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Remember (from ECE2AB) how to:
Computecircuit transfer functions H (s).

Work in sinusoidal steady - state <> Phasors.
Represent sinusoidal s.s.reponse <> Bode plots.
Represent H(s) <> Root locus.
Computeimpulse and step response.

Get units right 1n all of this.
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E time
Transistorand wirinig capacitances determine the

gate propagation delaysin digital logic circuits

voltage
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Frequency - selective circuits are used i radio receivers to

select the desired signal.
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No transistor capacitances
_rnr — _Irnr
- . : : :

With transistor cap acitances
_firnr — AW

Transistor capacitances control the pulse-responserisetime
and hence maximum transmission bit - rate in optical fiber

and similar pulse-code data transmission sy stems



We will shortly be analy zing transistor circuits

for pulseand frequency response.

Let us first review our methods of

analy sis and of presenting data.
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Sinusoidal Response— phasors
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Sinusoidal Response— phasors
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and ZH (jw) =—1-arctan(wr)
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Bode Plots To Represent Frequency Responsee.

Represent the amplitude and phaseof H(jw) = H(j2xf) vs.frequency.
Vertical axis m dB: 10-log,,(powerratio) = 20-log, ,(voltage ratio)
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100 GHz

Asymptotigplotis often more informative than actual curve.
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Example of More Complex Asymptotic Plot:
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Thisis ZH(j2xf) plottedvs.frequency, using a logarithmi ¢ frequency axis.

o @ = I
“iyy | udh i
S rrh) g L 1L }' At i
i -y
I ik = /S Ghe
T




class notes, M. Rodwell, copyrighted 2011

L ||
0 rTTESED]
-qr '—._I._-.I.?EN

Sl erirf) g0 B A ihn.civie | 5 oy pa
T 111 O /464
LTI [T 1 = Gz
|
" S A VP AT A=)

é;pﬁff A—cﬁjzér 7.‘./,,‘.—/@,.
sl w ew?

/7

= %fﬁﬁ"j’

/
///J'-’-'/‘J"*//) o

/-#-__/'/’/"ﬁ

A Gk)

= - st
////./'h?')/‘} = archoh & . -

AT

-,,4:4:
— W‘%W'm"ﬁd/j T

s onalcaE



This is a graphical tool torepresent and calculate frequency response.

1 1 1

Il+s7 7s5-35,

Given a transfer function H(s) = wheres =-1/7,

theroot locus 1s represented like so:
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Root Locus: Magnitude
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(s —s,)1s a vector,and H (s)varies as thenverse of its length :
H(s)ocl/]|(s=s,)|]



Root Locus: Plotting Frequency Response
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From this diagram, it 1s clear that

the transfer function must be reduced

tOl/\/_ =-3dB whena):sp




ZH(s)=-1-L(A+st)=-1-L(s—s5,)=-0,
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S=Jjw

0, 1s theangle of the vector (s—s,)



ZH(s)=-1-L(A+st)=-1-L(s—s5,)=-0,

y /@

S
QS

0

pP

It is clear that ZH(jw)=-45" whenw=5s,,.
Further, Z/H (jw) clearly varies from 0° to —45°

as the frequency varies from DC to infinity.
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l+s7 T.S—S
If H(s) = 20 = 2 =wheres, =-1/7,,s, =-1/7,
I+s7,, 7,5-5,
then theroot locus 1s :
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|1+s7
1+s7

||_TZ ||S_Sz||:z-z DZ

zero

| H(s) = =
pole” Tp ||S_Sp || Tp Dp
where D, 1s the distance to the zeroand D, 1s the distance to the pole.

What would the answer be if there were 4 poles and 3 zeros ?

J®
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Transtier Function Phase: Poles and Zeros

ZH(s) =

L(1+s7,,) _ L(s—s.)=-Z(s—s,)=0,-0,
4(1+Sz-pole) p

What would the answer be with 3 polesand 2 zeros ?

p O
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Why does the transfer function have the peaks ?
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The transfer function peaks because this distance

gets small at themndicated frequency.
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Recall that j S(t)dt=1.

But"1" has no units, while ¢ has units of time,
so o(¢) has units of 1/(time).

+00

Now consider V (s) = J-v(t)e_“ dt.
0
v(t) has units of volts,# has units of time, so

V' (s) has units of (volts)- (time)

Checking units with each line of a set of calculations

1s an excellent way tohelp catch mistakes.
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v, (1) =k-0(¢) where o(¢) has units of 1/(time), k has units of volts- time.

V. (s)=k consistent units, as /' (s) has units of volts™ time.
k
Voul$) = l+s7 ‘
' IH/—’{; o
v (6)=—e"""-u(t)
T

units again check correctly. 1
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Lonpif T

v, () =k-o(?)

v ()= E e ()
T

Outputhas decayed to 50% of

its origmal value when
e, =7-In(2)=0.693-7
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Step Response: 10%-90% Risetime
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Exact for single polesystem.Rough approximation in other cases.






