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Introduction

A pair of terminals through which a current may enter or leave a network is known
as a port.

The two-port model is used to describe the performance of a circuit in terms of the
voltage and current at its input and output ports.

Two-terminal devices or elements (such as resistors, capacitors, and inductors)
result in one-port networks. Most of the circuits we have dealt with so far are two-
terminal or one-port circuits, represented in Fig. below.
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Four-terminal or two-port circuits involving operation ampliers, transistors, and
transformers, as shown in Fig. below.

] i
+ +
Linear
7 v
Vi network z
(. ]
- L

To characterize a two-port network requires that we relate the terminal quantities
Vi, V,, I} and I,. The various terms that relate these voltages and currents are
called parameters.

No independent sources are inside the circuit between the ports (dependent can be)
No energy is stored inside the circuit between the ports.

1- Impedance Parameters

Impedance and admittance parameters are commonly used in the synthesis of filters.
They are also useful in the design and analysis of impedance-matching networks and

power distribution networks.

A two-port network may be voltage-driven as in Fig. (a) or current-driven as in Fig. (b).
From either Fig. (a) or (b), the terminal voltages can be related to the terminal currents

as.
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Vi=zl, + 2,00,

=zl + 73],

[ =]

or in matrix form as

= = [2]
LZy In LD I,

where the terms are called the impedance parameters, or simply z parameters, and have
units of ohms.

The values of the parameters can be evaluated by setting (input port open-circuited) or
(output port open-circuited). Thus,

v, v,
., =+ . Zy2 =
[I I,=0 ]2 I,=0
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+ LV _—*‘I
= * o
\/ (Z)V
Iy =—

(b)

Since the z parameters are obtained by open-circuiting the input or output port, they are
also called the open-circuit impedance parameters. Specifically,

z;, = Open-circuit input impedance

z;> = Open-circuit transfer impedance from port 1 to port 2
z>; = Open-circuit transfer impedance from port 2 to port |
Z;; = Open-circuit output impedance

Sometimes z;; and z,, are called driving-point impedances, while z,; and z;, are called
transfer _impedances. A driving-point impedance is the input impedance of a two-
terminal (one-port) device. Thus, is the input driving-point impedance with the output
port open circuited, while is the output driving-point impedance with the input port open-
circuited.
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When z,,=z,,, the two-port network is said to be symmetrical. This implies that the
network has mirror like symmetry about some center line; that is, a line can be found that
divides the network into two similar halves.

When the two-port network is linear and has no dependent sources, the transfer
impedances are equal (z;,=2,;), and the two-port is said to be reciprocal.

Any two-port that is made entirely of resistors, capacitors, and inductors must be
reciprocal. A reciprocal network can be replaced by the T-equivalent circuit in Fig. (a). If
the network is not reciprocal, a more general equivalent network is shown in Fig.(b).

I, I, I I,

(a) (b)

Example:

Determine the z parameters for the circuit in Fig. below. 200 300

MMM I AN

Solution: |

To determine z;,and z,,, we apply a voltage source to the
input port and leave the output port open:

V (20 + 40)1 2=
Zy :l_':l—': 60 Q) = 200 N0 E._[]
1 I ) AANA

L +

that is, z;, is the input impedance at port 1. v (1) " 40 €

ALmﬂl‘;_u)Q \L 1 a
AN W

-
ta

To find z,, and z,,, we apply a voltage source to the output port and leave the input port
open:

i L=9 00 300 R i
* 1 ]
Vi s400 &)

V, 40L, V., (30 + 400, _
Zp=—=—— =400, zp=—m=—-—-"-=>2=700
mTE Tk BT L

Thus,
(2] = 600 400 ]
7 400 700
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2- Admittance Parameters

They are parameters, which we obtain by expressing the terminal currents in terms of the
terminal voltages. In either Fig. (a) or (b) below, the terminal currents can be expressed in

terms of the terminal voltages as

L = yuVi + yi2V2
L = yaVi + y22V2
or in matrix form as
I, ] g _\1_q v, vl v,
l: \_ )_- \: & \ o)
I, I,
+ I +
Yiu=s
AL <11 “'I
]|':\_f/' 1‘|'r| [ \"_-::[]
B }':|—‘—.-‘I B
(a)
I, I,
N -
' o
i 1—|:=1,—.-i i
1‘l'r|={:| I 11"_? Il:*jllj
B }':1=.,r—.-; -
(b}

e The terms are known as the admittance parameters (or, simply, y parameters)

and have units of siemens

e The values of the parameters can be determined by setting (input port short-
circuited) or (output port short-circuited). Thus,

v I, - |
= . b = T

¥n T ¥z Vs lyvico
L - _ L
¥ v, v:=nd ¥z Va lv,—o

v11 = Short-circuit input admittance

v12» = Short-circuit transfer admittance from port 2 to port |

Vs Short-circuit transfer admittance from port | to port 2

v22 = Short-circuit output admittance

For a two-port network that is linear and has no dependent sources, the transfer

admittances are equal (y;,=y).
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A reciprocal network (y;»=y,;) can be modeled by the IT equivalent circuit in Fig. (a)
below. If the network is not reciprocal, a more general equivalent network is shown in

Fig.(b) below.

(a)

Example:

(b)

Obtain the y parameters for the network shown in Fig. below.

Solution:

4
\'I = 11(4 |2’ - ;Il.

By current division,

8
-‘) = > 2) = — -~
V=182 5l_.

By current division,

8
i, &= I, =
ol TN

"hl"'“

20
r I "".I"q'ﬁh""‘a I ]
240 50
o a
i | {0
1 I,
e 20 -
- ANV o
+ | +
L(}) v Z4a ssz% Vo= 0
I I
\l 1l|
l'\ _;l]
Ya=—=——=-058
\l ?ll
1
e 20 2

o "'v"‘\.-"'-r"'v
!

V=0 240

810

H ."Itvl* *2:1“ E;I '
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Example:

Determine the y parameters for the two-port shown in Fig. below.

25
i g0 40
o Aty L At
20
Solution:
21,
&
s 1y, 40 f2 2
A —— ] = AAAA ﬁ
+ ! +
]|L% \’] Eilg .\'j:ﬂ
V,-V, V, V,-0
— =2, +— +
8 2 4
\‘l - .u
But I, = -—é——: therefore,
V,-V, 3V,
0= o4
8 4
0=V, -V, + 6V, — V, = =5V,
Hence.,
f=—2e=Vo_ 495y
= 8 - =Vl J o
and
I, —-0.75V,
== = =015
Y11 v, sV, 0.15S
At node 2,
4_ +2I, +L,=0
or
-, =0.25V, — 1.5V, = —1.25V,
Hence,
I, 25V, 025 S
Yo — - = - —U.LJ
TN T =y
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a1,
0-V, - o Vo—V, -
=2} +— +—
8 Ty 4 |
N = 80 1|y, 4q 12
But I, = - =, therefore, N WA o +
V. V. V.-V, V=0 20%3 vi (D1,
D= @i O - =
8 2 - _ _
or
0=-V,+4V,+2V,—2V, = V,=
Hence,
TR s
.‘l: = \: = 3.5\-, — T WU.U.
At node 2,
Vo= V2 Lol 4 =0
- g < 4 sy =
4 | 2
or
: I . 2V,
—I, = 0.25V, — —(2.5V,) — — = —0.62
4 8
Thus,
I, 0.625V, .
Vyp =—=———=0258
ol 235V,
Notice that y,2 # y2; iIn this case, since the network is
3- Analysis of the Terminated Two-Port Circuit
Typical two-port circuits are driven in port 1 and loaded on port 2.
Where V, & Z, are the woltage and impedance of the source. Z, is the load impedance.
Six characteristicsofa terminated two-port circuit I, I,
. ® ® =
e Input impedance Z, = Vi/ |;
Two-port model ’
or the input admittance Y;, = 1,/ V, of a Vo |4
network
e The output current I, | o .

The current gain I,/ |,
The voltage gain V,/ V;
The owrall woltage gain V,/V,

The Thewvenin woltage and impedance ( Vi, & Zy,) with respect to port 2.

Maximum power transfer , its depends on Thevenin wltage and impedance( Vi, & Z7,)
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4- Terminated Two port Equations

z Parameters

212221
Li =71 -
m 11 z22 e ZL
) _Z21Vg
2 —
(21 + Z)(2 *+ Z1) — 20y
21
Vo, = V.
I 1 + Zg §
128
Iy =19~
1 + Zg
h_ —uw
L wm+ti
ﬁ - Wy
i wZp+ Az
14 _ iy
Ve (zut Z)(z + Z1) - 2zn

Example:

Find I; and I, in the circuit in Fig. below.
Solution:
Since we are looking for I, and L., we substitute
"a‘ll - ID'DE.. -‘.-2 — _].E}IE

"a’l| = 40]:' + jzﬂ[:
‘..2 =j3[|[| T 5D[3

100 = 401, + ;20I,

y Parameters

Y.y - YoynZy
1+ynZ;
fle y2lvg
Ptz + NV,
e -mV;
o= Yo + AyZ,
1+ yuZ,
L
yn + AyZ,
é ” N
L yu+tAyZy
i __mi
Vi 1+
W _ miy
Vo yamZeZi - (14 wZ)(1 + yuZy)

[] I]
* I =401} +
. r’.T_'\. . IE:J']GLI r
10007V (=)} Wi 23 =304 V2
— 2325{."51 —

100
= 2> 2 > y = —= —7
100 = 4801, + 201, = I, 7100 J
I, = j2(—j) = 2. Thus,
I,=2/0°A, L=1/-90°A
Home Work

Calculate I, and I, in the two-port of Fig. below

| |
20 L -
"'-'*'-"L'-'-"-'_r'\—"-
T I||_:1‘55..1 T
- . )y =—j4 4 .
30v(E) W B =40 | W2
I:E = H )
J—
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5- Hybrid Parameters

The z and y parameters of a two-port network do not always exist. So, there is a need for
developing another set of parameters. This third set of parameters is based on making V,

and I, the dependent variables. Thus, we obtain:

Vi =hnuly + hi2V;

I: = hally + h2: Vs

or in matrix form,

MEIFECM

The h terms are known as the hybrid parameters (or, simply, h parameters) because they
are a hybrid combination of ratios. They are very useful for describing electronic devices
such as transistors it is much easier to measure experimentally the h parameters of such
devices than to measure their z or y parameters.

v v
| |
h,, =— hy; = —
1 lv,=0 Va =0
I, I
h'.h = — l]'l'.\ =
21 22
I lv,=0 2ln=0
h,, = Short-circuit input impedance L . hy . b
. . . oA O
h;> = Open-circuit reverse voltage gain + +
h,, = Short-circuit forward current gain v, hy, Vs hyl; Shy W

h,, = Open-circuit output admittance B

The h-parameter equivalent network of a two-port network.

A set of parameters closely related to the 4 parameters are the g parameters or inverse
hybrid parameters. These are used to describe the terminal currents and voltages as:

I, = guV: + gl
Vo =gV + ghs

or
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The values of the g parameters are determined as:

oy, = Open-circuit input admittance | I,
- . . ¥ = —_— = —
g2 = Short-circuit reverse current gain En A — Biz = —_—
g5, = Open-circuit forward voltage gain v, v,
r,» = Short-circuit output impedance 81 = Vi -0 En = - S
2 1=
1 7
: g 2
b .I'L\'ﬂ'\.'—cl"
+ -~
Vi g]lgf_ gilz <+> 2V Vi
= o
The g-parameter model of a two-port network.
Example:

Find the hybrid parameters for the two-port network of Fig. below.

10 30
AN | A
<
=60
. [ )
Solution:
20 30 L
‘:I - Il{z + 3 " EI} = 41' _i_ﬂ“-""vﬁ" L rl\"lﬂl'f""\-"‘\r
Hence, I G}' v, %:651
hy =L =40 .
1 = I, = -
6 2
_I'.h = I = _I
- 6+3 ! 3 ! I|=[] 2!’.2 _-"is,l I]
(e A M AMAS
Hence, ° _|_
I 2 v Z60 v
hy = —=—= ! S 2
L, 3 _ ]
6 o
V, = V., ==V,
T e+3 2 2
]'I = h = E
12 v, 3
Also,
V, = (3 + 6)I, = 9L,
I- 1
hy, = Y_z =—5
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