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=PrFL Incremental model (1)
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=PrFL Incremental model (2)

Kirchhoff's laws : v(z,t)-RAzi(z,t)- LAz d (c’iztt) -v(z+Az,t)=0

ov(z+Az,t)
ot

i(z,t)-GAzv(z+Az,t)-CAz —i(z+Az,t)=0

N\

8"f;’t):_Ru(z,t)—L(fﬂ((,azt’t) v Z)=—(R+J'60L)'(Z)
8igzz,t) :—Gv(z,t)—Cauf,;’t) dld(zz) (G joCV (2)
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Incremental model (3)

with

y=a+ j,B:\/(R+ja)L)(G+ joC)



cEPFL Incremental model (4)
Solutions :
V(2)=Vg e 72 +Vy ¢
1(z)=1ge7*+15e"”
or .

| (z):ﬂe‘ﬂ—ﬁeVZ
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Incremental model (5)




=Pr-L | 0ossless transmission lines

y=jp=joJLC

V(z)=Vg e JP2rvg el

v iz, = eifz VO iz Vo i
1(z)=lge P +lgel’ =—e'P'——"e¢
Z, Z,

/1:27r_ 27T v :dz

0, 1
B wJLC ?dt g JLC
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cPFL Terminated lines (1)

V(2), 1(2)

I _
_() O L ZL:V(O)ZVO+ +V0 ZO
Zo, B VLz, 1(0) v -Vg
—{ — o,
- _ 2L “oyt
| A _zL+zOV0
0

16



cPFL Terminated lines (2)

V(2)=Vg (e /7 +TelF?)

Py =Re|V (2)1"(2) | =

. Re[l—l“*e_zjﬂzﬂ“ ezjﬂz—|1“|2}
0
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=PrFL Terminated lines (3)

Losses due to mismatch : RL=-20logy|[] dB
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=P-L Terminated lines : VSWR

Transmission line

7 - elem.
A
u
YA
V (z)| =Ny L+ Te? P2 = vy 1+re‘21'ﬁ"=v0+ 1+|r|ej(9‘2ﬂ)"
wall .
r(1)="08 " _r(g)e2i

B V0+ej'8|
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v (2)|=

20

Vo'

Vmax —

Terminated lines : VSWR

1+Te1h? = v Vg

1+Fe_2jﬂ|‘=

!

(2+]T7) Vimin =

}

SWR = Vmax — (1+|r|)
Vinin -~ (1=[T])

1+|r|ei(6’—2ﬁ>"

Vo' Vo

(/)
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cPrL Terminated lines : input impedance

V(2), 1(2) ;. :V(—I)
- ()ﬁ ")
— vz, + (LB, ra—if
‘ Zo, B Vo (e!”+Te )
Zin — ( =0 VO+ [ejﬂl _re—jm )
¢ 281
|- _5 1+Te 12F
0 — =0
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cPrL Terminated lines : input impedance

_VO_ _ ZL _ZO
VO+ ZL -I-ZO

Thus, using [

(ZL +24)e P + (2 -24)e 1P _, 2 cosfl+ jZ,sin B
(2L +Z0)eP'— (2, —2,)e™ 1P ° Zocos Bl + jZ, sin gl
Z| + JZ,tan gl
°Z,+ jZ| tan Bl

Zin: 0

=/
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=Pr-L Terminated lines

V(2), 1(2)

Zo, 3 V| =0

| Z
_| O

V(z)=Vy (e‘jﬂz—ejﬁz)z—ZjVOJr sin Bz

+ _ _ +
I(z)=Vi o182, gi57) Z 2V CoS /37
ZO
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=PrL Terminated lines : short circuit

Vil
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cPrL Terminated lines : open circuit

Vo1

— (
Zo, P VL

— -
1

Z

|
|
0
V(z) =VO+(e‘jﬂZ+ejﬂz): 2V cos Bz

—>  Zjy=—]Z,cC0tpz

I (z) zﬂ(e_jﬂz_ejﬂz ) _ —2 jVO+ Sin,BZ
ZO ZO
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cPrL Terminated lines : open circuit
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V()
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=PrL Generator and load mismatches

T V@) @)
)
VAT e Zo, B

U

1 ;
:
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=PrL Generator and load mismatches

Input impedance (at ) looking towards the load :

141 g~ 12A! 7 Z| + JZ,tan Sl

Lin=L : =
" Ol—F,e‘Jzﬁ' ° Zy+ jZ) tan Bl

with 2, -7,
I'| =
Z| + ZO
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=PrL Generator and load mismatches

Amplitude of the incident wave from the generator :

V (1) =V, =2 -V (e e 1)

 Zin+Z,
Thus V0+ =Vg Zin - L -
and
VO+ Zln l ZO e_JﬂI

:Vg : 3 :Vg :
Zin+Z4 (elﬂ'm e—ml) Zo+Z, (1—r|rg e—zml)
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=PrL Generator and load mismatches

Power delivered to the load

F1=R9[Vin|inJ ‘Vln‘ Re{ } ’Vg‘ Zinzjfnzg R{Zil

2 Rin

(Rin+Rg)2+(Xin+Xg)
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=PrL Generator and load mismatches

If the load is matched (Zi=Zo)

Ly

(zO +Ry )2

2
=V 2
g
If the generator is matched to the mismatched line (Zg=Zin)

Zin—Zg
F=———2=0,Ty#0,T #0 R = ’Vg‘
Zin+Z, (

R+x)
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=Pr-L Generator and load mismatches

optimum power transfer

éa;-i =0- 2 1 2 ZRinz(Rin+Rg) 2 2=
in (Rin+Rg )™ +(Xin+Xg) [(Rin+Rg) +(Xin+Xg) }
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cPFL Impedance matching

Aim : achieve maximum power transfer

A narrowband matching network can always be found
for a passive load
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cPr-L Quarter wave transformer

Zo Z Z| =R A7V%h

I
I:49:>ﬂhz
, _, ZLtiztanp 4
n ="z, + iz, tan I

: 2
2 -7, A(ZL-Zo)+jtan AI(Zf ~Z57,

ZintZo  Zy(ZL +Z4)+ jtan BI(Zf + 202,

I =

ZL_Zo

I =
ZL +ZO + j2tan,6’|«/ZOZ|_

35



cPr-L Quarter wave transformer

Z -7, 1

- - —
Atan” pIZ,Z,

\/(ZL +Z5)° +4tan® pIZyZ, \/(ZL +2,)°

0)
(ZL-20)°  (ZL-2,)
1 1

\/1+ 42,2, Atan® BIZ,Z, . (42,2, ]sec®pl
2 2
(ZL-2Z0)"  (ZL-Z,) (ZL—Zo)2

1+tan2,BI =se02,b’l
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Quarter wave transformer

0 a0 B0 40 120 150 180
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Z0

L sections

b)



=PrFL Example

Example: we want to design an L-section matching
network to match a series RC load having an impedance
ZL. =200-j100 Q,

to a 100 Q line, at a frequency of 500 MHz.
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Example

38.8 nH

0.92 pF
Z0

2.6|1pF

46.1nH
Z0

C=cl/w/Z, =0.3/w/100
L=11*Z /®»=1.2*100/w

Z| =200-100j

L=Z_Jw/I2 =100/0.7/c
C=1/c2/Z/®=1/1.2/100/c

Z| =200-100j



cPFL Single-stub tuning

d
- >
_ o
Yo Yo YL
5 o1
openor | YO
shorted i
stub
d
- >
O O O |
Z0 Zo Z|
o o o]
Z0
Qo Q
open or
shorted
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Single-stub tuning

] (j :
Yy > ¥y Y,
] o]
;o
Y=—
Z
Open or
shorted |
stub
(a)
-t (j P
) O ) |
Z{I Zl'} Zf_
o | o |

—0

1
Zy i Z= Yy
o-———0
Open or
shorted
stub
(b)
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Single-stub tuning
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Single stub tuning

«— 0.1 100 —> 60Q “—(0.260A —»

50Q 50Q 0.995pF 50 Q 50Q

60

0.995 pF

S I >
L

0.095A 0.405A

Solution #1 Solution #2

(b)

J(GHz)
(€)



=PFL . .
Example: Single stub tuning

Example:

match an antenna
Zin=44.8 - | 107 Qto
Z0=75Q
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