5.1 Introduction

e Atwo-portnetworkisan electrical network withtwo separate ports  forinputand output.
Fig(a) —Single Port Network

Fig(b) —Two Port Network
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There are several reasons why we should study two-ports and the parameters that describe them.

Most of the circuits which we come across have two ports. Usually an inputsignal is connectedin
one port and an output signal is obtained from the other port.

The parameters of a two-port network completely describes its behaviourin terms of the voltage

and current at each port. Thus knowing the parameters of a two port network permits us to
describe its operation whenit is connectedinto a larger network.

e Two-port networks are also important in modeling electronic devices and system
components.

¢ Inelectronics, two-port networks are employed to model transistors and op-amps.,

e Electrical circuits are modeled by two-ports are transformers and transmission lines.

Four popular types of two-ports parameters are examined:
* Impedance
* Admittance
*  Hybrid
* Transmission.

In the later part of discussion, usefulness of each set of parameters, demonstration of how they
are related to each otherand inthe end how two-port networks can be interconnected (parallel,
series, series-parallel and cascade).
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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 1
Z,, = Open-circuit output impedance
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5.3 Admittance Parameters, vy
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y11 = Short-circuitinput admittance

y12 = Short-circuit transferadmittance from port 1 to port 2




¥.1 = Short-circuit transferadmittance from port 2 to port 1

¥,> = Short-circuit output admittance
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Obtainthey parametersforthe M network shownin Fig.
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Determine the y parametersforthe Tnetwork showninFig.
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Solution :
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At node 1,311‘z =21, + KQ +!‘}_—0
8 8 4
0=V,-V,=6V = =t o
=V,-Vy=6V, > V, = =5V, > I, = =——2 = —0.75V,
2,
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At node 2,¥+ 21, +1,=0 — AW J%:: o R (R e
- —I, = 0.25V, — 1.5V, = —1.25V, |$ v, 203 V,=0
L, 1 25\/0 0255 “‘ '
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(a)
At node 1,% =21, + %* + &4&0
0-V V. V. V-V i
Butl;=—¢ - 0= ——24 04 0= &

- 0=-V,+4V,+2V,-2V, - V, = 2.5V, “l'— 32 1y, 42 12

e T—— \——— —l 5
I, _-V,/8 + f
= Y=t = —=2—=-0.05S -
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b)
—1, = 0.25V, — = (2.5)V, — 22 = —0.625V,, |

I, _ 0.625V
=YV, =2=—--2=0.25
Y22 = V, 25V,

Notice that y12 #y21 in this case, since the network isn't reciprocal.

5.4 Hybrid Parameters, h
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Hybrid Parameters, h
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h,,=Short-circuitinputimpedance

h,, =Open-circuitreverse voltage gain
h,, =Short-circuit forward current gain
h,, = Open-circuit output admittance

Inverse Hybrid Parameters, g

I I,
i g, 2
—_— 22 -
o
+ +
Viog § gl * g1 Vi \Z!
o o
1:=815Y178151

V78, V1785h,

V1= pel ] =l

[vi) =[gn ulli]=ta1[}"

|

Vi=hihthaoh,

IL=h__1 +h__V

2 211 "'22"2




Inverse Hybrid Parameters, g
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g1: = Open-circuitinputimpedance

g1, =Short-circuit reverse voltage gain

8,1 = Open-circuitforward current gain

8-> = Short-circuit output admittance

H-Parameters applied to Common Emitter Transistor Configuration
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¢ Determine the Thevenin equivalent at the output port of the circuitin Fig.

Solution: To find Z; and V,
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5.5 Transmission Parameters,T (ABCD Parameters)
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Transmission Parameters, T
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A = Open-circuitvoltageratio

B = Negative short-circuit transferimpedance
C = Open-circuittransferadmittance

D = Negative short-circuit current ratio

Inverse Transmission Parameters, t



LA
Vi 1,=0 I V,=0
ez __h
Vi 1,=0, I V,=0

a =Open-circuit voltage gain

b = Negative short-circuit transferimpedance
¢ = Open-circuit transferadmittance

d = Negative short-circuit current gain
AD-BC=1, ad-bc=1
Example 5.7

¢ Find the transmission parameters forthe two-port networkin Fig.
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Solution:

From Fig. (@)
V,=(10+20)I,=30I, and V, =201, 31, =171,
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From Fig. (b)
Vl - Va Va

10 20 tR=0

But, V=31, and [,=(V,-V,)/10,

V=31, V,=13],

31 17
- _L — e = .
I, ” +1, 0=>ZOI1 I
Therefore,
A= | =2-1176,B--
L |v,=0 17
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* The ABCD parameters of the two-port network in Fig.
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The output port is connected to a variable load for maximum
power transfer. Find RL and the maximum power transferred.

Solution:

At the input port, V, =—10I,
—10I, =4V, - 201,
or I,=-0.4V,+2I,

Zgﬂ]

Hence,
\'% 4
L= =—=8Q
I, 05
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To find V., we use the circuit in Fig. (b)

At the output port I,= 0, o ~
and the input port V, =50 —10I, 50V Vi | 71| VoV,
= 50 101, =4V, =1,=0.1V, g . v
=50 -V, =4V, =V, =10

Thus, Vi =V, =10 V i

The equivalent circuit is shown in Fig. (C) ® .
Ry =7y =8Q ©

= P=IR, :Gg)z R, —‘;T;f =0 =3125W

Condition for Reciprocity and Symmetry

* Anetworkissaidto bereciprocal, if the ratio of the response transform to the excitation
transformisinvarianttoan interchange of the positions of the excitation and responsein
the network

* Atwo-portnetworkissaidtobe symmetrical if the ports of the two-port network can be
interchanged without changingthe portvoltages and currents

Relationship Between Two-Port Network Parameters:

Any two-port network parameter can be expressed in terms of other. For example, if the Z-
parameter for given two port network is computed by solving the network, the remaining Y,
h and ABCD can be established without solving the network again. This provides an
opportunity for the designer to choose the required combination in interconnecting more
than one two port network and forming larger systems.
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The adjoint of the [z] matrix and its determinant are
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Relationship Between Two-Port Network Parameters

Vi=z,l, +z,,l,
V, =2,,1, 42,1, =, = 22 [ +— V
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Example Problem: Find [z] and [g] parameters of a two-port network if

_[10 1.5Q
[T]'[zs 4 ]
Solution:

If A=10, B=1.5, C=2, D=4 4, the determinant of the matrix is
A;=AD-BC= 40-3 = 37. From Table 19.1,

Z,25=5=5 Z,2T=T-185
Z,=c=3=05 2,-2=12-

8=y = =02 312-—%[=%=-37
Bu=3 =1-=01 gy=y=1=0.15
Thus, {Z]= 0?5 182'5] . lgl= 06:.218 0._13579

Example Problem: ¢ Obtainthe y parametersof the op amp circuitin Fig. Show that the circuit has
no z parameters.

Solution:

Since no current can enterthe inputterminals of the opamps, I, =0, which can be expressedin

termsof V,and V, as
1,

I,=0V,+0V,, vy,;=0=y,,

AISO, V2 =R3|2 +|0(R1 +R2)I Vi w ’ k." V.
But 1,=V,/R;. Hence,

V,(R,+R))

_ _ (R+R),, .V o—1 o
Vz-R3|2+44—R = I,=-

V, +2
1
R1 R3 R3

The determinant of the [y] matrix is

A, =Y11Y2, "Y12Y21 =0
Since A, = 0, the [y] matrix has no inverse.
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Interconnection of Networks

¢ The series connection

ll llu l2u l'.’
V1a=211l15+21515, o = - e
_ T + + /SR
V22=231l1a%22312, o Vi, N, Vs, ®
V1b=211l1pt2Z1202s
Vap=231115+2Z215 Y 1y L, L, 1L V2
I =lia=lip, 1=la=lhp + +
Vip Np Vi
V1=V, +Vi, e _ _ N
—_—0— —o——

= (z11a+211) 1 HZ12aZ12b)

V, =V, 4V

= (Z21a+2216) l1H(Z22a1 2220 )12

- [211 z12] — [111a *Z1p  Z12a +Z12b]

2, Iy 2122010 2222123

2=z ]+ 2]




|l =y V +y V

1a 11 1a 12 2a

|l =y V +y V

2a 21 1a 22 2a

I-yV+yV

11 1b 12 2b

I - y21V1b+ yZZVZb
V V =V V \Y) V
1 1a 1b 2a
=1 +l
1 la 1b
—(v +vnb)V1+(v ty, )V
12 = I2a +12b

= (Ya1at Ya1b) ViH(Y22a% Y226) V2

- Y1 y12] _ Y11a tY11b  Yi2a +V12b]
Y1 Ya2 Y21a Y216 Y22a Y220

l| [lu lEu lI.f llb 13
—_— — - - -—
o—-o0— O —0o————o0
+ + + + + +
Vi Y, N Vo, Vi Ny Vs v,
oO—O0— O O —O0——0

Vla] = [Aa Ba . VZa , [vlb] = [Ab ] VZb

Lia Ca Da '_IZa lla Cp IZb

- - )= 1)

I, 1" =1z

Vl=le e o

a
=[c oFlc 3:1-?3,‘; D,

=

RE
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[TI=[T [T ]




Example Problem: Evaluate V,/V,inthe circuitin Fig.
This may be regarded as two-portsinseries.

For N,

2126 =215 =10 =243, =2,5,

Thus,

[2] =[z,]+[zo]

=[12 8]+ 10 10]_ 22 18
8 20 18 30

10 10

But
V1 =Z]_1|1 +212|2 = 22'1 +18|2

VZ =Z32|1 +222|2 =18|1 +30|2

Also, at the input port V, =V -5I,

and at the outputport V,=-201,=I,=- ;S
=V, -51,;=221,-22V, = V,=271,-0.9V,

= V2 = 1811 - V2 =12V,

=V, =27 X2V, - 0.9V,=285V,

Vo 1 _
And a]so,;j = S 0.3509

Example Problem: : Findthe y parameters of the two-portinFig.
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Solution:

Y126= =8 =Yo100 Y110= 248, ¥23,=3+j4
2+t -4

A A

and ¥15,=-4=Y510 Y11a=%4-J2, V22, =4-J6

[vul= [4__ iz 4__ ;1-6] S

= =k =575 S0

Example Problem: Findthe transmission parametersforthe circuitinFig.

4 L2 8 L2 6 L2

1 €2 2 L2

A=1+ R B=p.+ REIR)
R,’ 3 R, ’

2

1

R
= Sz
R D 1+R

y
2 2

A,=1+4=5, B,=8+4x9=44Q,
C,=15,D,=1+8 =9
5 440
=T =[ ]
andA,=1+4=5, B,=8+4x9=440, C,=15, D,=1+8=9

=M=y 55 7]

4Q 8Q 6Q

Thus, for the total networkin Fig.,

(a)

(b)



5 44][1 6]

LI UA LA A | P

=[5x1+44x0.5 5x6+44><4]
1X14+9%x05 1x6+9x4
_127 2060

55§ 42
Notice that Ay, = Ay, = A,=1.

ApplicationsTransistor Circuits

Z, 4
+
v (F v Two-port
s (—) 1 network
7.

n

Transistor Circuits

hi=h11, hr=h12, hf=h21, ho=h22
h,.= Basicinputimpedance

h..= Reverse voltage feedback ratio
hs. = Basic-collector current gain

h,.= Outputadmittance

VIV, (5)

()
=27
A 1)

, Vi
n |1(S)

_Vo(5)
out |2(S) V=0



..';' c 3_[".. hi, s C
].b 0 O 0
B + + +
+ V. A/ h V. hely, <y §hm, V,
A/ '
0 o o o
E E E E
(a) (b)
Vb = hielb +hrevc
Ic = hfelb +hoevc
Fig.

Two-port network

'"""""""""""""""": I.
O: T
hﬂ'lh * §hm' g v‘ § RI.
ol
-------------------------------- ZUlll
I, hy,
"1, 1+h,R,
Av _ % _ h _h eRL
b ie + (hiehoe - hreh e)RL
Transistor Amplifiers
Zin — & =h, — hreh eRL
I, 1+ AR,
R+ h
Zout = : =
(Rs + hz'e)hoe - hrehjé




Series-pa rallel Connection: useful for H-parameter interconnection

For network N, Similarly, for Network N,
Via= hiialiathizaVo, Vip = hygplipthionVop
lha = hy1aliat hyyaVs, L = hopplipt haopVay

| | IZa |2

1- 13 —@— <

v
N, 2
V1a

V, V,

Y
Y
<
== e
-T2
A A
Z
o
-
- < S
o

[Vl] _ [h11 h12] [V1]
I2 h21 h22 12
For the combined network connected in series -parallel model resultant matrix is:

[hll h’lZ] — [hlla + hllb h12a + hle
h21 h22 h21a + h21b h22r:.'. + hZZb



Practice problem: Evaluate the Z parameters verify symmetricand reciprocity property

8L
o—ANAY O

6 L2

O O

Solution:
V1=Z4,11+Z4,1;
V,=2,1+Z4,1;
V2

. V!
—0=>7..= _
with [,=0= 211—11 and 221—11

. V1 V2
with |1=O=>Z“=H and 221=H

On applyingKVLatthe input port

Vy=1,(8+6) - zn:% =14 Q

V_60
11

At outputport V,=l; X 6 =~ Zy;=
On writingcircuit with 1,=0
V226 X1 2,=2=6 Q

Vi=6 X5 2,226 O
Z,,=2,,,the givencircuitisreciprocal

Z,,# Z,the givencircuitis not symmetrical



Find the H parameter for the same network and Verify the reciprocity and symmetry property
Vi=hqil:+h,V,

l,=h,111+h,,V,

Short Circuit the output portV,=0

\%1 12
h,;=— and hy;=—
11 1 21 1

V =81, hn:‘l’—l1 =80

12
1,=-1 h =—=-|
2 1, 21 1 1

Opencircuitthe input port

Vi 12
1,1=0.7,hy;=—, hy=—
1 1121 VZI 22 V2

V1=V2=6|2-'- h12=%= 1 and

12 6
haa==1
reciprocal hy,=-h,,
Symmetric h11h12' h12h21=1
8><§— (1) (-1) #0

[Hence the given circuitis not symmetric]

Expressing h—parametersinterms of Z parameters

AZ 14%x6-36
hllz_: = (14_6):80
Zyo 6
Z 6
hlz:ZL2 =—=1
22 6
V4 -6
h21:ZZ_1 =—= -1
22 6
1 1
hzz:Z_:_ S
22 6

ABCD Parameters expressed in terms of Z parameters:

ABCD parameters eq.

V= AVy=Bly---mm e e (1)
3= CVy= Dly=-=-=—-=-==- (2)
Z parameterseq.

Vi=2Z4; 342y ymmmmmmm (3)
V=251 114255 |y (4)

Comparing equation (4) with (2) the variables also remain same



Rearranging equation (4) insuch a way that I, is on one side

Z)111=V,=25l,

On comparingeq(5) and eq(2)

C=iand D )
Z

22 Z71
Now, on substituting the value of I, fromeq(5) ineq(3)

1 Z
V= le[z_ vV, — Zﬁlz]"‘zub
22 21

Z11 211232
V1=_ Vz'[le - |2
Z71 Z71
Z AZ
V1=£ Vo-— |,
Z71 Z71

VA AZ
A= 11’ B=—
Z71 Z71

Now we can also express Z- parameters in terms of ABCD parameters.

CV2= |1+ Dlz

On comparingeq(6) with eq(4)
1 D
221 :E and Zzz :E
By substitutingforV,ineq(1)
1 D
V1 = A[EII + EIZ:I' BIZ

g2 o

AL, [AD—BC]I
c? c 1

A AT
—EI1+ ?'2 """""" (7)

Comparingeq(7) witheq(3)

Zy,=

|E] alx

VAPS

a

ABCD Parameters in terms of Z ; considering the following example network
with evaluated values for Z,,=60Q, Z,,=600Q, Z,,=60Q and Z,,=60Q

206 300
o} A L AMAM—0
f.: 40 Q

]
—
o]




Expressing ABCD parametersinterms ofZ

Z11 AZ

A="1L ,B=—

Z71 Z21
C=—,D=—"
Z71 Z71

We know that,
V1= AVz' Blz
|1= CVz' DIZ

With output port open circuit,

V; I
,=0,A=—, B ==
V2 L

ApplyingKVLatinput port
V,=(20+40)1,

V2=4O |1

60 1
=2 AC=—
40 40

A

Now,

Now with output SCV,=0

V1: 20 |1+| X 4‘0

= 20 1;+40 [11 x —2 ]

30+40
_ 2600
- 1
70
30 30
lLb=-1 X =—I;=c
2771 M 30440 70 1
2600
I 2600 AZ 2600
B= ST TP T T
_70 1 21
From?

h_ 70 o Zm 70
) 40 Z71 40



H — parameters in terms of Z

Express h parametersinterms of Z-parameters

hii=—
Z2

Z12
hi,=—
Z32

Zz1
hy ===
Z32

1
h22=_
Z32

we know that
Vi=hyili+hy, V)

[,=hy11:+h,V,

200 300
O—'\"‘Nv—FN’VV\z—O
< [ ]
f;-l(lﬂ
o W o
60 40
We have already computed Z-parameters: [40 70

With output port short circuitV,=0

Vi
h;;=—
u=y

I
h,;==
n=y

V1:20 |1+ 40 I/l

I %30

V;=20 1, + 40 [1—]
30+40

1400 I; +12001;
V1=
70
_ Vi 2600
LT 70

40 40

Now, I,=-1; X =-l,—

40+30 ‘70

I 40 Z21 40
h21: —_——— — ey — = - —
L 70 Z22 70

withinput portopencircuit, 1,=0

1% I
hlZ = = and hzz =_2
|2 V2

on applying KVLat output port,

V,=(40+30)I,



V, 70L 70

Considering - II network which is solved as example problem earlier to
determine Y-Parameter:

O
")

[Y]= Yi1 Y12]=[0.755 —0.55]
1Y, Yy —0.5S 0.625S

Let usfindthe Z parameters forthe same circuit
With 1,=0, i.e. opencircuit the output port
V=211 11+Z4; 1,

V=21 11425 1,

At theinputport

Vi=1,X 4

_ Yy2_ 0625
T AY 02187

le - 28571

le




I)(: le :
=1, i_20p-

Vl— Il 4 X4: L - .Q le
le = 2.8571
Similarly
V2: |y>< 8

4 _&_ 0.5
h="Tx = 2217 yyoz1e7s
V2:|12X4:E=EQ 211=22833.Q

4 7

le = 2.285.(2
With 1,=0, opencircuitthe input port
V2: IXX 8

6 Y 0.75
L=1,X — —a_ /o

27 14 222 = 3y 021875
L8 g 2 -

VZ—IZ14 X 8= m I, = P . Z,, =3.4285 2
Zzz = 34‘28 .Q
Similarly
Vi=Il,X4

8 _ Y1z 05
ly=1% - 212 = = 3y To e

Zy; = 2.28533 02




