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Definition of Two-Port Networks
| |
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Two-port
Portl:{>V1 A V2<}:|Port2
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* In general, we describe a two-port network as a

network consisting of R, L, and C elements, op-
amps, transformers, and dependent sources, but
no independent sources.

= Only two of the four variables are independent,
and the specification of any two of them
n determines the remaining two.
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Examples of Two-Port Networks
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Examples of Two-Port Networks

Lattice T network
Bridged T Twin T
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Two-Port Network Parameters
| |
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Two-port
Portl:{>V1 Clnon V2<}:|Port2
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Parameters of the two-port completely describe
its behavior in terms of the voltage and current
at each port.

¢ Permits us to describe its operation when it is
connected to a larger network.

¢ Important in modeling electronic devices and
system components.
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Two-Port Parameters

¢ Admittance Parameters (y,)
* Impedance Parameters (z))
* Hybrid Parameters (h,)

* Transmission Parameters (t,)

s

=+ Department of Electrical and Electronics Engineering - 6



Admittance Parameters

N
\

e V, and V,are the independent variables
e Express I and I, in terms of V, and V,

=ynV;, +
Y1,V

e The coeff|C|ent§ Y, é/r?é a‘rso called the short-circuit

admittance paYamYQters or the y-parameters
o The coefficients y, are dimensionally admittance

3
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Getting the Short-Circuit Admittance
Parameters (y-parameters)

¥,
l, =y,V, +
Y.V,
B , =y,V, + B _ s
> < y —_—
11 V.
i 1\,=0
v Two-port
1<> network |
)
1\,=0
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Getting the Short-Circuit Admittance
Parameters (y-parameters)

<
I1 — Y11V1 +
Y.V,
| l, =y, Vy + |
SN <! -1
Y1 VA
t 21\4=0
Two-port V
network !
|
-2
Yo “\L
21\;=0
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. | B
Example: Find ' o—AAN, AAA\—O
! 3

the Y-parameters L
of the two-port v ‘ y
network on the 1 2

right. -4 o

Get the y-parameters one by one.

Yir- Y11= !
AN Vil =0
Yin = Yt > %6 yu = /(2 +
. | 3//6) o)
1 =
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L€ Y22 = 2
AN Ve
b <:|Yin =Y Y., = 1/(3 + 2//6)
o o @)
= 2/9
_h
YIZ y12 B V2 \,=0
VY V—y y |
I, ! Ve T I/ V2Y22
: v, 12
° ° __zy22:_1/6 O
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Y21
+04\/\/V NA—o
) 3
V, 6 I
o )

Thus, we get

Il A IZ
—VVV VV\V—o
) 3
V, é : Vv,
O —O

s
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I=1/4V, - 1/6V,
L=-1/6 V, + 2/9 V,
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Or in matrix form,

I, i, UV,

#z _:Vzl Va2 %/2
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Impedance Parameters

N

L

e I, and I,are the independent variables
e Express V, and V, in terms of I, and I,

V,=z,1, + 2,1,

V, =z, I, + Z,,1,

e Also known as the open-circuit impedance
parameters or the z-parameters

e The coefficients are dimensionally
impedance

s
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Impedance Parameters

o [k, z,J, L
y i 2l [
V. V.
_Vi _Vi
411 = . L1 = .
1|2:O 2|1=O
V- V-
_ Y _ V7
£y1 = N £yr = R
1 1,=0 2 1,=0
- -
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Example: Find the SeAVAVAY AVAVAVame

Z-parameters of the

two-port network on Vi 6 vV,
the right. S o
Method 1: Using the definitions,
V V.
7=+ 217 |_2
Il |2=O 1 |2=O
z,=2+6=80Q Zy = 60
V.
22 = 1 “22 = I—2
I 211.=0
2 |1=O 1
Z,,=3+6=90 Z,, = 6Q
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Method 2: By writing loop equations,

A

n ) ] L3 +

V1 Cll\ b /D VZ
o o

Vi =21, +6(l;+1,)=8l; +6l,
\V, =3I, +6(l; +15) =06l; + 9l

Therefore,

z,=8,2,=6,z,,=6and z,,=9

s
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Relationship Between
Y- and Z-parameters

Let I = Tlljand V=DJ/1E
2 _\/zE

We know [11 D_ D/11 ylzﬂj\/lD B
= I=YV
HzH B’Zl YzzHEVzH
Solving for V: V = Y11
VO 2y Z, 04 0O

H/z H_ &m 2322 ]izH T

Therefore, 1
— 1 (247 250 Y11 Ypol
Z=Y " or =
o sz1 ZzzH B’21 YzzH
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Hybrid Parameters

e Also known as H-parameters

e Often used to model the small signal behavior of
bipolar junction transistors

V1 = hpqlp + o\
I, =hyqly + 00\,

1 9 11 )
t t
.I.
Vl h12\/2 hZZS VZ
\Z

2171
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Getting the H-parameters

Vi = hyylq + 05\
l5 = hy4l; +hyo\5

h :ﬁ h =ﬁ
11 | 12 V.
1V2=O 2|1=O
h _|2 h _|2
21_|_ ZZ_V
11\, =0 211,=0

s
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Converting Z- to H-parameters

Vi =z +z51, Vo =2541 +25515

Express V, and I, with in terms of V, and I,

i 212471
|2=—@|1+iv2 M1=21-
277
232 277
Z
Z 1 h,, = 12
V, =zl + 2o (=221 + — 12 =
1 = Z34l1 + 295( N 5) ﬂ 755
22 22
Z Z h21=-—221
_ _ 21 12
= (17, =) + =2V, Z37
222 222 L 1
22 =
o ™
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Inverse Hybrid Parameters
¢ Also known as G-parameters

I, =011\ + 910l
V, =051V + 054l 5

Bl \
Oi1= O1=
Vl |2= Vl |2=
I V.
91 =|—1 97 =|—2
2 V1=O 2 V1=O

s

jrb Department of Electrical and Electronics Engineering - 22




Transmission Parameters

N

e The transmission parameters relate the voltage

and current at one port of the network with
those of the other end.

Vi =t Vo — 4l Vi = AV, -BlL,
or

Il — t21V2 - t2212 Il — CVZ T DIZ

* The transmission parameters are also known
as the chain parameters, general circuit
parameters, or ABCD parameters

s
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Transmission Parameters

= A\, - BI,
I, =C\, -DI,

1_V; B S P R 2 11,

A V1|2=0 B VV2=O C |1|2=0 D_|1

1/A - open-circuit voltage gain
-1/B - short-circuit transfer admittance

1/C - open-circuit transfer impedance

-1/D - short-circuit current gain

s
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The t-parameters are useful in describing two-port
networks which are connected in cascade.

gl /|2

|1 N |la> L AN ¢ ¢
+ + + + + +
Vl Vla é\: %aa Vza Vlb é\E [B)E V2b Vz
D/1a|:|= |}a Ba |:|:|V2a L D/1b|:|= |}b Bb |:|:|V2b L
HlaH H:a Da_+|2aE Hle H:b Db_+|2bE
butDVZa D= D/1b|:|so D/1a|:|= |}a Ba |:D)‘b Bb|:|:|V2b L
HIZaH Hle HlaH H:a Da_-‘:b Db_+|2bE

Therefore, in

V0 A BD 0V, 0

1,0 B oo B ke of K, o K, o)f

==
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Inverse Transmission Parameters

N

L

e Also known as ABCD’ parameters

V, = A'\, -B'l,
I, =CV, -D'l,

e For passive networks,

AD - BC=AD'-BC' =1

s
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