CONCEPTUAL TooOLS By: Neil E. Cotter IMPEDANCE CIRCUITS

DEPENDENT SOURCES
Example 2
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vs(f) =2 cos(10k?) V

The above circuit diagrams show a common-source JFET amplifier and its
high-frequency equivalent circuit. Find v(t).

Qoln:  Tn this practical cireutt, we have cireulit
values +that allow us to make slm,:(i-fying
ap,:roxlmqtlor\s.

We First caleulate LmFeo{qnce values.

w= 10k r/3 From Vg (L) =2 cos (lokt) V
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The phasor for Va(£) i3 VS =2 20° V.
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In retrospect, we could have made

the approximation that -j200Mm|| 602 & 6002

We may  ma
the |

general, we

tn

ohe of the

ke  “his qPFrox':Mq'ELon AesFH:t

5uqn+,lt|le$. In
may make the -Fotlowlhg

qFFroximq'{:ionS of COMFlex values:

AN

a+jb # a when \bl«lal
a+3b 2 jb when \nl«\bl
Im
jbl\. a+)b with a<<b
a a+jb with b44a
- . . RC
a+jb “
with |bl<lal

J

bisat)b with a<fhb
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With our 2p4 value, we have a s'LMPL'nCEeaL models

2009 —j200M2
A T e
— . V, DS=
Vi= ~-)25Me Vﬂs Am'gs 600> V;
2L0°V 4 —E =mlaVoq
- -t : —5

We now arw\l.yae the a\ere,r\oten'l: sourée
so we can replace B with an impedance, %eg-
BZa =
—00M 0.
. .
+ At ~o+
VS ﬂw—‘\és '3D$ Vo
9 -.-.'\M/JZ'Vﬂs 260051

o

Zez = V, b\s.‘l,ng Ohm'!'s law to

Now we HFind a way *o write V, tn terms
of Vg3, We use « V-divider:

vo = .V‘ﬁ‘.i Zez “ Zpg
%eb” 'z.DS + %¢

Subs-!:i.-\:wti,nﬁ $or V, W our Zeg egh, we e

Eeﬁ = m 2‘1&“ Zps
Zegll 2pg + 2¢
'Wj\s " 9m
\ Zeg T3

Ees = —_— Eee\ + 2p5

Zeg Epg + Z¢
ae_B + Zpg
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233 = 1 E%EDS
Im 223%bs+36(zeg+zbs)

Pividing  top and bottom by =2ey gives
the following:

233 = 1 Zps
Gm  Zpg T Fe t B¢ Zpg
Zeg (Eps + %c>+ Zaz2py = 1 2Zpg
9Gm
’Ebs 3”\
=4
%eﬁ = __ " g = L& —":]'ZOOM.Q_
Im Im
|+ Ze I+ =j20Ma

2 = |k + j200M
eg '\T_'L_—
J 1M

The imaqinary parts of the humerator
and Aenominator are much larger than
the real parts. Thus, we ipnore the
real  parts,

ZTeg &2 j200MN/-jLM x - 000
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Now we ha.ve, a Probtem: -Z'-eﬁ“q?:D5=~600.ﬂ..

—

(o)
That means '7_'33 “ ’EDS = o .

™ s a 3ooal. tdea +o %r)/ A mere
exact caleulation +o be sure -that
‘Zeﬁ I 2pg 18 much Larjer +han o = -_) 200 M.

We Use cepnductance +o simplify caleulations.

Za

\ = Lo+ = V4 oz + L
Eeg “ %DS 'Ee,g &Ds .‘5‘_ - Z—d 'EDS
m

\
[ Zpg +2¢ + g, 2

—

Zps | - F L Ee
Im Im
L
= L Zpg + Im
Im
L
= 9Gm ¥ Zps
| - Im Z¢
A
= Ilm + “coo /s

L= Im (—jzoo M)

Eeg“%ns = | +j200K .n

\ |
_— e
K 600
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e l2pg = V+3200k @ = 2k (1+j200k)
24+ 5 8
3K
8
We see +that +the value is smaller +than
EC - —‘J 200 MJ)...
Our

new, simplified model:

2005 _:"zooM.n_
. I o
-\ _l_ —t e
V3= ~128 Vas %k+375M.€7_ V,
240°y - J
s 1 —3
We use V-dividers +*o Find V.
Smal(
Vs = Vo -jesmal (-J‘zoom+/%/(:~3 7sMs )
small
200 + =125 Majl(~7200M+ 2K+ 175 M
+ ~j2smal(-jaoms 3K M)
'V:ﬂs = Vg - (—'\ZSM:L\\ -] 125 Ma. )
200~y M= || -j1R5MA

where  ~)25Mal|-jRSM&= -j25Ma- 1|5

= —)28MNR- 5

—

") 125 Mo
A
Vgs = -V5~<~:)\3(§_M_D.>e Vg

Smail
2067~ zSM.n
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Small
o = V35 3 +:)75MSZ.

z small X o
+ )75 MSL—)00 ML

Vo % Vas  175Me = 35@“)
—_‘Ilst:L S

V, =% 240°v<-g> = —b c0’V= 6 IOV
5 5 5

Note: a wminus si.gn \s the same as 180° of
phase shift.

v, (t) = GE cos ( 10kt + 180°) V



