ONT - 1
geottesing mabix |
—_—— — _____._——-——""'5" |

wg Makrix Prgpert‘-,’es

Low —Preq(uencg crcwits can be descr bed Py

two port  networks and their  parameters such 05
7,y H, PBRCD etc. as  per network theory- +Here networ
-k pa rameters relate the total wvoltages and total

courents

Tn a smilar way ab miciowave freqd
o talk ol travelling  waves  woith associated
instead of  Vvoltages and currents and the microwave
junction  con  be de.b—‘ioe,d by what are called as

S-parameters o scatbering  parametess (similar 0 H,
that jor o9 input

encies, we |
pouders

v, 2 paranr)ebarS). T con be seen
ak one Port, we bave four oul:pu‘cs as discussed
earlier. SGimilarly ilT we oppY ‘.nPul:s o all the Poﬂs,1
we will have | comiinoEIONS, ohich are represented’

o matfx Jform and Ehat makzsix s called as d
is a  square ot which qves |
betioecen

D

Scattering Matrx. It

the combinatios ob- pouey relabionsnps
and out]:u\: ports Of @ roicrowove

this Mot are called

all
Lhe wanous ‘inPu.t
juncﬁoo. The elements o
Scothe.ﬁng coellicients o scattering (S Parom&ters.

TO—] 2 - port O+
Uy Network Vs
-O———— I




To obtain the relationship between  the )
Scatteﬁr\ca matsix  and the NpUt [oukput  powers  ak
diferent  ports, consider a junctHion of *n pumber O

tronsmission  Lines  wherein the 5 Une (i can be any

tne -from 4. to n) 6 kerminated 0 . soUrce
astline

2 FZo

b Uine

Case1; let +he First line be terminated ™ an mped

_arce other than the characteristic iropedance  (i-e,

Z.#2,) and all the rermaining Lines CPromy 278 to ntH

Ling) in an Trpedance  equal to Zo (e, ZL=25)

Iy o be the ‘ncident wave at the junctbian

jue to Q Souce ok the P Line, then it dividec

itsely among (P-D nurber Of
Will be po rejlections “From
incident waves are absorbed  Since their impedances

Unes as a,,Qy, - Qn. Thewe
9nd o Nt Uine and the

vait-4) Her




axe eq/uol to characteristic ‘impedonce' (Zo). But,
Fhere 15 a mismakeh  ab  the st Line and hence
there will be re_hlecte.d wave by going back inko

| the _‘]unct‘lor).
b, s relobed to a, by,
b, = (reflection coefficient) A = Sia |

where 5y = reflection cogypident of 45t Line
4 = reflection Hrom 45t Line and

¢ - source connpected ol ith Lline.

Hence, the contvibution to the outward travelli |

J--nq wave in the b Une is qgwven by |

by = 5ig-0a [+ b,=bz -~--=br):°:|:li-

Case 9: \et all the (n-D lines be terminated 0 A
wopedance  other than  Ze (ie, ZL#7Zo for all the
ines)
Then, there will be reflecsions

@ Proms every Lline and herce tre total contsibubion
to the outward  tavelling  tQve ‘N the 1ith Une s

|
snto the junctonD|

giver By
b“’ :Sciiu O:L-'-Sia‘ GE""’S,'S a5 .o "‘an-ar)__-@

$ -4 ton since 1+ COD be any lne Lrorn A toD
Theretore , we bave |
b| = S“Ql -+ SIQ_QZ'f' 5[303"*’- SRS "}'S”.)O_r)

bizs‘mqt“‘e&zgl* Sez3Qz+ - - + 951 Qn

!

Ok Y ) 5}5¢é



In makdix ‘FOYTT),

r— =7 e
b; (511 Sp - S’uf)_1 Q,
Dy - Sor Spp it 5&0 Q.
: : : '. — @
_bo | L Sna Smg o - - SHDJ | an
colurm Matvix Scattering Coluwn,  Matrix (a7
=) Correspond Matriy (5] COrre_cPor)d?f‘)g to
"”T_] to PCHECth Ob. order Nxn _—L—I’@dﬁr)t woNMES O
woves or cutpul JTnpulk

(b)) -(s)c] — @

INben a junction of n pumber oF wavequides

congidered,

a's represent dIr)PLLtS to [xlrtf'cuLQr POVtS

Bs represent outputs out of vanous Pports.

Sy comespaorie to  sattering coefficients  resulting
due kO npub ab ¥ port and output taken
ok of jth port

Sy denotes bhow much of power s reflecked  back

from the juncticn into the ith port  when
inpdt  power s applied ab the ith port ikself

i<

| Properties of (1 Matrix

L (8) is dways as SGUATC matrix of order(Nxn)

2 (s8] is @ SLJmmel:r‘\c makxix
Ve, Sy = I
3. [5] is Q untary nobriX
e, (S)0s]t =
bere , (5] = COMPLEX conjugate of (s]

_ ;J_\\'\%““c‘] | Uf)%




()= usit  makrix or  Identity roatriv O the Same: }
order Qs thal of [s]. ‘
4 The sum Of the products ol eoch term of any
row (or cdump) mulb plied by the cornplex  conjue |
-te of the correspanding terms  Of QNY other

o (Oor column) 1S ZE10.
r) * k . K = 1 J Q, 3 ..... rﬂ
le: gsiks.” :O #J j: 1, 2131"'0

5 1f any  of the terminal or reference Picmes (say the
kth  port) ore roued  amay Hroro the  junction by
an electsic distance Bk Tk, €ach of the coefficients
gjj inuoluing k- will e multiplied by the factor
e-JBKLk_

O

Directional Couplers - R Hole

Directional  couplers  are nC(orgzd, built in wavequid
_e assemplies which can sample  a cmall amourt  Of
ricYowaVe  pouer Hor roensUrement  purposes. They
con be desigped  tO  measure incident and |or
coPlecked  powers, SWR (Standing Wave Ratio) values,
podide o signol path to o receiver or pertorm
other  desiable  operations They con bBe urdirectional
(measwring  only incident  power) or bi - directional
Creosuring  both incident and reflected) pouders. 1n
‘ts  most common Fform,  Ehe directronal coupler. is

a —four port m\;egu',de Juncl:ion consisting of @ I
- primary moin  laveguide and a awdliary wavequide

as 9Howon N -Pig.




- S— e = S

e
| ) | \

e —0

| "
I Se¢ DﬂdCUILJ waueguide

| a)-H schematic of a disectional coupler

| Recenred power 4 Main wavequide 5 Py :
—I\/\!\/V\% A I\A{\AAA >p€CEIUed |
| P ; power
/, @
/ /
PD 3 s g ’ 4 P{:
&—NVWWA—— s “ S — !
— |- = =7 Ausitiany wavequide — AW Coupled
Bock powder power

b) Directional coupler in dicoting POWers

With  rmatched  termimabions atb all s ports, the "
poperties of an ideal directional coupler can Be ".
surmmarized as  tollows |
|1 p portion of power bovelling Jror poart ® to pot@ |
T COLLPLF.’d to port @ but not &0 port 3. ‘
2. p potion of power travelling from port (@ to pore®

is coupled to pot @ but not to port @. |
3. p portion of power ‘ncident on port @ is coupled tO ‘

port @ but not to port @ and a portion of the |

power incident  on pot @ is coupled to port O but
not to port @ Pls0 pats © and ® are decoupted |
as are port @ and @ ‘
P srall portion of input power at port @ s |
coupled to port @ sb that meosurement of this small

LY 4 5’%




l.

S

| poudeY” is Poss_\bLe _-Idéa'lﬂlg NO Powe} chould
come out of Port &) . The oabove HguLre ‘ndicabes
the Janous ?mPu.t ]outPut Po(,oers.

P: - incident power ot port O '.,

p. - received power ob port @

Pr = Lorund coupLed POower at port @),

P, = bock power ot port @

The performance of divectional coupler 15
usually defined o terms Of two pargmeters which |
are defned as Hollons
| Coupling Factor € The coupling factor of a diection
_al  coupler (D-C) 1S defined as the vabio & the

incident power Rt the forward poweer *Pi’
measlired  in 4B

&, C = lologlo% dgg — 0

Direcbivity D! The direcbuity of & D-C '« defired
ns  +Hhe robio of Fforwoard pouwder ‘P’ to the bock
power ‘Pp expressed in dB.

e ., N = |0109{DEI%D dp — @

For a tqp‘ical D.C
¢ = 90dR, D=6048

Le., c=ao=i0log B
Pr r
P‘ ~
- =10 =
P 0 =100
P; |
or Pe = 1
7 oo
Plso, D= 60 :IDLOQEP_
Pb
B 08

P |

vy ~\§ ) :‘Hs&g




|

| CouPLing {octor pLUS divectuity.

hequency ronge  and - bransission loss Or
_ed dor a divectional coupler- Lo SwR ensures minimurn | @

I

| direcbuity s a measure of bow Well the d?reCETOfﬁ]‘;

' need for ceveral octaue band couplers o couer the

olF Pb'"££= P ( since ﬁcrfo_'
Tok 10% 100 J

|
since Py e very smoll , [f@gj Pi, the pouwoer CDmim:j
out of port ® can ke neglected. ‘

The Coupling foctor is a measure of how much |
of the Tncident power ‘s bémcg sampled  while |

coupler d?st?ncanﬁsbes‘ between the FJorward and “
reverse  bravelling powers

Tsoabion: Ancther pParameter called  Isolation 15 |
comebimes  defined to  describe  the divective propert !0
coupler. It s defined as the |
P tp the back power |

[

-ies of o dive ctional
rokho o the incident power
P, expressed D an

I = IDLOCJ,O—%‘; aB '—5'@

Tt may be noted that isolatiod in dR eq,uQLS

the SWR,

Tp addition to the obove Parometers
e O\‘.SO SPGC’b‘! |

mismnoteh enors, wide fequency range  eliminates the

broad bond Yonge and micimum  transmission Less ~tor

sicﬂr)‘iwﬁ‘acor)t power ouailobility)  -for measurement Set Lp.
There are several types of directional couplers

bt hove been  developed  Uke Two hole crossed quide

couples WStb  common  breod  wall- seddions, branching
gquide couplers Wth a  common wall Snstead of COUPUrQ'

holes, short slot couplers, bi furcated coupleve, Loop
directional coupler, Couplerc made fior paralle) ground
plone, metallic strips running internally within the
wovequide  stiucture.




T hole C ide couple ) .
Tt may be M ted that o most OfF the directio

only three of the -four ports are used,

-nal coupl_evs
0 Q matched

the unwanted port 1S mornally  terrsinated
load built into it. The two mqve%fndes share @
coryron wall. This  Cormmon wall has got gole of holes
for couplrg  the energy Flouwsing iobo the main WaveqU
_ide to the dide wave ide and hence colled O sde

| hole coupler. A LoD hole  directional C_ouplf;r s oSt

cernmpnly used. > Major hermonics

:l‘_n‘)l_\t'-"-
Funclarmental

—Freq uency outpat

Shorb—slot COLLELer :

Bifurcated C‘OU.FLGS

ONE - Tl



coavial Line

|‘ / \_/ 44 primar ||

Loop directional coupler |
Two-hole Directional Coupler
| The Pﬁ’nc‘fple cﬂf OPerCltTor) g a n
| “ional coupler. Tt corgists of two gUides thebmtcin; and
I.! the awdbary WwWith o Hiny holes Qonmor)u e en
| them 05 SOBD. The two holes are at a distonce  Of

ere Ag 5 the gu"rde wavelengh. !
Port 4 Majn wavequide Pork e |

| —WWA-> k— b A i

'LJ«UO —r)Ol_e d?rect i

i Xglv) b

P;
\ T
|
1 |
| g |

Puxiliory wove

| c_]uide_ |
Ps |
!
port 3 d port4 |

‘ v_@__o hole directional couPLer

I

II The +tuwo leakages Of hotes () and @ both i P‘OOSE’I;
ot the postion of 57 hole and bence they add op

|
contribuing  to B. Bub the two leakagec are out of ‘

phase by 180 at the position Of the pthole and
therefore they cancel each ether making Poz0. The |
magritude of the POLET corming out of 2 boles depend |
vpon the dirmensfon of the two holec. Since the df'stancei

oY 18] g




betuioeen  holes is My, P, % made 'O (since the

( Tncident pouwer Wil have o tmvel a distonce of
[ Agly + Agfu) when it comes back From bole @
resulting 0 g0 phase shift. Compared to ncdent

power  leakoqe through  hole @ entering port @
" The number of holes can ke ore (as in Bethe

crossquice coupler) or  more Ehan tioe(0S D O Mutt-hole
e detemired by 97C '
the wovequide walls. |

couplerd. The degre€ Of coupling
and location 6 the holes in

Hithough a high deqree of divectivity COD
ackveved as o Fwved  frequency,
@ over a band o _—Pr@.quer)c'nes Iy s connection, '€
ahould  be realized  that  the —Prqu,m;j deterraines
the seperation of the two holec as @ Foction  of

the w0OWVC Lﬁngtb.

e

Bethe hole

) si‘ungte—hote direcBona
the srectAby IS TmProued as the Rethe cmpl&r
elies on a single hole For coupking process rather
thon the sepevali‘ron betueen w0 holes. The PDLOGY

enteq  port@ s Couple
'and the pouoer entenng port ©)
matched  load. 7The auxiliary gu‘\de
on ongle that the magnitude Of the magr)et‘icol\g
exdted wxve a made  equQl
| -ally excited wave far  iroproved directih
| coupler, tre woues in the awdiliary gude

| —ed throwgh @ sngle hole which
and  rognetic Pelde Because of

:~ absorbed By the

gy I thig

| Sovolved i the  coupling
“ by the two types  of coupting cancel

d to the co-axial pobe outpul

ko +hot of the eleckric

are generat
Tpcludes both electric
the phose re latTonships

PIOCeSs, the signals genexated
in the fowward |

it s quite drfficult

| couplﬁr s shoun. Here |

TS PLoced ot such |

Lk ﬁ\{ﬂ\ I\\ 56




di red:lOD and rEnforce 'n the reverse d?re:l:"rm_

Cou‘){jﬂca hole
Coavial probe oukpul IO Mkchd
s Load |
’ ‘y
//,/ |
. QR e |
’ 2
________ R |
A |
: |

Bethe O SlncaLe- hole coupler

- Scattering Mol:nx of o Directiona) Coupler
; We use Ehe properties of the directional coupler
| to armive at the [s]makrix.
. Diectional ceupler is o four pork netuwork. Hence [5)

SIl

[Sj -=I Sar Se3 Sz Sy —®
LSB‘ Sy Sm Sy
S S Suz Sau |

2 Tn o diectionol coupler all four ports are perectly
rmotched o0 the junction. —tlence the diagonal elernents

are zero
5 _ — O
|.€-, SH == 522 = 'S?JS - SL]L,

| 3.From Symietric  property,
S92 = 532 . Siz :53, ) S).L;:SLI)—,'
S5 = Suz, Sw = Sy — @

s a yxy mabix. -
Si 913 Sle_\

e,

Tdeolly back power s zero (RB=0) i€ Tihere s PO
coupling between port @ and port @
.. Sz 7 53 =0 — @ |

4- Dlso there i nO coupung between port@ and Poft@ ‘
— &) |

Sru= SLn =0

v\ ‘c”{sg




A

Substitubng  the values of scattering parameters, e

et
Cj o Snp O SILI

A= 1G% 0 S 0 — @
Ej D 512 0 Sn
v 0 Sy 0

5 Since [s)[s9 - [2)  we get

- ~ ¥
) S DO Slu_\ O Qi{ O SIL; 1 O 0O I
Sa O %3 O S‘,'f O Sﬁ O <o + 0 O
o 53 0 Sayyl| 0 S% 0 S 0 % Io? |
0 ,
(S5 0 Sy 0 S 0 sxf O |
-5, |
R/Ciy = lsll\v“f l51q\v =1 @ I!
R,Cy = ISa 1S =1 —
v
RaCy = !stlv+ 1Szu] =1 — @

RCs = } Sn Sz +90 S5 =0 —
ComPar‘ing eq, @ .6
Sy = S23 — ®
Compcuﬁrwq eq, @4@,
Sp= Sy — @
leb Us assume that Sp i real and positive =P

5
Sip= Say =P =50 7 ®

Fromo eqp (O tO ®}
S |
P[5*23+523j:0 U
Sirce, P#0, Saz+Saz =0 |
Sz = 1Y
5;3 = "'JEI l|

]

onkY) kg



e 53 must be  imaginary-
] let Sz = jq,z 54 — @ [f

" —Therefore,
Ga= S5y =P ( rancroission Parameter) |
| |

Sz = Sy =_|q/ Plso p"r+ q"_-,-p ‘I

ond
cubsbituting these values in eq @, (5] matrix o

a diecbonal coupler s reduced to

-1 50
P O )9 O
Oqu/P — ©
19 o P ©

(6] Motriy of Magqic Tee
Here rcctangular sloks are cut both along

the width ond breadth of 4 Long uoaueguide and
. ade-arms are  attached os shown i fig. PorE® and ®
are  cdlipear Qrms, Port@ “« the H-arm, and PDrt@

“5  the E-Qrmo. L O
pot {

|
|

E-Qrro

port®
| il
E-alim
Pori_—4
b 4 porta . rot2 :
: e aadl e H — W>:I |
i 1
by NS |
C"‘LI[PMI} ‘;\ ~ork Oukpuit
v}mL /—/_/ l | ana
_-_'li}rfj | inlo H- aim ||
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.

Such o device became hecessary because of the |

Al Uﬁcutt\i % obtdin‘:’n% a conpletely matched three

Cport TTee Junc‘t'ioh. Thic  four port hybrid Tee junction
combines the power dividing proper ties Of~ bOtb

H-plane Tee and E-plone Tee. and bhas Ehe aduantoge of :

being completely makched
ceveral useful applications Qs oSl be seen laker USing

the properties of e-H plone Tee, its scattening

matrix can be obtained g Hollows.
1.[¢] is a uUxy matrix since there are 4 poOrts
® Sy S Ss Su
e, (s} = |5, S22 Syz Say

551 537’ 833 53L|
Sai Suy Sus Suy

— O

2. Because of H- PLODe Tee section
523 = Sls — @

3. Because ©Of E-pane Tee seckion
® Siy=-Sy 7 @ |
4 Because of- qeometry of the junction an input at

Port@ camnot come oukb of port @ since they Qr€

isolated ports and uice VEYSQA.
55!..]: a_]g =0 — @
| 5. From symmetxic pooperty, Sij = S
| , Sy = Say 5 Sis = Osy5 Sez= G330
SSL': 343 , Soy = SLIZ.' SL“ :Slqj — @
& :rb— pofts @ and @clre. Per—pect(\j mot(lhed to the
junction
l.i 523 = SLIL[ = D __ @

owk-§) 1S




‘ 0 M, we g@t

—

‘ Su Sn S S

| (s]- S: S S -Su —s (D
813 5|3 0 o

I L Siy =Sy O o

1. Fom onitary poperty , ()($)* = (]

| Substituting the above properties fiom ¢q @ o ®

| S0 Sn Sr 51ﬂ F-S?:* 91':“ 51’*5‘ s L o O D
i-E-; Sl')_ 91’). S|3 —Slq STZ S;FZ S?:g— _Slf’ e ) | O O
5\'5 5\3 O O Si*i S‘a% 0 O D 0O o‘ ?
Sy Sy O O sy sl 0 O © °
| L V
LR = 18 1Sl 18]+ 1S =1 2 ®
I: RCa = lsll\v+ 182217 + 15\3|ﬁ/+ lswul=1 = @
| RaCz = |Sa\"+1Sel’=1 —
ii RyCy = 18+ 15u=) = ©
Fom eq, @ 4 @, we gt
S|3 = ..\rl_;— ——}@
Siu = '—UI—-S— s @
Comparing egn and @ , we 96t
8y=Sy 7 W
n eq (3
| Using these volues fom  egps @ ond © 9
15T 15 + £+ =
|| : ISul 4 152 = ©
ii \e. Si =5p =0 — @
| @
| Froro G, @, S22 70 © e
s means  port O and @ are alsd perfectly ma |
IS . - .
I nction. Hence i any four PO junction, 1
o the JLU)CCIOD- o the Jurfbor))

any TWO ports are P?Y‘PEC’C\LJ. motched




O

| matched  to  the  junction. Such a Junction where

|

tren the temaining two ports are automgﬁcajlg'_‘
|

an all the {our ports are perfectly makched to the |

juncton 15 called a Magic lee. '!.
The [s] op Magic Tee i obtained DY supstit |
_uking the Scattering  parareeters oM eq @

D eq @

—

o o I |

=3-19 ° N N @ .'

Nz o 0 O

. I 0 04 I

we krow thot , [ 8)=(s1(a] |
"] (o o Nz N2\ [
e byl =1 0 0 W2 N3 | %
bz Na hz © O ||
bl by e o oJ LA

ya

b| - —“-,_{ Cab'i'al—l)

ba = 4 (0s-0v) .
b3’ = -V'L_g_ (Ql'faz)
by =<5 (0-02)

US‘inq Eq, @ we look at the properties of Magic Tee

Lor some “lmPO( tant CQSESs.
Casea 05 #0, Q) =02 =Qy =0

Subst’al:u{:l"r)g “these D eq, @, we. 961:

Qs . . -
b;:-\/‘% ’ bz:% ,bs’-bq-o

Thic ¢ the propertyy of H-plane Tee .

Ok Y 1(3—}3% |



| Losee: Oy F0, =02 =05=0

b|’—'.-—-—au b :"_Q‘_H y b:bL:-:O
(L’ R ﬁ A ) l

Thic is the property Of E—Ptone Tee -

' Case 3
— Q; #0, 0,=0Q3z =0y =0

b =0 b, =0; Ps= %ﬁ byt

e, When power s Jed into Por!:@,nothﬁ‘nq comes out

of Porl: @ even ihoth thev] Orfe colinear ports (Magic!D.

| +Hence pots @ ond & are catled  “soloted ports.
Sim‘ikaru,J an ‘mput ot Port@ cannok come out ot
:port ®. Similorly £ and H ae colated pots.

Cose4:  Qz-Qy, Qi =0y =0
WD b| - Q——I_?, c203>‘) b?_:.o, b5=bt,,'-‘0

“This 5 nothing PYt the addibiue properl:LJ. T—.quL
'inPuES 8] Porl:@ and @ result in Op Output ak

port © (in phase and eguat 0 amPL‘utudP_)

CGSE 5: O.IZO}__ ,03 :aLf:D)

b\.:o:b).:bLl‘, bB:-\—}-_—zLQ.O;)
B and @ e in an

| that 15 equoL trputs at port
Puzl:S

oukput ot port @ (oddithve property
ot pots O ® ond @. This i Srlor Lo ase 4

)ond no ouk

| Applications o vioqic lee:
A mogic Tlee has Several applicatione. A few of
| thern have been  discussed here.

onkeTY 3] &%
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0 Meosuement of Jmpedance:
A mogic Tee has been used n the

form oF o bridge Hor measuring ‘rypedance.

Micrawave source s connected D arm ® and a
| null detector Snoamn @ The unknown impedance i
connected D am@ and a stondard wariable  knoun
impedance ‘n arm O. Using the properties of Macdic
e the power From microwave source (03) qets dividkl

equolly betueen ams(D and @ [%] “These, Impedances

| are not eqyO\ +0 Chamacteristic “.mPedar)ce Zo ONd
| herce ther will be  reflactions fiom am@® and @.
|<p P, ond f. are the reflection coekficient, powere

EL-Q-i and £,83 pnter the Moqc Tee ‘Junctio;r) from arm(D

Vz i e
and @ 05 shown in Fig The resultant wWAVE "

| amn &) i.e., the Pt |

detector con be colculoted G4

| Jollowos. ®

Nutl

B detector
1 L . B
e wlaon]
f — refl coeff of 2 P, — refl coeff of 2,

[ o T %sf T T 5 osh
| Zy Zs | @

( o
'ﬁ% Vo Qz
N

J4€
‘[\\ 5 O-}SC

€)

Magic Tee for measurement off impedances

wek Yy Qlex



The rnetwave reaching the null detector
- Lger) -5 Hah] - & 0(4-)70
For perfect baloncing of the pridge (hull detection) |

eq © 15 equated o zero.
2 a3 (f -f,) =0

p-f =0 (o fi=h

| (DY) Zi—{a— — ZQ_ - 'Z_Z_

.l Zy Zs Zg9 + %—Z—
:Z-| - l%‘?_

e, RN = Rt

| R, =R, and X =Xy,

‘ Thus +he upknown ?mPeC\OBCe can be measured
by adjusting the standord  oriable ‘mpedance ill
| the bridge s halorced and  both Smpedance Decort |
l: equal. |
| b) Magic Tee as o Duplexers

The trangmitter ond vecever aie comnected in
e E-arm Or

|I pot® ond © resP&ct‘iveltd, ontenna N th
| port @ and pot & of Magic Tee is terminated in A
| makched load . During tansmission holy the pPower
' reaChes the antenna Py there Y& 6 radiaked anto
ISPOCE. Ocher baly eaches  the matched load where it
35 ahsorbed without  reflection<. Mo rangmgitter power

| |
eaches the recéver since port @ and @ are istlated
half of the

| porks o O Mmaqc Tee. During recepion,
the other half

roceived power goes o the receiver and
d duwing receptitn as

ro the tramsmitter aie soloke
well as  during transrission,

\3‘\‘:\%"\'{ ! ‘),Q{ =R




Magic Tee as o Duplexer

N
& @
Miver
Tee can also be used D

@ rocrowave ocetyers Qs O mxer ahere the s‘\gna\ and

| \ocal necillokbor  are fed PDLO the © and H Orme.
‘i Holf  of the local OsCllator  power ond halj- 0}

|
| e (eceived  poloer Prom  abtemna  goes to tre roixer
imhele ey Qe mixed  to 9@0@(0[:8 the |IF —Prequencg

) Magic_Tee 05 a
H  mogic

|
!
I.

\. “: = 'p‘i[)r"-)co
| Magic Tee bas many other QPPUCQI:ior\C such as a

microwave  discrirhinator, rcrowave  bridge etc

G

@ Anktenm

Makched ‘Lood

NNN— ®

aF

O < Mixer j&m/ L9
%{\K

| Local |
OS(‘_‘IL[QtorJ @

Maga\c Tee 0G5 O rowxer

L — R

ok~ Yy g‘t;..




1 creutator
Circulator
D creulator G5 a Hour port microwave device l“

oich has o peculior  property that each terminol % |

|
connected  only ko the next clockwise terminal ie.,
port © s conpected to port(® only aGnd mob to port
® ond @ ond POYtQ s Connecked C)T‘)\L{ to port@
etc. Hlthoucah there i¢ no restrickion on the number |
of ports, four ports are rmost  Coomonly) used . “ihey
are us%uL e PGYOmetﬁC omPUffne_rs, tupnel diode,

ampligierc  ond  duplexer o rodare.

| 7 e~ Ny i
Vo |

| ] S |

. %
e

- Construction: 6

A four port Foraday rototion Crculgtor s
' shoon. TThe  power  entering PDYtG) S TE mode and i!O
e converted to TE, mode because Of gradual rectan |
—guLor to circular trangison. This power padsses Port|
& UDQb’fGCted gnce the electric pield i not signii |
_contly cut ond s rototed  through st due to B
Jerrite, Passes pot @ wroppected and Finally everges |
out o port @ Rwer from port @ uill have plane |
of polorization alreody cilked by us® wWith respect to
port (. This power  posses port @ Unafpected becaus.e
0gQin the electsic field is oot sigwib-‘tcod:ly cut. Thic
wave geks otated by ontther us® due to ferrite rod

one Y ) Y eg




| Applications:
Ly B creulo

1

of Polor“lz(llflor)
cuitably

Port@ In
port O,

|2

n tre  clockusse direcEfon.  TThis PD\Dér ohose PLQr_ue
5 tilted -through 9o’ Dinde  port @
1. Similarly

aligned and  emerges out Of
coupled only to  port @ ond pot @ to |
Uine porallel

L—_lel:o G)Lalr_rx S0t ®

Lo

e, TE :
BN % ) T

port(®

Four port Circulakor

tor cab he usad as O dupl_eixer Jor a rodor
cters as shown ® $ig O

antepnad Y
Trput zport circu \ators et
| N vl
e / .
| \ &)
o IR )

anm RO—%“’ sigqal 4
@‘\ / ' |
. @ ' m toutPth‘

*MWWM*— di M@ —ngUb‘? ed
Malched termination i 9%'

® o
Transmitter  feeds the antemmd whle the received
drected 1o the receiver- TThe poweriul

s isblated  from the Sensitive
carme  antennd  €an be wused for

receer ond  alsd the
hoth  bransmission  and reception. TThis 15 the duplexer
wculator

action being PerJEOrmE’.d by a ¢
9 we a@n bhawe three Port circulotore, stmip Line circulat

_oré thot can have Several applications.  "Two three

energy (s
radar tansmitter

- " _ OWe-Yy | 23/




por Circulatore can be used o tunrel dicde

| or Poror\)etﬁc ampliiers  as Showon.

|!.:3' Ciculators  con be used as low power devices
as they can handle low powerc ONILY.

Microwave Measurements

Lowl Frequency Measwernent  us. Microwaue Measurements

e Pt low —Precbuench, i 6 cowenient ko meosure uolbage
and current  and use them toO calculake  poxoer |
HHowever at  picrowive -tfreq/uer)cies, they are di;—r‘icult
tn measure aond gince they vay with posiEiod D ®
a transmission Une, are  of Little wvalue ' detemin
_‘mg Povoer. Tme%re abt microwave Preq/uer)c‘,ei‘\l:?s
more desiable and  simpler o meQsure  power

d?reclrlg.

e ALt oW —Preq,uer\cg, Circults wse  lumped elerments whicb
can be "ndentib-‘ied and  measured. Bb MICIOWOVE

—Preq/uar)d’nes cireuit  elements  are distributed and Qs

such it usually ~obt ‘nmPortant o know what
element make vp a Line. It s Poss‘nble and also | @

saticfactory to measre the impedance of o chreunt
without regard to the ndividual Adistributed |

elements making VP that cdircuik.
o Unlike low prequency measurerments , Mmany q}JODt'\HES

rmeosured  at FICIOUDE —Preq/uer)Ci es (or théir
diperence ‘v des) mbher than exack ‘?nput or output

powWers.
The -\‘roLLoUo‘inca 'Porometers C

measured ak  microwave %eq/uenc‘\es

|3 Ptenvation 4) \oltoge Stonding WAV
5) Phase © Jmpedance 1) Tnsertion os¢ &) Dielectric

an be conveniently
D Frequency 2) Powoer
e Ratio (VSWR)

e ‘iil.e/gg .




o \

comstont 9 Noise tactor

Description o Microwave _Bench- Diperent Blocks

The gemara\ setop for measurement of ANy param

‘N MICTOWaVes s nomally done by @ mMicrowave

-eter

bench. The s?odnal generator e a microwave Source

whose output s Of the order of miliakks. Tk could

be a Gumn diode osclator, a backwar d wave oscidator

or a reflex Kiystrod Lube. Tt can provide either 4

ConBPUoUs  wave (CW) OF sguare wave modulaked at 0o

Coud?o ke which s normally) akHZ. Tn some cases, 1t

yeh olows

o -for sweep oscilator
have Pro\.ﬁs"lor) Sor sweep ascill ||
o be wvaried |

may howve prou".s‘io
the outPut cases it MOy

~akor which ollaws the output Lrequency
Per“iod‘.coLLLJ_ The PYeCDrSﬁOr) akteruntor Can P(o\f\ de © ko

sodp  atkenuabios obove &2 snserdon  oss. The variade |
Mok attenwakor s OlSO Lsod n oddition, WHOSE calibr- |
cary be checked aqainet of the

£ —Preoyuerﬂg reber s wsed For
divect readi nq O Preqpentt] fhak consists oF E’m(aLe
cndt‘mdr?cak couiky ohch can ke odjusted ko YesONAaNCe |
o sloc couped O the m\!ecadlde_. The Slotked Line

| carriage has Just been described. The crustal detector,
srgerted  in the E probe of the slotted Une is
corkoined m the CrL.JSmL detector tount ot the end
b e woveglide 1o «« used to detect the modula
-ted sqnal. the co@ Sndicator s basically o sensitive |
'l Luped voltmeter  that proides direct reading  Off the

|

akien reod‘incds
PYECsSion okenuokor-

and

@thvatent Value 0 decibels.

| swp o kS
oY) 155



Skn rdjng

LA
Srelicator
/1 }
. cnpedat
variable Adieclor 000
[Fecigion . PFOD? LO |
attenuabor Frequency |
reter Cryystal clet {0'1
T LSt =LeC
| — — — . : g e £ Jmount
1 [ — N F] = O — | I
| = == emiotao |
: ngml L 1 Vaviabte "Fian’ d |
ererakor ) ariable "Fap' |
—¥ — attenuator Slotfﬁ i|
Gieneral  seb sek-op of microwave bench I
Measurement devices and  Inshumentation @

Before  different parameters con be measured |
it sholl be oPProPﬁate ﬁ'ff the Severl deices and |
instrumentation thot are normolly used are discussed.

‘+[ere, we ca‘ive o briely descri Pﬁor)s of -Sorne Of the devices
! and nstruments such as  Slotked Une  carfd oge, Tunable |
Aebector, UsRR meker, Power meter, Wave meter, S[xcl:rum

| analyser, Network.  analyser eke. :
) Slotted Une:
A couPL"mq Probe mu’mca Q[Dﬂ(a the m&vegu?de'
|CQD be used ko detect the Star)d.ma wove Pattem
pre.sent inside  the mvegulde, Tk is bCElCO.uLJ used Hor
measunr)q the stcmd,.-,q wave robio. Ik conciske of ©
slokted  section of o -transrission line a travelling
Probe carioge and  {ocility  -for aktaching detecting
insbruments. The slob is made 0 the cenbie of the
brsad foce of the wovequide el o the Oxic Of
the LoVequ de. For the doronant mode Uoveu?na ‘n’nsidq|
the mvteQuidc , the slobt dees not radiate any power.

H




]
Y

.

A srall P\'Obe Inserked l:hroqu the SLDt SEnges
the reloEive tﬁeld stength of  the Stoodﬁnca LIQVE
pattern inside  the mue%]uide. THs pobe s OO a
' carroge  plote which moues op  the top SWface of e
|m\fecdu°rde. The pobe i copnected to A crysta

‘ Aetecksr SO that tre ouE;Put fromn the detector 1S |
square  of the ppat vokage ok |
probe. fls the position O the

| probe is moved  along it gves ab
|oukput  poportional ko ke dandirg wave patkerd

|

| ingide the waveqguide. Sice the CrLIStOL s a auare law

I PyoPort?or\a! to bthe

| khat Poﬁ'ut‘;oo of the
the wcweguide slok,

C denice, the sq/uore root oF the ratic of maximum  output
||
| l:(a\fetbﬂg probe is moved aolong the
| Uswr | For moking  the
ill Corr?age has o cenbiroeter scale Woith

Ev the mMINTMUIND Dutput when the probe eorr‘ioge or
slok gi\/ES the
positions, the  preCision built Probe
o vernier reading |




T

Thus the slotted Line Corr?ogg L-o-‘tth a Bdhabte 1
detector can ke emPLoHad t0 obtain the low t—reqjuenct}

roodulating sicaml op an  oscilloscope

The probe eviends nto the slob coming quite
cloge to tbe immer conductor Of the Une bub not-|
l:oucbing ik. “This [oose oouPL‘mg bettoeer Une anad .
probe 15 odequotc—z for  rmeas rement PurPOSes. The |

sotted Une will have some characteristic mpedance 03
He foin Une to which it & conneckted 0 series Tt haos
a lemgth skightiy greater tran  halt wavelength  at the |
lowest: $requency of opevation. Tk perrsies  Coduenient ond |
accuate  meastirerents Of e Pgs‘; Hon and Size Of the
Ffirst  voltage mMoximuro  prom the load ond any subseq @
-yuent ones without sfqni t‘nC(\r)t\LJ ‘hterrer‘mq with the |
quantities beirg rMeastued. :
Frther it is necessary that the probe be quite |
thin os compared to the wavelengths and the depth |

also ‘be smafl enowg? o aveid any field distorlbion.The
clotted Uime corfiage with  tumable  detector con he Used
to measure ?MPEC’ODCE; reblad:foo coefPicient and return |

| loss I addibod to swR, stonding wive pattern and |
| fequency oy the generator  Peing used. ®

1) TTunable Detector

The Tunable Deteckor hetps detect the low freQie
-ICY  square  wove moduloted  microwave Si%ﬁal- That |
is made pessible by use of Q non-reciprocal detector |
diode ™mounted in Ehe microwonve bronsryission Line. TThe

| detector diode con e point  Contact Bype Or metal -
cericanducker  Schottky  Barrier diode (sBp), A details

of these diodes 1S guen in the &p chapter on solid
| state  microwave devices. B tunable stub is used tO
| match the detector on the microwave bansmission &‘[Stcn)i

Q\\\E —kh- q,gfq;




| scale deflection (FsD) corresponds

4 . Turable wavegui’de detector

2 Tunable co-ayial detector and
2 Tunable proke detector.

i) USWIR Meter:

pH UswR roeker basically consists o a high qain, high &,

low noise wolkage amplijier nomally tuned at o fived
s modula

Srequency (k] 2y at which the microwave Si CJnClL
_ted. The UswoR meker W5 the detected si"cdml out of the
microwave dekector 05 16 input, omplifies the same and
Pro\fudes the output on a calibrated volttmeker- Thé
meter itself can re colibgbted nterms Of UsR. In this
case, the probe carrioge ® moved to gie maximunm  deflect
N on Hoe VSWOR meker By adjusi:fnq the pad. “rhis Jull
ko 0 VUSWR of | as showd
np FSD of lomVY correspords EO a @R ofF 4. |
et ronimurd  reading
ey, Ehen

Hs an exarople, O
The bovelling pooe s adjusted to g
on the meter. Tt this corr@,sPor)ds £o

BwR= OV _ 9 T it s 33MY, wsp= 3, i ik S 2.5V,
sl . i
uswoR meter gives oo ex panced  scale opto @ VSR A 2
ouk for  USLR »10- the  eter Ll be congested and the |
for USRS >1o. Hence

rneasrement wWill mot e accuate
His roetbod S nokt USebul for VswR's 10,

U
Fixed -
xea boould bond tuned probe d) Fived Na_u_egu‘ide malched detectoy

nmount
oatk-Y 1q[ <5




ool SRS o —
e e .
| B
= - %;j

i
a) Tunable P

VSR meker

Uol.l:ag ecenle

I\ SR scale

owk-4) 36 [
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ackual  wswr meter look Like bejore. It bas a
control ko adjust  the reading to @ desired walue,
by Fm or cearee adjusting - knobs Morm\lLJ,the overoll
gdin s about 12sdB that con e cxd]us‘ced in skeps of 10 .
Plso there are 3 soles on Ehe UsR  meter- norrmal SLOR,
exPonded swe, and dB scales. The norroal SR Scale don be ll
used thed the USOR s betroeen 1 ond 4

The
g'od'r)

e ———

ISR meter

For UsWR's between 3 .andqim the bottow of Dormal
swor scale a@n be used. TThe .ex_PC;nded R smle
graduated from 4 ko 4.3 ond hence Con e Lsed nenevey

the USWOR 15 rake reading: T;fdg
4e scale eﬁlﬂ”de

Sor mecslring  \VBRR directly) 0 dgs The nput slectyr
qdkch B onu?ded"‘- for d.’};berent ‘Ir)puts fcrgsl:ol low
current. (H-STOP o High curent (8715mA) balometer bias.

W) Power Meter

B rliciowone powder reter shouon basﬁcalkd corsists

of Q power Sensor that Converts the mictomave [POWEY

into heat energy. The teropaatie change 0 produced

Ny, 3)|sE




provides an oubput cunent i the low frequency ChCUt
that indicotes pouwer. The smsors used Hfor power mMeas
~emenks are the Schottky barder diode, bolometer and
the thermbcouple. -Here we discuss the Schottky barrier
dicde and the thermocouple sensor- ' 8

i L R SR . o |
[ /anicsu_ FOWER METER ML4B803A._ et |
I . e R — C.'HL ?mpu‘r !
v 100 B (\
' | n o |
e S | = \
Eg'&é%% WHIT Pfgff dBCREL) E?}TA%J_E __[ﬂj [L_E':'R [:lf ||
E wOM %ﬁ_’ _ l?zm‘_')é AVEER. . uﬂgf_’gq EV?R-\;, : EE@NPUT ‘l
= |
L = — | | |

o) Pwer meter

|
| |
Schottky barfier dicde (sBp) sensor |

A zero based spp sensor % used as @ SqUAKE
low detector for measurement of Power.”rhe sSBD
cersor  Clrcdit js  shown. wberein the cicuit 16 SO
de[f-’ned that the %nFut matching 7S not oweftt:eci
by diode vesistarce. The outpLE of the; C;;C;j —
proPDrtiOhal to the ‘n’r)Pu’t pr  pouser. 7T
detectors can be used ko measwre pouer levels as (Ow

as 10d4Rm, medning thot they <an be empLogaj o
measure only  fow  micowove  powers. Cless £han 107 W) |

W
2

5 R1 CT REut
O o)

5chottl<LJ barrier diode Sensor

L:i\‘\k"‘\—\ff BL}SES
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| absorption O Ticroway
e © done in a thin

Lo the RF MIC IoWOVE

| The dc volkmeter con ke colibrated o read the. input .

Thembcouple sensor
P thermpcouple  Power SeEOr CAD also be wsed to
measire microwaue power . e know kbhat when the to0

ends o @ ’chern)ocoupte are heated op dilﬁerentlLJ bLJ
es they produce an emf  QCICES them,

fiiro kantalum -tde  resistive load
which Jorms one electiode

de_Pos'ited on a silicon substrate
of the theyroocouple. The  erj Prccluced will be Pmpovt\cml
’i’hput power be‘m? measared. Copacitor
¢, isan RF bypass copaciter ond capacitor Ci s the

Input coupling  capacitor for  de Blocking. The —R‘qure shous
dual  Ehermecouples that are Porollelg connected. e

overall emy qerueraéed by these thermocouples et added
and appear acvoss G that i« comnecked to a dc voltrnetes

rajcrowae  power divectly.  Gererally, the Mcrowave POuwet

s gguaie wave modulated. If the auerage power - fhis
re calculated Se

si'gnaL 35 knoun), the P@ok powser Con
Fheaic = P, -TlT Where T is the pulseddtd, T is the PE""Od
and R & the avedde PAICTOWOVE  POEr:
Cs
p |
I }Cold
Zhin il .
resistor )
R
D) Hok s
Thin-rlm recistor
n-5i .

L To DC voltmeter

*Cotd | ‘ ‘s
]

c) “Thermpcouple $entor

umk-u-) 33/ exe



V) Iadave Mete r_

B wave meter s tLjP'ICO“l# construcked of @ E

|| CLJDDdr'ICCll cavity  resonakor with a variable short circuuit
| tensiration. The shorting  plunger is used o change e
| resphance breqpenaj Ob— the CO\ﬂtL} b_} ChOr\gr

| covity) lergth. The wave meter axic s So place
|15 perpendicular to the brood uwdll of a wavequi de.

!‘ The doirant mpde TMpy TS pormally used D wave
meLer. The most suitable mode however ¢ TEq, Decause
ior s h‘igher & and absence of oxial currenk. The TMow
:mode s excited in the cauity through the coupling
hole Py magnetié b—reld coupling. A0 FOSSible osallat
|—ion due to pLinger €an be avoided by pacing a

| block o polybion.—an absorbing material, ab the

' rack o the tuning  punger. The VOrous thgef
 positfons result 0 dipferent covity resonont Freqprt
f_nc-\gg. This  tuoing can be calibalked 'tor) terme  of
|-Tequency DY use” g known -Fregquency Tnpuls and
' in the power roeter The Panev meley

| obsening 4 aip ‘ G
| can be ronnected ot Ehe Out;ut side Of- the Uuaueg

|l -de.

4 that it

Quolity factor o 1000~ SOOD Sl result o acclwacioc

as svall as ). to o 00s. The absorption covity

| erarocteristics and its  analog equivialent fe shouon. A

| resonant  cavity) wavemeker s the microwove analog to
tuoed  resonant Circui L There are two types - Transroiss 00
| caities which pass ool the  sgral Frequency ko which
| H’)E(:[ Qre {il!’BEd and QDSDTPE\OD conb ec which Q\-_tcv)LOl:@
the s?clrﬂl frequercyy  £o  Wiich they are tred. The

- absorption tgpe s pefered §Or  laboaky -S-’,@q/uen&d cecSly

accLate. Accuracies opkd 99.99. an ke ochieved. Tre
resonNant: —Frequeﬁcg of the cauit ] wovemeter i determined

ng e |

|

-menk. Cavity waowe roekerS aie rugcjgd, simpe and h'\cahlgf

| Pr"inﬂr'll\{ by the PhLF"CC‘] dimencione @, b d and the

il _ .

Nk 34| o5 |
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H\J.
d\i A micrometer tL“)e
bype CO\ﬁtLJ wavemeter 18 Shoun.

mode i detersined by m,n,p as given by

9 (a"_)y

Shorbing plunrger

4

for & (R +(R)

=
_ L

——*I‘COUPUI‘\(J hole

S

s Cireular covity Fc)fégy
good QCCLaC

wilufeguidel __-C.l) IWave meter  F
—]—hE\J ShOUld hQ\f@ H%b —c(eqUe_anJ dg tor

—PrequenCL(} roeter us"nnq absorption

P divect reod‘in(_a irec]/umc_% meter ic shouwn.

4%-
i /']‘\ C -

-+{Pbsoy pion _conity ) Characteiictics, and c)Pnalog ‘E‘}M”t
Vi) Spectrum Anolyser )

A spectum onolyser s a -frequency domain
*nstruroent wohich 9‘3\/@5 ﬂd?spLaLJ OV the ﬁrecpueocg
spectrum o the Tnpul: 5“(3001. The spectrum anaLk{ser
gives a plet of frequency Vs 5?9not amplitade. Spectrun
omLLjsers are Porti’cumrLLj Lseful
r aﬂa&}s‘ing the <pectyum  Of the 5:‘9na[ 30

“ U Z)i-'jgcg

power outpuls

ok PF and riicrowove
wee.

| ‘P_f_eg}.lengies fo




antenna  or Sn‘(anol distribubon. Tt also "ELPE- as a duaﬂ_ﬂo |

Shc tool o establish compliance {or the RFT[EMY reguirem
ents B Spacvurs - analyser s bos'lmlu.& a broad band superhet
| leceiser, that prodides a plot of- Fr ney (e amnplitude
ie., s‘icanat spectrum as  expldned  above. Tre local oscllat

-or % electronically awept back and forty  beticeen w00

'- ﬂcrecv.er)cq Lrite ata Unear roke. The ‘input oktenuoldon

| Gmits  the input S'lcanOl power SO a3
| nomnal operating fonge o Ebe tnstument The nput track
'—"mg Hilter povides image -Frequency rejection. TThe sauwkooth
'f;w_eP uoLtoge LIQVeorm moves  the 5Pot an the CRT

[ hDﬁZODtQLLLJ‘ “This moverent is perforoed 10 sypchronism

| nith the freguency Sweep that the bhorizontol position 1
' a Junction of the -frequency df the local oscillator. The
.Uertical deflection ¢ he spot qives the amplitude Of
e ‘input I+ 5](ana(. The -Preq/uer)&J sweeP‘S range and
;rcd:e, I\ ampUbi er pondwidth ond centre —?rqu.le.ncq are
cribical br the des'\gn o o spectium Oﬁottaser- The
bondwidth 95 kept e firurn and suxep based quike Low
' Jor bekter resoltion and olso to Prod’nde Suppiciery Bvme
for build vp of \oltage ot the vecenver. IF —Frﬁq/uer)cg S
‘choeao Cllljrte h‘igb +o avoid mage —Preq/uencg Cei=Fcd

:: Q-P‘) then H’E !’Uﬁg& 0‘—— —Freq/uer)c‘neg +0
| be as ormolll as Poss‘\bta. Te bancoidth Of the F

arnplifer determines the bardusidth and bence yesoltal

_ion of the spe.c:trum analyser

to keep Tt within the

he Couvered should ||

mﬁ\\‘c“L\'- 136/ 5%
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gnﬁ&LJ mention bere that the slotted Une could measure
L the ampitude and phase o Q microwave 5{(?.—101 m\LJ Otag

i Gnsloing - and CCSULJ interms of 0N powder.

Vi) Metwork  Pnalyser
A network  analyser is a nebwork systers  that measure

-5 both cmmpt‘utude ond phase o a MACIoWaNE sig)not over
a wide -PreO’L,lEDCLJ range N oA I’QSODOJDUJ small BEime. We

signal Frequency . Moreover to make meoswercents at
broad band  -Ffrequiencies using slotted Ume is both Eme

In a petuork analyser, the basic principe of measg:
-tierent ¢ o 9@)@_@@3 an  acclate leference S?S,DQ] and
compare this with respect to the test s‘nc(’rnl wohose ampU t@
~tude ond phose are to be rmeaswred. B bBlock sthemabic |

o 0 Petwork  analyser

Tesh
sl | Device |
7 under tect A
%égfcﬁ s Pouer = Harmoni€ k
| generaker L giyaer 71 [ legth nglﬁg? i
1 equatizer | z J
thQl@ﬂC{’ y
fia |

Aroplt tLidle |
ard "icu-f
eter

Network ar\aLLJ_jcr

e SLoeep s‘u%r)o] geoefotor Peeds a Pouoer Adnsfider O
sPL'itber that converts ko two s“gno(s the tﬁt‘g‘qna‘ I!
anad the reference sighal. “The device under test LDUT)!

i Jed wWith the test si‘qﬂO\ and Lemgrtb eq,uqu zey l:okesll
i the reference _cjcarnl. These test and refevence s‘gr\ak;i

|
are then converted o stondad  IF ¥req/uencg by Q
harmoric requency converter. TThe  CUEPUE of the barmon
-ic —Preq,uemg converker s then used to detemnine the

e - L\J, BS’/ SK
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amplitude  ond phase o the test signal.
The harmoric %equencg Converter CONsists ¢ @ phase

locked loop. TThe local oscitlotor Hracks the reference scanal

frequency)  making  esor possible swoept Trequency  meosrer
e e e g s s

= Sqnat ko a Frst (F o 1omuz ond then
o second IF of 218BkHz. ;

A petwork ODO\LISC\’ is cvixte wse frul Sor measurement
of both passive 06 well 0s active microwave component or
network -parameters. T s used Jor measurement G- both
fmpedance and qdin  charactedstics o  miciowave devices.
e uses @ stivulus resporse method for testing over the
drequency range o ‘ntevest. s these pardmeters i€ a
Junction of -frequency with Complex \ariables, O stoept
Frequency). measwrement.  becormes  irmminent.

A network Cll’)O\Ltser can be saalar or vector. A scalar
network andlyser poxﬁdes 0”\‘3 maqmtude chavacteristics Of

of frecprency- P vector

microwave devices 05 Q funckr on
refrlection or Efanim

nebwork cmo\L‘]ser can ™Mensure comchx )
-ission  characterisbice microwave devices. TThe principle EI’
measifement  In  both  theee metbods 16 the same "N tha

thex{ compore  the ancident Or "unPu.t power with  the
transmitter or replected waves depending UpPOD the pararne
the relevant Sicanol_g

-ter to be measured. The rati o o‘;
the DUT.

| % wvced 1o determine the scattering mOtF‘lXR ,9 e ool

IE‘F tect su'qnol
Mivey LOL M xer l
20MH Z Phose |———— 20MHZ
y Lock
‘ PGC Y PGC
]/ . Vi
Mixer l LOZ Mixey

A . \V

l I-‘JZ‘IQkHZ |
_’__7;_0[2;: qain control 18 kH 7

—+Harmonic —Creguencg comwerter

unik-Y 5 2

i
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ps explained  earlier, we have a signal source, power
splitter, receiver [detector and Q processor dicplay compo

_nents. The. DUT trangmits or reflecks the chumukat'mca
$7om the 5‘€canal souwrce ubich are used

or neident gcanol
' d phose of indfuidual

H the measurement Of moqn‘ilmde on
components o the test gignal- The receiver and APy
coitd be a barmonic geoeral:or ond the ampL‘ituc\e phose
meter which hawe already beep  described. —Howeuer o
place of power splitter, we might have as weell Leed a

directional  coupler of a b‘.gb iropedance probe.

un) Test Set-up for Replection - Transrission Measutremnen

p reflection - brapsrission  UNit s normally employed for

meosurement of reflection ond  transmission. f :eblecljor)

- lyonamission untt. .
For transricson meoswement, the freferentce Line
s balonced and For re‘—Lec’ciOD measurements the

Lengtb

DUT 5 compared o the sliding shork: # qood balanae

betweed the channels cab be taintained DYy Hse Of
D the br'ldge.

occuratelyy  matched directional  couplers

$ lodb JEDUT {or Mo §
fONSTOILSION
é X mea.cmtement % §

|

DUT Hor rcb-[
reac. or :
Lixved chot %v

b
Toput: | %X : | TTect cignal
MEEE
7 y é j TTo <calar negn%origkgev
Sdb Pepeence <ignal
ids b
<ho é__.
S wdb length | 1odb
g X equatizes ™

Tect cetup-lor replection -trangmitter meaguuement
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IX) Test Set-up Jor s- parameter Measurement F

Tt fs possible to measure S-parameter< us‘l’ncd ne twork
onalyser for a two port metwork. Such a scheme i -SHoun,
The S-porameters ¢y a two port network (OUT) can be
dbtdined de MEOSLINg the omPLitude and pPhase From
the ports  through the dual directional coupler as pPef
diogram by interchanging the RF is sgnal SOUICE and

e load positions.

\J) \Va \[3 \/q
0————TD[L>UC| 1 ! DUt ; j Dg.ocl T————o load
Sl?gr}al 1 2
Soce
o)
\]I \Jo V3 UL’
e—_/I\ DDU%‘ /[\ i DUT ,‘ T Dual /L oF
oo = 4 s D-C - ]
. qana
ource |
b)
|
From -(r'i'q Q ;
N ;
Si = G‘l (-G
|
Sll = y‘:z ( (Ds'_ d)l)

Fo meoswiing S, ond Sno the RF SignaL S0UICe

and toad ore ‘nterchonged  0S $own n b
Sw' - %3' (dlz,” d)ki)
U

B = Yo (4, -0
Uy
Thus wWth a scalar network onaLaJser, it 15 pussible to
masure  the +tronsmitted and reb—Lccted Siqnql maqn‘ltwi

_ec. P, it con e  emploged O characterisize many of |

ook~ Y ) k\\l 55




the miciaooue deuices such as antennas, aropifiers,

gF bridges, attenvatore, mere, couplere, receivert,

vp | dotod converters, power _Aiwiders . eec . !
» vector petwork QHOIL}ser on the other hand @D

mensure  compley- trangmission - vedlection chorackeristicc

o\— several  microwooave devices a5 A4 bunctior) Of el ICQLIED
e, £ measures both maqry?tude ond phase

—CLJ )
inkormatibn. Tt also Compares  the inctdent RF s'rcdnal
with  the Hanemitted and reﬁﬂcl:cd siqr\al,c f-or

| weasuiement  pUrpose.  The  mMajor dipkerence betiaeed
Ueckor Metwork  analyser  and cealar Network analyger 5
the recdver Orcbitectre, complexity) and detection 5'
~ehoork  analyser, @ dicde det |
as the Vector netwerk  analyse! ®
. Unear N ks
pE si%nol

techpiqués In a scalar
—ecttr 15 GTY')PLDl:}@d where
employs  Q mulkichannel  recewver +hot
COMN/ErSioN rharacteristics TThe broadbond  SWE
|1 converted to o Fived IF by ernplaging Lundamental
or harmoric  rming - Maqo‘utude of the sicdnol cap be
| measured D eath of the veceiver  channels uhile

PhC\SE relationship  between  any wob recewer chapnels
cota alsp ke meccured. Thus Complex o pedaDEES, P
delay ChoracteriSEICS electric delay, group delay and
distonce to dault fransmission  structwe PEQSLIEMED |
'!B con be QQSTLLJ Pe,trforme.d us?mq vector Detwork ‘

amalyser -
Sl |
Measurement O Attenuakion

II Microwove COT‘)PDr)entS Qan
provide  sore deqree  Of attenvation. Pttenuation is tlweil
ratio O inpUt pouber Lo the output pOLoer and ¢ 1i
eypressed in  dedibels |

D

|
|
‘)
|
|

4 deuvices almost oLwaLJs§

| pormatiy
o Pttemuobior (indBS) = lolog B — 0
Pouk

LOtk-Y ) YMeg
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wibere *n = IDpUt POLoer

Pout = Oubput power

The. amount of ottenvation COn be measured bLJ

fwb  methods:
0 Power Katio method

B RF cubstitution Foethod.

0) Power Rabio Metbod
_
wpuolues  measuring the input power
th and without the device hose
red 0S showon  in sebvp 2
Lred n each setup

P, [ evpressed

Ths metbod
ond output power uJi
attenuaEon 1s to be m™mMeasu
and setup ® TThe powers are mMeas

Dd Py. TThe vabio Oh- Pomer

as Yo
attenuakion as in quG).

decipele  QWES the

Cistal || Themist R
. el
detecttr ROUNE meter

datts

AR [
Pad Frequency 5lotted Terminabion

soUree eter ine

Getupa, powey ratio rnethod

Crystal “Thermig Fower .

Adetector Z&D‘%t lor
EY
wattg
Deuice
whoge
AW
Facl Frequency attenun Slotted e 0 .
cource — meter _tion i Lre lerminalio
{0 be )
measttred

Sekuvp R, power _rgb“o method




The drowback O this method_ %5 that the ottenuat
aon measwed  cotesponds {0 tod pouder pasitions oD
the power meter with 4 sguare law crystal detector
charackeristics as shown in - below fig- Due to POO-
chorackeris e +the oo PDLDGTS measured and the

calcutated  will not be accurake
B the nNetwork s larqe and

Linear
attenwalion
-rly iy the attenuabion 0

i the input Pafﬂer s Low.

parti cula

—) P'|r)
§ﬂuore law charocterict ¢ oy C_rLEtaL dicde

) RF Substitution rmethod
~tss metbod ouercomes e drawback of POWer

fa\=10) method Sincé here toe YNEQSUIE atteruation at
a single powes position: This method  consists Of

measuing e output power S0y SOAE inc:Lud‘ihg the
wohose  Ottemuation ® to e measuied 1D SetP

netuoork
A0S SHOLD,
Crkal
oo = Powger [p
Neloork
b
LLW = a“tote%et
Source Pad equerdy LA Slected Termination
lmeter -1 0N 1€ Uine
to be
rmeasLied

Setupa, RF substitution mehad

ook Y ) WSy
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T setop 2 this network s replaced Py a prectsion
calibrated attenvator Ghich con e adjusted to  obtain
the same Ppower P as rneosured in setup 2. Under
Lhe condition the attenvation read OD the precicion
atkenwator would — gwe attenvation o the Nektwork

divectiy.
7 Cystal Power
detectoy meter
i Freguienct \arioble
Source fad m?ter / — P"€C75i00 — SL,O(-'LEd —( Terminobio
attenuatol Line
Setbup g, RF substituation method
Frequencyy, Stonding Wave Measurements
either

M crowove —Preqfuencgl can De reosued =Y

electronic o mechanic ol technigues.

Electromic Techniques:

more accuwsoke but

These teChniques ger)eralh,l are
beterd

expensive:  Frequency coupterc O  bigh frequrency
SLdstemS con be used., —Here the uNkNoLON 'Pleq),le

ey s compared with harmonmice Of O known ower
Frequency ic compared with harmonice of @ KknOLON
lower Jrequency by use of @ low Frequenty qeneiaton
a harmonic qene,rotor ond o mixer.

dyne

_LFDVO s “+Harmonic nfe ] Pi = nPCN'FLU)
requencg generato( '_>\7 Mixer e
generator Xn

{un

Measurement o Frequency-etectronic melhad
_ledeiement of 4 ) meth

ok~ & ngE



Measurement oF power
The microwove power iNside Q woveguide
|o a o o) »
é\ﬂ\fOrIODt with  position  of measufe ment and the
r power meastied i the averoge powoer. The tE‘Chn'\q,Ue
-’-used to medstie  power dependc On whetber the
powes to be measuied & low or hith. TThus we
divide the measurement of power intD three cateqoriec.

6) Measurement Of oW powoer (6.01mL0- 10MLD)

~ — Bolometer tednigue:

B) Meosuterment o mediurs  micvowoque POLOEY ( 10MLD-
_ Calofmeter Technique

¢) Measwrerment  of  high  microwave  power ( >100)

110)

_ Calofimeter Wakk meter.

0) Meosurement Of low microwove _poLer

Devices such as bolometers and the rMOCoupes

wohose  resistonce changes with  the opPUed POWE! Qe
'. copobte O measuring lowo Microwave  Pouders: Rolometers

Lare most widelty used among these.
Rolometer 15 a s‘impLe ’cemperature cera@iive device

resicbance \aries with \:ﬁn)Perol:ure. These are Of

ad Themistors. Rarre tters

Oeb—b—‘?c“uenl,— and their resistanc

ture . Tt hasiaally

| uihose
i o t\.JPES U 2 Barretkterc on
bave positive teroperature  C
| “ncreases  with on sherease in tempera
:CODSTSJCS of a short length of fine Patinum wiIe

| mousced % a cabridge, like an ordinary fuse. TE 1€
lery deliqate device: Themictors haue negative temper
—ature coe[rkﬁder\l: oy esistone and thelr restctonce
decreasec  UIED  InCreose  io temperature. Thermistors are

asic oLLLJ germicorductor materiale.




—> N

R
“Thermistor
Barieter gy
50 {mw
——ﬁ TE.MP _—ﬁ\-femp

A bolometer such 0s crtlstal diode is a sqUoe
low device and T Producei a current that is PFO‘PDTt
-onal to Epe applied power \.e,, square Oy the OPPUed
woltage, cather than the applied volkage: Botometer &
rmounted  inside the uoo\zeguide, where  the polometer
‘itse\b ¢ uwsed o5 a load, with the OPefol:ion resistan
_ce as P Now the Low mMicrowave poLoer which s to
be measured o applied. Some power . abcoibed ©
the bolometer load and d?ssTPated as heat and the
resistancCe chﬂr)ges‘ 1o P,.. Thic charqe i fesictonce
(R R 15 proportional o the mMICOWAVE poLeer

Lohich con ke measured usng o bridge. Inoﬁﬂuraa‘{.
¢ phoduced due  to ~lormeter mon - bnear c haractern
-gkics

T the balanced - boometel
'itSﬁ]r 1S made to be ome Oy the aimc Oﬁ

polometer
the \:ﬁdgﬂ, JIN S . PRSI
O l| e
Lowd MICIowoN € \
powpeY
RN
Rolorretey ——> &2 ]\
Ry

2L
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(&)
Ry 0, é_éfdc

i :

Ag;)

TInmidally, the bridge sc batanced By ad jussng
Ps, Which varies the dc power apptied to the ©dqe
and the bolometer elerent s brought t0 @ pre.detey
_rjned operabing resiskance  befoe oicrowave  pPower
i opplied. let ‘the voltage o the battery Pe &
at balance. The microuwave. POLEr s mow applied
and this power qets discipated in the bdometer.
—The bolometer beate Lp and it chagg@; ke recicktane
—e. Therefore the bridge becomes upbalanced. The
oPPL'ned dc power i¢ changed to Ey EO geC back the

batonce and  his charge in dc battey vottaqge

(Ej~Ey) Wil e Progof‘d’OﬁOl 10 the mMicdowave POUE!

Q\temo’cew the detector G can be dnectly catibrated
‘N terme O Microwave power 30 that when the bf‘tdqr’

;¢ unbalonced, the detector reods the FRCIOWONE
powoer d‘ired:lt:j.

Lreor<s

ince  bolometers are  terperature gepsitive some
form  of teroperature compensation  bos to be used

o oavoid erfors. By Le and Ry redistort thic ¢an be
oachieved. R 15 dentical ond cloce to B e, hboth




Q5

ae  bolometer-  elements as shown and subjected 0
the same ambient temperature. I temperature changes
Cand reduces the resistance @5 this will not be interpret
_ed 05 G migowave power change because the mesistance
| will ke equolly  reduced. Thus moe curent il Flow
| through it and  hence leccer amount WL flow through
the bridge -, the curent thyough £ will be lowere
|-d ond so will iks  temperature thus restoring the
balance.

—

Rolometer
elementc

calibated ottenuvation

(YN
SR —— AW~ Matched
oa
| Limitotions

| Rarretters ond Thermigtors both are Giroiked D
Ol +heir powoer hondling abiuttﬂ ko aboub 100OW, 50 that

POWDeS greal:er than oMW  connot  be measured  With
| them directil) “However  pouder measurement  range D
: e ancreased By uwsing a trectional  coupler:

| Tk o 20048 directonal coupler and a 1008
attenuokor e used then the power received Byt
it;otometer clerent Wl be 2008 doun. This methed
extends the range of power by 1000 times. The Or\u{r
Linstobioy OF thse method Beéing the Limited  power
handting copadity) o divectionol  coupler ieeely




) I\ieo_curement of mediur power
Medtum power Qs atreodq

DML EO 100, Such powers Can be ™
ple & very simple
load ™ON

stated & in the

range of eqawed
by calofimetriC  techniques. The @¥inCt
Loheresn the temperature rise Of a’ special

tored 1w e Wwhich 15 Proportioml to the powoer
responsiitke  por - the see as shown The special load

pust necessari ly have h‘»gb speciic heat. wWater
bappens o be O goodloocL knowing MAss, speciic
‘heat and te,rope_rowre rise gt O ﬁwed and known rate

Il oy Huid £low, the power can
rate Of temperatwe rice Wwith o fixe
Pluid also can be adepted  for  measurernend

£ of pouEn

Tolet EEmp. outlet Lemp.
M onitor e 4
— Leod = Lo

]\u.w power ‘
o, the Sely palancing

“The nomally used ™M _ ‘
'F" 9 ] LDLO al LLU s tra$_e_ :g l:h‘is tﬁChﬂ\G}U&
: = L e

idge tecbnigue.
1 SOfEhs roplifier
Emiﬂﬂmif N
gauge
i — (ompPari<on
. e Temperabhye -
Topt @ == RO
—————{—Coopovison load
_ Corparis o
“nput (oad head
Tnput head — @Metev
: / A




%
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'I Tt congists oy identcal tem])erd_t'Ure ;605|[ﬁue
resistors S .

| istore of quages i two armg, an indicating meter
and  two load resistors. TThe 'nput load resistor |
| senses the unknoud - ‘?OPut mi Crowaye  Power and thel
| comparison Fead ¢ associated with the o PBricon
pouer- The nput load power and  nput ternperature

| quage ae placed cloce O each Obher ¢o that the

Ihead geoeroted v the inpubt load resistor raices 1hei

EJcerqDera[:uzre of the gu&ge- Thie  res ulis 3n urbaland

-nQ the bﬁdgel The S‘lgmi due o the srobatonce 1S
OPOY €0 Load

amplifjed and tHED applied to e o
e resickor  which ¢ Plgced clocer kD the ComPor‘TcoD

| quoge- —Hence, e beat gemeroted iy COomparicon Load
cocicbor i€ trapclered ED 1 guage and the bidge
c. (ealanced. The meter MEASUEs tpe armount & |_'
ic Sup[DL'red to the COMpQricod lcad D
exder Lo rebalance the idge. Tt con e calibrate
dfrectly 0 terme  Of Tnput reicrowave  poweT: TE el
pecescary  that  the sharactenictice of the 00 |
quages e matched ond alo the heab trangfer |
@ characteristics Lrom  each lood be <ame Por equal PDLDE’
di’sﬁf:ol:‘ior) am the B0 loads |
For  quick alancing

oifictent heot rangfer grom L0a
ammerced  n aD oiL steam. Since the I

thowgh  the  EUP heads , the QCCLa@ |
-CYy Of powoer reasufenent  ts WiEbin 459, . Tomaintain |
constont Jcempemtuf e, the sktreamt afe pass ed ‘chfougb
| o Paroue\ jLow heat exchanger j’ust- Detore they Gﬂl:ffi

| the heads. TThe error gignal 3¢ OmPUtr.’ed by an omPU'
!j,.b—fer and the Q00HZ  Lource oand meter SePeroted bg

| means o a prancformer which form the orther | ame
| O the bridqe. |
— e

Ltk I ,S’_[/c;g

POVES hat ||
d |
|

cormponents afe
rates are the same




ic 'l_"_'ﬂ_ Powoer :
| Pny  power between 10W O SOKW i< conﬂdered!
‘h?qb power. These are normally measured by calor
mebyic  watt meters TThese meterc Can e cithes dry
|41._[P8 of flow Eype
| A dry type coloimeter oomally  copsicts Of @
| coarial cable which ic fitled by a dielectric Wth @ |
high bystensic loce. The Flow type wse€s circulating |
uxter, 6L o any Uquid which is 0 qood arsober  Of
microwaves. The pluld apker Flowing through the load |
experiences O temperature rice due to microwave energy.
The difjerence bebween the temperature () OF known,
| guantity of L’tqu*ld before entering the load and the
| kemperattire (L) after St emergec ic @ meastie of the |
power which has been  abcorbed. knowing the rate Of
e Hlid  floo the exact value of POwer ¢an e
| caleulated By using the cquabion,

pP= Ekf’ (.Ti""];_)_ .__>®

4. 13
UDhE’.fe, P = measured POLDGY ) U(_)Qtt_(
P = rate ©of How- in (™39 ®

k = speciffc heat in callg.
] = sPeclh—?c qfo\fitLJ in CaICmg
ond  (T-T) s the temperature difference in °C. |
Tt omay  be noted thak o calorimeter meaSWED |

—enks heab  lecces do occuy due o conduction Ond

| radhatfong, resutting 0 erroneous Measurement: of |
ipower- Plso errors i {ow deteminaktion, calibsabion |
|

[ and thef mal  meltta ekc  candot be ﬂeCJLected ~or |

r| accuake measuieroent:

|

oY _\ 52./95
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Measurement  Of Low  and High VSR

Fny micnatehed  Lood leadc EO reflec
70 standing LoQWVEs along the tenqth Of

ted  vQves

(esuLt?nq
the Une The rotio O moyimum  Eo minimum  valtage
qives the WSWR
e, 5 = Ymox _ 4P
Umin - P

a4

o
Iy
P ﬁ)\ﬂ
*9ly
i
Where, f = reflecton Coetb—?c'ier)t - Preplected
Pincident
5 yardes +rom 4 b0 ©
as P varies from O ED
Hence misimum  value of SIS tll=F

o) Measurervent of oW VSR's (S>10)

Ualues oy \SOR not  exceeding 5 are very easily

meqsured with the setvp and can be read Off diectly
ioo the VaR meter calibrated . TThe measuiement
bosically condists O Smply  adjusting the atten vator

to (v an adequa te reading o the meter, wohich s

o DO.c millivolt meter. The probe on the slotted

Ok Yy €3/




Loavegu?de 6 mouved <0 get Maximum reading” on I-tbe '_.
meter. The ottenuation s now adjusted to get full "
scale reading . TThic full ccale reading s noted douwn. |
Next the proke OD the slotted Une is adjusted to get l
miriu  reading On tbe  meter. The atio of Hrt
r@_adﬁrg to the second giu@s Ehe WSWR.

Crystal DeC ol :
detector voltmeker |

JUEN l '
cource Pad | 5 Lotifg Loact

@

The meter Ttcely cap be cabibrated N terme of |

VCWDR.  Tn thic case, the probe carfiage %6 moved to |
ckion on the vswp meter by adust

tull ccale defleckion correspond¢ to |
le, & Fsp of 0™V correcpond
probe. ic odjusted
Ty thic conep

give  madmum def
-"\I\CJ the Pad. “Thic
a ueoR of 4+ S ap examp
—¢ tp @ VSR o 4 TThe tavelling
to get MITimuUm reading On the metet

_ond¢ to smv, then \KWDR= 10mV _ 9 T} TE e 23wy ®
|:

SN
VoLoP= *5,\\.1t ft 2.5mMV, USWP =y -Ib’?t {c 1™V, VSR
gives an ;!

Such a  caljbroted VSWE meter
Ob— s> ub Lor VIWwR>1D,

4 the measurement

—10ekc. i.e-
expanded scale VPO Ao VLR
the meter will be conge,sted an
WSilL pot be  accurate for VSR >10- tlence +hic |

method 3¢ not usegul  §or VAR ¢ S1D. ‘
b-) Meadurement Ej ‘H?ﬂb VCROR CS>'ID) I

For VEwRs >1p, wWe uce what has come to be knowp

as the double ™iSmurs  method. Io this method, the
probe 3 inseted to a depth whee the oI Can

geS=ar




be read  without diffculty e probe s then
moved to o point where the power ¢ toice  the
roinioum.  leb  Ehis posiEion ke denoted B dy. Tre

tre otherside of the minimum, we get

Twice minimurn

u Powder poinks
aPm’ir) ot_\fq,{ E PO'
| 3
~ ~
| A= Vm"r)
| 2" G Uy 22 Vg | == == === - = N
<
o VY =2(Vmin) : |
i
It . u
or \’Y = ‘J—‘L_ Umn') : ll
: | i
\’ i s e e — — AL
Further +or TEp mode, o | ‘l
i
|
| |
____}_2-—-‘"""”"_
Xq = — distance (cmd ———
~
m)\t)

? empirical
Then USWR can e colculated v&ng the &P

relaBion g
VOWR = T(Cd),"df)

Cavity & Tmpedance Medsurement

Tmpedance ab  the mMicrowiave Prequencies Can

e measused using any O the pollowdng 3 method<.
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