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UNIT 1
TRANSMISSION LINE THEORY



i . . .
I+ /wansmission line Theovwy

Lime :
Transmission Line is o conductive ynethod of
guiding electrical Signal from Ome encl t» another end.

Types : ;
Open wire line

I Porallel lines Two wire pavallel line

R Twisted Paly cable —> shieldeodl

' t L >,

3. Flad Ribbon cable nSh'eid?‘d |

4. coceral cable

5 Steiplines

i W —_ R L

Eﬁg,(,u valenk c:.:__‘rcurf:- O,{,.;,?‘n’ LlﬂQ : v AW R
R —> Resistance ,(th/un‘.h length) =
L. - Inductance (Henv_y funit Length) c L (=

&~ Conductance (mho[unmk Leng)
C = Capacitance CF-‘a.vazifr,m}%: Length)

R, G and C owre colled as primaxy constants
of Txn. Lines.
Uni form
Uniform Txn. Line :

when R,b §and € ave uniformly distributed
thvough out +he line then the (ine g called as

Uni form Txn. Line.



Secondowy constants of Txn. line

by

/. chovacteristic [mpedance | =z’
ZO - ;.7_. = j R+ JU}L
1 Y G +Jusc
2- Propagation Constant , ¥

J = P = } ZYy = jCR‘f‘JWL..) CG‘}""JWC)

> s %

3. Wavelength "

=& (or) »x= 2T

4. Phose Ve.lc:?&?ky;, V‘,B
Vo= »F = g

FB .
To Find 1° comnstants from 2, COOS‘:‘:a,n'l:S
R+ jwL = ?-zo , jﬁﬂu}u RHj L
@,+ij - .?/1 +JU9-CL RAejur
) = l(R’Fij.)z-
CR+ij)Ce;+jwr:)
= RAjusL

(w0 (griwd)

2, = RAjudL
Y
Yo RAJWL = Zgo Y
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General Solution OF [ransmisswon Line :

oA

When the Volkage Ov Curvent is Lyansmitted thvough
a transm)gsion /:'ne,’ (£ will not be constant thvough ouk
the line . There will be dwyop in the voltage o Cuvrent.
To find the Voltage and Cwrrent at. any point
in o. tyahsmission line Let us derive general solukion
of transmigsion line . L

< x P w >
e g M«Z}-g
Let R, b, G and C be the Primary Constants

of transmission line .
R -> Series Resistance (ohms [unit le—mg‘fb>
L - Series Inductance CHenrg Junit !eng'ﬁ,-:}
§ -> Shunt Conductance C"mho [ unit fé’-ng‘fh)
¢ - Shunt Capacitance ( Favos [unit length)
L — Total length of the Txn. line
s —> Distance from loool 40 the Point of Obse::;%ﬁ

ds => Small Section of Tun. line

Z > Series Impgia_nc,g_



Y —= Shunt Admi Hance
Eg = Source voltage
Ig —> Source Cuxrent
z, > Impedance at Receiving end
E —> Voltage ot any pomt on the line
T -> Cuwrrent at any Point on the line
ode = voltage d'mj:e in ds sectiom
dr > C’.wrre.ni‘. d'mfp In ds Section
z.ds > Im'pedanc.e. of Small seeémr; ds
y.da —> Adm; Honce of Small Section ds
ccpnsldaf‘-.__'a amall section ds having the Series
Impedance :‘zds Let the cuwvrent Flowing +throwgh
+this Section be 1" Hhen the. voltage drop 2eposa
this Section will be
de = T.zds

de 12 —> ©

T———,

dsg

Similarly, the Curvent dyop (evoss -this section

will be  olr = E-VYds
ds

piffeventiote egue. @ 8 E) w ko S



n

2
de _ dr
ds® ds
d%E
d > = Evz > @ £e&e> T
$ 2 '.24-.;_)/

o dzx
similoxly, G5 = Ivz — @

Equations (3) and ave called +the differential

ecimﬁons of Txn. Line..
To find Solutzon -R:nr 'rhe. d:«i’—’—Fa‘renm} equation,
put o - m  then eﬁ}us,. . be.'-cames

——————— ——

ds
sz = Evyz “:'-‘mﬁ.x :.‘:3:')’2.

m* = Y=z o R

m =+ vz —>(5a)
The solutzon of the ol—F-f«'-ez—en*&aL %u&zons

D@ o, o
Jzy-s N B“&W 3___9_

E=Ae o
T = . 327 +:D.;_‘E;'$ —>

The woltage and curvent ok the Receiver end s,
Put T =TI, , E= E, and §=0 in R
E, = A+ B —> {a)

L=
T = C+ D —> Qb

Now, differentiate equs. 5{ wor-to §

de - A Jzy. ery > —RB.Jzy e 2y

ds . =
zy —
Iz =AaJdzy e _Blzy e

i

1



T =AY e _B.Y e —> (@a
< 2.
Similarly, “
2y-% z —dzr-= ,
E=¢C |& ¢ — 2. | e - —> (8b
Y Y .

The voltage ond curvent ot Receiver end IS,

Put I =T, , E= Eg and $=0 ':negu.S- 9‘

g

Y

I§= A' —Y--' -B' ———— -.'} .
- v N A
Y N oY

To Find the axbitavy constanks A B ¢ andD

A = E‘__R"_..). = _IE_ . IE...::ZC,
2 Yy =z Y

A= Fr 4 ZEw
2 2 2o

A= Er i+ %o —> (o0& I"m%
2. “‘2”;‘

Simn ’&7’9,
R = %., )“"._;Z_?__> "">

R
e= 1+ 2 5k
e (1+ 22 5@
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I

2(-2) -@
Sub ea,us.ma»'m equs. (&3 3 (6D

E=A-Q.J?y’$ +:a.e,E;‘$

g :EE.Q‘F?_'E‘ el?)f.s + Er (z E;S
2 p

-5 (14 2) [ By Zg*za. wr@‘j
: vé : e‘-

zg-&-—Z-a

E = Eia Z«R‘*‘Zc) ;-.y’.s ,_,_(29:*%) JIzv s
2p+2Zo

- (22 [”_ | e

where , k = Zp —2Zs , Reflection cCoefficient

2R+1Q

Similaxly ,

— =
T =T :22+2Q>[€j2y3 _K'ei 75 ] @
2 - Zo

Equsg @ 2 @ owe the useful egus. of Ixn.Lline.

10



Eqn, can olso be solved as,
Ee (v 2 ) ™S v & (im2) ™

+ e =Y $> + IRW_E@ ,

2

S =B cosh Ty s + Tpk Sinhlzy. g =)

Sim;laxrly,

T =T,.coshfzy. g + Fr . sinhJ3y. s — (5
Z.o

11



Input |mpedance OF Transmission Line :

* The impedance mMeasureol ot the ifp end of +the Txn.
line 18 the ifp impedance .
* The ifp impedance 1s defineol as the vatro of sources

voltage to Source Current .

* T 18 denoé'ed .b_y ----- » Zip -

K1-KT  the Uélio_ée, and curvent. at any point on o

line. 1S 3:\02,;1 by,

I ~IR cashgz;gs_, + i Smh@ﬁ "‘*3*‘
To find voltoge 3 cuwrrent at. Source enol |
Put E=E; , T=Ig and $=1 in egus. (@) 43
= E; cosh Izyt,;_ +Io2Z, SinhJfzy. 2 “"9’

Ig =T, coshJzy. 4 + Er . Sinhlzy .t —> @

<
Sub () 3 ® n® ©
Ep Coshlzy.A + IgZ, Sinh Jzy .o

*. 23 =
Tg coshZy.x + Er . Zinh Jzy .4
Zg = IRZRC'OS"‘E-A + Iz, $inhl§fi ( EPEJ;QZ,;

Te coshlzyv .4 + Toze Sinhlzy.2 12



JocrA (z, coshizy. L + 2, Sinhfi}.,{)

e

Zg

76 ( coshfzy.a + 2z ginhlzy.2)

20

zg coshJzy.L + Zo Sinhlzp.4

-

< .
~Coshlzy.u + Zg sinhlzy.L
- =%
Zp CoshJZy A+ 2. SinhJZy.L
" ZS = ZO‘ e .

2,. CoshJZy.A + 2g. SinhJZj.4

Case 1): Ifp Impedance w;fh Zp=2Z4

I/p tmpedante of & ﬁn.}!ina terminated with z,

i2 given as,

substitute Zg =24 in equ.(&

Lo =

s= %o

z, Cosh J?}J_“}

st

SinhdZy A

D e

e}

2o coshlzy.a + 2o SinhJzy.4

. 23 = 202 —_

i

pa—

1O

— ©®

4 4

Case ii) : I/p impedance with short Civeuit end (zg=0)

Tlp impedance. of & Txn. line with shorkt Civeuit

end s 8iveh as,

Put 2

=0 In efiu.

-

0 + z,Sinh]zy .2

dmey

2, cashﬁ;,k +0o

ad

13



zg. SinhJzy .4
Zo- CoshJzy .4

ZS::ZO.

g Zg=Zgp= Zy . tanh Jzy L | —>

Cage ) : Ifp impedance with Open Circwit endl (2g = 00)

I/p impedance of a Txn. line with Open civewit end 18

3wan 0.8,
In egu- (6 é:ake. ZR as common
24 cmshﬂ.l. + 20 sinhlzy.x
25 'z-_o R
%% i?___eoshff?_z + SinhJZy. g
put 2p = (".'.L::O\
- - b S
coshJzy. L +0 |
2s=2,
O + Sinhlzy.x
‘ zy.
2o = Zo. c,‘csshf_;‘i
| SinhJzy.4

.
H

|5 Zg =2y = Zo- COLRTZY.L

, #

Transfey Impedance : Z.

- @

Tt is defined as the vatio of Souvce voltage #o

Receiver Cuxwent . TE (s denoted by ‘zr’ |

Z = E, 7
§'r —3 -—5-@

E oY

14
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w-k-T TRe Voltage af any Poink on a Txn. line is given
as, E=E, coshJzy.g8 +Iz.2, SinhJzy.s —
To Find the voltage ot source end,
put. E=Eg and $=4 in egu-@
. Eg= E. coshJzy.4 +Tgz, sinhlzy.1
= Ip2Zg CDSHEY'L + I 2, Sinhlzy 2
Es = T, (2 Rﬂ_gpgh’ Zy.4 + 20-,s~}nhE}.x>

=8 z, = Zg. coshSZy. 4 +24 SinhIzy.4
IR : . :

2y T Zge cmah.f@i;’*?w einhJzy.1, —> @

Distortionless lime t

A Tramsmission lire cohich saktisfies +he condibion

% = 8 is calleo as distortionless line .
c

Ke = LG — @
Wk T v =F = Q(,—f-:”?; = J‘Zpy
= JR+ijw) (g+iwe)
= |LC E_,»é»jw)(ﬁ__ T
A (L. C +dw,>
= - r ’ RO~ &
\Lﬂ.(_% +3u) (‘TJ +4w~) R-4

2= wtip =(R +jw) Jie (on) [ie (& +iw)

15



xtjp = Jic R +jw]ic (o) Jic-§ 4 juslle
: Rl

C.
%+jp = R ’_E-,; +juw-Jre  (ov) G,.j?‘-:_. +jusJic
- c

L.
'oér—R‘FC (W)G,E — @
B= w[ic = *--—»@

From equ . @ g. we come 40 know that x isg
independent of %waq,aamy and ,E- is a constant
mulbiplied by w

Waveform Distb’*rﬁon (or) Distortion line (ov) line
Distoytion

The Signal transmitted through the Txn. line win
ke tn Complex form and has many freg. componenks.
In tdeal Txn, line , the Signal veceived ot the veceive
end must be Same as the transmitted Signal.This
condition is achieved Only if all the *Frea}; Component
are attenuated egually and transmitted with same
delay . There are 2 typeg of waveform distortion.

I Frequency Distoytion

2. Delay (ov) Phase Distoytion
16



| 4-

I. Frequency Distoriion:
1t is a type of distorkion in which all the Freg.

Components awe not attenuated ot same level (equally
This distertion conbe avoided if & is independent of
. In Txn.line eq,ual?zevs are used ot the ends to

reduce. the distortion. -~
= |(rG - w"Lc,) +J(R§ e ZLJC)L + w(rRe + L@!)
S

Delay 1313{:0?1‘:1.{)!‘3
Tt (s &%HPQ, of d:s{:ovf:r.an tn which ait the Freq .

components oare z‘_m.n.Qm:{:{:ad at differvent time

intervals. This d;.zvga':w’bmn can be. avoided if _[3 (8
W i Independent

2

a. constant mul&ipliézi by t+ and

of U . Cpaxial Cables Gye used 4o veduce. this distortio

p = ;’((w%.c. -—12@,) +J(Re, —w?re)® 4wt (Re+ LG,)l
2

(ov)

B = (w?' LC - RG,) + J(ﬁz + 592' Lz) (,’G)z *WLCP“)
\ 2

17
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PTOO*F -
ikt 7=P= x+jp =Jzy = J(Rﬂwz.)CG,—mwc) -0

Squaring on both Sides
(og—;-J',g)?" = (R+jw) (G+iwe)
wzwpz-rzj % = R§ + jurRe + JwHLg —w’Le
(a*—p?) +j 2¢p =(RG —wLe) + jwr(Re +16)
Equating real and. imoginayy Povts
F-BE = RG—wile —> €y
oxp = wRetrs) — B
Find magméw:!e for egu. (D
X+ P JCRG; wa'ua:)*PJWCRC—-F- LG.)

J.x;?‘-f p* .—.».JLRQ —us s.;:) + w* (Re -H,q)
Squaring on both sides

o+ B = |(Ro-w)® + w(Re+ie)
Solve equ- @ 2 4o Find o and B

*—P7 = RG —w’Lc

o> +f5 - Gre- "LC—) +w?(Re+16)"

Y = RG-wLC +(ch - L.c.) +w*(Re+ LG,)

~> @

| 2
o = |(rg »w’-m)-l».\!@zs; —mzuc)g" +w*(RC +LG)

2-
A — B
18




Similarly,
P =JCw2-z_c —rg) +[(Rg *szQ)l +w(Re +1g)*
2. —>

From egu.‘ onol we. come to kKnow that

-

pc’ is depending on ws’ and R is not a constant
mulkiplied by s 8o, distorkion taxes place in line.

?@—H@ﬂz‘::ﬁn Caw Ea‘:-fwe.rak

Tt is derﬁmg;a[ as the vatio of 'a*é-flecéeoL volkage o
curvent to é‘he. i’nc}dan%. Voltage oOr current .

I& 1S mpre_santad by K€ 7

k*vr :"‘"’I'r ____}®

M

§

| V- Tiv

§
% : -

Fyom geneval Solution of Txn. line, the voltage

and Cuvvent can be expressed as,

Y.
c. Er zR-*-zo) 2 +(z»-a-2a ey
2 Ze 2R+2,3

- (ZR+ZQ)[ e <2R+2Q - ] —¢

The obbve & expressions has & teyms. The Ffivst

towym wepresented In terms of posikive 3 is called as

incident wave and. the term vyepresenkted in terms OF
19



)
E ,wa‘?a

A
s e

i1

negative S s called as veflected wave .

From equ.(@,
E=E, ZR‘*Zo)‘e_E);-S + Eg (2R~zo> NCE
2~ Zg ) = ZR é; - (®
Ei(DTD VE Er (OT) V,r
From equ. -
E. = Eg (Zga-zc) e_fz?.s - B
0z NN
EY - ER Z"R “Z@) e /-2 —> . |
2 Zp
sub® 2 ® n O
EK Zp —-20 é:jz}; 8
z > zg o Zp~2Z4 ~&r“$
ER [/ Zr + 2o e_+ v3 2+ 2Z,
2 ??,( |
ALt (oad end, $=o
LK = Zr T4 — ®

Similaxly, from e.au @

20



lg

Zo
2y.8
Iy = "IR(ZR’“ZO e Y
v ZQ

At ool end, §=0.

K = Zr —Z2o -——%@
Zpt+Zy

L K< X

Reflection On a Line Mok Terminatec in =z, i-

The Phenornenon Of Setfing Up of reflectecl wove

in a transmission Lline 18 calted os veflection.

Re flection IS moaximum in open civewt (Zg= oe)

oy shovrt Cirvewit line (ZR = o) :

Reflection ts Zevo when Zp=2Z, .

21



i3
From general solution of Exn. lifne, the voltage

and curvent can be expressed as,

e = Er. (zg+z> I—g’s ( Q”IZY'S ,._,@

o

F' -
z— P — hnd Ly:s

_ Ar (Zr+Z20 )| e 5 —(2r"%0 \ g —(2
== Zp+2Zo

2 2o ]

R

The. above two expressions has 2 terms . The fivsk
term repyesented in teyms of +g is called as
Inciclent wave which flows from the Sending enol +o
the weceiving end .

The Second. term wepresented im teyms of —§ is
calted as veflected wave which flowse from the

veceiving end to the Sending end .

me eq,u @ 5
EE. = ER ZR"'Z ) QE;'S — . Trncident Voltage
wove
Ey = Zr-Z% "1—9 S - ;, Reflected Voltnge
wave

Similarly Frcm egu.@
I. = Ig ZR-;-ZCD ‘ QJ?}'.S — ; Trcident Cuvrer

{ W) e
2_ o

Iy

il

ave.

- o
C I (Zp:“"zo) Izy. s > ®, Reflocked Curve

22
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Thus the total instantaneous Voltage 0y Current
at any poink on the line is the Phasor sum of Voltage

Or CUvrent of +he inciden£ oanal veflected waves.

In Open Civeuit +he magnetic +eldl gets coflapged
oct the. foaol end and Increages electrie feld . Due tothis

Voltage will be maximum ot vad end.

Ze 'Rece,'w':ng
W ° 1 end
Ea ra-Fo s
M ER e 81K
Ig = 3
3 2
% Py

In Shovk civcuik, electric field gets collapsecl

ot (oacl end and (nereases magnetic +ield - Due ts

this cuvrent will be moximum ot toad end .

Zo Receiving
AW s - v end
gl
% © )
ﬁ'«& o £

23
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Loadiylg OFf Lines :

The. Process of inc'a'ea_sing the nductance L of
o line aw—bénféaia!w (S colled as Load:n3 of a Lline.

Looding is intyoduced in telephone cobles .

Theve Ove 3 fypes of Loading

1) Conttnuowus Loading

) Lumped Loading

W) Poteh ma.d;n.g,

D Continuous

In this mejhm() the inductance of 4he line is
increased Uniformly along the length of the line .

In this type , iron or high Pexymeabiliky mogne-tic
material in the form of o wire o tape is wounel

wrownd the CCDPPE.V C_onduc:l:cr a8 Shown in fHgure .

e,

Advantoges :

I+ Attenuation IS constant over a. wide range. Of 4‘1@}.

2 continuous loading is used Snky on Submarine.
Cobles .

24



Advantoges :
|. Due 4o high toroidal coves large values of inductana

is possible .
2. Eddy cuwvent ond hysteresis lvases are fess.
3. cost is lesg .

Disoadvantoages :-
(. Ltumped Loagun_g s useful only for Voice bandl

Gireuiks upto 3 KHz .
2. Inductance value (s not uniform through ouk
+he. line. -

i) Padeh Loading :

This type of Loading employs Sections of
continuously Lovaded cable sSeparated by Sections of

unloaded cable .
The typical length for the Pateh Loading s

no'rmo,ltﬁ .25 km . 061‘




He

Disadvontages :

|- very expensive due to high cost of manufacture:
2. Only low Inductonce volue 18 Possible .

3. Since Lloading is done with ivon Wive eddy

curvent and hysterests losses Incveases with

*Freqme,nag .

In this type of loading, the Inductors ore
Intyoduced In !'@Ps ot uniform distances 1n the
line .

The thductors ove Introduced in bolh +he limbs
to keep the line as balanced cireuik -

The [umped Ic::ad;ng 18 Preferved for Open wire

lines.

mngm, Covl



\/\38 W AVY-S

2 = (Q.}.\Su)l-‘) (61+3WC—>
= [R(3%9 |
- DR (cor 45 +) SmaS)
RN
= WRC (\r’*'—;: +J \FV>
- C
. _ wRC + \)p
wrip = F——;— =

| . Apoma , e gt
Eq,.gt;.‘j M,_ g wwmAGETY

(Lf&10

: wRC
x = P2
2w
. w - s
04’ P 9, VP ¢ at

gswwu S Q’W 9%
=Y '

Souiern .)5\/\3)7’ - bot
oo liow O e o MW e
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Coalola - 3\,,,”““, Ho  addhve  datsrlionlise Lelaple,
coble (oo Ao acdiave RC LG comolibion), e
Volus 84 Sudbuctonce has do he neasad .
3%‘2_: poro cens afb, wmnw»a S 03{
Dnduckonn  So  acdene  diaboibiowiers Lue G2 called
Lsocta Teleplhene &a_u,» |
Mo  Umdorarad S /&aﬂM"}—CCa.mu_ 3'17

L.mou,\g , tenalder Asadsad M&P\Am cwp_.(swc.m@_
looctleast colale ote R, L wd (ou.ﬂtj G :D)_

Z = R+;)wl_

¥ o= ch. C".' G—»:O) |
Y = —_ B '
| m:\//m&lwm . @

[T i) we |7

:\/\/;’-L’(""_EE“) l—i—’ ta;“(;R’E> Jwe !'77,-

- 2 - R
\/wL [+ R XS / K — bon (J;:) ‘
o w:"_f’ . L
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Sinee R<<s wL, _E._- ~ O
W
J_ tow' B
- = w\/—).—:t: La— ko wk
Lox X s '/ R
_— = . baunm —
s 3 or) = ©

Mo “b—«)&d Cere ™.
- R
cer (Z -5 8 (C?T-\> ); o vy
- R waallad o
- e (—Z ; _zl: wx.)) boun (* ) c'm‘?’q
e 3% ¢ -
- S ! R - __R._.- Cer M-U e
= N (.3-: ;:) 2oL % ]
‘ an? ~ ¢
Jo W S\L& L‘cm.? ~ ¢
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: swual & < Lot , wa
By Wﬂ - mag oy gt
= B fe = w/ ‘ 2 Vp = X o
% 2 /_/Ej r Peow/ie P s ° ™
Jstome e wlapue Q.X—PW , <k a o-hu-o:m Lok

by nseasieg e dmstuctana  Valua (ie. by weesa o

Losres wn o Toasuancasieow Juiew:
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P
Rl
Socn (@) o] Shees
Py
&.——
P, — dnadauk pouvren
b Acial powes  dabivened
P, — MMM Jporas
We Rnewo Lluak E ._ K" I @
Py
P, = P - P —————-'. &
baak vt be
P, — Peurer . S
Ruplaction JLoas = o dakivenad 4o - -
Pz_—"; ‘/AL,LU_GUQ -f:ert,uu, dulivesrad Lo
Qe Load
Pl _',?3
ol Py
' >
P — P
L
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!

. ' . ZR—ZQ -
Za + Zo
2.

(Z=+ 2D

1}

¥

(zp+2s) — (Zp.-”*f

2

Ry Jdors - CZ""—_L")
4 Zg Zo
e tiom N
R.L-b [ I3 Lors i ola = Jo JA,G ( CZR+Z°>;.
4 Za 2o
= (o .,Lax“( Zat+ Zo
| | 2 |
-Mhmm vl:WoQE;-‘ e
| | | 020 J/Q.G Z&-)-Zo
2 [Znz,
= o'loJLo..a !
| (+ > -
tohere ki*i’" cotlad  Regde
| N chien 17“"""" which Ja
h,ﬁ - :2 Zgzi
(ze+2.)
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R e bsun Jbe—&—& T —
Pss

e

Retuown Lens J [“\—p'

| K> :
K"" M,Lu.cﬂ&%‘
MWMJ&AB:IBL&G—'—— | C'Obb .]

e

I

RLcle, —-alodlﬂ—a“d

(3) Jnsestion Lot
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towesie s

bekbuiton Aswote & Ileceiuves

ky, —> Rejdeckion Yocrer
Z, + &R
k_‘,) . R”b"""b’w 'b""t&" wak S Aemd.-,,‘a enol & A
JLume |
k,_g - 2] zg Zo
Z,+ o
o__M—GL

ke — Rat Jaction 'b.aa:&«‘- ok Xue MuJ,UJ*'a

o o B
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UNIT 2

HIGH FREQUENCY
TRANSMISSION LINES



R High Frequency Twansmission Lines

The Stanclard ossumptions made for +he analysis

of Radio fyeq. lines are
- AL Very high Fregq , the Skin effect is consideyable .
Hence it is assumed +that the currenks moy flow om

the Surface of conductor. TRen the tntevnal

tnductonce becomes Zowo.

2. Due to Skin effect, vesistance R incwreases wHh

I . But the line reactance wi increases directly with

LR 4

freq. £. Hence the Second asgumphion is (oL >R .
(Reo

2. The third assumplion is thot the leakage

conductance G is consideved A zowvo. Cf'.iggwﬁgj
we >> G

Line Constants foy Zewrp Disgipation Line :

In general, the chavacteriste impedance z,

and. Propagakion conskant 7 of o Txn. line is given

b ' .
4 I < - | rR4jweo > (O
Q Lo AP 150000000 ST
A4 G +Jus-c

v = f;; = l@aﬂw@ C%—iﬁswc} > =
Aceording to the. Standard assumpiions for line

ot hi‘gh Freq - Juwrl >R and Ju@{: > G -C'i-w} Qx@iz’g
;_ !



zy o= [ Jwi :j&m — (@
- 3

Since Zp ts veal and vesistive it Can be vepresented

by Sym.bml R,

-Zﬁzﬁ@ﬁ !,‘::.
c.

Similoxly ,
9:\@WQC$WQ
= sz’mz"m,
v = jur [LC _

WKT Y= o6+

S0 = st iR o= Juw il




5

Qéandmg, Wave -

when Zp £z, Some port of the tronsmitted
8ignal fxom Source to loac will be weflected back
towaros the Source . This veflected wave wiltl combin

with the Incident. wove which gives vise +o standine

wave

Vol bnged

/
Voltoge

vy S
> >
# standing wove on a # standing wave on o
dissipationless line With dissipationless line
0C oy Sc terminatzon torminated with Zg¥+Z

The Points along the line where the magnifuole
of voltage ov Cuvvent is zevo owe called os Nodes.

The Points along the line where the. magnitude
of voltage ov Curvent is moximum ave called os
Ardenodes 0y loops .

when a_line is texminatesl Ln Ro , the Stonding

woves are absent, such a line is calledl 8mooth line

misrm DEin e ?:5 PV
H CR ] rv /z_

o,

pistance Blw 2 minimum POINEs (S 7o

e
po
{
¢
;

pistance Bfw One maximum 2 one minimum (S 2/a,




Qtonding llove Ratw !

% The. yaito of the moximum to Minimum magnitude:
of uoltoges o currents on o lime having Standing

waves 12 called. os S{;&nding wove voto.

* Tt is denoted by < or SR

%Sf:@nding wave Ratio LS given bﬂ)

oo su < mex! - [Bmax] | Twmaxl
!Vmin! l Eminl lIm'm ’

* Thewe awe two fypes of SWr

1) VeWr — Voltage SWR
i) C8WrR — Curvent SWR

Relatron betoeen SWR and K -

lE/{l : t'&[Ey E;‘
\%\ R ==




TIrput lepedance of Zewo oissipation i_;rzg, :

The iJp impedance of a line can be found using
the. ex[wessLon

zs =5k LS ©

——————

Ig

From general solution of Txn. line the cuywveni
and \voltage ot any point on a line iz espressed as,
E = B, ¢coshJzy.s + Iz.Z, Sinhfzy.g —- @

T = Ig Coshlzy.g + 5 sinhfzy.s —@&
For Zewvo dissipakion “'he.f{;

Zp =Ry f':jg, x=0 . So the sending end voltoge ona
current. at a distonce § ie expressed as

Eq = Eg-cosh(jB)S + TpRr, sinh (jp)$

Es = Eg COSPS +JIgpE,SInRs —>

Sim%!(m‘!_y;

]

Te
<

Tg cosps +1Eg sinps  —>©)
Ro
Substitute 3 10 @

_ B, Cogps tJIgR, SINBS
§ =

Ip cospg + Jfﬁ SiNps
Ko



I 2 -Cosps +j IR, Sinps)

= ™
$ : -

I -Cosps + ) Ip2g Smps)

.;20

T4 (ZR CosBs + SR, thﬁ$>
ZS pruey : : .,..._>

T4 C Cospg + JZp Sinpsg

Ko
IBsg -8 X B3 —iBs

W-K. T CosBS = e + e . SIMBg = & -—& —2>\&

2 (_>® 2.

Sub @ 4 In @ ' —
— ; _ ] JBS —~JBS
Zg ( e’ ﬁi e ”38) + IR, (e, - e )

Za =R
O . ' . s
= BS —JPS\ JBs —IBs
R, (Q + e )*f*,,rfz;z e =%
. o - 2_;} v

- e —»-—w.l.

Zs :TQO ®




R (Zﬁﬁﬁe

| +

(ZR“FZQ> é:dﬁs ®
(Ze +Rs) eJTBS»’j

Czyfﬁo> e/ﬁ s

W‘K’T ZR““'RO

~JBS

CZR**R@) i
- Jras)

Czﬁﬂ“gg>»€

josr

= K
Zpt Re
B . ~
—J2 BS
I+ K. e P
= - R
S o —
| —x. e 2B
- B Y-
" = |-&
|+ Ikl [ [=2BS |-
Zg = Ko
|- Ikl L2 |—2ps

k] L@ oZPE N

23

f

- 1K)

b ~2BS

Input 1mpedance wil) be mouelmum If the angle 18 Ze¥o

®»—2ps = O
2pg = #
NS s= %2 —
. 2 |
Z (moe) Ry . 4+ Ik| oot ««f 55&3% -
}-—-{K‘ b 1B

(| Zgmon) = Ry

< S @




1=

z (min) c¢an be Houno when we move at a distance

of » Afrom Z (max) Point towards the Source .
4

2B 4
S = _.E 4 ..-—-——m'é”ﬁ ! )\: EZ._'.I
2p o AP B
s =l e+t —
S lerm] )
|+ %] 95“/?1}2'%%?@*“”)
25Cmin> ‘“‘720 -
| — p-28._1 (+TW
) Zﬁ*%( ),
_ -
Zo(min) = Ry |1+ Ikl [B =% —T
|~} |@—@ =T
|+ Ik| =TT ‘;_W -




Q

Input [mpedance Of Shovk Circuited Dissipationless Line

The input impedance of dissipationless line (s
expressed as,

Z

.| Zr COSpRs + JR,SinEs

Ry COSBS +Jz,2 Sinp3s

guane —

/ - A}
co/sﬁs. 2 + JR, Sinf3S
CO3R3

C,o/gjps Re + J Zg SinBs
CoSP3

—
-

rz,;2 + IR, tanps
%= R — @

Ro +J Zgx tanpg

hisns,

Fox shovt civeuited Lline Z, =0

Zg = Zg = B .[Jﬂotanyas]

A
Xﬁ = Xsc‘ = Ro%anlgs —_

...>l<__;;sbw = %se = Ean']?;s —>

Ro Ro
wheve , Xs s Novmaliged Up weactance
Ko
- X
s =5 Xse = Xse

Re E‘:

10



10

when S=0, Xs = tkan(2W 4) = n(o) = O
Ro >

s= 2 Xs —%:om(i’l Kal ZW(E__')::M
A— 2 RQ 7\ 4_ l.,;

S=2 , Xs = tan 27 . » =ton () = o
=2- 2. > =

o= 3r X5 _ L 21" i{*) {:cm(?w = - o0
a —;5: 4- PN

S= 2 Xs = ton 2W.>):£an<2ﬁ)_—:0

Reo P
+

s o,

e / /.
' /
# ; Ve
. / M/ i _./“/ >
A / 2 pay /

- e v s e Gey e g SO I Sagie SM W Wee e e Tem me mE we e
R
|~
§ Taa
P %‘w -
%
%a
%,
[P — mwﬂwwwymmwmwm B

Input Impesonce of Open Circuited Dissipoationless line :-
The ifp impedante Of dissipationless line Ls
expressed as,

oS + JR,- SinPB$
Re - “r COSPS Ro }3—} — @©
Ro. COSRS + 3Zg SinBs }

Xﬁz:

11

f S—



ypscison R

+ J Sinpg
cosps Z2 Ko
Cogps
ZS = RO'

Cosps | Ry + J2Zg SinBs
CoaRs

b,

-
Zg + IRy tanpsg

= ——"‘?
“2=Ro Ro+jzgi:angs

Fov Open civeuited Line Zg

3& 14+ ?o tanps

Zem Ron L
a= Ko
% R@ +J ku,nps
I+ Ko Lanpg
Ro 4 jltonps
zZR
put z, =00 in -
ZE - RO i | + ’Q
0 + JtanBs
23 — RO
Jhongs

Zg = ‘""JRO Cetgs

—= = Xg = -»-—{:o%:'ﬁs -—?
Ra Re
when Smo} Xs = - Cot (3_110) = mC,{p':&(ca) = -~ Da
o EEN
— 20 . — TL = O
s=2r X% = _cok (20 . X)) = —cor(L)

4 R - A

12

it



Sm___;\:“ > *s = —Lokt ;’Z_%'E_Z.?__ bt MQ@XE.(:!T) = A e
Ra > 2.
27 . 37r — 2TMY = o
5= i?: , Xs = —epk <~)—:~ ;_) S coﬁ(?)
a4 Reo
S= Xg = — Cot C*TW . )\) m e (ZO'L(.‘AW) = 0
v % ?\ .
4\ : , i z |
4 ‘ | | | |
H | i ]
’ ! |
e | | i | |
- | | ! | |
;{‘Z«@ y l { S i
{ Ay ; !
{ wa i b ! :
0 A g pe £ | o
{ - j P g ¥
i 4 V7 ] . | 1
3 ] ;
i : ‘ ! ;
] j ; ! |
t ! ! *
— ! ; | 1 §
* | % i j
M i ' 4 ! s

Voltoge and Current on Dissipalionless line :-

DY

From Oeneval solution of fxn. line, the Volinge
and. Currernt on a txn. line at any Point can be

expressed as,

J—1

g
E = E—"ﬁ(zm"'rzo Ye§$+ K. e 7 — (O
2 - 2.;2 o —
(1{:)'@
£ = B Coshis + Igz, sinhds —>(&

13



Rim; ?az’/y ,

I::—EECZR*ZO) E@_?S__K.et;?s] ___>®
2.
Z
(o)
I = Tg Cosh?s + Eg ginhds — &
<0

For dissipationless line (ov) zewo dissipation lime
Zy=Ro , T2jR, R=§=x=0
- egus. ) > @ becomes
' —JiPs
&= EE.(ZR‘*RO)[QLNQS—rK'Q — &
= %
(o)
E = E,. cosh(jR)s + Ix Ry Sinh(jp)s

E = E

- COSPB3 +J IRy SinERs — -
Zimiloxly |

T Jps ~ips
“E(wﬁe sl
<

Ro

(o)
Reo

—> (2) v~

For Shork Civeuit - (Zg=0) , e =0

sub Zp=o in equs. ) 2 ®
Ese = Tr Zg USRS +JIgR, Sinfs
Ese = 0 +] IgRy SINBS
Y Ese = JIgR Sinps > (9

14



..__,

b’}

= Tg cosBs +) TgZr SinPs

Ko

o Toe = :!:R CosBS —> I

Fozs’ O‘Pen Civeuik CZRZMD 5 'LR =0
sub Zg =050 In e@&s.%
E‘og = E, COSBS —_

oc = JEr Sinps —>
120

T

Power and Impedance measuvement On dissipatiomnless

line. -

P
I

The exePweasion Jor volkage ond Cuwrent on the

dissipatieniess line awe given by

prased E, Z R \3 S _’"xiﬁg
= < ( RY ‘:’) e & + K. e 1
2 ) 23{2 -

E = Tp (Zgt+Ro) [e“qzs +$<-e:"ﬁ$] —©

I =

T = Tg %“’f‘z&) [ SJPF .g‘j’as] 5@

The. Vo/{:aga and Cuxrent will be maximum when h

refilected wave ond incident wave axe mphase .

15



The. Mmost)mum Voltage ond cuxrent (s expressed as

Erox = E§<22+RQ> :l + ?K!] — (3)
2

T - Tp (Ro+Zr) [ 4 |k —
Tmow = 2 (F229) | |

The. Voltage. and curvent wilt be minimuwm when

the. veflected wave and Incident wove ave out 0f Phose

The mimmum voltage and Curwent is expressed a

Ernin = 18 (zg+Ro) LI-1k1] —®
T i = (RO Q)i““‘] — ©

Emaox 3 N
Lrmax
E .

NN ! — RQ _—%
Lmin

The. 7eststrve. ?mpe.damm Seen at a voltoge loop is

Emax +!K\>
= R = =W, S
, max Y

L‘DH“)

iﬁm@m = Ry 53‘! "“’9‘@

Since the woltnge and Cuxrrent ave again mPphose.

at o Curvent loop , the wesistive Impedance Qeen at o
Current (oop LS
Ew‘mn = Ry = Ro

= Ro
T | 4 H«.a - 16




T Revn = -%Q =

i

I

The. power Passing o voltage [oOP IS the Powex

effectively *flﬁw}mg inko a wveststance Ry ,x ot
Vollage Eqa, , S0 thot
P = EZ

ma —

Kmoux

The sSame value of power must also Pass the Currer
loop, effectively flowtng Inko a veststance Rpy, ot
voltage Epny, , So thot

2.
P = Emin
- =
Rrin
Then, P = Enony - Emin = Ewax - Emin
Rrox Kemin g.gg - Fo
2
2 Y
pz = Emax - Emip
RS
P = [Emax|. \Em’m\ —s:—

Reo
The power may olso be exfressed as,

b = ‘Imax\‘slm‘mi*ﬂm '—">

17



Measummg,nﬁ of Uniknown {mpacgﬁamcg:

The tjp Impedance of a dissipationless line is
9iven as,

Ze = Ro. Zg + j Ry tanRs
Ro + 32Zg tanps

— ©

Rmin 0t @ distance §' is given by,

Z5(min) = Ry = Ro

= - @
S
Sub &) in(D
B _ g |ZRY IR tanpes
s =

Ro +§Zg tanps’

| . Zgr+ iRo tanps’

s ><

Ro +1Zp tanps
Ro tizrtanps’ = Sz, + SR, tanps’

Ro —JSRotanps’ = Szp ~) zotanps’

gy (1~jstanps’) = zg (Sﬂ{:an]aS')

(l—)stanpg’
7o U J‘ ps’) —
CS*J{:Qn}BSi)

S Zg =

18
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-Pc9w~u.-
R»b&e.d:dm Logs = Eﬁ‘_
P;
M.Lo,c,ticwle&a wn Jdp = Io‘,&-a_P':.

= loLg_a P“P
:\DM(,N%>
waﬂ(""lkr>
:'Obﬂ('f@ﬂ}> ()k)-j:f/\
e log (QS“)- (51 >

\Sfl}

° % <st>

= ’oLg_a
(Sfl
_.Wmiwiwag :&ov(,s-a(

(B

{

S+
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SWR = Ve
Vinin
Foow B  Vatue & SWR,”“WuM
Lasig espuobrem s
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1) Diveetional coupler :

coaxial line
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| motching two short C"v"rcuibeal_ .S
- adjustable independently but w

| @
Disadvantages :-

) TRe Single Stub matching is usé.&au for fixed ff~re¢uenc<
only because as the %equenc_g -vcho;nge.s, the focation ofﬁ'
the stub wilt have to be changed.

2. For final adjustment, the Stub has to be moved
along the line slightly . This (s possd:le, only in Open

wire [imes ond not on cwxm.,

DPouBLE s—rqu MHTCH!N%

To Overcome +the d:sadvankagesf o-F Single stub
'gahose. lengths owe

'pos'.b‘ons oore fHxer

«— ks,

AMAA
VVV

Tr

| Lek the ISE stub whose length is It, be located ok
point A, at a distance of Ls' from +he foad.end.
The inpuk admittance af point A iS given by .
Ya = Yo Ye + ch,a‘:an;zs—I - Q@

LV S VA SN )




" Find - the normalized odmi tance

Put 3='L$, and vationalize egqu®

—- &

Ye+itanpls, x A '-3_97I:a.n)31.5‘

-
-—

|+Jy.,.4:an;au

I

Eguate wreal anol.

—_ @
l+y7"‘l:an[313,

bA = ‘:an,%l\g'<'-y:’) @
|+y.?— tan;a.ts

‘When o stub having a 3uscepltance b, is

ado(ed ot this Poinkt A +the Mew admittance value w'pu'

be, Y4 = 9p +ibj — &

Since only the Susceptance Vcdu.e. is oltered by |

the addition Of the sStub, -the Qonduc{-_o.nce. Paxt remain:

1

i

{

unchanged . Here _b,; = bat b,

The Inpuk admittance Of line ot point \’_lj_should._
be equal to G;o so that the line appears f{:ob{\é. terminated
with Yo « The mormalized admittance of point B is

—- ©

F:nall_y the leng’fh of stub 2 is adjusted +o Produc

Yg = 1 +ibg

o. susceptance —JbB o.nd the desived odmittance is

ot point B..
Typically 2. stubs are S-e’pa'.ara!:edf by fixeol

. The most Ccommenly

Ma-tehing Aéa.Kes Place, be.J:we,en Point B and +the
genevator. So, there. o:re, chance.s of ha.wn_g veflechion
loss in between point B ,and. the Loaod . Tn Order bo
minimize the loss, the Stubs awe located vewy close
to the load . someblimes +the —F—y‘r.éi; S&ub is loeated ot
load ittself. But the commor pré.c—l.—ice. is{o keep

distabce, of 0 x to 0.5 between '!oa;d and 155 stub.




SMITH CHART PROCEDURE

1. Calculation of SWR:
Step 1: Locate the given normalized load impedance point and let it be P’.
Step 2:With ‘O’ as centre and OP as radius draw a circle.

Step 3:The right hand intersection of the circle and the horizontal axis gives
the value of SWR.

2. Calculation of Reflection coefficient, k:

Step 1:Locate the given normalized load impedance point and let it be P’.

Step 2:Draw the line OP and extent it to cut the ‘Angle of reflection coefficient
circle’ at point P’. Note down the angle corresponding to this point. This gives
angle of k.

Step 3:Measure the line length of OP and OP’. The ratio of OP to OP’ gives the

value of magnitude of k.

3. Procedure for single stub matching:

Step 1: Find the normalized load impedance and mérk it as point A. ‘

Step 2: With OA as radius draw S circle v .'

Step 3: To find the normalized load admittance, draw a line joining OA and extend
the same line till it cuts the S Circle. Mark the, intersection point as B.

Step 4: To find the position of load, éxtend the OA line till it cuts the wavelength
scale {outer circle). Mark it as point C

Step 5: Draw a unit circle (R=1)

Step 6: Select the intersection point of S circle with unit circle nearer to the load.
Mark it as point D

Step 7: To find the position of stub on the main line, draw a line joining OD and
extend the same line till it cuts the outer circle. Mark the point as E.

Step 8: To find the position of the stub 1’ from the load subtract D from E (i.e.,
E-D). - :

Step 9: Find the imaginary value at point D and mark the opposite value of it as F.

Step 10: Draw a line joining OF till it cuts the outer circle. Mark the intersection

-

point on outer circle as G

Step 11: To find the total length of the stub 1¢, subtract 0.25 from G point.



Smm CH&RT wﬁ , long Mty al:avfm; oF 2MmHz %,

o1y

techior
Angle of Refie Hor ‘, (%_’A:,WW - Fooge. Sind
coeffeent ' 5 W“"““\ \\\zs,s K

RHS

.0Qh » + 03335, 3 AR
'M;zeo.cboﬁb r S 8 DN

N\ circle
>
b ,"b
.6
@ o\ %
.
(39
e
.
W%
R
vt 0o
nn&‘
nx
 &E
3
£
I 4
' ‘.ﬁ
&
A‘_"‘?
.Q
™ « 7E
1o aé’
. ¢ . e |Reacto
A P 7
) > & < -(e "'c"
2 2 = P 39 « vam
o o 0 w®°
o o ° &0
- *x0
L2 ] ®$0 -
A Angle OF RgrLecd
D¢ LoAD <
| -08 1IN DEGREGS
. RADIALLY SCALED PARAMETERS
fuse £ 333, 3333 = : i b x5 5 b8 sV fuee 2 213, 23 s o: G
iy O ; e R e ol 2 S R U oL 2
| rommosron e = wwac | % : a5 B ¥ 3 8 3 3z g 2 oo g Tl oE
o —— "
LN S S A S SR P A 4 A R A A A N T DR Moty % % ¢ 3 f s 8 s
-7 L LENRL2LERS o o B e YT Y ity e e bty el ¢ LIRS T T T T by
'\ﬂﬁ” G i ORI AR A T M S R A I | B e
CENTER % . CENTER
: = 0525 ~30'4

—

M .

- SMITH CHART | Zo

& ' : . zg = 300 (0:525 -0 4)
V = 1578 -—J 120 -n

SMITH CHART




a Lead imp., of (us+575D - |
i) whok is. k m po!ow -fomw_g " o,

14153 | - R

@ : RADIALLY SCALED PARAMETERS
e o 23 333y e o shs 5 6 s *l |
e e A A A 7
ety 8% 2 8.3 5 & hoay R RAR:
B CEREREARE B i SRR Sra0 sy, Wb E P

centen
: SMITHCHART .

I) AL W'AQ.L o‘uéo.nce, 7"‘mm TJhe lood wirs the isé maximum and

munumum & Lo winy ocuwn ?

D If he Line i fidax ione whak wiy be i/p lmpedance ?

s%:u_b o.nd Loqd
q}% r ku’e'a’ﬂ FEM X . kg L]
. ST 3y .

= E-F
2 04822 ~0. 5L 5
= - 0262 >

RADIALLY SCALED PARAMETERS

: -ozsz+o s»-)o 2382, . |

Uyee e 279 S BB 8 IR T
i‘l;l -, IVER IR S Y LS 0 SN S ar WY I ‘r T vl "n’!' A!‘l A;:L"_IA'L‘I '!A 1' l,l '011 Il?‘ll'II'T‘I! N
E[ TOUARD TR et ~e— oo |* 2R B R E3E ] 3 t 5 B 3 8 & #g

- o o - - ~ - - -
Bty % 2. .2 ?. PPN 4 T AT - N . 2N A
g!!g’&é évg;.:ux 'g‘_"‘é!““?“l T é‘uénéxi -.| :, lvxé lljé'f’l%"!l |::.- é’ ;ré TIrTT Y é ] %

_OR = 300,
<or> CENTER o F?rr Txn. line with 2o

As =(0.5 - 0-1y1) > + 0123t cHaART
@™ O OS6 A 10152 n
0.238 n

o
Load Impedance 2, = 390+)

D&hvm}nk, SHR the distance a SC
Skub musk be placed from the Load &

I



= 6004 .b_q MR QNS o e 2%
oF m{/(“ﬁ:*— T w i
4 se Stub. . W :

‘etermine
» and .1&.

o At

D~E

0.3) N ~ O 2.57«
0. oer

ol

e ma&c_heo( at a Fveg. of too mHz {:o & Totn. !.ne_ hav:n_9

;I 83 ‘—’ .2’ a o o e = ¢
M w2 2 3 "z .
Aaaaaa o o - o 2lo 3 " . . . .
él'ﬂ rvnnmn..‘,..._._ ' ' Ty e o f. '.:u‘u It :B“l“s. N ;‘...s- T 2 ’ s
eI T s T M IRy
A man o SR i L - s = - 2 ¥ oz
hgsg “ s $‘°”““I . RS 0 e iy ".'-»F-:.".'?l;suf'. g,?-‘?-.?. 5.8 3 4 : ¢
’ ) I A ) s l'o"""llr.'f:y‘,‘ P S
< Ak < e N AR S':‘ LA I e 4
» = - 3)()08 ) CENTER ‘1 ° 5 8 &3
¢ SMITHCHART g = 006

0 h2g

=

m . —

=

= 0.h28x%x3
1284 ™

-y

o cave

l08lis  n

s

_This lood is to be makched 4o o ktn. ,,,,,_ by ug,g

?tooL, = 770- 11"‘-1'10 gl

's""u-n,h,‘ ‘ 9'_,.-

242 FJ2s2

fWer £ 2 v 3 a2 % 8 8z bz 8 ¢« & 8 8 2 8 53
) Al Aok I SN 1 Fury A 5\ A ' i HYTUR I W POV SR I A P S0 S S Iy I W 8 1. b i ddod o i kb P e i
3E]  roniomminion, ——— ——amotcas ° 2R 2 BBE 3 0B k B 38 8 3
s < - - . .
Yoty 8 # ¢ 3 3 % 8 aay zess 88t St it
T prs ot S R 11U L ML O] AL LA L P At 'S0 U0} canas wes e s 2 o 00 pay pnt N 0 o S AL D R I L L AL Y
oies v ° iz e 2223 2 o e FA s te 3 8 %
CENTER v

EDow

SMITH CHART

=(O-2s' +;o.|_ex>)7~

-

0414 » |




o

K]

o :
. P

AR

8%

o % = T Ro= T .
it LTl R PRV By Iy Ao o

AN AT L we—e

. ..,-. A B ‘" S ;;_.h'f-n .’
D h tood (s0-Jroo)-n s conaecked

a shovk eiveuibed Stub b Provida
ok o Sl/'?nq!' F"Q}' of 3o Mhz bLSi(rLa

‘ DOV BLE STUB

~ o .o
§ inan lmpedance of 4o~)i20.n . This loas
) e 2 L.s to .be. ml:r}yeol. i a

: lipe by using Stk
.. with the help o
e Smith charl

MRTCHIN G

w

2

’(*z"' 0136~

Ls _ 0.367 >

. AP
g} : ST = P
/ RADIALLY SCALED PARAMET, 0-%° -
Yuse = 55 2 - - Sle 3 % 8.8 8.8 ‘3 & s i 3l
i At B RLANE  ean are cn  C EE RUIUCI 7
s AT SO OR e . ot OWARE G 2 2 8835 8 -] 53 8 3z 8 = E
e85 i e e TR I N I A T N o A
;E‘BI Y PR AL S LIS S A T TrTrtTT T xvrzr‘»‘u TirrrTT et
l] $ R o 3 3 & 27 2 Y ak - 4 o s 8 2 8 3.,.3
CENTER

) ) . 'ZL : ho ~ jizo.
ds) = F =T =0W8> ~OR832HaT 3 T ron
= 0.063 » ' : |

o
P
i
-
g

Loy = K- F = O.)68) — O-HEX

—_— N ™ N






UNIT 4
WAVEGUIDES




Tvansmicsion of TM waves Between Parxallel Planes :

To Find +the fietd configuvation ov components
Inside the Pavallel Planes, considex 2@1@1&@ are
' places at a distance A& in the x-—axis fFrom o'to o .
Assume +the wave is Propagating in z-clivection and
theve is mo boundary In y and z direction.
The Masewelts eqguation to be sSatisfied by the
electric and magnetic field at -the bourdary axe,
VXE = —JusiH —> @
YxH = JwEE — @

equation (O con be written as,

QE;, _ BEy - —JWlH, —> @
Ay oz |

0B 0Bz - _jwiHy —> @
oz ox

BBy _ 9B= - _jwpH, — B
% Ay

Stmilarly, equ . (@ Can be written as
BHz _ BHy

== = jugE, > (©
oy oz *
_OHx _ OHz - JW&EY - 3@
oz Ox

OHy _ OHx = JwgE, —>

pp—

A% ay



, ,Manfpu,la/:'cng, egus. @?.?_ﬁxa_‘_mta&oh-between.

Ffeld components Ingtole the gutde can be czb«&aeaaci

a's)
Ee = —7 OEz — Jus _OHz
h* o%r hz oy
£y = =¥ OEz , juwh JHs
- hZ dy —fhz dx
= = __B_Hz V;}. Ju-& JEz
e e A h2 0y
—7  OHz — JW& 8B,
s oy A
h2 dy h2
‘whewe, h® = 72-;— Wk &
For Tm waves, Hz =0
and fox 1% p!aé:es,f_y_zo 5 V=Y,
So egus @»@ becomes
Be = Wm0 o ()
| hz Ox
Eﬁ = (@) —> ' '
R - ®
He = e
H_L] = -—:\U}g, -_@.QE'Z' —
+ = —

— @

— (9
—
— (12

Ex

OHz
/ OR

aHz_

CJushe
h?.

Jurfr
hz

I " L3 QomPCDne_n’I:s
From egqus. i3» — ’ +he_ existing fetd

inside the pavallel plotes ave,

Ex ,E, and Hy



To £find ;+he,v-£'eto( ao:;nponenfs of TM waves jnsicle
the ﬁawul/eL Plaﬁesl wé, can assume a. Vvalue fox One of
the field component: and fwrom this Value , we can-ée«t
the value of other field components. | |

Lok s assume a Sine wave (8 propagating In

= divection . Let the value of Ez be ,

= _h [B, coshx ~—B2_sinhx] — @
Jus&

Ex

where | h = wir
[+ &

' is +the olistance between 2. Pplanes in ®-azxis ond

and wm (s the Integer having the value m=0 12 3...

*

T

Yo SSSXS

X:,D ==
Y
The Roundary conditions awe,
® =0 = =0
® = Q. Ez =0

png%en%iaA:z egu.. @ w0 \.x, ounol H
‘2_

28 Lo o cinke +Bacoshe] > @

Ox  Juweg



Sub eﬁuv' In @—‘? |

2 .
Ee, = ——‘7m < —h” [B, aLn hxe + B, coshx]
he  Jw§
Ep = [15 3inhe + B, C_oshx] — .
Ju}{:‘,
(=0 @
He =0 - @

"/%{f/ }{1 [B stnhx + B, c,oshsﬂ
W du

Hy = B, Stnhx + B, coshx —>@
AL HF ¥ = JPm
‘50 Sub Tm= jPm and h= T in egus. @ > &G
(& v

Ex = jEf’_ B, ain ([Q"_T z) + B, cos (m'lTx)j
Jusg = o

Ex = ]3"‘\ [IB sm(hnn )—)—B C_Os<n')n x)] - @3
Ey =0 —> &3
He =0 —> (25
Hy = B, sin(MTx) + 8, cos(MTx) —>ED
o

£ = Mu

2% — | B eos (M) — Ba 8in miTX) -9
! o o

Jausg

. R el
- The {ield components of ™ wave insicle the Il



Planes can be Te_plresenv&é_o( interms of Lime and
propagation variotion

_ _ -
Ex = Pm B, Sin(m——“ x) + B, cos (m——-—“ DL)] e_J M, guiuwst
— a o -
us& >

ey =0 —> 63

—~IPm*
— MW g s (Mg Blsm<m“ ac):] WP st
[poemtze) - >
He = © _?@

A | _ _ 3 s |
H.H = B, atn (mu 3() + B, QOS(_W_“_‘_ 2&)] e [Bm ) SL\’)U)L
~ | > — @3

The ietd compbnen—l;s of TM waves insgide the

o
N
i

Pasallel Plates can be swmmoarized as Hfollows .

. — . — —JR =z .
= Pn |8, Sm(_’_‘”_“x) + B, cos(@g ,C)]e Pos . QLhust
WeE @ S |
E, =
Y= ° |
1 — . - -) z
E, ="_™h [:é QDS(TE,*&) — B, 3tn Cr_mx)]e Pro® cosust
' ) oL %y ‘ . .
LU, |
Hj B, Swn (M x) + B, cos <mn 91):] Smwk
H, =0




“Jransmission of TE Waves Between Favallel Plomes :

To Find the 701'610(. configuration ow components
inside the Paralle Planes, consider 2 plates owe
placed at o cistance o inthe %-axis From 6 ko -
pssume the wave is ‘Propagatung in the z-dlivection
and there Is no bouhdsa.g in the Y and z diveetion.

The maxwells equation to ke sa:bs'f‘:ed. by
*he electric and magnetic field at the boundary
are, TxE = —J WA H _>® |
TxH = Jjwge —>@ X y =z

eguation @ can be written as

2E;, _B8E - —jwhHx — &
oy az. ' |

BEx _ 3B, = —whHy —-®
dz ax | |

OBy — 8Ex = —jwhHy -6
Ax Ay

SZm}/a.rl_g; equ.aﬁoh@ caniae, written as
OHz _ dHy - jweE, — &

Y 8z

e _3Mz = jweE, — &
dz ax

BHy _ Jx = JjwgE, —> &
A= Ay ”



Manipulating egus. (3) ->® #hé_ velotion Bfw
field components inside the guide can be

Obl:d) ned as,

o= =1 35, —jwk Mz 5@
hz o= h* Y

By = =¥ BB + juwh OHz  — (19

| h2z dy h* o= |

He = =) OHz + Jw§ 9B, — (O
h® ox h2 OJY

Hy = =P OHz - Jjwg 908, — (®
h* Y h> o= s Ex

‘where , h% = P+ w2l &
For TE Waves, E;=0

and for 1€ plal:es a‘z =0

Hy =0 o - @ |
From egus. @ -> the. exist:}'n_g Fietol

C-omponen(:.s Ingide -H«,e Paralle! plates are,
He Hy and Ey



To find The 'f/‘ald Comﬁo'nenés of TE waves 703{0(9_
the Pavalle/ pPlates we can asswume o value for
one of the fijeld component and ~vom this --VaJue
we can get -H'm_ VaJu.e. of other Ffield compone_n-):s

Let us assume a Sine wave is Propagating

In ﬂ/e 2z ~direction - Let +the va.lu.e of Hxy }:e.
Hy = _h__ [B coshm—Bszhi} - ®@

“JUJ-/A

where , h = ML
N a . » 2
where a ts the distance between 2 planes in
R~axis and m 8 the Integer having the Value

m=01l2 3 ....
RV

L /

Thre \Boundqg conditions are .
x=0 Hz =0
X =a Hgz =0

o

aiﬂz = .b_... [B, Sinhx  + B, coshx [ — |




sub egu in and @
gy = dwl K |B sinhe +B,_Qoshx]
N (77 < ~ -
By = B, Sinhz + B coshe — (9 |
He = =2 . W& ] B Sinhx + Bzc.oshxj
| T Jwh | |

He = ‘9 B Sinhx + B C_osh:n] —> @
J wrfx

CBE High Fieg. 7=jp |
puk {=ip and h=mi in equs. QOB
| a
Ey = B, Sin(mT.x) + B, COSQT—;_!’-TX)% &h

x = 2{‘_;_3_[3, Sin(QTx) + 5 COSQ%?X).:} |

Jushe L |
Hye 23}% [B’ Stn»(%zx) + B, c_bs Q_“%:I&)}"’@

Hy = _n EB cos(m"r;? By Sm(mux]ﬁ(‘\

—J jowria

The fleld components of TE wave INSide the

¢! Planes can. be mpmsanéed in terms of Eime and
Pyopagation varwation.




EH = [B Sin (m” x) ’f’ B, cCos (Mll X)] e Pz  Qinwsk $@

Hx = [ o <5 stn (mn x) + By c:osQ“m' &)):] Z;H;

b =[ :_I (B cos (mn 99 — B 3'”(’“" x))j "’. “ ginwt
| Ja
= /fm’T [B o_og<mn 22) — B, SmQ?DH x)] COSUS—L
e
—J
Hy, = mn B cos (m” 2&) ——B 3m<mn %)J Bm
au&h

The field components of TeE waves inside the

Porallel plates can be summaxized as Hfollows,

E, =0

Ey [B SN ("mt x) + B, QOS(MH x) smuH;

E, = O

e = —Pm g sm(m” x) -1—1516&5(“7" x}] SIPZ sinust
whe

Hy =0

o fr

HZ = ﬂ B Qos<m|| 2Q> ~E>2_ 3w Q’TJH 99] QOSUL}'L




chovactertstics (ov) Properties of Te T Waves :-

. Prvopogation Constant Ym - Qm-? pPaxalle| | v?m'_’ékecl:w&?ujw
2 o |
WkT h® = T ruwihe = © Yy = Civeulay  §
2 2 2 9“’”17 - Recta'zﬁu,tax covily
?m =h"—w ,(,LS, | Resonatoy
7_2 = mn — wZ ‘?nmp > CGruday cavity
i Resonator

pamuu W = (mv)z-

,7'4’ \/(.rl”_) _ 2)(1& —> @ 'Re_c{:o:_nﬂu?aw h (m"n‘) +<n,,
Recrl:an(?uiav mu) (nn) .(‘Pn)

cam Res na;l:ox :

cut - off fvequency, £ -
AL -aC=-FC , '?m'-‘-C) and b = U

ec}a.@ becomes
o= J(mmy - wtne

= (_nri\‘)?’ — w M,
@'T) whe — @

2

= 2
Uutc‘ gt . (w:s )

B ‘ o 2
“e = ’“ﬁ J(T?

(r‘m\ )2- —> @

X fo =

27T j—g



For aiv Medfum_ , b= Lo by
~7
| = ¢ Mo = 4T X1b
J',&E by =)
& = &y &,
| C Z’ - ~12
o= — 0 & 2.854X10
2 W o ©
| &y =)
®x fo= D= — @
20C .
3. Phage constant, Pm '~
AL HF, o, =0, % = JPm
From equ )
_ ws”

S E

Fin = [ ()" = wihe

m\\
d J" (

w%é]

yA.

- L(f_“g)z— ?'M]

- [we D)



\ /

B, In tewms of -.FC_
- Substitute equ . @ n @
By =j'wzlk§ — wilg

‘?“"ﬁ*_?«'_Jl,% W AR

w2

]
£
z]
L
1
|
'\7

K
zl

—
!

})3m’- o .‘ ch)z_ _?@)

Py 10 teyms of ™

= (N~ -
Pry = W[ g j ! (_}\_ > —s |
C

.4—‘ C . * /_ L
Sutde v\)avelengfl—h) >§ ;

y = 2T @
P

!

5. Cut: foafﬁ Wave length | ?& -

R

-
6. Phase Velocidy , Vi -
Vo=
= — ()
Bm -




7. @roup Velocity, \§ L—

8. Angle of Incédence, B -

= Cog CPQ/:C> -——>.

Ao

Q. Totrinste ~[mPeo!Omce,) noi-
1-E e

0. Chovactexictic |mpedance, Z -
S

) “qg = Wl “'—? an

—®

Pm
ZTM-__—.- n- jl——@c/_;)z' —
) Zom ": Pm — 19

W&




Evanescant MNode !~

When Opesating -Fwe?aenod is lower than cut ~0q‘+
ff'b’e?aenﬁ the Propagotion C.onSrl:an«L—_ ioecomes veal.
Ce = °6m> The waves will nmot Propagacte . The
mooles that oloes pot pvaa__c;od:a s colled as

Evanes cont MOde .

'PYoPa.ga«L—inﬂ Mode -
When cut-0Off fere,?oLenﬁ s lower +han Opevating

'S:'mgaenoﬁ) the Propogation constant becomes
'lma:?inou:y .(l“e., ')?m = J73m> . The waves will propagate.-
The modes thot can propagote s called as

Propogating mode -

Dominant Mode

The lowest Oxdery mode is called os dominoant

"mode . This -73_ +the mode wheye wave Storts to

Propagate .

The domipant mode of TE wave oy Pavaliel

wavequide is TE, and T, -,



Tvansmission of TE Waves Inside Rectangulay Waveguide

To Find the Field cConfiguvation ov components

of Te Waves lnside Rectangular Waveguicle , consioex

2 planes ave placed. at a distance A in z-awis ond

\

b in g-axis . As’sume the wave I8 Prapagai-&ng m

z-divection.
The Masetdellg eq/ua:l:ioh to be satisfied by the
electric anol maﬁneféic Field at +the ‘bbunolaz;yv axe ,
VXE = —jwbHd —©
Ix H = Jwge —>@

Equation (O can be written as,

= '—JUJ’[JLHQQ —-? @
Ay 5z
0Ex _ OE, _ s @ |
—_— _O- = — H,y, —>
A= ol Juw- y

08y _ 3Bx . _jwiH, — (B
ox. oy |

similarly equation @) can be written as,

AOHz _ AHy )

- —_— = w-e e

3y ro JWE Er  —> @
QHx _ BHz = jweey —> ©)
oz Ox

OHy _ OHx =

JWEE, >
- B% oy



Man}pu[a(:ing_ er.z,us @ —> -+the welodwon between

fielol Componen*l:s instole +the gutde can be abtatned

as, E, = —7¥ OBz _ Juwh OHz @

h® ox h a_g e

Ey = =V 8Ez , lwk Mz _. @
hz a_y h= Ax ‘

He = _Tj_ _OHz 4 Juw§ E_’_Ez — @
h2 Ox hZ oy

Hy = =V dbz _jwe JE, > @
hz &y hz Ox

wheve W2 = 7% +w g — (®

= +
Fox Te waves E, =0 | o

> , :
=1 95 Oz juh
and for Rectangulay / SwF

hz ox ox ha
Wawve g tead Y =Y | ‘ k
9 e ™Mn —:_';_??:B@_E?_ _@J‘_“Z—.JU"M
s0, equs. @) —> (@ becomes — "7 N =
. E
. y —
Ex = TIWE JHz — @
hz dy |
EH = Jush _OHz _— @
h2 Ox
He = —%mp . AH-2 —
hz Ox |
Hy = — mnvﬁﬂéHzA —> @
h* 0y

From egus- = () 4he existing field
components iNside Rectangulay Waveguide ave

Ege » Ey) Hx, Hy and Hz‘



To +ind the ocLe,Lo( Comkonené—s of Te wave nside
the .Rec'faflgu.lwr waveguide  we can assume q value
for one of the fietd component and from This \(a.l.LLe,,
‘we. can g"e{: the value of Other f<elol 'aomponéh—lzs.

Let us assume Q@ gine. wave ts propagating M

z - divectzon . Let ‘fhe, \/a,lu.e, o—F HZ Component be

H, = HD.@os(f_jg ge) - co_s(.!’b'_‘ y) —®

whaz’e, a and b ave dimensions. OFf Red:angu.lo.w
tWaveguiole and ™M,n Ov¥e inl:ege'rs_ hoving the value

'mn Of23

w
A . -
2
/‘ ///
N /
N SN
b-IA->
N /
a
N2 RN

The Beundavy conclitions ove

at DC:O\L,. Hy =0
Pz } @



Ditferentiate egu . ' 0¥ 'Eo x Ondd

‘ @ﬁtz = -HO‘"mn 3m<mvr %) - cos(nu y) — @

"(%HZ T THoo %" ' gos(mn x) : Sm(”" y) —>@

 sub eq,us .2@ ln.%@

Epe = -J:Z—S X__ o _‘22_ C.OS(m” x) Sm(m‘ y)
EX = JU}& Ho: O ema Ty y
(o) Cos (r_%n_)_ ge)_ N hn y) —_— @

h2 b

h* o
Hx - +9:); o MmN Qin (mn x) . Qog(nn y) ._>.

Hy = Ton g T . cos (0T ) . sin (1T
L () () - ©
AL high Fx%uw@, 'ymn =J]3mn |
o Pub Yoy = IBmn and W =wilg in eg,us@'%@ |
Ex = JU‘S’/&/ - Ho - N CoSs ‘m—'TDl S (1
— I \— ' —_y
w> g b ( > ( )

—

Ex = JW | Hy M1 .aos<’m" ae) Sm(nn ED__?‘

d

wzb-
E_g = ’Jw}[ H mn 3n T_‘Tg& cos( nNn
e (7). eos (4 1)



E = —Jw | HO‘%EI: Sln(_‘%? %) . COS<%\H) —9@

2-
wcf;

H? = Jlgmn _Hp . ;r‘«;’_TTNS'LnQ[ng x) . cos<_t%;_[y)—"—>

w2
Hy = JF”mn . Ho- _T_)E , C03<ﬂ DQ) . Sto DH _‘*Q'?@
b o
g, ME&

The f<eld comq:@nenfks of TE wawve Insiole the
veetangular waveguide can be repregented In terms

of Limme ond propagation vastation . 20 eq,us.,

—-> becomes |

EDC = /U} . Heo - _\ZI _‘wSCmn X) SLU(D‘H y) Q
, b

2t cosust
B2 A
Ex =_% . Hp. _ﬁ_": : (‘_OSC‘“U ge) s (nn y) e_ Qosw‘\';
s b b .
' — "':’l?’mnz'
Ey = =W . " gm<mn ) aos(g_n_g).e . coswt
o b -
usy &
— : _ _ —J Boy™
Hye = Pmn ‘Hp. MY, sm(ﬂ x). QOS(_@\_EQ.QB'W. cosust
s> & o - b —>
C
o _ P -
Hy = E’,‘”ﬂ . Hp. D0 ‘CD.S(m x). sm(p_n_ y) o M0 cpswt
we® Mg b a b —%@

Hy = Hy- COS (mn %) . c_os(”" y) .;JE’"’".Z Stnwt %@



Wa:\sm}ssion O+ M waves Inside Rectangular Waveguide
To Find the Field Con-Figuwa,ﬁon or Components
inside Rectangular Waveguide , consider 2 planes

are placed at a distance & in x~axis and b .in y-oxis

g in z~diveckon.

pssume the wave is Pa——
The moswelté agmation tobe sabistied by the
Vx E = —jufaH _>® - |
VXH = jwgE @
Equation (D can be writken as,
25 _ 35 = —jwhi, —> @

oy oz

_@_E_'x. -— _@-—-Ez = —] H
et~ Jokhy —> @)
95y _ 0Bx = —jwikh, > &
o - |

Similarly e%a_’t;.on @ can be ww—iﬂr_h'.'a.S_.
Dz _ My = jweE, —>(©)

| QY oz
Oz _ dHz - Jng Q@

-3H_y - aHx = Jng "’.
ox 6_9 |



Ma_rtlpd[a_tirxﬁ egu.s;@ >(® +he velation between
field C’.omponem':s thside -the guide. can be obtm‘neeL

h?— ax h?— a_y
Ey = —7 98z 4+ Jjwk OH= _, (5
h* oY hx O%
He = —¥ OHz + jw§ 8E; —» ®
h" o hn. ay
Hy = =2 BHz - jwg 3E, — @)
h* dy hz O%.
| (+)
wheve , h = 3* +w-,0- é; -->. S
| -7 6E _@_Hz, '
For lm waves, Hz"o h* axz £ '%
for a'ka.na v Z_ - "
Waveguide 7y = gm'n. h* 3y 3 T

So egaaéwns @ 9@ bec.omes %y ©
e = ~Tmn .35, @ B
he O% .
By = “?mng.aEz. _.,@
h* dY
He = Jwg BE;
| h3—' 5

CHy = ‘0”8 _0E; —)@

TS A



From equs. @ >(0) *he existing Field
Com'PQnent.S mstde Recéangu./a.r wa.vo.gu,:de ave
Ex,gg E Hx and Hy | |
To Find the —Fa‘etd componen£-3 of Tm wa.\"fe‘ insidle
" the Rec‘l:'a.nguléw waveguide wWe can assume a_“vaJu;e.'
for ome of the field Compoments and from this
value, we can get the ! alie of other field components

Lot us assume a Sine wave i8S Propagating in

Z- d:'rec_ﬁon Let +the Value, of £, CDmPOhenﬁ be

= E Sm (Tnn x) . Sm("m; y) —9‘

whe.we_ @ a,nd _b Q.’re_ dvme.nswns of Pe,c{:mgu.la.r
wa.vagwde. and mn are In!:zge,r.s ha.vmﬁ the Va.lua
mh:-o,f 23 -....
/ : / /7 *

P

N
The. Boanday "c,ond.i tions ave,

at ﬁa.—:a, , } .
Yy=b , Ez=o

P4



Dbﬁceve.nkLaf_‘e egu . 18 oy, l:o x a.nd u .

9k = S mu . co.s ™M e Sm nw )
o I —>
=13 T ( ) ( 7 ‘
Nz - Ho

™ ' | ‘.~- oy . Sm(mnse) Cos(nu _,_9 @

)-8

Hx = U . EO-' YT S'mCmT{ x) N C—O.S(D;\'Ey) - @
. b a b |
. Q

Bk Hiﬁh ,pmc; Vo = J Pun
" Puk Yon = JBmn and b= wh kg In equs
- @._,.
2

Ee = —JBmn . Eo - ™mhn o, QOS(@;Q) Sin hn H) —
Qo

Ey:;-—jl?am_ ,. _t_w_‘ls T coS )
w?.‘:;; oL m( \ K) ! (nn 1,9_92.

CHe = Juog By DV . sh(mix).'ms(_t_wj_.g) o
5 %) a. - b |



. Sm(‘m“ x) cos(m‘ _g) -—>.

2
e b b
Hﬂ = '-'JU\}IZ’ a2)]

| CE LY cos (T 2. Qin/ol 4
L 6 (e Sy
Hy = —Jous | Ey. ™ . ‘Co.s(mi)"x). sin(jﬂ@—a
wh o * b 7

The Field components of Tm wave instde the

Rectongular waveguide can be vepresented in

i:e,wns of time and Propagation vartakion . so egus

: | —JiB,.Z
Ex = ’—/’?’mn ) Eo. 7_!7_'!_7 co 'm",9 5'”(”“_9) e
) — |

a - COSUWE

e '7
E ‘mu . cos(mqu SmC’m ) e_ f-o.s t
w—”z‘*?«

~&)
=-/f)3mn..so._nz. s.n(m».,9 cos(ni _q) &P cosuok

= 4-)3,.,,“ N L Qyn[ ™D =Y. cos/ P, Q,JB"’" (o
B Y oS
w.’-hé’, o b ( > ( )
JF”mn
/C(u’ CEy. nn Sm(’rm' x) Cos(nw _9 coswt
CL




s(m't‘u) 3m<nn _g) Q_Jﬁm Qosuyl:
&

. | ‘. Z .
HB = =W .E. MW, cos(t_n_ij@. sin@j_“._p.a"ﬁm” ., Cogwt
a o / b

Hy.:%u}

2
w(‘_

—>

The field components of TrM waves Inside the

ummarized as,
= P g cos(aile). S ). s
Y o I¥ o >

[
|
w
3
3
dr
3
"
=
13

| & L‘hs N: ._5':. DT ) .¢;g@_§_9 & Fon” caswk




chovaoteristics (o) .'pvopew.h‘es of TE T Waves of

Rectangular Waveguide :

[ PYOPagaﬁon C’_onsfa.nf:_' -’)?m,., -

5 2
CWeKkT R = '?m‘_l

+ wst g — O
’99_ _ hz—w#é; '

m“) -i—(”")] — s e,
I[m" | "")J —uwine —>Q@

2« cuk - off freguency , ~F(._ -
| v,

ALt ,_F_.:,F , an =0 and w ':UJC"

. equ @ becomes

NESRCSHRE

Sguoaing on both sides

GO CON R
wa G = [(@ S (20 ] o
SRS (CORCN

= J{@g— ey

g ] 7@




Fox Awee Space, | _ = ¢

Jiug
So, equ ) becomes,

s T —e

3. pPhoase constant P, -

At HE, 0y =0, Yoy = d Pron

So’ eq/u_. @ becomes

o = | [0 #(E)] - s

e = o |[ () ()] - wee
SR CORECO R
- [T

P = |08 <[ (2] ~®

Brn  In teyms of cut —off- fﬁrec;uen%y
from equ. (3 [mu) nn)}—_-wm;
e_q/u_ @ be.wmes ‘

Pon = J wug — wo g

w?_




ﬁmnzwm.\[l_(i—)z. __>®

+£

Pwn 1n teamg of 7\
nmj = wj__ fl 77%

N ]

4. Guide Wavelength, 72 -

)é_:: 20 —> @
Pron

I

5. cat - O-F—P Wave e,nq-Hq )\ -

ﬁ.

N = C
o Bl
'FC

- 6. Phase \/Q!OCLH:H) \/;; -

e 0
Beon '

7. Group Velociky , Vg -

e
R



8. Angle of Inctdence & -~

o = cos (fe/p) > @

9. Intrinsic |mpedance 1 .-

'Z"'[F__ %@
&

Foxr our mediuwsm

IL - A"

0. chovacteristic |mpedance -
Zrg = L =
[1=Gp?

() Ze = wh — @
. Pron '
ZTM = rl-fl—'('pc/f)z _;}
)
<m Zam T P —> ‘

WE




Impossibility of TEM wave in Wavequide :

Tyansverse Magnetic (TM) waves and Transverse

Electyic (TE) waves can onpa,go:l:e through the
vectanqulay vwo.vegu,lde,- Fowr T™ wo,ves, NO cbnﬁponenot
of the magnetic field exists in Z—-df‘.z’ecﬁon a.nol TE
‘waves has bo component of the Electric field in

z —dlivectron.

Concioley that TEM wowe exists within a holtow
quide of any Shape . By the pvoperty  the lines of
magnetic fetld '!nvl:ensiv'.:y H must lie entively in Hie
transverse plane . Fox o hoh- maghetic matertal with
condition <. H ::'o’ the lines 0f H must lLie in cloced loops
<o to howe existence of the TEM waves Inside the guide
this H Hﬁés must ke in a plane tyansverse 4o the axis
of +the. gutde .

ﬁccovdirg 4o Mosewells #xs*t ec?/ua,l:ian’ +he
maﬁne{:omoﬁve, fovce (ramf£) avound each closed loop
must be _e_c}uai'&o -H;ie oxial Cuvrent. In a guiole
consisting innex “‘»c:ono(uc—!:m: the axtal cuvvent 18 nothing
but the conduction Cuwrert in+the inner tnoductor . Buk

in a hollow wavequide like vectangulay waveguide



S

thewe 12 no I1nney conductoy Present. ITn+his case

the oxial cuwvrent must be egual to the dieplacemernt
Curyent . BY the 'p?roqbe.v)cy , the -oligplqvaeme,nk (LQMn'l:
Needs the compoheh‘t of the e’léc‘tzric fietd E ln acetal
Oliyection . But such axtal component of E i hot
pvesént in TEM woves hence it Ccannot exist in

xe'chg@aav or Clyculoy wavzguid‘e.




[rangmission Of Im waves inside Civewloy WNavequide

To Find field configuration or Components
inside_ Civeulay wavegquide , Consider a c;rCu.[a:r
wa_vegutde_ with inner wodius ¥ and assume -qu_ wove.
is propoga!:mﬁ in' z~directon . l-

The masewells eguation o be satisfied by fhe
electnc a.nd mogretic field at the boundary ave,

VxXE = —JjusfuH

YxH = JwgE

Egmﬁon@ can be written as r @ =z
L 9Bz _ 9Eg _ — JusH, - @
¥ op S5z |
OEr . O8Ez - —JwhHg >
oz o
OBy -1 OBy = —JwlHy, 2 @
or LA

ManipalaﬁrB equs. @) ->) the welotzon

botween »-,r‘lfielal.S Cérmmneoﬁs nSide the guude éah be

I



H, = =f OHz + jwg 3E2
h% or V.h* OP »

Hp = ’:_i,_ i“z - Jw& _aEZ' — (0
¥h* 09 h> Or

where | h* = %+ wiy —>

Fow Tr waves, Hz =0 and

for Civeular WG. '7=7nm
! equs @-—} (12D becomes
hz OF
v.-h: 0P
Thx 0%
H}é = —IWE _@__Ez. — 17
h2 O«

From egus. 14 = 17 the existing Field components

’

nside Civeulay wWaveguide ave Ey Ey E,
To Find the Field componenks of TM wave inside

the Circulay Waveguide | we Can assume o value For One



One O‘F the field Componenkts and from +his Value , we
can 39_+_' the volue of Other fretd Components .
Lek us assume a Sine Qa.ve is propagating n
z-divechion . Let #he value of E; conrponent be ,
£ =5.J,(h) cosop). — [®
Hz = Ho- Tp(hv) coshe)
Differentiole egu. -w-v'rvéo v and @

95 - .09 Tn() . h. cosng
Or

= E4. h. T":(hY)' coshyp —> @

O
28
< 1'%
.é%.Ez = —Eom-Tn(h'r) Sinng —> |
Sub QQ,MS?\,@ ')n@—>@

B = ‘i’”ﬂ_.%. Eo. To () cos(rwgv)

h# - |

b m i o T cos(ry = O

Ep = Inm "\'\'.Eo'Tn(hT)-Ss'n(nfb) _>@

Y- -h2 '
He = —-JO\}E . n: Ep Tn(h'r)l .S'mQ'W)) —9@
L wee | k

R = —iwg |, B i To(hr). cos(ng)
W |

Mg = -__:1}_195 B Tn(he). cos(edd) — ed



The field components of TM wove InSide the Civtulor
waveguide can be represented in teyms of fime andl
Pwpagaﬁon vaxiotions . Su, egus. 21" —> 24 becomes

E = “om g Tl coso®: & sinuk >G5
T

Eg = Fom . Eo.-j‘n(hr)' sin(P®) e o ginwk ~ @9

T h2
. ,qu} ' "‘9an N
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Tvansmission of TE Waves inside Circulax WNayveguide

To Find Ffield co.n-ﬁizgam_!:i'on o¥ components ingide
Civeuloy woveguide 'C‘.’bnslo(z.r a Civeular waveguide
With Innewr 'radm.g \y'a.nd assume +he wave ié E
propagating n z-divection.
ation tobe sadisfied by the
 electric and mognetic Field ot the boundary ave |
vx E. = =J jurfa H —> @
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field components inside the guide can Obkained as,



Ev. = _.Ti.u_@__sz _JC}/L . OHz _
h* o7 rhe 6y — @
o)

OFz Jusle  aH -
72 b9 +. : OHz  __ |
o

: @

oy
N
|

XI
q

]

‘ l
-
g
N
+
C
%
oM
Q
m

h> or T-hE dP
Hp = =L Mz _ jwg ae, _, ©
T-h* Op A or

where | hr = 9+ wiig — @
o TE (JO(.LVQS)' Ez-'?o oand Jor civeelar w6, ’?:?nm
‘. egus. @ —>@ becomes

Ey = _”d‘wl{&. O Ho
' T-l-;L 525 —> '4"

hx Or

Hy = —7 3H2 > 16
h* v

H¢ -":_'_?__ _@_Hz - (7
r.hz OF

From veg,us. 14 => 17 the existing Field
Components inside Civcular waveguide ave,
Ey ,Ep , Hy  Hy and Hy |

To find the field components of TE wave inside

the Civcular waveguide |, we can assume a value Ffov

one of the field comporents and +From this Value , we can g et



the. value of Other feld Components .

Let us assume a Sine wave is Propagating in

z-divection . let the value of H, Component be ,
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C:ilarac{:e_ﬂsﬂ':ics (o) 'Pwpéwh'_es 0f TE Waves Of

Civeular Wavegutde
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3. Phase constant B - .
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ExcITATION OF RecTAN@QULAR  WAVE GUIDES :

* In Owder to launch o porticulay mode, a @pé
0f Prabe is Chogen whiah wil] prooluce lines o+ E a.nd-H
that oare mujhfy pavollel to +the lines of El ound H
for that mMode .

* G,e,n@«aléy . a guide Is closed at one end by o-
conducﬁrﬁ wall . An antenno. probe is insexted
‘l’h'"roujh the end or Qide of +the guide .

% The end of the wa,ve,juéde, cloged by a conducting
wall acts a vetlector. By properly ao()usb‘rg the  olistance
belween the Probe and the end we can make Emnsmikkect
wave Iinphase with veflected wave . so that both the
waves Wil Propagote 'as a gingle wave .

- % The excitation methods of Qrec.l:art_a,u.law wo.vegufde,
for vorious modes s 08 shown In fig. below.

% In Figure (o), the Probe is connected in
Povaliel to Y~axis anol produces [ines of E N
_y~ol'nvéa<1:ion‘ Lines of \H’ lie In *x~z Plane . This I8
the. Corvect rFL'éLo( COﬂ-—P{SU\YQHC)ﬁ For TE,O mode. .

* Th Fiﬁu.ve, (b)), kwo probes oz connected In

povallel ko y-oaxis and produces lines of £ n



y_——di»fac.a':ion. The olistance between +the Pyobes
is _Pl} This (s the covrect fZeldl configuratwon
for TE,, mode . | |

n F;_qure (c)’ the Pyobe i8 connhected at the :
terminated end . The probe is coonected in pavallel
to z-oxic and produces limes 0f E In z ~divection -
Ln'nes‘o.p H lie In %X~y ’Pl@me. This s the COvwect
Lield Cc:noci_qu%aﬁion +or _77\4” mooe .

In Figure (d) bwo Pryobes ave connected In
pavallel to- z-cwers  and produces lines of E In
z-divection. The distance between the Probes ls 2/,

This is the Cowvect Ffietd configuvation for Tms

mode .
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ExetTATION OF MODES IN CIRCULAR WAVEGUIDES
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ExciraTions OF Mopes [n Circorer WAVEGuUIDE

The MQH'LoclS of excitetion for Vaxious modes 'mi

Crwfcvdow wa.veﬁw.de, 18 as shown below . |

% In Figure () coaxtal line Ppyobe exul:e, Hhe
dominant mode TE In o!wd:agcdav wave&utole,
which fs converked to dominant mode Te, 10 the.
Civewlar waveguide 'H'v%_’m?h the transition !erg-fh
betweeon +hem.

* In Figuve (bD Longll:udinal coaxial line probe
d:‘xeck% excites the S&mmeh’ic mode TMg, In a
civeulasy wa.ve@ wtde. .

'o; mode. (8 esxcited 139 means Of

* Tn F_au.'re, (),
Fwo d.ame,#:nca,la opposite Pplaced onaakuol,mod Naxw¥o W
Slots Paxaliel to the wall of +he Tectm@ulour

UOCU/Q@ wide .
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Bipolar Junction Transistor:

Bipolar Junction Transistor is a multi junction semiconductor device, where both the types
of charge carriers take part in current carrying mechanism. two types of Bipolar Junction
Transistors are n-p-n and p-n-p. The n-p-n Bipolar Junction Transistor is the complimentary
structure of the p-n-p Bipolar Transistor.

The principle of operation of microwave Bipolar Junction Transistor is similar to that of
low frequency device bipolar transistor. All microwave Bipolar Transistor are planar in form and
is of n-p-n type.

The majority of Bipolar Junction Transistors are fabricated from silicon because of low
cost, more reliable integrative, offers higher gain and moderate noise figure when used as a
microwave amplifier.

Microwave Bipolar Junction Transistors are capable of generating power upto a frequency
of 22GHz.

Physical Structure:
The physical structure of microwave power transistor is as shown in figure below. the
physical structure can be classified as a) inter-digitated b) Overlay c) Matrix type (also called as

mesh or emitter grid)

Emitter
‘_,.-afmelalization R j
Emitters —
Base c
metatization
A
{a} Interdigitated (b} Overlay
))4-— Emitter metalization
p* base diffusion
[ |
} . - H“— Base metalization
(c) Matrix

Inter-digitated structure consists of large number of emitter strips alternating with base
strips. Both of these are metallized. Overlay structure has a large number of segmented emitters
overlaid through a number of wide metal strips. Matrix or mesh structure has emitter that forms

the grid, the base filling the meshes of this grid with a p+ contact area in the middle of each mesh.



Inter-digitated structure is suitable for small signal applications in the L,S, and C bands
whereas overlay and mesh structures are useful as power devices in the VHF and UHF regions.

Bipolar Transistor Configurations:

In general, there are two types of Bipolar transistors: n-p-n and p-n-p. A transistor can be
connected as 3 different configurations: Common Base (CB), Common Emitter (CE) and
Common Collector (CC).

Common Base Configuration:

In common base configuration, the base terminal is common for both input circuit
(Emitter) and output circuit(Collector). The common base configuration is also called as grounded
base configuration.

common base configuration's input voltage Vegs and output current Ic can be expressed in
terms of the output voltage Vcg and input current Ig as,

Ves = some function (Vca, Ig)

Ic = some function (Vceg, Ig)

p-n-ptransistor n=p=n transistor

r Ll ? i I n

:i%
S O———

[ I i
Il - I[ 11

o G

Vig Veg Vs Vg

(a) CB configuration (b) CB configuration

Common Emitter Configuration:

In common Emitter configuration, the emitter terminal is common for both input circuit
(Base) and output circuit(Collector). The common emitter base configuration is also called as
grounded emitter configuration.

common emitter configuration's input voltage Ves and output current Ic can be expressed
in terms of the output voltage Vcg and input current I as,

Ves = some function (Vce, Ig)

Ic = some function (Vcg, Ig)
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Common Collector Configuration:
In common collector configuration, the collector terminal is common for both input circuit
and output circuit. In a common collector configuration, the output voltage of the load is taken

from the emitter terminal instead of the collector as in the common base and common emitter

configuration.
The common collector configuration transistor can be used as a switch or pulse amplifier.

The common collector amplifier has no voltage gain.

¢ —
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E




Principles of Operation:

The bipolar junction transistor is an active device which is commonly used as an amplifier
or switch. A BJT can operate in four different modes depending on the voltage polarities across
the two junctions.

1. Normal Mode: In this mode, emitter junction of npn transistor is forward biased and collector
junction is reverse biased . Generally at ON state a transistor remains in the normal mode.

2. Saturation Mode: When both the junctions are forward biased, the transistor is in its saturation
mode with very low resistance and acts like a short circuit.

3. Cut-Off Mode: If both transistor junctions are reverse biased, the transistor is operated in cut-
off mode and the transistor acts like an open circuit.

Thus saturation and cut-off modes are equivalent to the ON and OFF state of a switch.

4. Inverse Mode: A transistor is said to be in inverse mode when the emitter is reverse biased and

collector is forward biased. In practice transistor is not commonly used in inverse mode.

'
E fa E £
n Il'.' n 11 fr "
i l B 2
Vg Vg Vig Ves
{d) Inverse mode {c) Cutoff mode
-]
0 I}
E T [ E [ C
n " i n " M
| L
; i} : X L] ;
Veg Veg Veg Feg
(b} Saturation modle {a) Normal mode

There are three regions for the 1-V characteristics of an n-p-n bipolar transistor:

1. Active Region: In this region the emitter junction is forward-biased and the collector junction
is reverse-biased. The collector current Ic is essentially independent of collector voltage and
depends only on the emitter current Ie. When the emitter current is zero, the collector current is

equal to the reverse saturation current Ico.

2. Saturation Region: In this region, as shown on the left side of figure, both emitter and
collector junctions are forward-biased. The electron current flows from the n side across the

collector junction to the p-type base. As a result, the collector current increases sharply.



3.Cutoff Region: In this region the emitter and collector junctions are both reverse-biased.

Consequently, the emitter current is cut off to zero, as shown in the lower right side of figure.

Saturation il
regioin —-Fl Active region —————— 0
0
! f, = =40 mA
!
-
% -30
=
=
»
3 Ml
= .'..!'l:- 10
| 'lll:'-.'
| il 0 i
.:':f.'l- ko
il Cutoff region co
5 4 i 5

Collector-lo-base voltage Vg in volts

Performance Parameter:

In high frequency operation, the performance of a microwave transistor depends on the
cut-off frequency 'fc' and maximum frequency of oscillation (fmax) rather than the two current
gains o and .

Now the cut-off frequency depends on the delay of the carrier results due to their

movement from emitter to collector.

1
f. = 1
¢ 2mTy, ()
Tec = TetThtTdtTe (2)

where, te- Emitter base junction transit time
¢ - Collector depletion layer charging time
Tp - Base transit time
14 - Collector depletion layer transit time
Maximum frequency of operation is higher than fc because although 'B' falls to unity at this

frequency, power gain does not.

| fe (3)

ex 87Crlb CC
where, rb' - Base resistance

Cc - Collector Capacitance



RF FIELD EFFECT TRANSISTOR:

+ Field effect transistor is a multi junction monopolar device, where only one carrier

type either holes or electrons contribute to the current flow through the channel.

Based on the contribution there are two types, n-Channel (electron) and p-channel

(hole).

FET is a voltage controlled device.

» RF field effect transistors has the capability of amplifying small signals up to the
frequency range of X band with low noise figures.

% The RF field effect transistors has several advantages over the Bipolar junction

transistor.

1. Its Efficiency is higher than BJT.

2. Its noise figure is low.
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3. Its operating frequency is up to X band

4. Its input resistance is very high up to several mega ohms.

CONSTRUCTION:

FETs are classified according to how the gate is connected to the conducting
channel. Specifically, there are four types. They are,

1. MISFET - Metal Insulator Semiconductor FET:

Here the gate is separated from the channel through an insulation layer. One of
the most widely used type is MOSFET (Metal Oxide Semiconductor FET)
2. JFET - Junction FET:

This type relies on a revere biased pn-junction that isolates the gate from the
channel.

3.MESFET - Metal Semiconductor FET:

If the reverse biased pn-junction is replaced by a schottky contact, the channel
can be controlled just as in the JFET case.
4. Hetro FET:

As the name implies, the transitions takes place between different layer of

semiconductor materials. Examples: GaAlAs to GaAs or GalnAs to GaAlAs interfaces.
High Electron Mobility Transistor(HEMT) belongs to this class.

The construction of MISFET, JFET, and MESFET is as shown in the figure
below.

Source Gate Drain
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(a) Metal insulator semiconductor FET (MISFET) (b) Junction tield elfect transistor (JFET)
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(¢) Metal semiconductor FET (MESFET)

% In the above shown FETs, the current flows from source to drain and the gate
controls the current flow. Due to the presence of a large capacitance formed by the
gate electrode and the reverse biased pn-junction, MISFETs and JFETs have a
relatively low cut-off frequency and are usually operated in low and medium
frequency ranges of typically upto 1 GHz.

% GaAs MESFETs find applications upto 60-70 GHz and HEMT can operate beyond
100GHz.

+ Electrically FETs can be classified into two types, 1) Enhancement and 2) Depletion

type based on increase in carriers or depletion in carriers when the gate voltage is

increased.

Functionality:

The functionality of MESFET for different drain-source voltages are shown in
figure below. The transistor is operated in depletion mode. The schottky contact builds
up channel space charge domain that affects the current flow from the source to drain.
The space extent ds can be controlled via the gate voltage.

1
2eVy — Vs |2
d — d GS 1
[ e | ()

where, ds - Space extent or Space charge
Np - Donor concentration
Vq - Barrier voltage 0.9v for GaAs-Au interface
q - Charge of an electron (1.602x10-19)
Vas - Gate source voltage
The resistance 'R' between source and drain is predicted by,
L

NIRRT “
where, W - Gate Width

L - Gate Length

o - Conductivity

d - Channel depth

ds - Space charge

6 = q.ta.Np (3)

Where, .u, - Mobility of electron



Np - Donor Concentration

The drain current is given by,

1

Vv 2¢ Vy —Vee |2

Ip = F?S=Go 1_{q?—dN GSJ Vbs (4)
D

Where, Conductance Go is,

_6gNpWd

Go (5)

{a) Operation in the linear region. (b) Operation in the saturation region.
Functionality of MESFET for different drain-source voltages.

The pinch-off voltage for the FET is independent of the gate-source voltage and is
computed as,

_qNDd2
2¢

where, Vp - pinch-off voltage

Ve (6)

q - Charge of an electron (1.6x10-19)
¢ - Permittivity
The threshold voltage for the FET is given as,
Vro = Va-Vp (7)

The Drain saturation current is

3
V, 2 -
Ipsat =G ol — — (V4 —Veas) + (Vy —Vgs)?2 8
DSat O[ 3 d GS 3\/V_p d GS ( )
The maximum saturation current is obtained when Vgs =0
vV, 2 3
Ipsst =Go| — — (Vg ) + —— (V)2 9
DSat O[ 3 d 3\/W d ( )

The saturation drain current is often approximated by the simple relation

VGS

—68)2 10
) (10

Ipsat =lpss (1 —

The transfer and output characteristics of an n-channel MESFET is as shown
below.
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(a) Circuit symbol (b) Transfer characteristic (¢) Output characteristic

Transfer and output characteristics of an n-channel MESFET

Problem:

1. A GaAs MESFET has the following parameters: Np = 10!6cm-3, d=0.75um, W=10um,

L=2um, &=12.0, V¢=0.8v and u,=8500cm?2/(Vs). Determine a) pinch-off voltage,
b)Threshold Voltage, c) The maximum saturation current Ipss.

Solution:
a) pinch-off voltage:
The pinch-off voltage for the FET is,
:qNDd2 _ 1.6x10" x (10"°x10°) x (0.75x10"°)
2 2x8.854x10 712 x12
b)Threshold Voltage,
Vro = Vg-Vp=0.8 - 4.235 =-3.435v

¢) The maximum saturation current Ipss

Ve = 4.235V

V, 2 3
lpsat =Go| — — (Vg ) + —— (V)2
DSat O[ 3 d 3\/W d
G _SANpWd _ q2u,Np°Wd  (1.6x107°)%x (8500 x10 ™*)x (10*° x10°)? x(10x10 ~¢)x(0.75x10~°)
0= = -
L L 2x107°

=8.16

3

4.235 2 (0.8)2} =6.883A

loe, =8.16| 222 _(0.8) +
psat { 3 3J4.235




High Electron Mobility Transistor (HEMT)

High electron mobility transistor(HEMT) is a transistor that operates at higher
frequencies, typically in the microwave range. They are used in applications that require high
[requency, such as cell phones, REF applications, and some power applications.Essentially the
device is a field-effect transistor that incorporates a junction between two materials with
different band gaps (i.e. a heterojunction) as the channel instead of a doped region which is used
in the standard MOSFET,

As a result of its structure, the HEMT may also be referred to as a heterojunction FET, HFET or
modulation doped FET, MODFET on some occasions.

HEMTSs are transistors that utilize the 2-dimensional electron gas(2DEG) created by a junction
between two materials with different band gaps called a heterojunction. The two most commonly
used materials to create the heterojunction are a highly doped n-type donor material, typically
AlGaAs and an undoped material, typically GaAs.

HEMT's take advantage of 2DEG which is created at the AlGaAs/GaAsheterojunction. The
2DLEG is confined at the heterojunction and free to move parallel to the channel. This results in a
higher electron mobility which is good for large gain and high frequency characteristics.

HEMT structure & fabrication

The key clement within a HEMT is the specialized PN junction that it uses. It is known as
a hetero-junction and consists of a junction that uses different materials either side of the
junction. The most common materials used aluminium gallium arsenide (AlGaAs) and gallium
arsenide (GaAs).Gallium arsenide is generally used because it provides a high level of basic
¢lectron mobility which is crucial to the operation of the device. Silicon is not used because it
has a much lower level of electron mobility.

In the manufacture of a HEMT, first an intrinsic layer of gallium arsenide is set down on
the semi-insulating gallium arscnide layer. This is only about one micron thick.Next a very thin
layer (between 30 and 60 Angstroms) of intrinsic aluminium gallium arsenide is set down on top
of this. Its purpose is to ensure the separation of the hetero-junction interface from the doped
aluminium gallium arsenide region. This is critical if the high electron mobility is to be achieved.

The doped layer of aluminium gallium arsenide about 500 Angstroms thick is set down
above this. Precise control of the thickness of this layer is required and special techniques are
required for the control of this.

There are two main structures that are used. These are the self-aligned ion implanted
structure and the recess gate structure. In the case of the self-aligned ion implanted structure the
gate, drain and source are set down and are gencrally metallic contacts, although source and
drain contacts may sometimes be made from germanium. The gate is generally made from
titanium, and it forms a minute reverse biased junction similar to that of the GaAsFET.
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For the recess gate structure another layer of n-type gallium arsenide is set down 10
enable the drain and source contacts to be made. Areas are etched as shown in the diagram. The
thickness under the gate is also very critical since the threshold voltage of the FET is determined
by this. The size of the gate, and hence the channel is very small. Typically the gate is only 0.23
microns or less, enabling the device to have a very good high frequency performance,

Source Drain

i e Y

Somi-Insulating GaAs | - .

HEMT operation

Electrons from the n-type region move through the crystal lattice and many remain close
to the hetero-junction. These clectrons form a layer that is only one electron thick forming what
is known as a two dimensional electron gas. Within this region the electrons are able to move
(reely because there are no other donor electrons or other items with which electrons will collide
and the mobility of the electrons in the gas is very high.

A bias applied to the gate formed as a Schottky barrier diode is used to modulate the

number of electrons in the channel formed from the 2 D electron gas and in turn this controls the
conductivity of the device. This can be compared to the more traditional types of FET where the

width of the channel is changed by the gate bias.

Advantages of HEMT devices:

e High gain: HEMTSs have a high gain at microwave frequencies because the charge carriers
are almost exclusively the majority carriers and the minority carriers are not significantly

involved. -
o Low noise: HEMTs provide very low noise operation because the current variation in the

devices is low when compared to other field effect devices.

Applications of HEMT

o Next generation wired/wireless communication

¢ Advanced radars
« Power electronics
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BASIC CONCEPTS OF RF DESIGN:

Radio-frequency (RF) engineering is about systems that operate at radio
frequencies such as microwave frequencies. The RF portion of radio
transmitters and receivers will be viewed as a subsystem of wireless systems.
Thus, the relationships of the RF portion to other parts of the overall wireless
system design will be pertinent. For example, radio receiver sensitivity depends
on the RF design. RF generally includes other aspects, such as the device
technologies and RF circuits (including active circuits and passive circuits). Real
electronic components introduce noise and have other imperfections, such as
nonlinearities. While the nature of noise, nonlinearities, and so on, is intimately
related to the devices themselves, the results on the system can be studied and
quantified at the systems level based on models of these effects.

The most popular wireless receiver architecture is known as the
superheterodyne receiver. A block diagram of a superheterodyne radio receiver
is as shown in figure below. In the figure shown below amplifiers, mixers,
frequency synthesizers, and filters are the fundamental building blocks of the
RF part of radios. Broadly speaking, an amplifier amplifies the power of a signal;
a mixer is used to up-convert or down-convert a signal, by multiplying (also
described as mixing) it with a periodic signal, such as would be produced by a
frequency synthesizer. A frequency synthesizer may be as simple as an
oscillator, or it may include an oscillator together with additional circuitry. A
filter selects a band of frequencies to pass through, and attenuates signal
components at other frequencies.
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Superhetrodyne Receiver

The communications signals transmitted over wireless are at very high
frequencies and so are often referred to as being “at RF.” To demodulate the
signals and detect what was transmitted, the RF section of the receiver often
needs to bring the signal down to around baseband. The superheterodyne
receiver brings the signal from RF down to around baseband in two stages; first,
it down-converts from RF to an intermediate frequency (IF), and second, it
down-converts from IF to around baseband. Having two stages of down-
conversion introduces some challenges.

Noise and distortion are the limiting factors in the RF circuit performance.
Quantifying noise and distortion is necessary to quantify the performance of a
transceiver.



1. NOISE:

Noise is always being picked up by a receiver from the rest of the universe
when a desired signal is being fed into a system. Noises can be introduced into a
circuit during a radio signal transformation. There is one kind of noise, which is
called thermal energy, generated due to the temperature related motion of
charged particles. Thermal energy is caused by atoms and electrons move in a
random way resulting in random currents in a circuit itself. On the other hands,
there are also many other man-made noises coming from outside the circuit
system, such as microwave, cell phones, and even power chargers. In order to
check out how much noise has been added to a source signal, a ratio of the
signal to noise power is defined for a receiver. The sum of thermal noise power
and circuit generated noise presented at the receiver front-end is defined as the
noise floor. To detect a reliable signal, the minimum detectable signal level must
typically be larger than its noise floor.

Thermal Noise:

Resistors are the most possible components that will cause noise in a
circuit. Due to thermal energy, noise will be generated in resistors causing
random currents in the circuit. The formula of thermal noise in spectral density
from resistors can be expressed as follows:

Nresistor = 4kTBR (1)
where, k - Boltzman constant (1.38x10-23 J/K)

T - Kelvin temperature of resistor (300K)

B - Bandwidth

R - Value of Resistor

In additional, thermal noise is also white noise. This means that the
thermal noise involves a constant power spectral density with respect to
frequency. Therefore, to find out how much power is generated in a finite
bandwidth in a resistor, the formula is presented as follows:

Vin?2 = 4KTRAS (v2/Hz) (2)
where, Af - bandwidth

Va2 - noise voltage in rms value.

4 Filtered noise

= / \\ White noise
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Total square noise ¥,” can be found by integrating the spectral density function.

Noise power in spectral density respect to frequency.



Usually, the mean value of noise will be zero when noise is random. Therefore,
in order to measure the dissipated noise power, it is needed to use mean square
values. The below figure shows the spectral noise power density with respect to
frequency. A model of resistor noise with a voltage source is as shown below.

i + l YA

v, {/ ) R, Rest of
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i - =

Equivalent of
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Noise Factor and Noise Figure:

The Noise Figure (NF) describes how much noise is added to a signal by
elements of a radio's receiver chain. There are many different ways to define NF,
but the most common definition is,

_ SNR,,

NF =
S]‘\I:Rout ( 1 )

where SNRi, is the input SNR due to thermal noise and SNRyy: is the device
output SNR. The NF provides an indication of how the device degrades the SNR.
The manufacturer of the device usually supplies the NF. In the case of passive
components, the NF equals the loss of the passive components. Thus if a
passive RF filter provides a 3 dB loss of signal, the NF is defined to be 3 dB.

Once the NF is determined, it is possible to provide an equivalent RF
receiver NF, NFiota;, that relates the noise back to the antenna. The Friis
equation allows for the NF of all the devices in the RF chain to be combined.

NF,-1 NF,-1 NF, -1 NF, -1
NF, i =1+(NF, —1)+—2 +—2 + . + 2 B
G, G, G, G G,G; G, G,G,G, (2)

Here NF; represents the NF at the ith stage and Gi represents the gain at the ith
stage. This equation assumes a linear scale, although NF is usually used with a
dB scale. Given a component with a noisy input having noise power Pi.; dBm,
gain G; dB, and NF NF; dB, the output noise power P; dBm is given by

P; dBm = P;.; dBm + NF; dB + G; dB (3)

Once the overall NF is determined, it is possible to determine the
minimum input signal level discernible by the receiver or the sensitivity of the
receiver to achieve a minimal SNR, SNRmin. Sensitivity, S dBm is calculated with
the basic definition,

S dBm = Noise floor dBm + SNRuin dB (4)



The NF is calculated from the source thermal noise, its magnification due
to the total NF, and the bandwidth over which this noise exists.

Noise floor dBm = 10 log(kTeB) + NFtota1 dB
= 10 log(kTe) dBm + 10 log (B) dB + NFtota1 dB (5)

Where, B is the end of the system bandwidth in Hz and Te is taken as its usual
value of room temperature, 290K. For room temperature, the sensitivity
becomes

S =-174 dBm/Hz + NF dB + 10log(B) + SNRumin dB. (6)

Problem:

1. The block diagram of an RF stage of a receiver is as shown in figure. The
transmission line is connected to the antenna, and the output of the mixer goes
to the IF stage. Calculate the Noise factor and sensitivity of the receiver for a
bandwidth of 1 MHz and minimal SNR of 12 dB.

NF =2d8

_ NFE_ =2dB =10dB
NF,=3dB G, =-2d8 G NF, = 6 dB

From Cable, G,= -3 dB
Antenng —e | BEF t—= To MNext
I IF Chain

Solution:

The linear values of the gain and individual NFs are
NF; = 2 NF2 = 1.585 NF3; = 1.585 NF4 = 4
G:1=0.5 G2 =0.631 Gs =10
The total NF is given by
NF, -1 NF,-1 NF, -1 NF, -1

NF,_, =1+(NF, -1)+—2—+—2 4+ — % — 4 Foennn
G, GG, G G,G, G,G,G,G,

Nmel=1+(2—1)+l'585_1+ 1.585-1 N 4-1 _598 Or7.76dB

0.5 0.5x0.631 0.5x0.631x10

So for a bandwidth of 1 MHz and minimal SNR of 12 dB, the sensitivity is

S=-174 dBm/Hz+ 60dB + 7.76 dB + 12 dB
S =-94.24 dB

Flicker noise:

Flicker noise is a type of electronic noise with a 1/f power spectral
density. It is therefore often referred to as 1/f noise or pink noise. device. It is
basically due to variation in the conduction mechanism. There is no
outstanding solution to decreasing it yet, but techniques do exist to minimize
the effect. The power in spectral density of 1/f noise is inversely proportional to
frequency.



2. Distortion Characterization:
Distortion occurs in the RF chain because of the non-linearities in the

system. The distortion takes the form of harmonics, i.e., sinusoidal terms that
occur at multiples of the frequency of an input sinusoid. Distortion can take the
form of cross modulation when a weak signal and a strong interferer enter a
non-linearity and the amplitude of the interferer modifies the amplitude of the
weak signal and vice versa.
In an ideal system, linear time-invariant (LTI) operations is expected
which allows the outputs to be expressed as a linear combination of responses
to inputs. For example, if there are two input signals, xi(t) and x2(t), the outputs

of these signals can be: xi(t) = yi(t), x2(t) = yo(t)
Therefore, a linear system has to be satisfied in the following condition.

a.xi(t) + b.xa(t) = a.yi(t) + b.ya(t)
The relationship between increased input signal power and the output power of

the desired signal and distortion is shown in Figure below. In a linear circuit, a
linear relationship exists between input power and output power, and this
linear relationship is represented as a line with a slope of one in below figure.
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However, in any real RF component, the transfer function is much more
complicated. These complexities can be due to active or passive components in
a RF circuit. It is common to have nonlinearity and time variance present in a
system. Mathematically, any nonlinearity function can be written as a series
expansion of power terms. Assume a nonlinear system y(t) = a1.x(t) + a2.x2(t) +
a3.x3(t) is memoryless and has an input signal x(t) = Acos(ot). where a1, a2, o3
are functions of time. then, the result of the system is,

y(t) = a1. Acos(ot)+ a2. A%cos?(wt) + as. A3cos3(mt).
Typically a non-linear device output can be modeled as
Vo = Ao +aivin + a2v?n + agviin + . . ..

where vin is the input voltage and ajs are constant terms. The square term
produces second-order products, and the cubic term represents third-order
products.

For non-linear devices that exhibit a pure cubic characteristic, the third-
order distortion power grows at three times the rate of the desired signal.
Eventually, there is a practical limitation on how much the power of the desired
signal can be raised with a corresponding linear increase in the output signal
level. Eventually the device begins to saturate, and when the actual desired
signal's output power level differs by 1 dB with the desired signal's ideal output
value, the 1 dB compression, point P:idB, is reached. This amplitude
compression characteristic, shown in Figure below, tends to block the detection
of lower level signals in the presence of stronger signals, and the blocking
dynamic range (BDR), i.e., the difference between the minimum detectable
signal (MDS) level and the input that produces a 1 dB compression, quantifies
this effect:

BDR = P1dB - MDS
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ADC and DAC Distortion:

The ADC and DAC introduce both noise and distortion. The main sources
of noise are quantization noise, internal thermal noise, and sampling aperture
jitter. Quantization noise occurs because of the limited number of states that
can be represented by the ADC and DAC. The round-off or truncation is often
modeled as an additive noise process onto a true signal representation. Thermal
noise is a problem for all components. Aperture jitter (aperture uncertainty), the
result of sampling at unevenly spaced intervals, produces a modulation on the
phase of the signal that is typically modeled as background noise. This type of
distortion is especially apparent for signals that have high frequency content. if
the signal level exceeds the maximum range of the ADC, nonlinear distortion
results.



Mixers

A mixer is a three-port component, which performs the task of frequency conversion,
Mixers translute the frequency of an input signal o o different frequency, This functionnlity is
vital for o wide range of applications, including military radar, satellite-communications
(satcom), cellular base stations, and more. Mixers are used 1o perform both frequency
upconversion and downconversion,

Downconversion Upconversion
he= [hio = Ferl b= ho=Fir fazm fio+ fy
LO
\ Rl'lIl
/H"'""n",'_: ‘o, ’

Power

DC Frequoncy DC Froquoncy

Radio Intermediate Radio Intermodiate
frequency frequency  froquoncy ~—® froquency

(F o ) (Fir) (Fr) (Fir )

O

Local oscillator .
Fio) Local oscillator
(fio) !
These simple diagrams provide an illustration of frequency conversion, *“T'wo of a mixer's three
ports serve as inputs, while the other port serves as an output port. An ideal mixer produces an
output that consists of the sum and difference frequencies of its two input signals, In other

words:
ruul = l-‘inl 3 rm!

The three ports of a mixer are known as the intermediate-frequency (1F), radio-frequency (RF),
and local-oscillator (LLO) ports. The LO port is usually an input port.”

The RF and IF ports can be used interchangeably, depending on whether the mixer is being used
to perform upconversion or downconversion. The LO signal is typically the strongest signal
injected into a mixer. The required LO drive level is dependent on several factors, including the
mixer’s configuration and device technology.
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When a mixer is used to perform downconversion, an input signal enters the RF port and an LO
signal enters the LO port. These two input signals produce an output signal at the [F port. The
frequency of this output signal is equal to the difference of the RF input signal’s frequency and
the LO signal’s frequency.

When a mixer is used to perform upconversion, an input signal enters the IF port and an LO
signal enters the LO port. These two input signals produce an output signal at the RF port. The
frequency of this output signal is equal to the sum of the IF input signal’s frequency and the LO
signal’s frequency. Both downconversion and upconversion are shown graphically in Fig. 1.
Upconversion is normally part of a transmitter, while downconversion is typically used in a
receiver.

Mixer Performance Parameters

Conversion Loss: In passive mixers, conversion loss is defined as the difference in signal level
between the amplitude of the input signal and the amplitude of the desired output signal. In a
mixer used for downconversion, the conversion loss is the difference between the RF input
signal’s amplitude and the IF output signal’s amplitude. In a mixer used for upconversion, the
conversion loss is the difference between the IF input signal’s amplitude and the RF output
signal’s amplitude.

. -

-
Input power (dBm)  Input 1-dB
comprassion
point

The above fig. is a graphical representation of 1-dB compression point.

Isolation: "Isolation is a measurement of the amount of power that leaks from one port to
another. Isolation is defined as the difference in signal level between the amplitude of an input
signal and the amplitude of the leaked power from that input signal to another port." When
isolation is high, the amount of power leaked from one port to a different port is small.
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“Three types of isolation are commonly quoted in microwave mixers: LO-RF isolation, LO-IF
Isolation, and RF-IF isolation."

I-dB Compression Point: A mixer's conversion loss remains constant when the mixer is in lincar
operation. As the amplitude of the input signal increases, the amplitude of the output signal rises
by the same amount. However, once the input signal’s amplitude reaches a certain level, the

a'mpllludc of the output signal ceases to exactly follow the input signal. The mixer deviates from
linear behavior and its conversion loss begins to increase.

Actual fundamental response

| \dedl
fundamental

I'IH-POT'IH

\Third-ordir

dislortion

(3:1 slope]
—

Ovtput power (dBm)

_|npul I;cw-r (dBm)

Intermodulation Distortion: Two-tone third-order intermodulation distortion (IMD) occurs when
two signals simultaneously enter the mixer’s IF or RF input port. In practice, this could happen
in a multi-carrier signal environment. These two signals interact with each other and with the LO
signal, which creates distortion. In a receiver, two-tone third-order IMD is a serious problem
because it can generate third-order distortion products that fall within the IF bandwidth.

If frr) and frezrepresent two separate RF input signals and fio represents the LO signal, the
third-order distortion products generated at the mixer's [F port are:

Interferer; = 2fgey - fri2 - flo
Interferer; = 2fpe - frer - flo

These third-order distortion products are extremely close to the desired IF output frequency. No
amount of filtering can remove these unwanted distortion products. Thus, the signal-to-noise
ratio of the received signal is degraded, highlighting the need to suppress these distortion
products.

The third-order input intercept point (TOI or IP3) is a widely accepted figure of merit used to
describe a mixer's capability to suppress third-order distortion products. TOl is used in
predicting the nonlinear behavior of a mixer as the amplitude of its input signal increases, which
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Mixer Design Techniques

In theory. any nonlinear device can be used to create 2 mixer circuit. However, only a few
devices satisfy the requirements nesdad to design mixers with accepiable performance. Devices
that are commonly used t0 desizn modemn mixers include Schottky diodes, gallium-arsenide
(GaAs) field-effect wransisiors (FETs), and CMOS transistors. Various topologies can be used to
design mixers. Mixers can be designed as either passive or active components.

Single diode mixer

RF IF
input outpuf

Passive mixers primarily use Schottky diodes, although the FET resistive mixer has recently
become another popular passive mixer. Active mixers use either FETs or bipolar devices.
Schottky diodes, in comparison with FETs and bipolar devices, have the advantage of possessing
an inherently wide bandwidth. This is a major reason why diodes are still widely used to design
MIXers.

Mixers can be designed with just a single diode, which 1s the simplest mixer topology. Balanced
mixers, which consist of two, four, or even eight diodes in a balanced structure, build upon the
single-diode mixer. The majority of mixers available today incorporate some form of mixer
balancing.A single diode can be used to create a mixer . Here, the RF and LO signals combine at
the anode of the diode. The LO signal needs to be large enough to switch the diode on and off,
which causes the actual mixing process. The frequency components generated by single-diode
mixers are:

fir = nfuo #mfgr (m and n are all integers)

where:
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.o = the LO input signal frequency
fke = the RF input signal frequency
(i = the IF output signal frequency

Allhoug:h only one output frequency is desired (when n = 1 and m = 1), additional unwanted
harmonics are generated by the diode’s current-voltage (1-V) characteristics and the
iransconductance modulation caused by the RF signal. Because the single-diode mixer has no
Inherent isolation between the RF and LO ports, external filters also are needed to achieve

iSt?Iatioll between ports. This need for external filtering makes it difficult to achieve wideband
mixers with just a single diode.

A single-balanced mixer consists of two diodes and a hybrid.

Balanced mixers overcome some of the limitations of single-diode mixers. They do require
paluns or hybrids, which largely determine the bandwidth and overall performance of the mixer.
nherent isolation between ports is achieved by balanced mixers as well as increased cancellation
of intermodulation products. Common-mode noise cancellation is another advantage gained by
balanced mixers. However, balanced mixers do require a higher LO drive level.

Single-balanced mixers consist of two diodes along with a hybrid (Fig. 5). Although 90-deg. and
180-deg. hybrids can both be used to design single-balanced mixers, the majority of single-
balanced mixers incorporate a 180-deg. hybrid. The 180-deg. hybrid’s Input ports are mutually
isolated, enabling the LO port to be isolated from the RF port. This provides frequency-band
independence and equal power division to the load. In comparison with single-diode mixers
single-balanced mixers also have 50% fewer intermodulation products. ’

Two single-balanced mixers can be combined to form a double-balanced mixer. Traditional
double-balanced mixers are typically based on four Schottky diodes in a quad ring configuration.
Baluns are placed at both the RF and LO ports, while the IF signal is tapped off from the RF

ballun. The IF signal can also be tapped off from the LO balun, but this would worsen the LO-IF
isolation.
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FFor this reason, it is usually preferred to tap ofT the IF signal from the RF balun instead of the LO
balun. An example of o double-balanced mixer is shown in Fig. 6. This mixer has high LO-RF
isolation and LO-1I isolation along with moderate RF-IF isolation, Double-balanced mixers also
have the benefit of reducing intermodulation products by as much as 75% in comparison with
single-diode mixers.

Double balanced mixer

Ry L

An even more complex mixer circuit is the triple-balanced mixer. Triple-balanced mixers have
separate baluns for the LO, RF, and IF ports, which enables them to achieve high LO-RF
isolation, LLO-IF isolation, and RF-IF isolation. Triple-balanced mixers also offer higher
suppression of intermodulation products than double-balanced mixers. The downside of triple-
balanced mixers is that they need a higher LO drive level. They also are greater in both size and

complexity.

Applications

Mixer circuits can be used to shift the frequency of an input signal like as in a receiver.
They can also be used as a product detector, modulator, frequency multiplier or phase

detector.
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VCO

A voltage-controlled oscillator (VCO) is an electronic oscillztor whose oscillztion frequency 1s
controlled by a voltage input. The applied input voliage determines the instantzneous osciliation
frequency. C onsequently, a VCO can be used for frequency modulztion (FM) or phase
modulation (PM) by applying 2 modulating signal 1o the control mput. A VCO is 2lso an integral
part of a phase-locked loop.

Types of Voltage Controlled Oscillators

 Hamonic Oscillators: The output is a signal with sinusoidal waveform. Examples are crystel
oscillators and tank oscillators

* Relaxation Oscillators: The output is a signal with saw tooth or trizngular weveform aad
provides a wide range of operational freguencies. The output frequency depends on the time
of charging and discharging of the capacitor.

Applications of VCO

 Tone Generators

» Function generators

» Phase-Locked Loops

« Insynthesizers to generate variable tones for the production of electronic music
* In communication equipment these are used as frequency syvnthesizers

« Clock generators

« Frequency Shift Keying

R e ——— e

(a) Pi-type feedback loop

i = i L el ke ™
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(b) Redrawn clrcuit with DC isolation
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Low noise Amplifier -
_power
fies a very low-Po £
i ifier that amplifies 8 V! ower O
b 'amph!i amplifier will increase the p -
-noise ratio. An il also introduce

- lifier W b
both the signal and the noise present at its input, but the amp s can minimiz

inimi iti oise. Designers ¢ :
additional noise. LNAs are designed to minimize that addltlo.nal noints s topologies.
additional noise by choosing low-noise components, operatm_gnp oal’s Cch as power gain
Minimizing additional noise must balance with other design B

and impedance matching.

A low-noise amplifier (LN{\) is_ an_electro
without significantly degrading its signal-to

Fllter Recelver

Recelved
Filtered Spectrum

5 S1 [

LNAs are found inradio communications systems, medical instruments and e!ectronic t-est
equipment. A typical LNA may supply a power gain of 100 (29 decibels (dB)) while decreasing
the signal-to-noise ratio by less than a factor of two (a 3 dB noise ﬁgur.e (NF)). Although LNAs
are primarily concerned with weak signals that are just above the noise floor, they must also

consider the presence of larger signals that cause intermodulation distortion.
Low noise amplifiers are the building blocks of communication systems and instruments. The
four important parameters in LNA design are: gain, noise figure, non-linearity and impedance

matching.

Applications

LNAs are used in communications receivers  such as in cellular
telephones, GPS receivers, wireless LANs (WiFi), and satellite communications.

In a satellite communications system, the ground station receiving antenna uses an LNA because
the received signal is weak since satellites have limited power and therefore use low-power
transmitters. The satellites are also distant and suffer path loss: low earth orbit satellites might
be 200 km (120 miles) away; a geosynchronous satellite is 35,786 miles (57,592 km) away. The




LNA boosts the antenna signal to overcome feed line losses between the antenna and the

receiver.
ance of software-defi ned

LN{\S are becoming increasingly popular for enhancing the perform

radio (SDR) receiver systems. SDRs are typically designed to be general purpose and thcref:ore
the noise figure is not optimized for any one particular application. With a LNA and appropriate
filter, the receive sensitivity and performance can be greatly enhanced at any particular

frequency or range of frequencies.

RF Power amplifier
amplifier that

A radio frequency power amplifier (RF power amplifier) is a type of electronic
converts a low-power radio-frequency signal into a higher power signal. Typically, RF power
amplifiers drive the antenna of a transmitter. Design goals often include gain, power output,
bandwidth, power efficiency, linearity (low signal compression at rated output), input and output

impedance matching, and heat dissipation.

Amplifier classes
Many modern RF amplifiers operate in different modes, called “classes”, to help achieve
different design goals. Some classes are class A, class AB, class B, class C, which are considered
the linear amplifier classes. In these classes the active device is used as a controlled current
source. The bias at the input determines the class of the amplifier.

A common trade-off in power amplifier design is the trade-off between efficiency and linearity
The previously named classes become more efficient, but less linear, in the order they are listed.
Operating the active device as a switch results in higher efficiency, theoretically up to 100%, but
lower linearity.Among the switch-mode classes are Class D, Class F and class E. ) The Class D
amplifier is not often used in RF applications because the finite switching speed of the active
devices and possible charge storage in saturation could lead to a large I-V product, which

deteriorates efficiency.

Applications

The basic applications of the RF power amplifier include driving to another high power source,
driving a transmitting antenna and  exciting microwave = cavity resonators. Among these
applications, driving transmitter antennas is most well known. The transmitter-receivers are used
not only for voice and data communication but also for weather sensing (in the form of a radar)

RF power amplifiers using LDMOS (laterally diffused MOSFET) are the most widely
used power semiconductor devices in wireless telecommunication networks, particularly mobile

networks. LDMOS-based RF power amplifiers are widely used in digital mobile networks such
as 2G, 3G, and 4G.
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