for next time…Readings for next time…
 Johns&MartinJohns&MartinJohns&MartinJohns&Martin: Sections 3.11: Sections 3.11: Sections 3.11: Sections 3.11

� Exercises: Exercises: Exercises: Exercises: 
 Have a look at the exercises in Have a look at the exercises in Have a look at the exercises in Have a look at the exercises in Johns&MartinJohns&MartinJohns&MartinJohns&Martin....
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Exercises VLSIExercises VLSIExercises VLSIExercises VLSI----26      26      26      26      #1#1#1#1

Johns&Martin chap 3.11 pp156: 3.8 (difficulty: easy):Johns&Martin chap 3.11 pp156: 3.8 (difficulty: easy):Johns&Martin chap 3.11 pp156: 3.8 (difficulty: easy):Johns&Martin chap 3.11 pp156: 3.8 (difficulty: easy):
Consider the commonConsider the commonConsider the commonConsider the common----source amplifier shown on source amplifier shown on source amplifier shown on source amplifier shown on 
transparency transparency transparency transparency vlsivlsivlsivlsi----26/6 where26/6 where26/6 where26/6 where IIIIinininin=100=100=100=100µµµµA and all A and all A and all A and all 
transistors have W=100transistors have W=100transistors have W=100transistors have W=100µµµµm and L=1.6m and L=1.6m and L=1.6m and L=1.6µµµµm. Givenm. Givenm. Givenm. Given
RRRRinininin=180k=180k=180k=180kΩ,Ω,Ω,Ω, CCCCLLLL=0.3pF=0.3pF=0.3pF=0.3pF,,,, CCCCgs1gs1gs1gs1=0.2pF=0.2pF=0.2pF=0.2pF,,,, CCCCgd1gd1gd1gd1=15fF=15fF=15fF=15fF,,,,
CCCCdb1db1db1db1=20fF=20fF=20fF=20fF,,,, CCCCdb2db2db2db2=36fF=36fF=36fF=36fF,,,, µµµµnnnnCCCCoxoxoxox=90=90=90=90µµµµA/VA/VA/VA/V2222,,,,
µµµµppppCCCCoxoxoxox=30=30=30=30µµµµA/VA/VA/VA/V2222, and, and, and, and rrrrdsdsdsds----nnnn=8000 [L (=8000 [L (=8000 [L (=8000 [L (µµµµm)]/[ID m)]/[ID m)]/[ID m)]/[ID 
((((mAmAmAmA)],)],)],)], rrrrdspdspdspdsp=12000 [L (=12000 [L (=12000 [L (=12000 [L (µµµµm)]/[ID (m)]/[ID (m)]/[ID (m)]/[ID (mAmAmAmA)]. )]. )]. )]. 
Estimate the 3db frequency response. Estimate the 3db frequency response. Estimate the 3db frequency response. Estimate the 3db frequency response. 

Result: fResult: fResult: fResult: f----3db 3db 3db 3db =554kHz=554kHz=554kHz=554kHz

Johns&Martin chap 3.11 pp160: 3.9 (difficulty: easy):Johns&Martin chap 3.11 pp160: 3.9 (difficulty: easy):Johns&Martin chap 3.11 pp160: 3.9 (difficulty: easy):Johns&Martin chap 3.11 pp160: 3.9 (difficulty: easy):
Analyse Analyse Analyse Analyse the source follower and assume that the source follower and assume that the source follower and assume that the source follower and assume that 
IIIIbiasbiasbiasbias=100=100=100=100µµµµA and all transistors have W=100A and all transistors have W=100A and all transistors have W=100A and all transistors have W=100µµµµm m m m 
and L=1.6and L=1.6and L=1.6and L=1.6µµµµm. Givenm. Givenm. Givenm. Given RRRRinininin=180k=180k=180k=180kΩ,Ω,Ω,Ω, CCCCLLLL=10pF=10pF=10pF=10pF,,,,
CCCCgs1gs1gs1gs1=0.2pF=0.2pF=0.2pF=0.2pF,,,, CCCCgd1gd1gd1gd1=15fF=15fF=15fF=15fF,,,, CCCCsb1sb1sb1sb1=40fF=40fF=40fF=40fF,,,, CCCCinininin=30fF=30fF=30fF=30fF,,,,
µµµµnnnnCCCCoxoxoxox=90=90=90=90µµµµA/VA/VA/VA/V2222,,,, µµµµppppCCCCoxoxoxox=30=30=30=30µµµµA/VA/VA/VA/V2222, and, and, and, and rrrrdsdsdsds----

nnnn=8000 [L (=8000 [L (=8000 [L (=8000 [L (µµµµm)]/[ID (m)]/[ID (m)]/[ID (m)]/[ID (mAmAmAmA)]. Find )]. Find )]. Find )]. Find ωωωω0000, Q, and , Q, and , Q, and , Q, and 
ωωωωzzzz of the source follower. of the source follower. of the source follower. of the source follower. 

Result: Result: Result: Result: ωωωω0 0 0 0 =52MHz, Q=0.8, % overshoot = 8.1%, =52MHz, Q=0.8, % overshoot = 8.1%, =52MHz, Q=0.8, % overshoot = 8.1%, =52MHz, Q=0.8, % overshoot = 8.1%, 
ωωωωzzzz=5.3GHz=5.3GHz=5.3GHz=5.3GHz
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Exercises VLSIExercises VLSIExercises VLSIExercises VLSI----26      26      26      26      #2#2#2#2

Johns&Martin chap 3.11 pp166:3.11 (difficulty: easy):Johns&Martin chap 3.11 pp166:3.11 (difficulty: easy):Johns&Martin chap 3.11 pp166:3.11 (difficulty: easy):Johns&Martin chap 3.11 pp166:3.11 (difficulty: easy):
Assume that for the input transistors and the Assume that for the input transistors and the Assume that for the input transistors and the Assume that for the input transistors and the 
cascode transistors, gcascode transistors, gcascode transistors, gcascode transistors, gmmmm=1mA/V, =1mA/V, =1mA/V, =1mA/V, rrrrdsdsdsds=100k=100k=100k=100kΩΩΩΩ, , , , 
RRRRinininin=180k=180k=180k=180kΩ,Ω,Ω,Ω, CCCCLLLL=5pF=5pF=5pF=5pF,,,, CCCCgsgsgsgs=0.2pF=0.2pF=0.2pF=0.2pF,,,, CCCCgdgdgdgd=15fF=15fF=15fF=15fF,,,,
CCCCsbsbsbsb=40fF=40fF=40fF=40fF,,,, CCCCdbdbdbdb=20fF=20fF=20fF=20fF,,,, CCCCbiasbiasbiasbias=20fF=20fF=20fF=20fF,,,, Estimate the Estimate the Estimate the Estimate the ----
dB frequency of the cascode amplifier (transparency dB frequency of the cascode amplifier (transparency dB frequency of the cascode amplifier (transparency dB frequency of the cascode amplifier (transparency 
19). 19). 19). 19). 

Result: Result: Result: Result: ωωωω----3dB 3dB 3dB 3dB =2=2=2=2ππππ6.3MHz6.3MHz6.3MHz6.3MHz

Johns&Martin chap 3.11 pp168: 3.12 (difficulty: easy):Johns&Martin chap 3.11 pp168: 3.12 (difficulty: easy):Johns&Martin chap 3.11 pp168: 3.12 (difficulty: easy):Johns&Martin chap 3.11 pp168: 3.12 (difficulty: easy):
Estimate the lower bound on the frequency of the Estimate the lower bound on the frequency of the Estimate the lower bound on the frequency of the Estimate the lower bound on the frequency of the 
second pole of a foldedsecond pole of a foldedsecond pole of a foldedsecond pole of a folded----cascode amplifier for a cascode amplifier for a cascode amplifier for a cascode amplifier for a 
0.80.80.80.8µµµµm technology, where a typical value of 0.25V m technology, where a typical value of 0.25V m technology, where a typical value of 0.25V m technology, where a typical value of 0.25V 
is chosen for Vis chosen for Vis chosen for Vis chosen for Veff2eff2eff2eff2. L. L. L. L2222=1.5L=1.5L=1.5L=1.5Lminminminmin, , , , µµµµpppp=0.02m=0.02m=0.02m=0.02m2222/Vs. /Vs. /Vs. /Vs. 

Result: Result: Result: Result: ωωωωp2 p2 p2 p2 =2=2=2=2ππππ414MHz414MHz414MHz414MHz


