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1800 16.67 0212 099 1.4-J1.25 1.4-J0.26 1.50
2000 15.00 0235 110 1.0-J110 1.00 1.00
2200 13.64 0259 121  0.7-J0.95 0.7 +0.26 1.65

|=353Cm, L=438nH, Z, =050+0.60
(4-3) Jsill adgl Al Jal e SWR g dsilaal) ¢ : 1-3 Jgaad)

ZL O sk g w0ll i€ 38 A0 Alad Qi Jawtion of (S Cisans Jalada o
ey 7 e obsall Lgle Juasi Z, (1800MHZ 235l wie a3l e Aldie
25 (5-3 ) JRal) Cuan bhae 0 SWR O 35l (ais e alsadl a3 0.212)0
i Alulall 400 Ade Bl 5530l +J0.99  dlml . Z, =1.4-J1.25

OsSy Al andl) ofy asll gl ¥ 7, 1 sl i) of Wy Z, =1.4-]0.26
leale Joany 225l SWR 4 o) 13858 aae Al 8 sy Jadd) ()l el 3 50n0
gl e e el Cualll ) Z Ak e gsall
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Ly fab“'ﬁ
& &
S % e
&/ g § ¥
& 75 f Zy
/Ll ¢ A 2;
E |._‘::‘.---._‘_'g
2/g5k] ¢ A Y
g £ 0.7 + j0.26 7
SlalgEfe s = £
Z/da z SWR=1.5 -
1.4 - j0.26 5
o2
&
14 - jl.25 iy
4 [
£y = ;
t FXT= .1 £
o
L =]
w;b
L‘¢

(4-3) Js&l) B daagall )l Jaf (e Guan Jabada Ja 53 Ji)

Gl eha) (e Wlarinl L 1800MHZ 2350 2ie SWR = 1.5 (uaw Jalads (e
. SWR=1.65 o sy o)} LiSay «2200MHz e
Gyl e SWR Br Gl saa) A g He 2a5l) daulia o)
Co Iaag . X e aagll dpalia 8 AY) caundl (2200MHz 5 1800MHz
Alz) Gl ellily 7, dalaal) s 5 o3 ( 3.53CmM)  Jail) laad el Jshal
gl IS xie 7, =1.0 e o oS Y L)l dlelad)
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I Lall Jola juaii 8 i 3l dew Hlas) 8 (Galal) Jld) s Jaf e
gl 8 ool dlea Ji Gl A0 G585 o) s s a2 L) =0.065)
Lle Jaxind i€y Aasyyall Sy lilal) JAs) (A 58 dygmn 3y cs Sl

Lyl e ladll sUacy ((CDlaglly e X ) 5)saials dagidall 3ylall culd L gladl)
3l ol e dstlad)

oe i Zos 5 ls G ccBlagl ddauly uluall Géall Gl (6-3 ) J<all G
shal O lgle Ulas Al 40l dyle lial) e Jleainlys dlia sl hpaall dnilaally Jshall
Ol A Jaadl) (1a (86-2) dlslaall 5f (82-2) Alabaall (1o W) Ig s Wiy (il
Oe Adle dailes (53 )seale Tad Jlasin diaddl) (e ¢ Hlsdie S8y (58 Zos Al
a5 Ay sl dgde ) Jal (e dinidic dailes 53 7 5ite Jadg dumypaill dleiall Jal
085 ) 0 e Agalendls Ao Bl s e JIE A5 |5 d Bpma Aad ) 058
0.10% (s J81 (55 Is Lo Jayy cala ) oy )saaiia Tadl Ao lial)

e ) s dagiall sylall dliay ol Jais of iy X 3asd) claagill S aie
0.100 o Jil 0sS5 |g Larie day,

Short

{2} (b)

Aagiially 5 puaial) 5,040 Aags dbeded 4 Aude ey 3adsil) : 6-3 JS
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Lsbue SWR slacy 4.38nH ey cala Lighh b decad) Gl 4503 Jal o
Z0s=100Q jpaiall ball shaed) dailadll G (ayes .2000MHZ 2350 xie aalsll
P sS (82-2) Aaleall e A slaal) Al laal) (4T Aaddiualls

2l

(47x10°)4.38x10"°) =100 tan

Is=(0.08)(15) =1.2Cm cadll ilay Jaf g A = Ao Laayies Is = 0.08) &l
+ Zos ) osmiadl) Eupans Talaia (g Lo Jseandl L %0 15 dad ¢ -
ls=(0.08)(15) = 1.2Cm «Jadll dleas Jaf g A = Ao wasies Is = 0,081 iy
Adlud 23a5 . Zps Y ismiall Cunan lalada (0 Ll Jpeanl) Liail (S Is 2 ) -
a5 +J55/100=+J0.55 dkaiill ) ( jsisygs) Z =0 (e dansall Jsha oyt e
Oo eV aall 3 s[5 < 0,100 Jasy Zog d las) ol SN . 1= 0.08% Loy
O - olSa¥) dale Sk dgas e Gl eha) () Dbl 2kl e Lol Jlal)
SWR s zlsal 4 cans Z; =0.50+J0.60 Jaall dailas b ¢ (385 40
. | TL|=0.48 ((47-2) ddsleall (1o M, = 2.8
QB¢ (ZL = Zo ) (elSad) e desy dpgiie 3l 4S5 CalS 1Y) Al 2als (4
sl ve Z =14 J11 o of Aladaal) Lpcmypmill (ghmy o (Say angll ulSay)
4 (5Ss pmpaiil) (e gl QalSaiy) (6 13885 . SWR=2.8 Liaf Casi 2000MHz
L Qlae i
e dant dumy J2al) die Laguany Oyshaiall GLulSai¥) ol Laie Gosy Gd gl ()
ClSaBU 45100 (958 Jmms (A 0S5 | Jadd) Jha dadas o) - SWR=1 5T = 0
Llee agh 8 lan Bade odn laill Agay o L JR) (ggie die AY) sl al Cusy
s Saall Ciladipally Cigaally (3851 A0
Ao gy Aglelia Aoy (3060 .

Shunt reactive matching
Loyl Ao i) o tae Lo Al 4y dile i ddaudsy G3adgill Lola dgaliie 2l 528
Aila) Jeadd) (0 cale U el Saall claagll 3 Jail) bad e il o wunss

-116-



Lglase Zgy 28l Cum (7-3) JSal & L dye i Ay e lie Alanyy (3 A0l

VAR
Matching network
A,
i ) t Zp =10 and
P 4._( Yy =3 =0.020

e e e ————( T eI

T t i P
0 EEneraLor E“ e :'D ﬂ ‘fﬁ' 3“: - zl} zl

c_—-i—-—cl_z—

in A L

e i Ao lially 50l A 1 7-3 Jed

dalla 85 daphll eda o) Al « 2 =20Q 5 Zo =500 (Sl Ayl o3 gl
Lguiall Joall dailae Y5l (pmi e Jes dniles of dal e in

ol Bl peaic gmss (8-3) ISl Cuaw alde e Z =20/50 =0.40
S ZL B e Y sghall ¢ i dalandl AV 4 o sy blade Ja o8
B2 ey Lladal Jsa 8y50 Chuai ey 7] ALl (g oyl

.SWR
il of Cumgo)lias | bdll Jola gl iy ¢ ¥y =1 (068 ol ki gl )
chii SWR s s Lawd (¥ lain) llia angy o LS Laalgl) sl Y, 1 aial)
.Y, =1-J0.95 5 Y, =1+J0.95 Lgaaws ilais 3 G =1 3
tosss 1=0.900 dal e
. Ya=0.02-1J0.019 (1/Q) 13 Y(=0.02 1/Q 5 Y, =1—J0.95
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SV el 44552 J0.019 (1 Q) lgied dalew ld T il daad) ol Jiny 128
- Yad pmnail
Yin Jaall b i A sl ie B= ©C= 0.019(1/Q) dysnms dynlons dils) 13Sa
O Can alade oSl gl o) Gl Layd s Y =1 41 =0.02 (1/Q)
J0.019 (1/ Q) 4alaa) ) Agsnnd) daland) diba) 3 U oty Y, adad ) Y,
.G =1 3ih e dalaud) (103055095 laiay oY) sas eyl (1S gyl e
a5 Gilad) chay) Guit ad S Gag paanaill 2355 2 | 5 C e Gl 2ay
Ol e Lo gAY cpaasill die slall Jidas 8 Alales 4y Al e ddaulyy (38 53)
8y saaiiall 3y)all @3 DAl ol Tl linpd LS dalandl AVY ()25 of ang cililaal)
dge il Aleagll S5 o) Al dalesdl o Jgeaall Jasind o) (S dagidally
o seaiall 1aall 508 dailes Jlarind Jumial) (o ¢ s Lo .(9-3) JSEN & (laiasa
Aogmad) Aalend) dal (e =gl Ladll 50 dailess daladl Jal
i 235 dal e C = 0.019@ o Lpslhadll daud) dad a3 ¢ Bild) Jlal)
Aslaall (e oy o oSy s Aagll Jka ¢ Zpg Aliasll 3yan dailany ana

gl cld il gally Capas (9-3) 5 (6-3) Sl b gumsall 35l JWKET (). (86-2)
Ol Lelaain) €YY s doe i) dlasl) ola ¢ a3y gyl Jall lad odas dg saal )
by banlsll Aliagll cld e sally iyas (9-3) 5 (6-3) ISl &b peasall Gl JIS
Lelasiad Y1 o e il Alagl) (6 ¢ a5hally sl Jall bad ol

Jlaall duzay ) B S .

Broadband matching networks
e Aaitic SWR o Jaad dpe i s 4l 4 dlelie dlaudsy 5 ll 40 o)
gl Jladl Alab Gt (S5 (20% o L ) aasill (e Gipa Jlone
o cldiSay cilile e callin o ey calylall sda e yiills Al il cbla Jlaxialy
Legtitalag o8 cpuillal) WIS 8 . Asgal) Jsha iy Jsbas Bypaaile o) dngibe CDLay (0
Sl Sy L il 23530 Jlad) pan G gil) A sl Y Gl b e
capaaill shal iy
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‘;‘5 oS E!s 7 ’
L Q& lé'
B L
LI Y “
AL Sty ¥, =1-J095 /e
3 % §
AV ek
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o
'Pl‘aa P ! v
‘b'o - ’“"‘g'mu, & 1\'0
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i Oy i~ = = [
g T Wil
@'o EI\:") )

L
T

(7-3) Jsly Lpall )4l Jal oo Eupans Jabada Ja : 8-3 Ji)

=

-~

Ao gidally 5y gualal) 5,040 Aiagy dusd 4y Audeliay 3adsill 1 9-3 JSl
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: 1-3 Jta

4 Jlexinly 2000MHZ 22501 xie 50Q 5l diiles Ji3 Jad ) 385 Jes dailes
2400MHz, 2000MHz,  <lajll vie (Zp ) Jaal dailes o s)l) (35l
30+J20€Q « 50Q2 «80-J40Q Il e .» 1600MHz

0o +(10-3) U Cuans i e e (Z =2 /50 ) 1 dsuial 2l
Se¥haall xie 2 ) V) sl die 2.2 e 35 SWR ad ol el Lalasdll
LJ2al SWR peentl Jawins (11-3) JSally Zagall )00 ol 538 50053 Jlanall
1, C L L a2 gl

:Jall

alend) AV Alisd) o3a Ja Jeamdl o GllA Ladl) ae gyl e 585 L-C sylall )
JEE e Ae dagill L Yy e Bl N 7 isie il i@ Y Al )
Ye ob Su. Ve sl daledd Ll eUaey | hadll Jsh bas olld aey .(10-3)
9 a5 . 2000MHZ 205l (548 Apcayyatiy 2000MHZ 225l cant Aygaas (oS
daey Ll elial) 1 o) .2000MHZ 235 e Adlsa Gl 51 of 43 s ol
b 1=0.9Cm b sasy (Uadlly el Aalss . Yo e ol L) sl Cadal
A= 2o o b s Lo caseall Y daland)

a3 Yy o il Bl ghsallade duass Yoo mie ol | Al oda Jalf
xie (0.90/12.50 = 0.070) 5 Y1 235l xie (0.90/18.75 = 0.048) jlaias alsall
an ol A gl (5S3 Y_E ¢« 2000MHZ Jlaall Caaiia die . a3l Jlasll e aa gl
Agguidl Slabesd) ad o) | oo Ale 5% Ve ¢ lahie 50 3ie Yy of Ly
(2-3) Jsaall & Caia

‘req(MHz) Ao (cm) I/A Y_D Y_E Y—m SWR
600 18.75 0.048 0.05+j0.25 | 0.65+j0.50 | 0.65-j0.05 | 1.55
000 15.00 0.060 1.00 1.00 1.00 1.00
400 12.50 0.072 1.15-j0.08 | 0.65-j0.48 | 0.6510.03 | 1 55

da (11 —3) Jsall B Jlaal) Loy ad) 3063 500 Jal e SWR g dalacddl a0 2-3 Jgaall

(10-3) JS&N b (e Cusams Lia
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NERETANGE COMMOININT %

o
COMPLETANCE DERCRENT b

(11-3 ) JSall Apsall Jlaall diag ) 3dsal) 480l Cirans Jalada Julat : 10-3 Jel
(1= 0.9Cm, L =3.25nH, C = 1.95pF)
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| Reactive
To generator zu =50 53 L C zﬂ =50 41 matching
e | network

I | |
in E o

L-C oy 803 Jaxiaad lly Jlaal) Ay ) (gibsal) Atk : 11-3 gl

ve Ve oo daleadl il adll 5 Gids 8 s diesdl) i)l 5 g cangl) o)
Las35 o ylall o8 1385yt (50 Jlanal) Coumtine Fad 555 Lty Jlandl) kol
Jaad) 2355 wie jiay oY) a3 5ll Cnga LS auds oY) aasll Qs L ady
oalsall o3a Ll 2000MHZ 2358 e dlelal) e jiill L-C (ps)l) 3y ) .2000MHz
P AL axt e A puiall dalendly

g:E:i a)C—i = D | Ca (3-3)
YotV ol Yo lo, o
AL oy i)l 2355 die By puiiall Aaled) Jae il 235 4 @, :]/ LC s
d_B o, :£:2CZO (4—3)
do'™ Y,

C Ve Aabendl Jadd AL Aadl) Y dadll 138 Blibaas Ledle Juant A glladll daud) dad
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—(-0.48-0.50)
27(2.40-1.6)10°
e -2400MHz 5 1600MHZ ¢35l m AB/ A 2 <o dalandl e Y Can
L=(@?C)" =3.25nH ¢l Lya

ol vie s o Sa Yy, =Y+ B ¢ (3-3 ) Aalaally ALl o) Jlasinly
SWR af; (10-3 ) JS&ll & caes (2-3 ) Jsaally e il Lsaia) ED)
Jsh of ey Jlall 138 (0 +(2-3 ) Jsand) 5 chigag dupens Jalada (e lgale Llias
A e Y L el (age 50 40% laie SWR chiva ol 35005 0.90CM Lasll
Yo o sinie oS AlaY) Adanll 3l A8 Creaa 1Y) Gia of oS st
Jsb o) -(12-3 ) JSal o dnpe Al o3 L labaddl cpas ) DU #1n of oSy
S G WS ((11-3 ) Sl 8 cpe Blaliie Yo 1 isie JLaey 0.90CM Lol
235 G35h Asmns Apalansy Joall 2353 Cand dpumpyat dualows dila) 3 0aS) L-C )l
Ayt Y 3 eV Caphally Jand) san sy Yo 3 oY) Gaplall o ey 138 . el
e e daimse daill o L JE e Al G ABU il e oY)
sar e 40% (en 1.30 e JSWR e Jeasi of oSa diphall 03gs . Y,
e

100C =

— C=1.95pF

(11-3) 5(10-3) Js&ll B Agumgall Jlaal) Liayal) (50 6sl) 408 Judadl cppuaad 1 12-3 Joil
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(6-2)s ) b lpailns cutig 36y L-C
Jsb ) dshas Hsaie Ji lad gl cllud Al bl dalendl o) (JBa) Jas e
Zin G ¢ Yin = 1Zin Wlao dalaw o) Jiaeil) L-C 3yls Ll ailiss (M4 ) dasa
dalaus |s sk 3)saie dlia sl 4Ll Lalend) ()l 13885 (812 ) Aally ot
: Al axd Ypg Biaec
(5-3)

27l - ol

B=-Y,, cot —Y,s Cot
v

or ool a5 e WA ) gl of s s old ¢ L-C sl pailad Ol i s
Gipll i e L-C gyl bl dalend) (g5l o o Alagll dalendl Jae el
tsslhn O e 4 guiall AL doaland] o (b 3y ealia Aliag Jal (ge 0

EIERD = o W2
deo'™ Y, dd'§F ¥ 21,8 V4%Z,.

(6-3)

3l ol IXay . Jlaall Caaiia 235 s fr cJlaall ayyal) B gil) 403 Jaf (e G
sl ge ls = MA g el Aliagy Jaiid of oS (173 ) Jba 8 L-C
(6-3) 5 (4-3) Ualaall (e \gile Juans Zpg 1 dyslhadl) 4l of . 2000MHZ
JSA) 8 oy a3l Auslal) Jaall dailadd SWR (ailiad (puail (g)al 436 cllia
eadl 2355 20 A2 S8 Zg 8ppaal) dailadd) 55 Tadll adaie sk ) - (13-3)
(13-3 ) JSall g () il 8 el JSAI Lailaall i) Alaia) Cilinia
oo ly Jsb gl send) U3 Gl Z) =7 /7 Jeal) dailae Janie K1Y
o ain Zop sl o)« nid) el Jesin o 0Sa Zp 8aes Axiles 53 Ji5 Tad
S (#1) csslliglie Zp culS 1y . Zo(=Z,/Z,) @ assd JSa
cZo1 < Zo JuAd (#2) Asiall apin 7o cul€ 1)) L« Zog > Z
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R
T

To generator
g Zg £y

- Eﬂ z.?-
I |
in R
{(a)
411

— Normalized to Z,
Normalized to 2,

: 13-3 Jeidl
((Geal) a3 a8 ¢ 1y = M2 ) gl gl claad ey i ady Jladll G s
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cZ0n=2Z0 s Zy S (#1) gaid) o pagl L (-13-3)

o 2o =2 120 =050Z i« Zp  andl) giniall Jlans Zoy G ZR i
cdaadl 225 die dagal) Jsh caai ol |y

s olsall . eV aasl xie 0500 e STy SV 20l vie 0500 (e BT (505
3 ) IRl peage g LS 7, il b g D ol e il ld sl
o S1 i 55 e a5 Bl o Al (gm Aailedd inia ) ¢ (13
Cumeopall Zp Smleaiy Zg o d obed) ) of L gmisial ol die el

2 (=27, %7
Joba JS die lgads % Aniledll of Uil Zin = Zp 05§ daall 2353 i 4l S
SWR o gl 008: Z,, Ll o eJla JS e cJlaad) Gibl sie s gall Jola Cua
Aslad) Z, bli e i< 6

Rl () A o3 layd 5ia) L) Llbe 355l Gl Zog = 2Zp LasY) ¢
Al of Cumy laasy L Aailaal) Jysat Aolee Jlexinly 2as3 o Sy Zop 4Gl
Se 11 ol Gl LY (55l sl Jsha ey e Aailill 7, il 5iadll 2l
P s Zop Uyl 8 05S el Jlaal) il

Lb o, -

AA gl e Gyl sl Gl tie dagall Jsb G e Ay, A i
(-13-3 <A kil ) dasdl ok gy e Z, J bl Al

o S e Aigsal) ol 05 Cigae Zy 5 Zpy binia o8 ciplll o3¢ Zog ksl
) L-C 5yl Ziphay lgile Uloan il ool o oyl Ayplall o3gs lele Ll il il
[(11-3Ja)
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Transmission-Line Sections as Matching Networks

Ji laa e SIS Tasie Jaxtids dailaall 35 8 alaaiu) dad gl (o)A )

L Cigase 1380 dal e asenail) eha) o) o Jead) Axilas e Al JS&) Jagiye

The short transformer _juaé J saa .

iauly & Zp Bhas dailas 53 Jilad ) Z) Aie Jes dailes G 3yl o
cgluall ane J85 ek e jual lad

b Jshas 8hreall daileall Laa |« Zgg dum ¢ (14-3 ) JSAIL A Gl A3k )
oseas o liSars ¢ ulSatl) dale i gay (e Lapn AiSan el 48Lall o3a. Jail
DLt g Agsladie ()65 Jaally J2all Cilgine (o SlulSal) G Cumy 3)63d) Zg
JAl SWR e Jeans Cumy cpul&at¥) uda Cadal Tt of @l e (Ko | ¢ Zgg
can)sll Ay gluse

-

— - T —

To generator Ty Z44 £y
———
| |
in L

ZL = R+ IX uad Jgaar 14-3 Joil
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dal 00 Zin = Zp sy Asileall Jysad Aolea ¢ (77-2 ) Alaladl o Lggle Jpaaal)
Dy ) Gl

7, = OlZL +JZ,, tan gl _7,
Z,, +JZ tan gl

D 1ay Z) = R+ JX ale IS

7 _7. (R+3IX)+3Zy tan g1 _ 7
Zy +J(R+IX)tan gl

RZ,, + JZg (X +Zy, tan Bl) = Z,Z,, — Z, X tan Bl + IZ,R tan Sl
A mpasll e o Jpemall iy AT audly i andi ) 3lsbnd) S

ST Z 59R
ZOl = RZO = 7 _OR : tanﬂl :ZO]‘;(T (8_3)
0 0

degana G () dal (e iy 1y A 0583 O e Zop da a0 Jing
;A dag ,)
R>Z, § R<Z, s X?*<R(Z,-R) (9-3)

13 G of oS Y deall gli ¢ Zo = 100Q « R = 20Q S 13 ¢JEd) s e
Aaudy caaas Zop Jddeadl adll o) dld e SSY) . 40Q 0o ST | X cu
Jal e+ ASlSua) cilialandly Ly Jsarall delainl) cp lpalls ) g AT e

ok ( Microstrip Line ) syl hghall 5 ( Cable Coaxial ) 4ysaall Jashall
Gl A 4 Akl o) L (10-150 )Q Jall Gaatale jeanl 3jall dxiladl
e Jpalll Jsaall e iy . Jlaal) ddpall gl alaee A Alde A8k Lgie Jaa
S Bl ASus of L M4) Assall dsb oy e JB Ladl) Jsba | Caay ag p0)
- L-C Usnar so i sl 23 ilindsl Gany A Joxlinds
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saaill 235 2 (Zin=Zp) Jodl Gasill Jal e dlladl C 5L ad glac R
s Al Al e lle Jaany

RL>Zp Jal (e
R -Z

ol=\Z,R -2Z,) ., oC= |~t—2¢ (10-3)
ZORL

RL<Z dal e
Z,—R

oL="RylZ, B . oC= [ (11-3)
RLZO

aniilly Zg ) sl sl 3l5liay JAA Aailes ADMe Aol lede Joany < alaall o8
b Aie Jeall dailae cul€ 1) 30l of (S dglie GBle . ) sl

Giad o (S Asthaall Agmadl Lalandls duaail Al liall ey Sall clagsil

(82-3 ) dpapaiy LagHi jsaie Tadd Allall dailaal) of L3yseaie of Aagie clas
dag o .(86-3 ) dagide 813 5d Tl dmitia daileny lgnle Juany dandl Loty
o 13 2l) 8 lsmaa el Lle ad) J8 ot pe Jeasil e 55l
gadhyally dgysad) Jaill da 8 pals IS

To generator &, R R, > Z,
- ui ;
Input Output
: 15-3 Jedd
C 5 RL g deeail) o Juagi L of cuay Joaal) Gusai Ry < Z Jaf ¢t A3 ) L-C Jsaa
(S5 Aailas ga R o Juass
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To generator 7z 7 7 B
] [if} w2 L

. L-C Jsaa 8l J85 bad: 16-3 gl

Al clyysll e adied L-C Jsnas 3)lall s2a G 3lskusdl ()

Aalalis dacay i (IS dlle dailes (53 hd (e s aaie =1

e dras A0S dnidie dailes (g3 bl (g b plaie =2

) BB mia g o (Sar idiag dle ¢ ia ¢ )

anlgy chaei Z) Jes Raileay dies | Jsha (3 g laall e J5 Jadd Ja)) dailes )
s (77-3) Aniladd) Jysas Alales

Z, +J3Z, tan gl 7.7 ol

"0 7,043z, tan Bl zz"m

tan fl = dpas 13s g (1<M12) Bl <76 Latic mlimy uiill JSE0 () Caa

JSall i (Zo> 3| Z| osd) Zo>> | Zi| e .10% i3 pe I radians
P ity sl
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Z. zZL+JZOﬂI=ZL+Ja)Z—°| (12-3)
Vv

Alobs Aoyt sl ey Al dailas 53 Ji ol (e Dypiea ladae (18 43yylal) 03y
adl gy o Wiy (78-3) Lmlend) Jygad Alalaa Jleninls . ( H ) riedls Zol/v dad 5
P o Jaall Aaalew 08 Y>3 | Y| 5 (1<M12) Jal 0w
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p S L L-C Jsaal 18180 0 Lol pparsil
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13 i LS« [ 10,150]Q Jladll isdle jasi TEM Lagha ol clile bydl LS
Oy byl Jassall 2l Gl saam o oSay Y AL dailed) daaljie cul
S ol oSar 135 . (16-3 ) JSall b Jidl) Las A8 sl Qi (e Lgale Juany
Sle dpaslly Zoy , Zop  Jal a2k NS e dailedll Jygat Aabaa Balay
aniilly agal) andl) Joatys Zin = Zp  pedas (ASeE0 Jaall dailes dal (e ¥ales

2, 11 Jal e sl Y slae gy Ll

12
tan B, I, = Z (R.-Z, 2% -Z,R.) (1473)
e e e 2,28 R, -70)
(R._ —Zo)(zozl _ZORL) /
t 1, 15-3
anﬂz ? 02{(R|__Zozl_ZOZOZZXZORL_ZOZZ) ( )

S Zm>\/ﬁ S R >Zgdal e Br= /v s Pr=o/ vy &
Vbl Jaxtiass I3 dayy ¢ Ulee (8o Lo sl Zg, <i/RIZy 5 Ll oS L
g, Ty 3 S ) saadl dEL)

Wee (Sole ol Zo <R Zy Jtsic R < Zp  Jal gee el
il a7 AL bl Jaxio 3 3agy ¢ e 8ar o 581 Z, >R Z; 5
Jakll 138 ¢ ale IS8 . 3l ASull IS Jlll jiay claY) 3. Iy, |y 58
Aasall Jsb a) Jsne ge A3la il

K ngall Jsla oy s Jad i Bl Ay ol ol e Fald A 1iay
Ji 2iall dllae pmge o 8 L-C sl aladf el 28d) o+ 538 5T ey o
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i gy . (Zu = Ry) i Jas dailes Jal (e Jae dalln 450 eV aladl )
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Jslall (i Ml dalia e il Lede lloan 30 iV slaal) (6 Qs 038 3
sl sl DY) T Gl sac b Lo Jpeanll aiy agaial

Dissipative Matching Networks saal) 84l cilud 3-1-3

Ao Jis gy Aoy yealie Gaal laeloay () (e Ageasall gl Sl S
Aclau¥) JS o (SWR = 1 (ol ) 38y deaad) 45030 dal (e Jllys g Ll
Bag Kol ealiall (e 230 dagy Bl . Jaall ) ol il 4803 s e 53050
353ye DLV ey 38T Ly can ol 135 mitia SWR L o0& of ansiy (5
(microwave s Sl CaslKll celly e JUaSy . g3l S5 das A gaial) deUainY)
e i s Sl L dellin) Glygiae cluldl ji & Jexioll detector )
Agall 353 o Lags . (1.25) o sraal SWR 1 s sale callaiy 43ld bl ¢ Uad
e s old ¢ gs Saall CaliSll Jal e AUl delinl) (e SST bjigia (455

Gl ASus ol Aladl oda b Al 8 pien Y (gs Saall CadlS) ) Al ganall dadac )
Akl o3 Gl Sl gy« Gulaad) (g i o (S 40

: 2-3 Jla
-2 200Q ( microwave detection ) (g5 Seall CallSll dpan) Anilaall (6

13) Lk 1.25 0o J81 Jaall e SWR 8 5icn el dunss e ) G il 305 aan
50Q haee dailes o3 Jii bad ) (59 Spal) Ca3lSl) Jua
s dall
@5 A G ASd o) L Bl ASul dgas 50 8 (Al 2 (e ) s SWR a8 ()
Byfise zlgal Lot <10 Cigus BOQ Bipaall dlniles Jii bad ) dpenl) il dnilas
. 400Q + 51 100Q 5200Q (g5 Sadl) CailS)) dnilen Jusins Laxie 2 (55ls SWR
aagll Jall SWR 1 5l 2 200 Cogan 3 sill 3080 a0l Lpuslaaa () celld (e <Y
=3 )dsill 8 mase s LS g Sl Rl ae (gilsill o R Aaglie gy 8 Sy
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Spfisall 15l A B R I8l ail) daf (e 4l Cuny R Saslial) dad jlias
p ol Gl 13 ¢ (49-2) dsladl L 2Ll . 1.25 (e B 0585 SWR

100R >ﬂ 400R
100+R 125 ' 400 +R

<(1.25)50

Jsaall ey . 74.1Q Ge B 51 66.7Q e 5S1 0585 o ey R ol ixy 53015
dailaal EDN gl Jaf (e A siial) deUsiu) 393505 (J2M SWR 5 ¢ Zjn « (3-3)
RL J glsall catiill Jiay Jsanll 3 36 dgaal) o) .R = 70Q Laie (5 Saall Casil)
@5 1,25 e i (058 8yinall 2 15aY) s JS o () oL 5 L 70Q Aasliall
ALY clialsd) Gsiay

Input

(2-3) Jhal B gg Sl CadlS)) Aailaa Jiai Ry Aagliall (@dgil) ASud : 17-3 Jed)

Ry Zin Input (PL/Pa)x %
(ohms) (ohms) SWR
100 41.2 1.21 40.8
200 51.9 1.04 25.9
400 59.6 1.19 14.7

C R =700 58 Lavie (17-3) JSall dagliall g gil) At Allad: 3-3 (Jgal
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A5 ad) il pe 038 de Uit Gyt (aid (Kays Alpie e )l o deUai)
B33e (355 S (3 gal) daddl) Jlasinls SWR

Variable Matching Networks 3yaiall gdeill cilsud 4-1-3
b e Gy Jaal) Clatles o S 230 G e 5)0l6 A5 Jal (e dalall )
S ALl 5 gl s L) Jlasinly peant AlSa) @llia LAy Suall 2 15aY) i
sl (LB L)l Blelaal) Aoy Jaill Lad ()5S Lgds doe @l
ALG (Al ) Ay Alelie o by amall o Ay paall Jaill Jaglad ol G (Jls S e
Gisall o &g paal) Bpaiall G gil) s lef Gl AamiSy L lSally dadll b Jasall
LY ol gally Cued 28 . die Lioadl) dlagll 5) (38 salls cdic Liaall dyaedl 4B 4
Jeall 36 e e Al cilulSady) Cadal Josias
The double-slug turner disliaal) dgsal) ALY o3 38gal) o
OSly Al Aad ld (Bl (e )i (e (18-3) JSAIL mia el (Bsall 12a Janiasy
e GYOU Gl ( oiakd ) ofisane s e )5S JISEY) aal ke e
O 0.7 058 Guny sy B=B/Y,  Lugiall a)ll lialendl af (53850 Jil Joha
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I, and I, are yariable,

B is fixed and positive
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:18-3 e
Lod 53 206 Lalew B AL 45045 adlpdl) ball £55 a AdeLiaal) danall dakall) 53 33sal)

Byt ogd Iy, |y Laly Lage
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Ll ba ) deal) g e 06 @8l gl SWR = 4.0
a3 Agray Al Jeally J3)) e s adly @y Jumdl (<55 agiy o Sy Gisall e ()
aies (+#J0.70) canzmi V) Aoyl dandl G (Y, =1 ) o6 G dal e - deal
dabadl e die a5 (1-J0.70) 0sS5 of o Y
o Wl 8. Y, adaill et Allg SWR syila (e osS of cany Yy ol e 138
COSAIL e e W2 ) A liddl SWR s4ila
s oV Yo =1-00.70 g of cfar |y st gl il o2 o o Yy o Lass
Y,=Y; =J0.70 oli ( +J0.70 ) igeie 4l dualew Lol Lo bl dad)
<25 (#J0.70) 2 SWR =2 sy e daland) o8 JS dail L] igh Jaall iy
Y, ol cipe adlloda L ig of oS s Y, JASad) 2l Gind sy ce bile
aan b e Al
Jas dalass ol 0l i 138 - SWR = 4.0 5300l Ly 3530l 23¢d sl Caplall o
- SWR = 4.0 55 dahs 5l o adi 45
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Slas. lp hall Jsh hun dhuly Y, sl Je adaw ) Jead o ofa
Luall o) - SWR =2 5 e i of comy Al Yy dkais o6 Y, =Y, +J0.70
sl Iyl sag Y =1 Gl Yo =1-J0.70 z |p J mesaal

05 (SWR = 3.4 ) 8yisall lgatsal 55005 Laill 038 .Y =3+ J1 (K4 celld mpuagil
Y, a e Ak ) Jeaa Y] Adaiil) G oy = 0.0820 gass - Cuens blada e
Y, =1.3-11.45 e

bl e e a5 Y =1.3-J0.75 i N Y, =Y, +J0.70 of Las

Vg dsaly = 00240 gas ) SWR = 2 5yl e o Lils Ui LS
Y, =1l e s Y, =1-J0.70

(o oA Ao gana dag 4l 1385 . e Y, 8530 adis SWR = 3.4 5yila o Jaadls

(Gl bayd Y sy 51y d sl

The double-stub turner dislaal) dlagl sd 38 gall .

( BBz ) ofdadl) yialandl ad (6 (20-3 ) JSal 8 Gasall B8al) 138 Jaf
sl Amse 0588 Of (S pal) 028 () AE il Bk e Lagalsa (0505 Bpsia (0550
(I1,12) 8ypeaiall 3ylall Lo il cUa gl Jishal Jasin danilss Lagy aSaiig Al

=

i !
| Adjustable A | |
" =— shorl — = ‘_u; L - |
T i cireuits F -
e 3 —Zo .}
& [ — ipk
T - M
[nput R PR R

Both By and &, are variable and may
be either positive or negative
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iy A9 1y, 13, | Slagy) LIS 43))ag () 9aal) Jadd) £ o8 (pe Ao Liaa Ay 53 (389a 1 20-3 JSil)
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Sloa Yoo akill b g 35 Y =1-0B, elb xies YV, =1 ol 35 dal o
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- ReY, <2 olS 13 dy o Kay 138 oy sy Cusens labda (e . G =1 s2e Lsdl)
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Jde Ladl) dlagll

@it (lg—13) Ll laliall Jska¥) 33 Gl iplail) 5 i) Claagl) (e 230
Nvie (3068 o (Sar Y Al Jaa Aailaa Lal IS 13 138« avasill 2055 xie A/4

) Al s o (g Lad) ) Jeal) duai 6T ) GBisal (e by S, i
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The E-H turner E-H (3ésal) .

Jand T oo cally 585 (22-3 ) JSED 3 (e Aasad) Qi 53 (e 85all 120
& Al ylall (31 i IS gas Jawall AL juaill Gy (e 255 (Hybrid

ls = ddasime S8 Xs  Adaocl) ) e liall dad o) (22-8 ) JS& e o il
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¥ circle
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1 21-3 gl
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R, =200

Input line

1 23-3 gl
2500MHZz aseaill 3359 Rg = Zo = 50Q ¢« R; = 200Q Jal ¢ Aagall Jsha ay J2a

zoial) LAl dailesg dagall Joh &y <Ngaa 2-3

Quarter-Wave and Tapered-Line Impedance Transformers

Ji lad Jas ) casl den Gl Jaxind il Jadlly dasall Jola ay sna )
Enlig(Ze = Zp o ) s Jan ) Gage asd) oS Lexie (sl Zp)
Loshad G lSud (38508 Lnl Joinst cgaall 038 L Jand) ) adie ] deUsind Jypa
Jsae alatid Gl ¢l Jlaall clipdss Jal (e L Ailie 330ee Cilailes Lgd A1 Jail
osiall adll cNsmey adalial) saamiall ¥l Loty . Leidla 568y dasall Joha o
cpape @38 Jae o am G5 ) b Ladie Jasins

ahaial) sl dagall Joh oy Jeaa 1-2-3

The single-section quarter-wave transformer

seiiall Aagall Jsh ay) Jadd alaial) o sy (110-2 ) JSalls ((1-6-2 ) syl &
2 I RL Jes Laglia 3855 Sy o JE) Jondl alsd 4l 06 Toasl Jon dasliag
O i Aagall Job gy badd sneall Lailaall (8 ¢ e U Zp Baaall dlniles Jad
PSS

Ly :\/m (16-3)
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g 333 die o Anall Jsha ) Il 13 05 of (S il Lasl) Jsha 8 el
& gl e Labade o) L Jle y2 sy Gasl) (8 apeaill 235 e AT 35 e
—3) JSall & Lipsall dpmaagll it (JUal) Qe oo Jaall SWR 3 il aa Jylas
Zo=50Q « R =200Q & (23
ba akie Jaf e Zg, =4/50%200=100Q sl 4gde Joans Jbd) Gasill o)
| cebsell o sl Jle o paaiss 2500MHZ asensill 2355 Jal (e - Aasall Uk o)
(23-3) Jsall 5 4] jlie s LS =)o/ 4=3Cm
¢ 2500MHz  aie aslgll g5l ol J23 e SWR 5 Zjp = 50Q of oo sl
Lhidl e gumi. (24-3 ) JSall 8 Cuew alada Jilai s
¢Zop ) J) e Anledl Jay e (- ) 08I o) R =R, /Zy =2.0
Jsb aw Jshsr o Baall of L. Zp ) gt Gailan ) i (=) LEY) Lai
30 e algall 523 0.250  oysall leale Joany Zip ol 2500MHZ  xic dasall
Jeany all Jay e SWR o) . Zin=1 4l Z;, =0.5 of any lay. SWR =2
Som Ml a5 7y =7, /Zg =1 ¢ Zo= 500 of ol e Zo ) Zin s e
casanail) 235 e aalgl) g5l JAall SWR (s (3iai 138a 5 cJaladdl)
s 2000MHz vie Joaall Jalail (Mlasivg Cuan haladag (4-3 ) Jsaal)
Z,, i 0.20 L g5l 3CM Jokall 13 il 6 « 2000MHZ xie 3000MHz
| = & Loy 3000MHZ 235 xie 7, Jici B adaal . laladall e A dlaiilly aas
A(4-3) sl slans o2 cilailaall 2 .0.31
e aniilly (100Q ) Zog = Z;, o Al Zg ) ans e J3) Anilen iy
oo Al 83 Cuan Llate Lo Cianyy Jytall diuse 7, d aill o3a (500 ) Zg
Lhbaall ge 205l 2yl ) il ((Aalewd) ) Aailedl Asie Joagw paiag aliaall
160 olists gaagll Jlaad) i)k xie Jaall SWR (o ass
O g 200/50 = 4.0 sk o ca ClS SWR gl Joadll (53 4l
oailadll ANy SWR inie ofosaail) Jladd) 0 40% (e (3ind algl) (sl
28 Bl ale JSiy . Zp (R Jdalall 4l mls 5 dasall Jsh ) Jsaad 43005l
Jsaall Jiaa) any S SWR s «Jsnall Jlaa) Jé SWR
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Aagall U5k gy Jsaal Gupan bibida Judat 0 24-3 Jdd)

Freq. A=k Input
(MHz) Cm)  1/n o Z. SWR
2000 15 0.20 0.53-1J0.24 1.06 — J0.48 1.60
2500 12 0.25 0.50 1.00 1.00
3000 10 0.30 0.53 +J0.24 1.06 +J0.48 1.60

ekl 3 Aasall Jsb gy Jsaa Jal (e SWR 5 dxilaal) gy :4-3 Jand)
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ADRls daslaall Jysad Aalae Jlaxicly Jaall (Sl Jale dal e s)le i o) Likay
Uae 8 ¢ Z) =4/Z R, g piial) ains Jsme dal (e Aailaally (ulSatV) dale
Do ol Jale

~1/2
4N IN -1
.= ~ I -

Il {“(N 1)’ coszﬂl} 2N cos 1 ()

Jal e alla 6 il Ja0 ¢ - N = RU/Zp 5 ppensill 2355 3ie | = W4 Eam
s 0.60m, 0.401 sl Bl Qb ¢l JEal Jal (e . (7/2) rad e il f
N=4 ;0 i)k

o8 (3l a5 3000MHz 23500 5 2000MHz a3l xie | T | = 0.226 cclidl
(4-3) Jsaall b 535a5all SWR

Jska dal (e (2573 ) JSL Aiue dagl) alaiall (53 Jomall (ulSadl) ailad o
. Pl =0l & 235 g | Tig | oo Camy ails | e

G clad L Lle 385 <5 e Tip =0 ¢ (Bl =12 ) masill 2358 3ie aily SN
el A5 adatall Al Nl Jal o GulSadY) ailias JS2 3

1.0} A
Ry + 2,
| Tial
_ Twoesection
maximally flat
. Thres-section
maximally flat
L 1 | ] 1
0 Ll o I T
4 2 4
gl (rad)

453y ALl 5ol Apsall Jsb gy cNgaa Jal (e (ulsad¥) patlad ¢ 48 0 25-3 JSil)
Alas) iSY) adaial)
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il Bamiall dagall Joh ay) <N sae 2-2-3

Multisection Quarter-Wave Transformers

e save Jlaw Je SWR 3 las diaitie af llad 4y )Saal) Gladaill (yany
SV kil L adalial) sawiall dasall sl gy Jsne Alandsy ing of S 138 L claajil
V) il sangll Jsmall (ya Jadl il any o (S plalial) aaaiall Joaal) ol el
Jad) gk e SWR Y fos 38 /A 1 a0l Gyl

sl Jsmall e Tl 5 O (S Bnpall Jsha gy ookt o) ¢Jld) Jass e

Ay aalgl) ladll adaie G Wilaly IS 1Y) dagal) 8 Allal) Cud oda s . adaidl)
e Jumdl ookl (S0 ()5S SWR ol el o ¥ clan il dpala g8 A3
DB a0 Aasd) Jsk oy Jsne ) Y5F LS 0038 gl ia pdaial) gl Jpadl)
A gl lulSas) ¢(23-3) il 8 Ganal) adiial) da gl Jsaall dal (e 2dagall (ulSas)
Jaal) ssiue die (el A Zop 5Zp of Lays iN 5 L bl ie Cuaas
Liad Jeall (g5t die ulSaiY) cigaliie 485k .( Zoa/Zo sl ) SWR =2 1) 1318,
((RUZo &) SWR =2 J i,

o daall gsie ) demy daal) 3 GulSad¥) 8 dasall Jola e Alaldl) diliaall Tyl
Jad vie SWR =1 5 panidl lemny ab lly Jaall illSadl e 1807 (55l (38
Giany L5 180" 015 Y 2B | 5y50ll jshall (38 il Ol comanail 2353 e 2355 e
Jaall aie SWR > 1 iy (silly hasd Sy o lal)

25 die M4 (gl bad adaie JS gl Cun (263 ) IS A Ay Apmaa gl 038
ol - Z& IR, =100Q) (gsbs A (gsiuse aic Aniles Canii Zgp adl) dnilas . ppanall
SWR= & Cun J33 gsiwe vie 22 /Z, =50 ) Zp Jsa3 Zg boall dailas
o LSl Cannsy Jgmall aliie S (i conanaill 2355 p (AT 2355 v L Ja) e 1
Alldie 588 OlulSa) (Zgp 5 Zog 43yl adll Jal

ve M 558 Jonall oakaia (63l Iadl) dilse Q8 JSAN e ad]] Lie 5o LS
oo Ol st (538 ladll dilin o8 sl 235 e AT 0355 die . aenall 035
OBl ey 3 Tisa o ) i iy A4 dedil
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Aasal) Jsb gy b 9 a3l Gl o Gy (385 adaial) AL saall 3] Al
ew dsaall &l e B Jladl 1)k vie Jaall SWR gl oz LS. g8 il Juas
ehiall AU Asgall Job ay Jona (e daant JUlly . adadall s ll A gal) Jsha

o Wbl YV ) Jladdl g

Z, =508 Zy=T078 Zy = 14140 200 02

i

Input ling | ‘
e

in A L

1 26-3 gl
Zy=50Q « R =200Q Jaf ¢sa Jlaall (oo adaial) LS dagall Jsb an) J5na
(1= M4 praail) g 2ic )

The Butterworth transformer Butterworth Jss o
Jea Aailas (385 Jal e sl Usha ) G gelia N o Vs (27-3) IS
vie M4 sy Sildie Jadl) alalia S . Zg aas dnilas 63 had Ja2 ) R 4l
il 2355
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IS 83l cilaileall « Maximally flat (apedl Jlsall 5 Butterworth ases
shnall (sl 2350 Ay (N-1) V) dlidies | Tin | of s cpia) Jaal wbalie
N de @ gallad ANV | Tin| 3 oSeall TalanV) (e 135 aresill 2355 vie
ae JA SWR 3 U8 e 68y @il 5T daluas) iy alaliall (o ST e apanadl)
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Optimizing transmission characteristics in coaxial lines
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osal pae angs ¢ Gl Sles pe Ays Suall pualiall iadd SMA - cBlasall padiin
EDlagall 038 a5y il Lali milie Jlanind Camg ¢ 2l EDlagall 028 (ula Jalis

. calill jajen Y S

tuSilly il o L AU e baY) o5 o) o

Case il e B -

sl o spia Alia o Apaea s (e Juagil) 8L 8 CDLasall Gl e aSh -
AU e ST gyeaad) S Cals o g Y -

Joasl) 8 bsill Jlasin (Y ¢ 2l LeaS 5 aey Alagll old 5yilue doglie 2smss Caped 13)
el ) g o oS

—-561-



Sl Cidal) Jae clige 1-12
Oe G5t 2y Sl e als Jlase e S @ladall (ulf kg Slea il dlae
: L adall DS

S laaadl JUae Lsé ey . Scalar network analyzer saasl) cadall Jlaw — 1
shy JUae (e SIS Luhy . Vector network analyzer e ledl) Caball Jlas — 2
o bl JSVNA T 080 J5Y) Slead) (e 5 e jleadl a0 S claaadll
sl VNA 1 gl labadally . 5)lal) dadlead dagypes 4301800 ae s s Jusyo
(1-12) JREL Gas

[__'_| i

Sample
and
hold
AD
cony

Ref. [ ]
i | det. 3
e Test
det
|
|
Digital processing

correction
Display

ND IF
e
IF
amp
and
input
! selector
|
= I‘-)}}‘_I L
“™  MHz
Panel
control
L
A
|

I

IF processing ———

) Calll Jlat & gaicall Jahaadl (Y 2V S

- T
&
L -

S8 - o
_§, 2
1 33

D

- RF source and test set
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p Sl Jpaal 5 5ysSadll ealiall Gl lials Gl Sl Jlad (Ko

— A
Duplexers RFICs
Diplexers MMICs

< Filters T/R modules

T Couplers Transceivers
Bridges
Splitters, dividers Receivers
Combiners Tuners
Isolators Converters
Circulators

E Attenuators VCAs

- Adapters Amplifiers

E Opens, shorts, loads Antennas

E Delay lines VCOs

s Cables Switches VTFs

= Transmission lines Multiplexers Oscillators
Waveguide Mixers Modulators
Resonators Samplers VCAtten's
Dielectrics Multipliers
R.L.Cs

z Diodes Transistors

b

— -

| Passive Device type Active |

eal e desane Jaxid Laily ¢ aaly Gl Sleas sealiall mes palsd sl (Sa Y
Dea¥) pams S0 L Ly Lebae Bagag dyg Saal) yualinl) (alsi 48yl ddlial) uldll

S4000

Ded. Testers
VSA

SA

VNA

TG/SA

SNA

NF Mtr.

Imped. An.
Power Mtr.

Det./Scope

sty Ledlaxinl (Sadll

HP 84000 high-volume RFIC tester
Dedicated (usually one-box) testers
Vector signal analyzer

Spectrum analyzer

Vector network analyzer

Tracking generator/spectrum analyzer
Scalar network analvzer
Noise-figure meter

Impedance analyzer (LCR meter)
Power meter

Diode detector/oscilloscope
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Sleall palsd plane L) (Say A giialls duSaialls 3L LY Ga IS ld DA (6
(2-12) Jb e s» S Device under test (DUT) laay) s

Incident

E Transmitted
B

R
Reflected
A
REFLECTION TRANSMISSION
Reflected A Transmitted _E
Incident Incident
/ Returmn \
SWR / I \ LS Gain / L.,55
S-Parameters Impedance, Insertian
511.522 Reflection  Admittance S-Parameters Phase
Coefficient R+X, 521,512 T ansmission
T.p G+B ET[I'GIDI"IT
T

JLEAY) cant puaiall Galsd (b (2 - 12 ) i

pe s ozl el ) ZEa3Y S sl (uld Ol Cigyme s LS
O il (ol Ay o Gl Alee o WS ¢ Allad ualic (gsad ) i)l
Colaraall i) Ky ulSal] EDlelas — 231l — el e Jpaaall o)

ool Aglee (40 S lasad) il ahyiads . S sl e SV W1 Z Y & H
A Y Aadall @l )
S(3-12) JSall (e s WS DUT lead) doasiy S cilaaaal (uld 2y
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S Glasaall (uld (3 -12) Jei)

dSiy osSall e latl) @l dlad alall Fgvuall Lbad) (4 — 12 ) J<all g
Signal separation s,LsY) Juad 3¢l — SoUrces ys Suall 5LV auia t (ya ouslad
coebl) A leda) Bangy pellae = e Jofiise —
J<all Gae sa LS i€l Jlae 8 Alexioall HLEAY) de gena (o Glislad gle g cllia
tlay(5-12)
S deas a1 3l e Ll )W) z A5 ¢ T/R (ulSadV )y Jaill lis) degens
B rld Gob e 2 sl ) diieal) Jeag b Ji) 5f QS Guldl DUT
Sl aalll vie eV il ol Lavieg ¢ GelSa1 Q@ A ) deasy ) Jid) (bl
Slo haid g5t Al edag ¢ geSlae IS 4xS 55 DUT @l any oasSall Jiil) Jalea
- Aalai) ST sty ¢ Agll) Ayl e J8 A8y aan Il ¢ Banls e 31K
St Slgal) (el Galiy et JSEN ity daiasall S laaadl) HLaal e sane W
AV S sl et S asly b asalls L) palany)

-565-



31l gl ) dam of cfa diisal o LS L) Sles gabe e b RF 3La

o osbil) U Aall s UadY) om0 S laaaal) (uld de gene and ¢ L)
ol Adle sty el 48y aasy

S Glazadll jlid) de pena A lealadinl el Jaill mlia (e (lilide Gle g aag
dlall mold) aadig « Solid-states ( Jils ilail (e dxiiadl ) ddall S 4<0K0l)
Liw « DUT o ) de Ui Jlis s o b cld LaSly Jobl aladind yany
DSl e Uiy il Slead) Auday et Il g Ll 410 g8 28010l ladl)
Loaty bl o5 Al eiliall Janins ) Calall cUae 8 o) aY) Aagyu LSy
¢ bl Ul sl Hhaas Y AL sl

Incident Transmitted

? il il :‘
Reflected

g__}{ X__é SIGNAL %‘K

SOURCE

SEPARATION
INCIDENT REFLECTED TRANSMITTED
(R) (A) (B)
| e ]
RECEIVER / DETECTOR

PROCESSOR / DISPLAY

lSatl) Jlaal Bgaial) Bl (4 - 12 ) Jeal
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S-Parameter Test Set

Source

Transferswitch

Transmission/Reflection Test Set

Source

Port 1

Jlaall b Alexioaal) LAY i gana (5 — 12) Jsal

o ledl) Al Jlae Gl Hlaialy (apeinin b Lads
Source dg Sual) 5LEY) Alga = 1
Alaial) aiay aUaill LAY DU dyg Sadll LYY alls dag Saall LAY Alse sk
Al cdlas saley ¢ zyal) deUinl (gsie zase 5l S35 masall Jlasiad oSy ¢ 4
Alall agan lgy pSatie Cilyiga (Ao ading 5)LEY) alsag ¢ Aliadio 3)LE) Clalge Janind
sasall Ale @hlaa) e Al AR Leies Lasi )l ¢ 15 Lie « (VCOS) dasidl)
Carlall COUas alana (S ¢ Jlaal) A 33ea) alsd (uld Aals
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AL (et LS 11203 gy Sl 5LEY1 g L1 o3 b (g5in Tigaal
A el 3LEY) Alse JSy alsa (6 - 12)

e Supplies stimulus for system
e Swepl frequency or power
o Traditionally NAs used separale source
+Open-loop VCOs
»Synthesized sweepers
¢ Most HP analyzers sold today have integrated, synthesized sources

li

O om0

Integrated, synthesized sources

Agg jSsal) LAY lga (6 - 12 ) Jea

o IV Al gl ¢ Al iy liad ek peaiel) 13 aghy: BLEY) Juald — 2
bl A sllaall AaaU) ol dland dynan ye A i )5 3NN HLEY) (e o3 bl
Lalal Uil 5f doagl jualic (gging o3l deUsin) audiay @} (3n3 2y ¢ S laasall
dalatls aa Jies ¢ put)l) 2l (DA o QB g S8y aiaiyg soll Jlaall (e
e
o)lia) el Slead) Jine die Luaiadl e 535l 8)LIY) Juad g8 Al dak ) L]
S Jie s Qi alel 2aiy iy 4 ¢ lld Gintd Ll Dmie alaiV1 a ) yiimys
Bridges _swall sale aaiins Jlaall gape bl Gaisl dysna s o815 ¢ adine
yLay) Jald daids

Serves two purposes:

B> Measures incident signal for reference
Lo )L lie i sa gl s gl i @

®)> Separates incident and reflected signals
fetdl e 53,0 ) dagall Juai e

—-568-



P daaldl) i clisSa (7 - 12) JSa s

bridge

Dinse ) () Aaeall e A5 Saall )LEY) Jasatty BB 58 ¢ BLEY) CadlgS - 3
S RF 5l e sl gy Lsas D) )LD dasall (e (RIS a5 Lty
ol Wy 3y HLEY) 038 &5 Cum ¢ IF Jasgia 235 o Jsemall Jlas Figa )03
Bganl) Culall cOlae g ¢ Lha Sl deud a6 MLy g daja miine
2l 3)LE) Hehag JUae Slaglaa (D3N DSP a8y mllaas ADC Jase pasiiy
sl Jlae 4 eS8 — 12 ) A cpwg - IF dasiall

splitter

coupler

LAY Juals (7 - 12 ) Je

- Detector Types @ pocm
Diode L
_H_
WA — DC /
- Scalar broadband (no

A mnnrn AcC g .
phase information)

Tuned Receiver

RF IF=Fiot FRe Scalar narrowband
— (magnitude only)
7”(' = ADC/DSP
4 e Vector
“a IF Filter (magnitude and phase)
Lo

Lyg el B)LEY1 CilgS g 1gl (8 — 12) e
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Aalleesangllode Bl Gubl @il Jlgdily cilual lglY) Sangy pllas — 4
O el Alis ¢ A genn bl i of oS JSy Wledals Jailly (ulSaiVl Cilaslas
U ALY ¢ Cuen bbiay o ok lalada Slenas ¢ ol Dale sl S s oS
LS hla ol i el of o i) 508 ) ALyl Al Lashad sy 2le) L)
S(9-12) JEL (e sa

- Processor/ Display

« markers

o limit lines

« pass/fail indicators

s linear/log formats

o grid/polar/Smith charts

-
BT i
LH |

Jledyls Aallaal) Bang (9 — 12 ) g

lealsa Lo Lina HP 3858 1) (e 2080 DU (11510 = 12 ) (DISEN el
lagha) oSaall cilulal e Jead 3 a3l Jlaall dalis Hle JS
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HP Families of HF Vector Analyzers

Microwave

HF 85100 family
Bfﬂggm family « 110 GHz f coer
* . » pailse systems
"?“m‘:'m":ﬂ * ANTETIE TS,
<Dt gmll « Tx/Rx module test
» test misers, high T
POWET AInps. idSFBEﬂEtEI‘d'E] IB!'
» S-parameter
BF HF B753E family
+ 6 GHz
HP 8712140 BT test et
« low cost, fast + BAE: S-parameter
5 e +.t‘Li,ghELRFm].'
broadband detection "?H;,'“'Mhm
« T/R test set only e

lSad Jlaa (10 - 12 ) Jea)

HP Families of LF/RF Vector Analyzers

Combination
I———“ HPF 43054 HP 43068
« 500 MHz » LA GHz
T i « networkspectrum’  networkispectnmm/’
impedance (option) impedance (option}
+ hot 5.4 performance « fast, highest accaracy
» pe friendly = time-gated spectrum
{option)
LF
HP ESLIINAB HP 8T51A
= 500 MHz {180 MHz) =500 MHz
« poonomical « fast
= fast, small s accirate

= xtals, resonators, filters
= equivalent civeudt

Qld Jaa (11 - 12 ) Jedd
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ey o Uadl) dadai 2-12
p oty +Uadl) e plsl ADG el Sy Gl Al 8
S Gl Jlae ) (e 6 UasY) o2a zan : SYstematic dwlail) ¢Uaay) - 1

Dalaall ke PIA (e dnsnad (S5 ¢ Gl ae s Y of Gasies ¢ LY e sans
- okl Adee (PUa Ty, 4l
I el g ity 48 Calill Q6 e (adl 138, 0 Random 4lsdall cUasy) — 2
¢ bleally 4l (S ¥ Ul ¢ Alsde
Alee any Hidd) Slead) o Cadal) Jlas dee 8 s e min 2Lyl eUadl - 3
Al sylaas Jli o oSans Bbal) Aags (B Ll ol da ¢ Byl
¢ dalall A4 A (bl daaliadl) Ayl Al UadY) (12 — 12 ) JSi o
Saiall 3)L3Y1 e s crosstalk  adalills sVl e dgpuiial) LAY (e 33l ¢ UaaYly
i+ iiasall Lol L5 ey Jealls gl vie Uil G806 aae (e dalil
e Unal L s dpalal o Unal iy 3ale Al (el (uld e Aalill ¢ UadY) o2a dada
V) e UaaY) i ) i Ll 22Tl S s plae ) e Ladie 3¢l ¢ dpse
- Sl 8 A salls 35S0l e

Systematic Measurement Errors

=

R " Crosstalk

Directivity et ol
- - -~

“ L_§ .~ ™

. li g
— X" out b

T I E
Frequency response ’\"\’\—\

o reflection tracking (A/R) Source Load

o transmission tracking (B/R) Mismatch Mismatch

Six forward and six reverse error terms yields
12 error terms for two-port devices

Bl U S @lisse (uld oo Aaall) pUasY) (12 - 12 ) Jed
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oSy s L ol mamailly S Laill) e DA e e UadY) s (Sa
Lusldl) 3ylealls ¢ Uad¥) (113 — 12) JSaN Gans Aeldaill ¢ UadY) alies (e paliil
5 a2y S A8 Mg e Ciplal) Jlaay Qe i) Ayl (14 — 12 ) JS30 o
¢ Sl Jlaay Galdll dlee ae

== FErrors and Calibration Standards

UNCORRECTED RESPONSE 1-PORT

= E=

-- —— e
thru -

«Convenient -

sGenerally nol accurate
oMo errors removed

sBasy to perform

oUUse when highest
acenracy is not required
sRemoves [requency
TESPONSE eITor

0_ovr [

devices

I - sHemoves these errors:
P'he:_ e“m\?'_ . B sabiia Directivity
;i{;;;;m (Noise, Repeatability o e natch
[ g Reflection tracking
ENHANCED-RESPONSE

«Combines response and L-port
«Corrects source match for transmission

FULL 2-PORT

ol o

«For reflection measurements
sNeed good termination for
high aceuracy with two-port

SEORT

i

[ | oeex

m
E
5

thru

wHighest acenracy
«Removes these errors:
Directivity
Source, load match
Reflection tracking
Transmission racking
Crosstalk

measirements

Aoull) laally £ UadY) (13 - 12) Jeill

m— Spectrum Analyzer / Tracking Generator

Spectrun: anabyzar

-E—O

T=IF

Tracking genarasor

Key differences from network analyzer:
« one channel - no ratioed or phase measurements
« More expens ve than scalar A
« Omly error correction availahle is normalization
{and poaaibly oper-shont averaging)
» Poorer accuracy
« Small incremental cosat if 34 ia required for other measurenenta

Cighl) Jaa (14 - 12 ) Jedl
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VNA 3ylaag ¢Uadl) (uld 3-12

s bl Adee eha) s S Chaaaal) jshas JUae (e SIS A lae iy
Salaay dpalail) cUaaY \gie Galaill el £ UadY) anls ¢ Gl ca)S3 ) o UasY)

s LS Apallall ¢ Uad¥) Y zdsad apd callany Gy Al adiis S ¢ o) Jlas
(15 -12) JSall G

A" g=
= e
f =% Al
e L_ E ' I Devi ! E I']"P
. fror evice | mor ||
L | box ) | umder | - hox 1 by
| [5] | @ test @ | [5] |
B | AR I AR | AE T gl
! :_ cn I oo | co| M=
I |
Meagurement Referencs Beference Measurement
plane for plane for plane for plane for
port 1 device port 1 device port 2 port 2

VNA 2 4l sie 3ala U8 Bgaiall lasal) (15 — 12 ) Jed

U1 e (58t o3ay ¢ a8l Jlaas a3 S casaal Lo [S7] capes
S 5 SRl
¢ Cahall Jlae g il Glead) das oo Al ¢Uaal) e [S] sl
s aaad) oday yida) Sleall Liyes cage sl cilaradll 4 [ST] claaadlly
. Al plall o UadYl
sie ¢UadY) # 30  laaaall JS Aaall ) aaat ga IS Jlas splae (e Cargll
eyl cilaayil)
8yilee Aliay of i o jual Alay Jaxiad ¢ Ayysaall QoS aasiis A cluldll b
22¢r ¢ LYl 3ale ) deagi (ol JeaS = dds 585 o) g Bl 22— thru
Vol e doani (SIS laaaall ciluld 5a0 JlealS Alexivaall Zuslll Jleal)
- elaaY) aas Lie poli 341
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f 3
| . | o |
| Iror | [ ITOT b
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' ""]."P ’_ [CD : : cD _l :
Reference
planes
for DUT
512
> »— b,
522 Sl] A
=7 =T ﬂl
512

lal) Juasll L) (385 Jabadag B gaiual) bdall (16 — 12 ) Jea

Al S ddgiians (17 = 12 ) JRAIL Lune Juasill 4333k ¢ Reflect Standerd .2
2ol LA [Z] colaileal) ddghinas lgie
s o i e Qaggme e Jesogled) o5 Jidl) b of -
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(b}
Gulsaiy) Alla A LAY (385 Jabdag A gaial) Wil (17 — 12) Jsa

digiacy. (18 =12 ) JSall (e s LS bl 355 Juagi @ Line Standard . 3
L] L) A hae Lo e AW [S]

s of asd
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X-Band Microwave Components & Instruments

Contents by giaal)
X - Band Microwave Components Jaall 8 4ig Suall jualial)
Gunn Oscillator . O gl
Pin Modulator Pin Jazdl)

T - Circulator & lsolator

A JE Y sl

Direct Reading Frequency Meter

E)JL\A” Bcbﬂ‘ }..J AJ)ﬂ\ u.uLEA

Variable Attenuator

Slotted Section with Probe Carriage

okl ane pe (9 siall (bl Jas

Tunable Probe

Detector Mount (Tunable)

((Cilpe ailS ) Gadgll L5 Cadls

Movable Short

Matched Termination (¢l Aaslin ) Bise Jas
Slide Screw Tuner Blie calg &y

Standard Gain Horn — Waveguide Antenna

Aagdl QAN g Jloa ould i B

Coaxial to Waveguide Adapter

@ IS ) zlsal 2dse (e Aygas

Fixed Attenuator 3dB

3dB <l ada
Multihole Directional Coupler 3dB 30dB kil Ly,
Magic Tee (E-H Tee) ) T sy

E-Plane Tee E (ssinuall b dludus il
H-Plane Tee H ‘_ﬂw\"u_s‘ e )i Alia
Accessories " el
Instruments SN

Gunn Power Supply

Jonlly g Fieall B B2ss

SWR measurement

8 fisall zl5aY] A (pulie
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Caubal) (5 (59K aiieS Jard panans Jilsill Cilail (he gicas 45 e zlsal Ase
el ddlyie dahly Waagi st (Say daesdi Al 3y daalie dage diby e 0580
Jaall Gea Cadgill Jalally U5l gl Gana S5 (AU Gas fiadlially Ayl

BNC diase b oo 4l ShadVl ol sy 58 Sa 12 = 9 a0yl

1-Gunn Oscillator: is solid state Micro wave energy generator and has
been designed as a stable and spectrally pure micro wave source. It
consists of waveguide cavity flanged on one end, and micrometer driven
plunger on the other end. A gunn-diode is mounted in the waveguide
cavity which is tunable over the range 9.0 — 12.0 GHz with BNC (F)
connector for DC bias.

D Al cildaleay
Frequency Range GHz 9(Mecanical tunable)
Output Power (mW) 5-10 over the Frequency range
Frequency Calibration Accuracy +1%
Load VSWR 1.5Max
Pushing Sensitivity (MHz/V) 10
Operating Voltage — 8.0 to 10.0 V
Power Supply Operating current-200 to 500 mA
Waveguide type WR-90
Flange type UG-39/U
€ 4
-582-
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Aaser damal) 18 deryy (i Figall e da)lad) 85disall dasall Jardd aeiasPin Jasadll
CSHePin S e 0S5 o S Lk dalall Ll sasg 8 g K dagge
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2- Pin_Modulator is designed to modulate the CW output of Gunn
oscillator. It is operated by the square-pulses derived from the UHF(F)
connector of the Gunn Power Supply Model X-110.1t consists of a PIN-
diode mounted inside a section of waveguide flanged

on it’s both end .A 6dB fixed attenuating vane is mounted inside at the
input port to isolate Gunn diode and Pin diode and to protect the
oscillator. Thus, a DC biasing to Pin Modulator by 10 to 20mA DC
current, the output will be 6dB down. It is a transmission line i.e.
waveguide shunted with a PIN diode; the impedance of diode varies with
the bias applied to it. At negative or zero bias the diode presents very low
impedance, thus reflecting the signal. At positive bias, the diode presents
very high impedance and therefore does not effect the signal propagating
along the transmission line.

N
¥
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3-T — Circulator
is a T type of Three Port Circulators respectively. It is circulators are
matched three-port device and these are meant for allowing microwave

energy to flow in clockwise direction with negligible loss but almost no
transmission in the counterclockwise direction.

Ay Jal-4
g Ly i 2alay myaall ) Jaaadl e 28 Ji 2l U (g5 80 puaie
Dl Jlastind) Sy JREN (o raialy 98 LSy ¢ Jaall ) cmpal) ga sl 5L Taalas
e oy @2 Gassill Jlaal) an Jary b ¢ 38l aal vie ¢1g3) dajlie Joag
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4 — lIsolator Model X — 6021/a Isolator is a two-ports device that
transfers energy from input to output with little attenuation and from

output to input with very high attenuation.The isolator, shown in figure
below, can be derived from a three-port

-584-
circulator by simply placing a matched load (reflection less termination)
on one port. It will work over the frequency- range of circulators
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Isolation and Input VSWR (Voltage Standing Wave Ratio)

Insertion loss is the ratio of power detected at the output port to the power
supplied by source to the input port, measured with other ports terminated
in the matched load. It is expressed in dB. Isolation is the ratio of power
applied to the output to that measured at the input. It is expressed in dB.
The isolation of a circulator is measured with the third port terminated in
a matched load. Input VSWR of an isolator or circulator is the ratio of
voltage maximum to voltage minimum of the standing wave existing in
the line with all ports matched, except the test port.
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5- Direct Reading Frequency Meter

Is an absorption type cavity wave meter. It is made of tunable resonant
cavity (having high Q) of particular size. This cavity is connected to the
source of energy through a section of waveguide. The cavity absorbs
some power of resonance, which is indicated as a dip in the output power.
This type is recommended for use whenever quick determination of
frequency and easy reading are desired in laboratory and production
testing.
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6- Variable Attenuator

designed to obtain the low VSWR characteristics over the entire
frequency . This is meant for adjusting power levels and isolating a
source and load.
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7- Slotted Section With Probe Carriage

consists of a precision waveguide slotted line and the probe —carriage. In
order to measure in a waveguide the stationary wave that may be possibly
present, it is necessary to have a detecting probe of the kind described
afterwards, whose position can be varied along the guide for a certain
length,

This is made possible by cutting in a convenient section of the guide a
long and narrow longitudinal slot through a which the probe can be
introduced. A precision built probe carriage has a centimeter-scale with a
vernier reading of 0.1mm least count.

This element is of fundamental importance for all the measures of
stationary wave ratio , of impedance and of adaptation.

cidgilt JuAY Luaali-8
A8l (i€ (S aibabugy oSlel ysSaall saiall Gulil) Jad e Jexll pacae Gunal) 138
Jaall alaie Gaia JASY) (Bae . dsslil piias dage o (e adaile 3 SleS) Jaal)
O ¢ el QB8 Gany QA (ain (uaiy b (e A58 anall o Bilay Laguiaa
i€ (oS Al i A8l o305 Jitll ol (ye 235 Ale Zalal) Jaily cllud) |a
- SWR 55iadl z15a¥) Gulia 0y53 (5353 (535

-588-
8-Tunable Probe
is designed for use with model 6051 slotted section. It is meant for




exploring the energy of the electric field in a suitably fabricated section of
waveguide.

The depth of penetration into a waveguide-section is adjustable by the
knob of the probe consisting of a metallic rod immersed in the guide at a
variable depth. The tip (central wire projection of the probe) pickup the
RF power from the line and this power is rectified by crystal detector
(diode), which is then fed to the VSWR meter or indicating instrument

R 4alid g
Frequency Range (GHz) Q12
Output Connector BNC (F)
Detector IN 23
i gill QIR uaall
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9-Tunable Detector Mount

is simple and easy to use instruments for detecting microwave power
through a suitable detector. It consists of a detector crystal mounted in a




section of waveguide and a shorting plunger for matching purpose. The
output from the crystal may be fed to an indicating instrument

R 4.8Y Ailialgag

Frequency Range (GHz ) 12-9
Output Connector BNC (F)
Detector IN23
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10—-Movable Short

consists of a section of waveguide, flanged on one end and terminated
with a movable shorting plunger on the other end

By means of this non-contacting type plunger a reflection coefficient of
almost unity may be obtained.
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11 —Matched Termination

is low power and non- reflective type of terminations. It consists of a
small and highly dissipative taper flap mounted inside the centre of a
section of waveguide . Matched Termination is useful for VSWR
measurement of various waveguide components. It is also employed as
dummy and as precise reference load with tee junction, directional
coupler and other similar dividing devices .

2 palid o
Frequency Range ( GHz ) 9-12
VSWR ( Max ) 1.04
Av.Power (W) 2
-591-
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12-Slide Screw Tuner
is used for matching purpose by changing the penetration and position of
a screw in the slot, provided in the centre of the waveguide. It consists of
a section of waveguide, flanged on both ends and a thin-slot is provided
in the broad wall of the waveguide. A carriage carrying the screw is

provided over the slot. A VSWR up to 20 can be tuned to a value less
than 1.02 at certain frequency

s Al clia)gal) Al
Frequency Range ( GHz ) 9-12
Waveguide type WR-90
Flange type UG-39/U
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13 - Standard Gain Horn — Waveguide Antenna:
Pyramidal Waveguide Horn : consists of a section of waveguide joined to




a pyramidal section fabricated from brass sheet. This pyramidal section
shapes the energy to concentrate in a specified beam. It is used as feed
horn or as radiator for reflectors and lenses and also as Pickup antenna for
receiving microwave power.

PR dualed
Frequency Range (GHz ) 9-12
Gain (dB ) 171
VSWR (Max ) 1.20
Waveguide type WR -90
Flange type UG -39/U
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14 -Coaxial to Waveguide Adapter (Transition)

consists of a section of waveguide flanged on one end and terminated
with a smooth polished flat on the other end. A N(F) type connector on
the broad wall of the waveguide with pin assembly is so mounted that a
low VSWR is achieved over the entire frequency band. This adapter
works as a loss-less transition from rectangular waveguide to coaxial line
or viceversa

~594-

Frequency Range (GHz) 9-12



VSWR (Max) 1.30

Waveguide type WR -90
Flange type UG -39/U
Coaxial connector N (F)
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15 — Fixed Attenuator 3dB

iIs meant for inserting a known attenuation in a waveguide system. It
consists of a lossy-vane inserted in a section of waveguide, flanged on
both ends; it is useful for isolation of waveguide circuits, padding and
extending the range of measuring equipments. The attenuation value of

this type is 3db.
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Frequency Range (GHz ) 9-12



Attenuation (dB ) 3

Calibration Accuracy (dB ) +0.2
VSWR (Max) 1.10
Av. Power (W) 2
Insertion Loss (dB Max) 0.2

3dB sl amia alad) by -16
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16 — Multihole Directional Coupler 3dB

is useful for sampling a part of microwave energy for monitoring purpose
and for measuring reflections waveguide with addition of second parallel
section of waveguide thus making it a four port network.However and
impedance. It consists of a section of the fourth port is

-596-
terminated with a matched load. These two parallel sections are coupled

to each other through many holes, almost to give uniform coupling,
minimum frequency sensitivity and high directivity. The coupling value



of this type is 3dB.

: Auidl) Aaled
Frequency Range (GHz 9-12
Coupling (dB) 3
Directivity (dB) 35
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17-Magic Tee (E-H Tee)

Magic Tee consists of a section of waveguide with both series and shunt
waveguide arms, mounted at the exact mid-point of main arm. Both ends
of the section of waveguide and both arms are flanged on their ends.

-597-
This tee is employed in balanced mixers, automatic frequency control

circuit and impedance measurements circuits etc. This becomes a four
terminal device where one terminal is isolated from the input terminal .



P A48Y Aaled

Frequency Range (GHz) 9-12
Waveguide type WR-90
Flange type UG-9/U
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18 — E-Plane Tee
Is series type T- junction and consists of three section of waveguide
joined together in order to divide or compare power levels. The signal

entering the first port of this T- junction will be equally divided at second
and third ports of the same magnitude but in the opposite phase

—-598-

rde il 5 Alay — 19
é&ay&eﬂ ¢ 4_5‘)531\ aisl) 'é)@.AL 25l (b s VSWR U“L:.‘S“&“ Jadll Jazini




onaldl vie gl andn Ape @l 5 Alag J¥) bl LY sa)lll aylay) . Al
o skl Jladl Gim e il B

19 — H-Plane Tee

is shunt type T- junction for use in conjunction with VSWR meters,
frequency meters and other detected devices. Like in E-Plane Tee, the
signal fed through the first port of H-Plane Tee will be equally divided in
magnitude at second and third ports but in the same phase.
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Waveguide Stands
are meant to accept the components for setting up a waveguide test bench.
The height of stand is adjustable with a locking screw

culi ad Fixed Short
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1 - Gunn Power Supply

General Description

Gunn Power Supply : comprises of an electronically regulated DC
power supply and a square wave generator designed to operate Gunn
oscillator (X — 2152) and Pin Modulator (X — 451) simultaneously. The
DC voltage is variable from 0 to 10 Volts.

The frequency of the square wave can be continuously varied from 500 to
1900 Hz approximately. The front panel digital meter can read the Gunn
voltage and the current drawn by the Gunn diode.

The power supply is designed to protect the Gunn diode from reverse
voltage application, from over voltage transients and from low frequency
oscillations .

 oh Al ciliualgal)

Gunn Bias Voltage (V) O0to 10
Gunn Current (mA) 0to 750
Regulation 0.1%
Modulation Frequency (Hz) 500 to 1900
Modulation wave form square
Modulation Depth Adjustable
Display 3 % digit LED Display
Turn-on characteristics Soft for diode protection
Output Connectors BNC (F) for Gunn Oscillator
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Abscissa
Accumulator
Adaptive
Admittance

AGC

Alternative
Amplitude
Amplifier

Analog

Angle

Antenna

Array

Arbitrary
Attenuation
Attenuation constant
Attenuation factor
Average power
Average value
Available power
AXis

Backward wave
Band

Band pass filter
Bandwidth

-607-

pte — el
eddill f aalactl
(el ) dalasl ol
2l Jale

U giall de ey
s siall Al

38 siall de Uaia)

L)

535all A gall
Jlas

Aaja L edine
Jaall Gaye



Base-band

Block

Boundary conditions
Branch

Broadband

Broaden

Buffer

Calculation

Capacity

Carrier

Cavity resonator
Characteristic
Characteristic impedance
Chip

Circular

Coaxial

Coaxial line

Coefficient

Coefficient of reflection
Coefficient of diffraction
Communication
Compatible

Complex

Component

Compressed Smith match
Conductance
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Condition

Conductor

Conductivity

Conjugate impedance match
Conjugate mismatch loss
Conjugate power match
Conjugate matched
Connector

Control

Coupler

Current

Curve

Dc - biasing
Deflection coefficient
Deform
Deformation
Device

Dielectric
Dielectric constant
Dielectric loss
Dielectric resonator
Direct

Direction
Directional
Directivity
Displacement
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Dissipative

Distributed

Divider

Drift velocity

Dual — gate GaAs MESFET
Directional coupler
Discontinuity

Dynamic range

Effect

Effective

Efficiency

Electric

Electric Field
Electric Flux density
Electromagnetic
Electromagnetism spectrum
Electromagnetism
Electromotive
Energy
Environmental

Even — mode

Equation

Factor
Feedback
Ferrite
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Field

Filter
Filing factor
Flanges
Flat

Flow graph
Flux

Free space
Frequency
Function
Functional

Gain

Gain compression

Gain- bandwidth limitation
Generator

Guide wavelength
Gyrotron

Half - wave plate
Hard

Hardware
Hybrid

Hybrid junctions
Hybrid ring

Impedance
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Incident wave
Incident power
Index
Indirect
Inductance
Inductively
Information
Input
Instantaneous
Integrated
Interface
Interference
Intrinsic
Inverters

Joints ( Rotary Joints)
Junctions T

K - Band
Klystron

Lang. couplers
Lattice

Level

Line

Linear

Link
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Loss
Lumped

Magnetron

Mask

Match

Matched filter
Matching
Matching circuits
Matching networks
Maximum
Mechanical
Medium

Micro

Microstrip transmission line
Microstrip line
Minimum

Minus

Mode

Model

Neper
Network
Noise

Noise circles
Noise figure
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Noise parameters gl Byl dayo

Nonlinear ha Y
Normalization s
Normalize Y
Normalized o gusia
o
Octave Gl — 22l Canaa
Odd mode s Lo
One -port LU PPN
Open Cside
Optimum Jial
Order A
Orthogonal Lalxia
Output DA T oA
P
Parasitic elements Llila palic
Paste Hac
Pattern Lhis
Peak 55,0 — Ad
Performance g1
Periodic &5
Permeability aala)
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