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" | Outlines

" One port network

= Two port network & Parameters
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¥ | One-port network

ONE PORT NETWORK is a two terminal electrical network in which, current
enters through one terminal and leaves through another terminal.

a port Two terminal
/ Linear network
{
1 5
+ O——
One port .
v network vV =RI
€« 1
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= | One-port network in series

5/21/21

|
| |
| |
| 1
| |
| |
|
: One port One port One port !
| network network network :
| |
|
| |
| |
: 11 l1 ly iz l3 l3 i
|
| |
|
: T + 1% l + Uy — l + V3 — L :
| Q (o] (o] 0 o Q I
| :
| |
| |
| 1
| |

= According to KVL V=v1 +vV; + V3

= According to KCL =1y =1iy =13
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= | One-port network in parallel

L e
o =
+ : i1 i i3
| —> = —
Lt Om— +  O—— +  Om——
v ! One port One port One port
e network v network Vs network
L -« - <« B <
- : l1 iy l3
o I
« |
A
= According to KVL V=71 =70y =73
= According to KCL [ =14+, +i3
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2 | Recall: Circuit equivalent

Thévenin’s theorem

by an equivalent circuit composed of a
voltage source and a series resistor

Norton’s theorem

LINEAR two-terminal circuit can be replaced

by an equivalent circuit composed of a

current source and a parallel resistor

5/21/21
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Ry
— A e Oy
LINEAR two-terminal circuit can be replaced <j> g R,
v >
TH
| J
source load
<
Ry Ry
:
| |
source load



= | Circuit equivalent as one-port network

one-port network

/ one-port network /

____________________ ltest R Itest
Rry | —> ! —>
I VWA O : e
1
1
+ | +
1 <+ I < R : CT I < R
—_ 1
Vtest $ L Lo Ry Vtest $ L
UtH _ : Iy
| | | | -
r_ : r_
2 %4 1 2 %4
___________________ A S T
itest ltest
— 7 . vtest .
Viest = ltestRrH + VrH liest = R— + Iy
N

Another way to find the circuit equivalent
= Step 1: apply a voltage v,,.; to the terminal of a one-port network

= Step 2: find the relationship between the port current i;.5; and vV,
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= | Example 1

QUESTION: Find the Thévenin equivalent circuit of the network at the terminalsa & b

1 |

: VWA; : O

: : “

| : _I_

: 1 RL‘

i : $ Vout
o Vs=12V R,=100|

| | b -

= Step la: remove the load R;,
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= | Example 1

QUESTION: Find the Thévenin equivalent circuit of the network at the terminalsa & b

Ry=50 < ltest

| VWA; : O H

: i a = According to KCL

| | n

| | C— Vtest [ =ip +1I

| | test — LR R

o =120 Ry=100 | > ' :

: ! b

| : o _ Vtest — Vs N Utest
. I R, R,

= Step la: remove the load R, _ (i + i) S Vs
Rl RZ test Rl

= Step 2: find the relationship between = Relationship between i;..; & V;.¢;

= Step 1lb: apply v;..; toa and b

itest and vtest .

This is a practical way to find out circuit
equivalent when the topology is unknown

R TH VTH
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" | Recall: example 4 in L3

QUESTION: Find the Thévenin equivalent circuit of the network at the terminalsa & b

V, =12V

Rry

(o]

Rl == S.Q.
VWA; O
a
+
RL‘ +>
2 Vout -
RZ =10Q _ Uty = 8V
b

5/21/21

v

o

Step 1: remove the load

o

Step 2: f|nd Vopen == UTH

Step 3: find igport = Iy

Ry = Rry 3 Ry

v

(o]

v
Ry = —2 =3.330
Iy

Milin Zhang, Dept of EE, Tsinghua University
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= | Outlines

" One-port network
o Definition of one-port network

o One-port network in series / parallel

o Circuit equivalent as one-port network

= Two-port network & Parameters
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= | Two-port network

TWO PORT NETWORK is a pair of two terminal electrical network in which,
current enters through one terminal and leaves through another terminal.

/ Port 1 / Port 2
1 —_ il - iy 2
+ O—— —o0 +
Two port Four variables
V1 network V2 ;s
— O— —_— V1, V2, 11, 12
& 1 =P 1 2

If two of the four variables are independent and another two variables as dependent,
the coefficients of the independent variables are called as PARAMETERS
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N | Z parameters

If two of the four variables are independent and another two variables as dependent,
the coefficients of the independent variables are called as PARAMETERS

" v, U, are dependent

Port 1 Port 2
/ . , / = |, I, are independent

1,0 «— 7 2
t O — o+ - Z parameters
Two port
V1 U2
network . .
- o—— ———o- V1 = Z11ly + 2131
1’ « = 2 2’ Uy, = 221i1 + Zzziz
or
Four variables: vy, v,, i1, I, [171] [le 212] [ill
Vol |Zy1 Zpalliy
unit: 2
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N | Z parameters

/ Port 1 / Port 2
1, « 2 2
+ O——— ——0 +
Two port le -
V1 network v2
- 5 °
1° €« L 2 5 le —
- Z parameters _
P Zy =
V1 = Zq1qly + Z450,
Vy = Zpygly + 250, Loy =

or

5/21/21

y

[vll _ le Z12] [l
V2 Zy1 Zz2lll
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wheni, =0

wheni; =0

when i, =0

wheni; =0

14



N | Z parameters

4 Vtest1 i i +

' Z12lp Zo1ly ! 4] _ le le il
! I . N IUZ] - [Zm Zzz] ’i2]
B L Zn Zz2 | B
o o

What does v; mean?

= Step 1: leave port 1&2 open, thusi;y =i, =0
= Step 2: apply a voltage Vg1 to port 1

= Step 3: we can find v4

V1 = Vtest1]. )
i1=0,i2=0
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N | Z parameters

iy,  rTTTTTmmooooooomooomooooes
—>

®

|
1
1
A4
1
1
. |
liest1 + | ] ]
! AVLY, Zp1lq
V1 = Vtest1 :
1
— 1
o ZIn Zy
1
1
1

o
-

__________________________

What does Z;; mean?

= Step 1: leave port 2 open, thusi, = 0

= Step 2: apply a voltage i, to port 1

= According to KVL

vy = Zy110 + 2431,
UV, = Zply + 250,

Z Parameters are also
called as open-circuit
impedance parameters

= Step 3: we can find Z;4 according to the current i;,sq1 measured in port 1

(%
7, = 48 INPUT IMPEDANCE

5/21/21 Milin Zhang, Dept of EE, Tsinghua University
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= | Example 2

QUESTION: find the Z parameters of the network labeled in the dash line

! R, I iy
—_ A : <
+ | | +
U1 : E v,
_ | Rop _
o ' ' o
Z parameters
lvl] 414 Z12] [i1]
() Zyy Zylli;
5/21/21 Milin Zhang,

%1

Zi1 = T
1 i2=0
%1

Zip = l_
2 i1=0
(%)

zy = l_
1 i2=0
(%)

Lyy = =
2 i1=0

Dept of EE, Tsinghua University
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™| Example 3

QUESTION: find the transfer function H = %, the input impedance R;,, & output

S
impedance R,,,; of the circuit below. The Z parameters of the network is known.

—> , . € = According to Ohm’s law
Rs — 1 - 2
N — - o— ,
+ Two port + v, = =Ry,
Vs n network va Ry
R =5 0 = the transfer function
Rin Rou v _R l
_ L12421
. : o (Rs+2n R, + Zzz)l
arameters
g ~ R, ~Zp1
V1 Z11 ZlZ] [ill B Z13Z91 \ R, +Z
— _ _ L 22
lvzl [Zm ALY, (RS t 211 R, + Zzz)
R;Z»4

"~ (Rs + Z11)(Ry, + Z33) — Z12754

5/21/21 Milin Zhang, Dept of EE, Tsinghua University 18



™| Example 3

QUESTION: find the transfer function H = %, the input impedance R;,, & output

S

impedance R,,,; of the circuit below. The Z parameters of the network is known.

— , - €
Ry s L - L2
— —— for
;’ Two port ;r R
Vs 1 network 2 t
O - - O
& 1 — 1l
Rin Rout
input output
impedance impedance

Z parameters

[vll _ [Z11 Z12] [i1]
[ Zyy Zylli;

5/21/21
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= According to KVL

(1)

{US = RSil + V1
(2)

vz +RLi2 - O

= Take (2) to U, = 221i1 + Zzziz
ZZl

R, + Zy, (3)

212221

—>Vs=<Rs+Z11—m)l1

19



™| Example 3

QUESTION: find the transfer function H = %, the input impedance R;,, & output

S
impedance R,,,; of the circuit below. The Z parameters of the network is known.

—> . € = Let’s find R;,,, recall
Ry s 51 - L2
< . Z12Z71 .,
’y Two port - R Vg = (RS + le — —) [
Us = network _ k R, + Z;;
T e i - 12 -
= According to KVL
R, Rout
Vs = Rgiy + Rinly
Z parameters = Thus, the input impedance
lv1] _ [Z11 Z12] [ill
%) 221 ZZZ iz R. — le _ 212221
n

RL + ZZZ

5/21/21 Milin Zhang, Dept of EE, Tsinghua University 20



™| Example 3

QUESTION: find the transfer function H =
impedance R,,,; of the circuit below. The Z parameters of the network is known.

L the input impedance R;;,, & output

> . . €

1 %) . .

Rs —> < = When R; is very high
Y, W —
;’ Two port ;r R Rj—0
Vs - network = L i,—— 0
O - o
& 1 — 1l
RL—)OO
R, — 7
Rin Rout m 11
= When R; is very low
Z12Z54
R; i1 —

ly 4 7 11

. 7y l 22

2= = 1
Ry + 73, Rp—0 Z12Z71
Rin ’le _
ZZZ
5/21/21 Milin Zhang, Dept of EE, Tsinghua University 21



™| Example 3

QUESTION: find the transfer function H = %, the input impedance R;,, & output

S
impedance R,,,; of the circuit below. The Z parameters of the network is known.

Rg s 51 - L2
e O— = Let’sfind R,,,;, Take (4) to (3)
;’ Two port ;r R
Vs i network 2 L 71 Ve
O , —O— Iy = — .
- i — i 2 R+ Zy, Z12Z21
Rin Rout
® Find the relationship
Z31 Z12221
——— Vs = —I,R —<Z ——)i
. Z21 . RS + le s 27L 22 RS + le 2
l = l 3)
Z1371 U2 Rout
Vs = (Rs + 2y — m) b 4
22
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™| Example 3

QUESTION: find the transfer function H = %, the input impedance R;,, & output

S
impedance R,,,; of the circuit below. The Z parameters of the network is known.

p— e
R 51 iy
S —_— <« o
+ +
) CSW__O_? Tnvgswpoorrkt v, }RL What does R;,, / R,,,; mean?
© ! —> i .
Rin Rout

Z1272721

Z12224 :
output impedance R, = Z5, —
R1+Z55 Rs+Z1,
il Rout Y

% Rin Uty % RL

5/21/21 Milin Zhang, Dept of EE, Tsinghua University 23
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" | Recall: Max. Power Transfer

5 L
I MAXIMUM POWER TRANSFER
H [> | ’ J$ R, occurs in the load when the load
) resistance, R;, is equal in value
""""""" T to the source resistance, Ry
= Power attheload R,
. N 5 Vs, 1v.\* 1v2
P, =vgp i=(vs—iRs)i =—R (12——Sl):—R ('———S> + -
L Ry, S S S RS s\t 2 Rs 4RS
1 vSZ,T‘mS
=7 R, The maximum power being absorbed by the load

. . 1 vsz,rms
n When RS = RL PL - PL’max - Z R
S

5/21/21 Milin Zhang, Dept of EE, Tsinghua University 24



" | Impedance matching

Rs. yh Maximum power transfer is expected when
4
3 212274
* <5M 2 3 fin Rin=211—45——=RKs
o R, + 75,
€« U
Rout < iz . .
Maximum power transfer is expected when
+
”TH(5 2 %RL R =7 _ L1227, _ R
f
R. — Z11Z22 — 212424 — Ip R |
S 11 ZZZ n R.=0 in Rp=co
o
R — Z11Z22 — 212424 — |p | R |
L 22 le out Rg= out Rg=00
\

5/21/21 Milin Zhang, Dept of EE, Tsinghua University
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= | Example 4

QUESTION: find the value of Z; and Z, to maximize the output power on R}

E»MP_H Z, | € = A maximum power transfer is expected when
%O i 2 Z= Jzin Zim| _ =Rg
5 T : Z : i RL=0 RL=w
1 1 1
E ___________________ : Zout = \/Zout| Zout| =R,
YA
142
7 = 7,12, = Zowl =7,
n L= 1” 2 Zl + Zz ou RS=O
in Ry =00 Zl ou Rg=00 1 2

5/21/21 Milin Zhang, Dept of EE, Tsinghua University 26



= | Example 4

QUESTION: find the value of Z; and Z, to maximize the output power on R}

1
RS 9: Zz

< = A maximum power transfer is expected when
WA P P

f
A
Rg = =27,
$ Z,+ Z,

R = VZ;(Zy + Z,)

5/21/21 Milin Zhang, Dept of EE, Tsinghua University 27



= | Example 4

QUESTION: find the value of Z; and Z, to maximize the output power on R}

R > L e = Solution 1
—W—T— 411} :
| | ( (
1 : Co ] R, 1 |Rs—Ry
ve (7 L o= | SR Z, = —jRs C; = —
’ q> ' ! Rs — Ry Rs | RyL
i : < »
i : Rs — Ry Rs — R,
A RRCREELEEE Zout Z2 =HjRy 1= 1= 8L TR,
L
\ \
R s Cz P = Solution 2
B i ( R r 1| R
| ! , L L
" | ! « Z1 = +JR Cr, =—
USQ—D E % ' $>RL 1 JXs RS_RL RL RS_RL
Ly | ; B
: i . |Rs— Ry L
e e l L S L
Zin Zout & \

5/21/21 Milin Zhang, Dept of EE, Tsinghua University 28



= | Outlines

" One-port network
o Definition of one-port network

o One-port network in series / parallel

o Circuit equivalent as one-port network

= Two-port network & Parameters
o Definition of two—port network

o Z parameters /Y parameters

[vll _ [Z11 Z12] [i1]
() Zy  Zyl i

5/21/21 Milin Zhang, Dept of EE, Tsinghua University
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2| Y parameters

1 4 o 2 2
+ O—— —0 + P q dent
Two port i1, I, are dependen
1 network v . ,
R — L - V4, U, are independent
€« U —>» 1
1, 2,
1
Yi1 =— when v, =0
-> Y parameters U1
. 51
l1 = Y11171 + levz le = — when VUV, = 0
S v
i = Y101 + Y0, 2
L2
or Y,y == when v, = 0
. [
[h] _ Y11 Y12] lvll .
| = [
%) Y0 Ypollv Y,, = 2 whenv; =0
U3

unit: S

5/21/21 Milin Zhang, Dept of EE, Tsinghua University
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2| Y parameters

Liest1

i1

= According to KVL

i, =Y1,v1 + Y350,
I, =Y5101 + Y50,

<
8
=
I 2+ C
o
~
o
~<|.S<
Y|
N -
S
O I s + Q

o

"""""""""""""""""" : Y Parameters are also
called as short-circuit
What does ¥'1; mean? admittance parameters

= Step 1: short port 2 open, thusv, =0
= Step 2: apply a current v;,¢1 to port 1

= Step 3: we can find Y;; according to the voltage v;,5:1 measured in port 1

i
Y, = —=4 4l INPUT ADMITTANCE

5/21/21 Milin Zhang, Dept of EE, Tsinghua University 31



2| Example 5

QUESTION: find the Y parameters of the network labeled in the dash line

i1 | Ry | )
: va ! <

+ E v+
— 2] E E £ —
Cy o R, R3 G

Y parameters

[ ] [Yn Y12] ]

Y50 Yoo

5/21/21

51

Vi1 = o
1 U2=0

51

Yi = ;;‘
2 'U]_—O

Ly

Y1 = .
1 'U2—0

Ip

1V o
2 'U]_—O

Milin Zhang, Dept of EE, Tsinghua University
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2| Example 5

QUESTION: find the Y parameters of the network labeled in the dash line

................... _ = According to the i — v relationship of

o Ry i o
— W . the capacitors
;| -
— vy E E v, e . c dvl-
G R ORI G [lll | tde]|_d [C1v1]
: ' [y dvy | dt [Cyv,
e | 2 dt
The Y parameters of the network " The transient function is as
! N 1 1
li1] _[R1 Rz R4 [Ul] i + i _ l
iz - i i + i %) R1 RZ Rl I:V1] _ i [Clv]_]
| Ry Ry Rsl 1 1 N 1 [lval — dt|Covy
R4 R; Rs3l
5/21/21 Milin Zhang, Dept of EE, Tsinghua University 33



2| Example 6

QUESTION: find the relationship of the voltages/currents for the network labeled in

the dash line
. i1 R4 | e %)
; WA : = According to KCL
T D+
— i k. : . V1 — Vg
— v Ly, — 11 + ly =
Cy _! Vs T R,

: I . UV, =1
1 : l =
b e 2 R,

= TheY parameters

-1 1 11
. —F+— ——
[h] _ R, R, R, lvll_l_
iz 1 1 vz

. Ry R, |

5/21/21 Milin Zhang, Dept of EE, Tsinghua University




2| Example 6

QUESTION: find the Y parameters of the network labeled in the dash line

i1 | Ry i )
1
; " =
| 1
1 1
o R, L+
S 1
Cl . : vS : _ CZ
. i
! |
! 1

= According to the i — v relationship of the capacitors [i

5/21/21

1 (1 N 1) 1 7
d C1"l71] _|CGi\R1 Ry CiRy
dt LCrv, N 1 1
C,R, CoR, |
constants

The Y parameters of the network

1 N 1 1 .
[H] Ri R Ri|1v1 75
iz 1 1 UZ 02
R, Ry
dv;]
1] _|[Ttdt|_d C1v1]
2 dvz dt szz
2 dt
1
CiR;
0

forcing func.

Milin Zhang, Dept of EE, Tsinghua University 35



= | Outlines

" One-port network
o Definition of one-port network

o One-port network in series / parallel

o Circuit equivalent as one-port network

= Two-port network & Parameters
o Definition of two—port network

o Z parameters /Y parameters

o T parameters / T' parameters

5/21/21 Milin Zhang, Dept of EE, Tsinghua University

Z parameters
[ 414 Z12” ]
2y Zy,
Y parameters

[] [Yn le]
Y21 Y22
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N | T parameters

L1
1 5
+ O
Two port
1 network
- O
€« U

- T parameters

vl == sz _Blz
il == Cvz _Dlz

L1=16 o=,

" 4,1, are dependent

" v,, 1, are independent

A=— when i, = 0
Uy
%
B=—— when v, =0
L2
L
C=— wheni, =0
V2
L
D=—2 whenv, =0
L2

T Parameters are also called as ABCD parameters

5/21/21
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2| T parameters

1 —_ L - iz 2
+ O —0 + :
Two port " vy, are dependent
1 network va . .
—  O————| o _ " v,, 1, are independent
«— I —> I
1, 2!
/ U3 .
- T’ parameters a=_= wheni; =0
1
U, = avq, — bll 14)
i, = cvy, — diy b——z whenv; =0
or i2
c=— wheni; =0
=10 all "
Lo c dil7l i
2
d = —— When VUV, = 0
L1

T' Parameters are also called as abcd parameters

5/21/21 Milin Zhang, Dept of EE, Tsinghua University
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= | Outlines

" One-port network

o Definition of one-port network

. . Z parameters
o One-port network in series / parallel P

) . ] l ]_211 212”]
o Circuit equivalent as one-port network Vol T Zyy Zyyl iy

Y parameters
= Two-port network & Parameters P

[ ] Y11 Y12] ]
o Definition of two-port network Y21 Y

T parameters
o/ parameters / Y parameters P

o T parameters / T' parameters [ ] ” ]

T' parameters

1= 18 all

o h parameters / g parameters

5/21/21 Milin Zhang, Dept of EE, Tsinghua University



" | h parameters

1 4 o 2 2
+ O —_—0 + .
Two port " vy, 1, are dependent
1 network va . .
—  O————| o _ " V,, 1 are independent
«— I —> I
1, 2’
1
-> h parameters hy1 = T when v, =0
1
V1 = hyqlp + hyovy h vy heni =0
L : = — when i; =
iy = hyyly + hyavy 127 v, 1
or no unit ir
hy,y =— when v, =0
l ] _ h11 h12] [ ] ]
h21 hzz i
2 .
h22 = — when l1 = 0
no unit S 14)

h Parameters are also called as hybrid parameters

5/21/21 Milin Zhang, Dept of EE, Tsinghua University
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" | g parameters

1 1 iz 2
S PR
+  Om——— ——C)
Two port
%1
network
— O —0
17 €« U —>» 1 2

-> g parameters

l1 = g11V1 + 91202
Uy = g21V1 T G222

or S no unit

[i1] _ 911 g12“ ]

Uy 921 Y22
N\

no unit 0

" {,, U, are dependent

= [,, V; are independent

I ,

Ji1 = — wheni, =0
1
1
L2
v, _

921 = when i, = 0
1
[

922 = N whenv; =0
2

g Parameters are also called as inverse hybrid parameters

5/21/21 Milin Zhang, Dept of EE, Tsinghua University
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" | Network parameters

Z parameters

lvl Z11
172 Zy

Y parameters

-1
Ly Y21

5/21/21

Two port
network

2[i]

22|

Milin Zhang, Dept of EE, Tsinghua University 42



" | Network parameters

1 5,1 e 2 2
+ O—— — o+
Two port
V1 network vz
— O——— —0 —
€« L —>» 1
1 2’
Z parameters T parameters h parameters
lvl _ 411 Z12] [ ] l ] ] l ] lvl _ 14 h12] [ ]
172 221 Zzz l2 h21 h22
Y parameters T' parameters g parameters
1] _ [Y11 Y12] V1 2 [ ] 911 912
[lz] o [Y21 YZZ lv2] l 2] lC ] [ ] 921 922 ]
7 =y1 T=T1"1 h=g"1

5/21/21 Milin Zhang, Dept of EE, Tsinghua University 43



2| Example 5

QUESTION: Find the Z parameters according to the T parameters

i i . .
1 _, « > 2 = According to the eq. of i;
+ O—— —0 +
Two port . ) 1 . D .
V1 network V2 ih=Cv;—=Di, V= Ell T Elz
— O— —_— -
"TE oy

= Take the eq. of v, to the eq. of v4
, 1. D, .
vlevz—Blz :A(El1+Elz)_Bl2

T parameters

A AD
[a]=1¢ bl =Zi + (- B)i
Z parameters * The Z parameters are
v Zi1 Z1o1Ti .
v, = lzi Z;ﬂ liﬂ [:2] - %[‘1‘ AD - BC] [2]

5/21/21 Milin Zhang, Dept of EE, Tsinghua University 44



" | Outlines

" One-port network
o Definition of one-port network

o One-port network in series / parallel

o Circuit equivalent as one-port network

= Two-port network & Parameters

o Definition of two-port network
o Z /Y /T /T /h/ g parameters

o Series / parallel / cascading connections

5/21/21 Milin Zhang, Dept of EE, Tsinghua University
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¥ | Two-port network in series

l1 i11 i12 i L2
4 I . -» @ A 1 . .
° : +—0 o—F ; © = The relationship of the
| Two port !
| ! currents & voltages
+ | Y11 network V12 : + 8
| [r—— , - I
: €« l11 — iz : -
| | V1 = V11 t V21
V1 V2 Vy = V12 T Vg2
: I21 iz2 i
I - € P I
— i ., Two port § i — i1 =iq11 =112
1 21 22 1 ) - -
c(_ | ~ network - i _)O iy =iy =iy
i, | T e in —> iz | i
1 : 2

= The parameters of the series connected network

V1
172]

_ ( Z1q
Zy

5/21/21

1711]
_I_
lv12

lvz1] .
U2

Z12] +
ZZZ 1

Milin Zhang, Dept of EE, Tsinghua University

Z 11 Z12] [llll [Z11 Z12] [i21]
Z21 Zozly g Zy1 Ly 5 Li22

(Z14 Z12] )[H]
Z21 Z32],/ iy

46



ll Two-port network in parallel

_l% : — l11 - l12 i L2
o . +—O0 o— o = The relationship of the
| Two port !
| ! currents & voltages
+ | Y11 network V12 : + 8
. O , " I
: €« l11 - 112 :
| | V1 = V11 = V21
1o - 2 Uy =V = Uy
: . I21 o 2 i
— i Two port i — i1 =iq1 + iy
I V21 network V24 | . s .
c(— | _ etwo _ : —)o l =112 + ly2
i, | T e in —> iz | i
1 : 2

= The parameters of the parallel connected network
[ill _ [illl n [i21] _ [T Y12] [vll] n [Yn Y12] [7721
iz l12 I22 Y1 Yool W12 Y1 Yoy v22
— ([Yll Y12] + Y11 Y12] )lvl]
Y21 Ya2l; Y21 Ya2l,/ 102
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¥ | Cascading two-port network

il | i i i i : iz
Y : — 11 - 12 —_ 21 - 22 : <
+ o +—0 O— o O—+— o +
v : Two port Two port : 1
1 c<_ v network Viz Vn network vzzi — 2
— t——10 —O o o —0 —
il i <« l11 =» li12 <« 121 - 127 i Iy
= The relationship of the currents & voltages V1 = V11 i1 =111
V12 = V21 l12 =121
Uy = V22 lz =122

= The parameters of the cascading network
lvll _ '7.711] _ A 1 “1712 [ ] v21]
l1 [ 111 1Cq l12 121
_[A1 Bi] [Az Bz] [vgz ] _ [A1 ] [ 2 “
€1 Dl L€y Dafl=t2 € C,
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2| Example 6

QUESTION: find the T parameters of the circuit below

,WARl »WARZ * The goal is to find the T parameters of
) N a RC network
: o +
Wm(f) i = i T Ve v, 1 Bl Vs
: Cl : 1 CZ — : [. ] = . ]
! o ! l1 C Dll—1
________________ ST = Keep port 2 open circuit
rTTTTTTTTTTT ! R. + 1
1 e Ry I 22 v 1T 5wC,
e ) o A=t =%t jerig
! : 2|, _
: 2=0 jwCy
" ! —= vy
E Cy i il
— O - E : . o — C == ’l)_ :](UC]_
1° <« ll: ______________ : . g 27 2 12—0

5/21/21 Milin Zhang, Dept of EE, Tsinghua University 49



2| Example 6

QUESTION: find the T parameters of the circuit below

i ,WARl E ,WARZ | = Keep port 2 short circuit
| | L
1 1 : ! 1%
W“"C) ! — el VR B=-—1 =R,
1 ' 1 [
: o i1
_______________________________ D =—— —
[y 1
172—0
1 lli Rl : ly 2
PP SRRV <« 5 = The T parameters of the RC network
E E Vq [1 +J(1)R1€1 R1] (%)
%1 1 — | vy l ] = . l .
! C—— ! U ]C()Cl 1 —l7
: 1 :
- @ “«— U i L= 0 ©
1’ o ___ | 2’
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2| Example 6

QUESTION: find the T parameters of the circuit below

| p— |

S

S

e—
I

5/21/21

1

14 joR,C, R1] [1 + jwR,C,

jw(Cy jwC,

_(1 +](1)R1€1)(1 +]C()R262) +](UR1C2
jow(Cy + C3) — w?RyC1 G,y

____________

V11 _ [1+jwRiC Ry|[ V2
[il] B [ ja)C1 1] iz]

vout

lout

j(!)RlR2C2 + R]_ + R2] l
1+ jwR,C,
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= | Outlines

" One-port network
o Definition of one-port network

o One-port network in series / parallel

o Circuit equivalent as one-port network

= Two-port network & Parameters

o Definition of two-port network
o Z /Y /T /T /h/ g parameters

o Series / parallel / cascading connections
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" | Reading tasks & learning goals

" Learning goals

o Know how to find the circuit equivalent by applying a
voltage/current to the port.

o Understand the concept of input impedance and equivalent
impedance from a port

o Know how to calculate the network parameters of a two-port
network
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