An Introduction To
Two — Port Networks



Two Port Networks

Generalities: | The standard configuration of a two port: |

I1 IZ
Input Output
I Port The Network Port V2

The network ?

The voltage and current convention ?



Two Port Networks

Network Equations: ‘

Impedance Vi=zuli 42,0 V,=buVi-bily

Z. parameters

Vo=2y1 2], L, =b,,V,— byl

Vi=hul;+h,V,

Admittance Hybrid
Y parameters H t _
P parameters 12 — h2111 + h22V2
Transmission I, =g,V,+ g,
A,B,C,D

Vo=gu Vit gnl,

parameters



Two Port Networks

Z, parameters:

_ 1 ‘
z = L
11 _
1 IZ_O
"'12=5_1 ‘
2 Il=
zzf? ‘
1 12=
L2 ‘
22 12 Il=

Z{, is the impedance seen looking into port 1
when port 2 is open.

Z,, is a transfer impedance. It is the ratio of the
voltage at port 1 to the current at port 2 when
port 1 is open.

Z,, is a transfer impedance. It is the ratio of the
voltage at port 2 to the current at port 1 when
port 2 is open.

Z,, is the impedance seen looking into port 2
when port 1 is open.



Two Port Networks

Y parameters:
y — I_l
11 v =0
L 17
1277, =
Y21™ II/—Z ‘
1 V2=
y = 1_2 ‘
227V, =

¥, is the admittance seen looking into port 1
when port 2 is shorted.

Y, is a transfer admittance. It is the ratio of the
current at port 1 to the voltage at port 2 when
port 1 is shorted.

Y, is a transfer impedance. It is the ratio of the
current at port 2 to the voltage at port 1 when
port 2 is shorted.

Y, is the admittance seen looking into port 2
when port 1 is shorted.



Two Port Networks

Z parameters: | Example 1

Given the following circuit. Determine the Z parameters.

I, I
8O 10Q 2
AN AN
+ +
Vv, § 20Q § 20 Q V,

Find the Z parameters for the above network.



Two Port Networks

Z, parameters: Example 1 (cont 1)

Forz,,:

For z,,:

Z,,= 8 + 20/30 =20 Q

Z,, = 20[30 = 12.Q

', 80 10Q
For z,,: A\ A
+ +
v 2 200 Swe V
V
2= 1o | 120 - -
2 1
ZOXIZ x20 Therefore: 8x12
20+ 30 1,



Two Port Networks

Z, parameters: Example 1 (cont 2)

The Z parameter equations can be expressed in
matrix form as follows.




Two Port Networks

Z. parameters: | Example 2

You are given the following circuit. Find the Z parameters.

Il IZ
— 1Q 40 —
NN NN
+ +
+ 20
v, 10 2 vy v,




Two Port Networks

Z, parameters: Example 2 (continue p2)

Il IZ

z11=ﬁ ‘ - w i -
1 IZ=O . o
Vv, 1Q § Vx > v,
Ve Vet ey e, oM
S 6 6
1—3" - butV =V -1
1= 5 ’ x 1 Other Answers
Z,,=-0.667 Q
Substituting gives;
7, = 0.222 Q)

V 5
11=3(V1_11) or I_1=z11=§Q
2 ! Zy,= 1111 Q




Two Port Networks

Transmission parameters (A,B,C,D):

The defining equations are:

v.][4 BV,
1,| |C D|-1,

A bt
c=lr ‘ p=1i
V2 12=0 _IZ V2=O

11



Two Port Networks

Transmission parameters (A,B,C,D):

Example Given the network below with assumed voltage polarities and

Current directions compatible with the A,B,C,D parameters.

I -1,
— —
NN
+ +
Ry
Vi § R, 'V,

We can write the following equations.
Vi= R +RYI + Ryl

It is not always possible to write 2 equations in terms of the V’s and I’s

Of the parameter set. .



Two Port Networks

Transmission parameters (A,B,C,D):

Example (cont.)

Vi= R +Ry)I + Rl

From these equations we can directly evaluate the A,B,C,D parameters.

14=E = B— Vl =
v, |1,=0 -1, V,=0

C=£ ‘ _ D= 1 _
V2 IZ=O - —I2 V2=0

Later we will see how to interconnect two of these networks together for a final answer



Two Port Networks

Hybrid Parameters:
[Vl } =[hn
IZ h21
V.
h,= — B
I, ' V,=0
1
h, = —
I, V,=0

The equations for the hybrid parameters are:

h12
h22

I

14



Two Port Networks

Hybrid Parameters: The following is a popular model used to represent

a particular variety of transistors.

L g I,
—_— -«
ANN——
+ +

v, K,V; O <+>K3V1 §K4 V2

We can write the following equations:

V, =AIl, + BV,
V.
I, =CI, +—=

D

15



Two Port Networks

Hybrid Parameters: | V, =4I, + BV,

V.
I, =CI, +—=
D

We want to evaluate the H parameters from the above set of equations.

h =5 = _Vl =
L h,=—
1 V,=0 V2 ;=0
Iz
== = I
h,, It . h22=_2 =
1 V,=0 V2 I,=0

16



Two Port Networks

Hybrid Parameters: ‘

Another example with hybrid parameters.

Given the circuit below.

I -1
_1, _2, The equations for the circuit are:
NN\
+ R +
1
\' § R, Vv, Vi=R; +RY)L, + Ry,

V,=R,)I; + R)I,

=
hll I_l
1

I
h, =-2
21 Il

hy, =£ =
V, I=
I
h,, _72 =
2 |1 I=

17



Two Port Networks

Modiftying the two port network:

Earlier we found the z parameters of the following network.

8Q 10Q

AN AMA
+ +
\'2 §2OQ § 20 Q \Z:

V] [20 8][1
V.| | 8 12{1




Two Port Networks

Modiftying the two port network:

We modify the network as shown be adding elements outside the two ports

I |
6Q I 80 10Q 2
— A\ — AN A
N + +
10vO v, 2200 200 Vv 240

We now have:

V,=10 - 6I,
V2='412

19



Two Port Networks

Modiftying the two port network:

We take a look at the original equations and the equations describing
the new port conditions.

_Vl_=[20 8}_11_ V,=10 - 6,
v, |8 121, Vi dl,
So we have,

10 — 61, = 201, + 8L,

20



Two Port Networks

Modiftying the two port network:

Rearranging the equations gives,

- —1_ _

M

21



Two Port Networks

Y Parameters and Beyond:

Given the following network.

i VIR 10 L
AVAVAY
+ +
Vl — 1 S
S Vs
_ o _
1Q

(a) Find the Y parameters for the network.

(b) From the Y parameters find the z parameters

22



Two Port Networks

Y Parameter Example

1 I
- A ‘ y= oL
L=yuVitynV; Y1 V,=0 12 v, V=
L=y,VitynV;
1, ‘ )
217V, | =0 277, |y,

e
short
— - —
1Q
To find y,,
A
V=I(—"—"—)=I1 SO
2+1/s 2s+1

[ [

We use the above equations to
evaluate the parameters from the
network.

23




Two Port Networks

Y Parameter Example

I
n= v ‘ V,=0
1 2
We see
V1=—212

I, 10 L
AMA
+ +
11
Vi = s % TV,
_ - _
10
_h
Y91 = 0.5S

24



Two Port Networks

Y Parameter Example

I, 1Q
AN
To find y,, and y,, we reverse ., |+ +
. i |
things and short V, — |V T * v,
12 V2 V1=O
We h !5
22 V2 V1=O
We have
V,=-2I , .
S —
g (s+2) S
1 =058

2= 2

25



Two Port Networks

Y Parameter Example

Summary:

. Yu Y| _ s+ 0.5 - 0.5
) | =05 0.5+1/s

Now suppose you want the Z parameters for the same network.

26



Two Port Networks

Going From Y to Z Parameters

For the Y parameters we have:

=YV @ V=21

Fromabove; | [/ —y 1y =77

For the Z parameters we have:

_Therefore
Y22 T2 where
A A
z=y' = [zn "’12} = | v v A, = detY]
.. 2 —y y Y
21 22 21 "11
A
Ty Y _

27



‘ Two Port Parameter Conversions:

Y2 Y
Ay Ay
“Yn Y
| Ay Ay |
[Yll Y12:|
Ya ¥z
= -1 ]
Yu ¥
-4y -y
L Y Yz _
-.L :Y_tg—
Yo Yu
Ya By
LY Y

A= aQl»

™|

= |~

=] )--

-

ale ol

—AT

w|» =

Ar My
hy, hy
—hy 1
| hy, by, |
__1- —_hn_z__
h; hy

ha Ay
I_hn hy

—Ay —hy
hy, hy,
~h;; -1
hy, hy,

28



Two Port Parameter Conversions:

To go from one set of parameters to another, locate the set of parameters
you are in, move along the vertical until you are in the row that contains
the parameters you want to convert to — then compare element for element

[ yn -yn | _é ﬁ—l AH
LZH zg—} Ay Ay C C Z,=—+
Zy zzz_J “Ya Y _Im 2 h22
L Ay Ay ] | C C
2y z, | B D —-Ar | "_1__ ~h,, |
A, Az |:}’l1 }’12:! B B h, | hy,
Z I Yal Y 1A hy | Ay
LAz Az | B B | | h;, | h, _
_ﬂ éﬁ_ i Yol —l | —_AH _huﬁ
Zy) 1y Y Yo [f:» B} h,, h,,
1z —Aw -y [C D —h,| -1
| Zy 2y Y2 Ya _ _ hy, h,,
A Z); | “_1__ ~Yi2 | i B é_::_
2 In Yo Yu D D _ l:h” h]2:|
“Z ] Y21 i‘i 1 c hy, by, .
_ . D D |




Interconnection Of Two Port Networks

Three ways that two ports are interconnected:

Y parameters

*  Parallel Ag ya} bl |+

Yo

Z parameters

*  Series —] 2=z | + |z, ]

ABCD parameters

* (Cascade T, T,

7=, | [T, )

30



Interconnection Of Two Port Networks

‘ Consider the following network: ‘

Find -2

|
1, R R, L2
NN\ AN\
+ g +
R >
\Y 2 R \Y
1 Tl ‘ T2 2 ; 2
Referring to slide 13 we have;
'R +R | 1
1 : p R , + R2 P
1
R2 Rz 1 VZ i|
1 -1
o
2

31



Interconnection Of Two Port Networks

R1+R2 R R1+R2 P
T
5 1 1 i 1 -1,

L RZ JL RZ i

Multiply out the first row:

2
R1+R2 R1 R1+R2
V1= = +R— V2 + = R1 +R1 (_Iz)

2 2

Set I, = 0 ( as in the diagram)

2
V2 Rz Can be verified directly

V1 - Rl2 +3 Rl Rz R22 by solving the circuit
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