28-May-18

JAMES W. NILSSON
&
SUSAN A. RIEDEL

< .3 Pearson International Edition

ELECTRIC CIRCUITS

ELECTRIC
CIRCUITS

EIGHTH EDITION

NILSSON /\ RIEDEL N,

PEARSON
—

-Educatim_l -
Asia

CHAPTER 18

Two-Port Circuits
Part 2

© 2008 Pearson Education




28-May-18

CONTENTS

*18.1 The Terminal Equations

¢ 18.2 The Two-Port Parameters

* 18.3 Analysis of the Terminated Two-Port Circuit

* 18.4 Interconnected Two-Port Circuits

© 2008 Pearson Education

18.3 Analysis of the Terminated Two-Port Circuit

* In the typical application of a two-port model, the circuit is driven at
port 1 and loaded at port 2.

* The goal is to solve {V,, I, V,, I,} as functions of given parameters V,,
Z,, Z,, and matrix elements of the two-port circuit.

Two-port model
ofa Vs Z
network
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18.3 Analysis of the Terminated Two-Port Circuit

* Six characteristics of the terminated two-port circuit define its
terminal behavior:

1.

oukwnN

the input impedance Z;;,, = V;/I;, or the admittance Y;,, = I, /V;.
the output current /,.

the Thévenin voltage and impedance (V4 Z;, ) with respect to port 2
the current gain 1,/1,

the voltage gain V,/V,

the voltage gain V,/V,

Analysis in terms of [Z]

* Four equations are needed to solve the four unknowns {V,, I, V,, I,}.

M=zl + 2,0, -+ (D)

Vz — 221]1 + 222]2 L (2) Two-Port equations
4 :Vg _]1Zg"'(3)

Vy==-1,Z;---(4)

Constraint equations due to terminations
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Analysis in terms of [Z]

-1 0 1 le_ _Vl_ 0]

0 -1 z, z,| %l |0 V.4, V,, I} are
11 0 z olf 1,|" |y [ derived by inverse

0 0o z | |r,| |o| matrix method.

Thévenin equivalent circuit with respect to port 2

* Once {V,, I, V,, I,} are solved, {V;,, Z;,} can be determined by Z, and
{v,, L}

1
ZTh 2 H 7
T 2= 7 —iZ bt Q)]
Th L
V?h() ZL 1/2 V. —V
— [2 —_2 Ih (2)
- Zy,
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Terminal behavior (1)

m The terminal behavior of the circuit can be

described by manipulations of {V}, ;. V,, I, }:

e Input impedance: Z, ;I‘_lz_—“ __tntn .
1 In+Z;
e Output current: I, = — = .
-4 (2, +Z, )2y + Z;) — 21,2y,
1 z
e Current gain: - =-—"—:
d 1 oyt Z;
. B/ -
e Voltage gains: | 2% .
Mool +Az

i

=
o

_ s :
(zy +Z )2+ Z1) —zppiy

m\‘||

Terminal behavior (2)

1 22 H

-
 J ®

Two-port model
ofa V, Z
network
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Analysis in term of a two-port matrix [T]#[Z]

* If the two-port circuit is modeled by [T]#[Z]...
T={Y, A, B, H, G},
the terminal behavior can be determined by two methods:

1. Use the 2 two-port equations of [T] to get a new 4X4
matrix in solving {V, , I, , V,, I, } (Table 18.2);

2. Transform [T] into [Z] by Table 18.1, borrow the formulas
derived by analysis in terms of [Z].

TABLE 18.1 Parameter Conversion Table

Yo _aun_bn_ An_ 1 ap=o o _bn_ Ah_1
MTNy T wm by hn gn "o oy A by g
ppo -2 _Ba_ L _hp_ g ap=22_ 1 _bu_ M gn
e Ay ay by hy 21 T In Yo Ab ha  gn
Ty 1 Ab hy g ay =L =AY _bn_ Mn_gu
“ Ay axn by hy»  gn - in hl) Ab hy g
o _ap by 1 Ag S b1 Mg
Ay an by g Ty ya A hy g

73  a»  bn 1 Ag _Zm ¥y anm 1 Ag
= 2= B - bll*.***.**_\**h _28
Az ap bp hn g 212 iz a 12 g1

[5P) Aa 1 hiy g Az 1 ap hn o g»
Yp=—"——=——=—= —= = —= bll____________
N Az ap b2 hy g 212 M2 Aa  hyp &1z

_ i 1 Ab b g 1 Ay _an_he_ gu

V=== ——=-"=—"= by = = = = =

Az ap by, hy 20 12 Yz Aa hp 212
‘7;'.]]7(11175)237A’.’7'1 bfﬂf}ﬁ}fﬂi—\hiii
YpE o E s — = — 0 = = = = =

Az as b]g kll & 212 Y2 Aa f.i]z 212
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TABLE 18.1 Parameter Conversion Table

Az 1 ap  bp  gn

By = =2 = = [
" v an by Ag
po=fz_ Y _bda_ 1 _ fn
B yu o an by Ag
1y, Sy _ Y _ 1 _Ab g
- Iz i axy by Ag
oy — LAY _an _ bn _ gu

g]]7'117)é27(111 by Ah
I Y2 Aa 1 hys
S12 = == T = = .
FATII 5 apy by Ah
G 1 Ab L hy
= n Yoo an by Ah
Az 1 @ _ by _ hy
82 = - s =T =

ay B bzz B Ah

L=
I
|

212421

= I11im

Ay

Yy — Y

Aa = apay — apay

Ab b11b22 - b12b21

Ah

hihy — hyhy

Ag = gn&n — L&

TABLE 18.2 Terminated Two-Port Equations

7z Parameters

7 212221
i 1
" 122 ZI.
—7nV,
I, = -
°(an + Z)zn + Z1) — 2w
L6l
Vin = - 7 Ve
“11 g
zZ Z
Z12in
Zmy = I —
411 T Z\g
L -y
L m+ Z
Vv, B ;.’.2|Z!
Vl ‘?'IIZI_ + Az
Vs nZy

v Parameters

YiabuZy

Yio = ¥ 1t vz, VnZ1

B yllvg

T 1+ wmZp + ynZ, + AyZ, Z;

—yV

Vi = yn + AyZ,
Z - 1+ yuZ,

™y + AyZ,
L ¥
TI Coyn + AyZ,
Vo
Vi 1+ YnZp
Vi mZy

Ve yavnZeZi — (1 + yuZ)( + ynZy)
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a Parameters

anZ; + ap
g =—F5——
anZ; + ay
L= Vs
S oanZ, +ap + allzgz;_ - aHZg
Ve
Ym = ay + anZ,
a; + az:Zg
Zm = ap + an’Z,
L -1
L anZ, + an
vz
Vt CanZp t+ap
Vi Z

Ve - (a1 + anZy)Zy + app + an’Z,

TABLE 18.2 Terminated Two-Port Equations

b Parameters

7 bnZ; + byy
" bpZy + by
—V,Ab
I, = -
< b]IZg + bngZ;_ + bgjzj, T b]I
V,Ab
Vih =
by + bnZ,
g nZg * b
Th — bElZg 1 bg:
L -ab
L bn+ bnZ;
V,  AbZ,
V| B bll + bEEZL
v, AbZ;
Vv - bll + b“Zg -+ bzgzl{‘ + b1|Z‘gZI.

I Parameters

hiphn 7y,
Zin = hyy — 1+ hnZs hnZ,
hn Ve
k= (1 + hpnZ)(hy + Z;) — hipphnZy,
—hyV,
Vim = hypZ, + Ah
Z - Z, + hyy
hpZ, + Ah
L By
L1+ hnZ,
Vi —huZ;
Vi AhZ; + hy
V2 —hnZy,,

Ve (hy + Z)( + hpZy) — hphyZ,

TABLE 18.2 Terminated Two-Port Equations

g Parameters

Yin

VTh

ZTh

= 8u —

8128
gt Zp
—guVy
(1 + guZ)en + Z1) — gngnZ,
821‘/_:
1 + g”Zg
8|232123
—8n
gz, + Ag
gl
g+ Zy

= 8n

mZ,
(1 + gnZ)(gn + Z1) — gn&nZ,
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FELIERER  Analyzing a Terminated Two-Port Circuit

The two-port circuit shown in Fig. 18.8 is described
in terms of its b parameters, the values of which are

L s00 0 R
bll = _20., bu = —3000 !l., T ® L ¥
bz] = —2mS, b22 = —0.2. ) )
500/0° Vi [b] \E 5k
a) Find the phasor voltage V,.
b) Find the average power delivered to the 5 k() load. ——e L
c¢) Find the average power delivered to the input port.
. . . Fi 18.8 A The circuit for Example 18.4.
d) Find the load impedance for maximum average taure & creutfor bampie
power transfer.
e) Find the maximum average power delivered to
the load in (d).
Solution
b) The average power delivered to the 5000 (2 load is
a) To find V,, we have two choices from the entries 2631 6° _
in Table 18.2. We may choose to find I, and then 2 2(5000) 693 W
find V, from the relationship V, = —I,Z;, or we
may find the voltage gain V,/V, and calculate V, c) To find the average power delivered to the input
from the gain. Let’s use the latter approach. For port, we first find the input impedance Z;;. From
the b-parameter values given, we have Table 18.2,
Ab = (=20)(—0.2) — (=3000)(=2 % 107 _ bnZp + by
=4-6=-2 " bnZp + by
_ (—0.2)(5000) — 3000
From Table 18.2, —2 % 1073(5000) — 20
v, AbZ;, 400
V, by~ bnZ, + bypZ; + byZ,Z; =3 = 13333 Q.
_ (—2)(5000) Now I, follows directly:
—3000 + (—20)500 + (—0.2)5000 + [~2 % 1073(500)(5000)] 500
10 I, = ———————— = 78947 mA.
-5 500 + 133.33
Then, The average power delivered to the input port is
0.78947*
v, - (%)500 ~ 263.16/0° V. P = 7(133.33) =4135W.
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d) The load impedance for maximum power trans-
fer equals the conjugate of the Thévenin imped-

ance seen looking into port 2. From Table 18.2,
buZ, + by
™ by Z, + by
~ (—20)(500) — 3000
(=2 % 1073)(500) — 0.2
13,000
1.2

Therefore Z; = Z1, = 10.833.33 ().

= 10,833.33 1.

e) To find the maximum average power delivered
to Z;, we first find V, from the voltage-gain
expression V,/V,. When Z; is 10,833.33 (), this
gain is

T

-~

2
\—_,g = 0.8333.
Thus
V, = (0.8333)(500) = 416.67 V,
and
P;(maximum) = % 11,1:32?;3
= 8.01 W.

Section 18.4 Interconnected Two-Port Circuits

* Why interconnected?

Design of a large system is simplified by first designing
subsections (usually modeled by two-port circuits),
then interconnecting these units to complete the

system.
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Section 18.4 Interconnected Two-Port Circuits

Five types of interconnections of two-port circuits
¢ ** *,* " a. Cascade: Better
® use [A].
| b. Series: [Z]
c. Parallel: [Y]

. ’I.
L TC

. d.Series-parallel: [H].

e. Parallel-series: [G].

Section 18.4 Interconnected Two-Port Circuits

Analysis of cascade connection

m Goal: Derive the overall matrix [ 4] of two
cascaded two-port circuits with known
transmission matrixes [4'] and [A4"].

.............................................................

# Circuit 1 , ., Circuit2 ™
I i Vs I : &

- ~ - -
o—o [ ° o —o
] H ] s . . " I/ H

411 412 ay a'y | !
Vi Vi, V4 : 2
| a'y a'p a’y d'yp |
o ———90 [41] [ 9 [4#] *——=0

Tea ssssmas Overall two_port ----------
circuit [4]=?

11
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Section 18.4 Interconnected Two-Port Circuits

...................

v, V|
By (1).(2). =[4']x[4"]x

1

4 v V!
“[a)x| =[]t
_[L_ Ié *Ilr

1)

v v
—(aj,a;, +apas,)

anayy +aynay,  —(ayaj +ayay)

Section 18.4 Interconnected Two-Port Circuits

Key points

* How to calculate the 6 possible 2X2 matrices of a two-port

circuit?

*How to find the 4 simultaneous equations in solving a

terminated two-port circuit?

* How to find the total 2X2 matrix of a circuit consisting of
interconnected two-port circuits?

12
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SET R E R Analyzing Cascaded Two-Port Circuits

Two |identical| amplifiers are connected in cas-

cade, as shown in Fig. 18.11. Each amplifier is
described in terms of its h parameters. The values
are hyp = 1000 ), hyp; = 0.0015, hy; = 100, and
hy = 100 uS. Find the voltage gain V,/V,.

500 0
] L ] [
+
V, A, A, |V, 10k0
] L 2 [ _

Figure 18.11 A The circuit for Example 18.5.

Solution

The first step in finding V5/V, is to convert from
h parameters to a parameters. The amplifiers are
identical, so one set of a parameters describes
the amplifiers:

_ —Ah _ +0.05

h = =——=5x10"
T ’
~hn  —1000
1= —1L = - -10Q,
2= T 00
., —hp —100 x 107 %
S T
-1 -1
ab =—=-1072

2" 100

Next we use Eqgs. 18.74-18.77 to compute the
a parameters of the cascaded amplifiers:

ay = anpay + apas
25 ¥ 107% + (—10)(—107%)
= 10.25 % 107,

ap; = apdp + apan
= (5 X 107%(=10) + (—10)(~1072)

= 0.095 Q,

Ay = anday + ands

= (=107%(5 % 107 + (—0.01)(—107%)

=95 x 107’S,

Ay = andpp + anan
= (—107%)(=10) + (—107%)?
=1.1 % 107

13
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From Table 18.2,

V, Z,

Vo  (ay + anZ)Z; + ap + anZ,

104

- [10.25 > 107° + 9.5 % 1077(500)]10* + 0.095 + 1.1 % 107*(500)

B 104
015 + 0.095 + 0.055

10°
3

Thus an input signal of 150 1V is amplified to an
output signal of 5 V. For an alternative approach to
finding the voltage gain V,/V,, see Problem 18.41.

14



