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Abstract

A collinear end launcher waveguide adapter is utilized to the excitation of a
two-dimensional array of rectangular waveguide radiators. The end launcher
consists of the excitation geometry that a center conductor of coaxial line is
interconnected collinearly into the ‘“—'-shaped multiple-step coupling loop
shorted on the waveguide broad-wall, and converts a coaxial TEM mode into a
waveguide dominant mode.

In this thesis, the multiple-step loop coupling model for the analysis of
collinear end launcher rectangular waveguide adapter is presented. The influence
of propagation mode and higher modes inside a rectangular waveguide are
analyzed and design parameters of the end launcher are investigated. We
present the loop coupling model to design the collinear end launcher rectangular
waveguide adapter and find a more exact expression without any approximation
for input impedance considered the dominant mode together with higher order
modes inside a waveguide. Also, the results obtained from the input impedance
expression is analyzed and compared with the previous works of end launcher
adapter with single loop coupling model, and verified validity of the proposed
analytical expression about input impedance by a commercial electromagnetic
tool of HFSS based on a numerical method known as FEM.

For optimum design of the adapter, the input impedance of end launcher
adapter can be matched by properly controlling the length of loop (L,, L,),
radius (r) and input feeding point (z,). It is the ideal case that the resistive
component of input impedance equals to the characteristic impedance of coaxial
line, and the reactive component equals to zero. However, it is difficult
practically that the reactive component is realized to zero over whole waveguide
frequency band. Therefore, we have to trade-off in which the resistive

component approaches to the characteristic impedance of coaxial line, and also



the reactive component approaches to zero over the operating frequency band as
controlling the physical parameters to design of the end launcher adapter. The
design for collinear end launcher adapter is achieved as follow. A resistive
component flatness of input impedance for a adapter with single-step loop
coupling structure by L, and L, is tuned up. A resistive component of it by =z,
1s tuned up. If resistive component is good matched, reactance component
approaches to zero over the operating frequency band. In the case of tuning for
collinear end launcher adapter with multiple-step loop coupling structure, the
same process in the limited ranges of L, = 1/8>\g, L,y = 1/12)\g,
Ly >L;>->1Ly,y_, and L,y >---> L, > L, is applied.

Multiple-step collinear end launcher rectangular waveguide adapter for wide
band system has been designed. The percentage bandwidth(BW) of single-step
adapter with total loop length of 16.08mm is 4.4% in the VSWR range of
maximum 1.2. The BW of double-step adapter with the same length is extended
up to 30.6% in the VSWR. And also, the BW of triple-step adapter with same
condition also is extended up to 37.3%. After analysis of them, we have
fabricated double-step adapter with total loop length of 15.8mm. The BW of
fabricated adapter is 31.3% in the VSWR range of maximum 1.2. That is the
reason for the extended bandwidth since higher modes excited by multiple-step
loop current cancel their reactive components out. As the result, in broadband,
reactive component approaches to zero and also resistive component approaches
to the characteristic impedance of coaxial line. The results show that the
numerical calculations based on this thesis for input VSWR of the end launcher
adapter generally agree well with the HFSS data. Therefore, the new analytical
formula has more accuracy than the previous formulas and allows the design to

be put on a dependable quantitative criterion.
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0<z <L

L <y <L +L,

Li+L, <z, <L +L,+L,

Li+Ly+ Ly <y, <L, +L,+L,+IL, (A-1)

Li+Ly+ -+ Loy o <zy<L +Ly,+ -+ Loy,
L+ Lote--+ Loy | <yy <Ly +Ly+ -+ Ly

of W wetE e FxTze ARUEE 4 @RRH oY 2o & + 9
o,
Iy

J= ooy €08 (K(Ly + Ly + -+ Ly —1)) (A-2)
o714 1& &I kel T o] Flolt) o] Aoz R X9 WIS
0 A we] FAFE s gol EAT

J, ; =—cos (ky)é(x— (x, +7cos (¢))d(z— (¢, +rsin(e))) (A4-3a)

(Mp; =y =nrg,)
J..; = cos (k(L, —120))6(x — (x, +7cos (¢))d(y — (& +rsin(¢))) (4-3b)

(TB7Z» <z< TZi)
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:T;ncos[k(Lz—i—Lg—l—..-—kLm)], y=1L,+ L+ -+ L,y
I

=5 cos [k(L3+L4 +...+L2N)], Y=yt L, Ly

o) i Sk A AT L e <N L)

J
- 2—7:'"008 [k‘(LS +1, —|—..._|_L2N>]’ J=LML,
I
:2—WCOS[k(L4+L5+L2N)]a Z:L1+L2—|-L3

o] e AR AE(L+ L+t Loy <y < L+ Lo ++ Loy
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I

:2—7;005 [k(L4 +L,+ +L2N>]; y=1L,+ L, ++ L,
I

:%cos[k(LS—i—LG—l—..-—kLm)], y=1L, + L+ -+ L,y

:?008[]{(L2N71+L2N)], Z:L1+L2 +.“+L2N72
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A, (z,y,2)= [chos (k,x)+ Dysin (kxx)] [D3cos (kyy) + D,sin (kyy)] (A-8)
[D5€7 7+ Dﬁew]

olty. 471X Dy, D,, Ds, D,, D;, Dy= 7FF0l3L, k% k= 242 oW i
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rE
>
e
)
o)

Aok yde] afpAlolth aelar 2R e AP TFolar
t}. o] dutdle] TMREC TP FHEFB AAZRA(E =0 UYL, -

wgow AA¥: B2 gdf avhie] Al vgu o fEHE

Az = Z ZDm,nSin(k.rx)Sin(kyy>e_A/Z (_ﬂ—9)

m=1n=1

A7IA kT mr/a®lil, ke nn/b, yE K=k —k, D, oIt

o] Qural AFAo] EATE: Aol AFAel BE AAEAL W o}
s o] zAoERY D, ¥ & Ak WA D, & T AR At

Eshg del 4] 2AS BESE E5aE 2] Getel 4 (198 HEDe) Bt

29D sin(km :L‘)Sin(kyy>ef == I T, 2) (A4-10)

mn

o] At} 7|4 FA A= nREuAA = P
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2v*D,,,sin(k, z)sin(k, a)sin(k,y)sin(k,y')e” Wz=2) (A-11)
=—J, (x/,y/,z/)sin(km x/>sin(kyy')e“’
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a b
Q'yQDmn/ Sin(kzx)sin(kxx')dx/ sin(kyy)sin(k:yy')dy (1-12)
0 0
/me_W(z_z/)dzz /— JZ(x’,y',z')Sin(kxx')sin(kyy’)ew,dv'
0
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r=a', y=y, 2=z
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ATt z=a', y=y, z2#z

skl deletd vhgat 2

M %/JZ (z',y',2" )sin(k, a:/)sin(kyy/)eA"zydv’ (A-13)
2o ARl a Eska el A7t B4 @t 94 ARUE WEA 1
Al Folof gt FAW FAoRE PAH Us e AFde] A wel=
of ARHALEZRY of7jd A= 2ui7F Ik wabq 4 A7

(A-13)& 2 (A-9°l tidste] TME = dg SF3E e 2ol fF=3.
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filo
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)
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12 2(111)7 sin(k x)sm(k y) (A4-14)

/J( "y, )sin(k, I’)Sln(k Yy )e —l =gy

2) TE 2= o dig vl HExad

TMEES B FEIGNAG AR PHom rEREe] hekel Ak

AFdol glE TF BEoAE A =4, =003 v (8%/az® +0%/0y? +6%/02°)©)
Be A (1-6)Z5FF vtadE My Edd 4o tig eSS vt 2ol
xdgoh

8% 8% 87

724' 724'72 Ay(xayaz)+k2Ay(xayaz):0 (ﬂ—15)
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A, (z,y,2) = [Clcos (k,x)+ CQSin(k‘l.a:)] [C3cos (kyy) + C4sin(kyy)] (A4-16)
[ Cse™ 7" + 06672]

otk A7IA ¢, Gy, G, C,, Cs, Co& 7FFolth 18la oA o = 3
spolal = HRAbgfolt} o] dwtefel]l TER =] ¥
(B.=0)& dYsta, »HFo= MIgses v=2 xdd =aade] gutal= o

&3} 2.
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-
ofk
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X
BN
A

co co

= > X1 Gsin(k, z)cos (k,y)e (A-17)

m=1n=20

€n Iy ¥ I 4 ’ AV ’
Cn = W’Y-/JZ (z',y,2 )sm(kfsc )cos (kyy )e' dv (A4-18)

ol e},

2 (A-18)F 2] (A-17°) vidst TERE=S S5aE g3 o] frd,

ZZ

m=1n=0a

in(k, z)cos (k,y) (A4-19)

J, (:c 2 )sin(k, z")cos (k,y e ldy’




A3 PhadE MEEade) A%

WA el % AR
A6a)el © Yistel HelstH e 2

/J sm k: T cos(k y)e =2y (A-20)
= / - —cos (ky')d(z" — (z, +rcos (¢)))
(Z —(C —}-rsul ')))}Sin(kzx,)cos(kyy')e*’ﬂzfz’ldvz
- /%{—cos (ky')(S(w/—(xo‘i‘?"COS (¢)))
5z = (¢ —l—rsin(qﬁ')))}sin(k;q;m')cos (k‘y ye e Elrdy dgy'

(_Q <z < Q), (UB,i =y= 77T,i)

o714 Zetd(HEAZL B Mg ARl EAsE G Mol AHt
Txo FYelw PEHnz AH HAPe ¥W HPow uE F gown o o
AGA R Yt A2WG d'e TRAR] F ABWS ragdy 2 wHHT A

I T
2_0/’7 cos (ky’ )cos(kzyy )dy' (A4-21)

i

f l’ 4 rcos (¢ ))677'27(C'+T.Sin(6>,)|d¢,

o] frh. A(A-21)el A A
W

Bolael ulg el How



/nn [— cos (ky )cos (kyy')]dy' (A-22)
i
1 sin((— ky+k7)773,¢) B Sin((k +k')773,i>
2 k,—k k,—k
Sin((— k‘y —l—k)nm) N Sln((k‘ —i—k)nTz)
k,—k k —k

qUa2ne ARus ol o Are muwel AAW z=09] ool
c=—2o EASE 9Y AFAS TFaT Yok o AFRAL pPBe AT

I $14do] whrjolth. [28]9] 4]1.42(1) & ol&ste] A (4-2D)E5 A3

JA 27 — Az — rsin (¢’ ’
—0/ sin(k, (z, +7cos (¢'))e imiahges >|d¢ (A-23)
2w 0
Iy
=>4 sm(lﬁ wo)
':QWK'{QT(IO( k T +47TZ [ COS ]211 (W)']2u<kl‘r>]}
u=1
_e%{zﬂo (=) 4w 35 [ 1) cos ), (‘””")‘]2”(’““")]”
u=1
(_CZ < Z’ < C’L)
A B o vadE AEZaRg el 42D A 4w B

il / sin(k, (x, +rcos (¢ ))sin(k, (& +rsin(g)))d (A-24)

2r J

[ cos(kr, ~ 1))

(—TT)i <z<—Tg;, Tp; <2< TZi)
AN ARAF GOl dE A AzRe R gl A Azt
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|/ Oz”sin(kz (z, +reos (¢ )))sin(k, (& +rsin())de (1-25)
—sink, z,sin(k, &) [ :Wcos (K, rcos (¢ ))cos (K, rsin(¢))dey

+sin(k, a,eos (k&) [ 02”(;08 (k, reos (6)sink, rsin(@))dg
+eos(k,,Jsin(k, &) [ OQ"Sm(kz reos (6 ))cos (k, rsin(¢))de

2T

+cos(k1xo)cos(ky§i)/ sin(k:ircos (¢'))sin(kyrsin(¢'))d¢'
0
[27]9] 2](9.1.42)~(9.145) & o]&3lo] A (A4-25)5 A &3H. o] 47243 =

/%cos (k:mrcos ((/)’))cos (k:yrsin((b'))d(/)’ (1-26)
0
— thr [Jo(k:@ )+ 2/2 (= 1)" (K, r)cos (2u¢ )}

[Jo(k:y P23k, reos (21@')} i

v=1
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2<z W AETAL < <rpoll A AP WRdAE @ SFolv] Wi
o dui7lss AAY W Fa7t vpyit ol g Auighe] o AE 7S e

atof 2 (A-24)0lA4 =4 Feo A&

/ cos (k(L, —121))e” "=~ #ldz’ (A4-27)
= [ Meostblz 420 [ eos (L~ 2 e e
—Tri Bi

[ eos kL, — 2 e

z

(=71p; <z <—Tp;, Tg; <2< Tm)

olth. A (4-27)oll A ZF Aol gk A= v 2ol

=] R ROA=N
[ sl +2 ey (2-28a)
1 . i~
= m [[ycos (k(TBJ GadliA ) — ksm(k:(TBJ - L, e e
— [~cos (I{J(TTZ N LA k:sin(k:(Tm —L)le/ e g
[ eos(h(z, =2 ez (1-28b)

—; CcOoS —z))—ksin ¥ G
—#+¢h (k(L, —2)) — ksin (k(L, — 2))

- ['YCOS (k(TBJ —iy )+ kSin(k(TB,i —L, ))]e'wﬂeefq/z]

/Tmcos (k(L,— z))eW(zf Dy (A4-28c)
- ﬁ['ycos (L, —2)) +ksin(k(L, —2))

— [rycos (k:(TTz —L, ))— ksin(k(rm —L, )le m”e’”]



/ By idyidv (41-29)
= o ab’y gt Ay jw,u—i-— sin(k, z)cos (k, y)e =

€n mn 4 mn
| ot ab’y ya, szb L
[—cos (ky)o(x (x +rcos

sm k x COb k: y)e R

ja),u-f-—

_ [—cos (ky)é( (J: —I—rcos ) (z— C—l—rsm((b))):] dv
$))o

(2= (¢ +rsin(e )))] rdody

Mg <y <np,)

oI71A Alzavt AidAE AES 5@ #Aclmm ARt A (4-29)9A

4% ¢ B FEU FEote] 4R u

[ sinfl (@, + reos (8))e T g (1-30)
0
= sin(km xo)
{e A’('{QWIO (— ’yr),]o(km r)-i— 47 i [(— 1)“cos (’LLT(')IQU (— yr)JQu(kw r)] H

u=1

oo dEa 4 (29)eA ARAR yol Ulg G FEste] AR )



/nn [—cos (ky)cos (kyy)]dy (A4-31)

i

1 sin((— ky+k)773,i) B Siﬂ((ky+k)773,i>

2 k,—k k,—k

sin((k, Thng,) | sin((k, +king)
k,—k k,—k

ol .

2) WA ko] Lk QM E AR

A wre] ol e PATEaE oAA we] B ARd g A
(4b)st o] ARZHE o7 b U A we] o AAe oE A
(50b)% A (G| zay el Yestel thea go] AR

/Ez,i‘]z,idv (A4-32)
i
- / {%A;;’; A sin(k, 2)sin(k, y)

2 2
{(—ja);ﬁ——_’y )Aﬂnle = (ja),u——,fy )A;ngievz

jwe jwe
9 2
= jou— A e = |jou— - |Ary e
jwe ’ Jwe | F
k?
+|— jwpu— ——|2~cos (k‘(Lg —2)) }
jwe :

coS (k:(LS —121)8(z— (xo +rcos (¢)))5 (y— (é’z +rsin(g)))dv
A
= f [ - AN ALY sm(k x)sm(k: y)

s a2z e

; a
~ e )Aﬁﬁéfie (qu— Twe | Aeeti€”

+ (—ja),u— %)Q’ycos (k(Ls —z)) }

cos (k(L, —121))d(z — (x, +rcos (¢))d(y— (& +rsin(e))) rdpdz

(Tp; <2< Tﬂi)
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/jﬁsin(kz (xo +rcos ((b)))sin(k:y (§Z + rsin(¢)))d¢

2
= sin(k:z xo)sin(k:y fi)/o cos (k:T 7 COoS (¢))cos (k:y rsin (gb))dgb

+ Sin(kz azo)cos (ky 52)/ 27rcos (k:z 7'COS (gb))sin(kyrsin (¢))d¢
0

+ cos (kz xo)sin(ky fi)/%sin(kz 7 COS ((b))cos (kyrsin(qﬁ))d(b
0

+ cos (k:m xo)cos (k:y 57)/ QﬂSin(k‘m rCos ((/)))sin(kyrsin (gb))dq’)
0

otk 4(A-20)90 ASE WA FAF PYOE (43S
A

|/ OQ”COS (k, 7oos ())cos (k, rsin($))ds
- fO%[JO(kmr)—w )
[Jo(ky P+ zf} ML rleos (2@¢)} i

= 2mfl (e, 0 3 |1

v=1

=1 )“,]2u(l<:l, r)cos (2u¢)}

2u<k T)‘]2v<kt T)
olth. Elal 4 (A-32)o1 HEAAF 2ol tiF Fent FE

Sl )Azsﬂe e

TRi Jwe
oL (_)

Jw
k2
+ —ja),u— —— |[27cos (k }cos

sin(4r(u—1v))

- A (A-32)°1A

(A4-33)
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= (— Jjwp+ ,i)AZTZT i / e eos (k(L, —2))dz
ju)e ’ TBZ
2 ™
— (jw,u— %)A;Z;l / e cos (k:(LS —2))dz
7 -
- (jw,u— E)AZZ;Z / e "cos (k(L, —2))dz
—(jw,u— i) m”A/TYeA’ZCOS (k(L. — 2))dz
ju)e zcd, i - s
K TI-:
n (— jup— jT)[Q’y] / cos (k(L, — 2))cos (K(L, — 2))dz
€

/Tne* eos (k(L, — 2))dz (4-31a)

= m [[’Ycos (k:(TBﬂ- —Ls)) — k’Sin(k(TB,j Ls))]€7 T

— [yeos (k(rp,; = I, ) — ksin (k(rp; — L,))le” 7]

/n:/‘e“fzcos (k:(LS —2))dz 31
— ﬁ [[’YCOS (k(TT,i — LS )) + ksin(k(TT,j A Ls ))]6771,,;

— [ycos (k‘(TB’j —L))+ kSiH(TB’j ~L )]evm,:}

/Tyi'cos (k(L, = 2))cos (k(L, — 2))dz (A-31¢)

sin(k(ry; — L)) —sin(2k(ry, — L, ) +2k(ry; — 75,)
4k




1
Jp
®

| Sin((— ky+k)773,i) B Sin((ky-i—k)nB’i) B Sin((— ky—f—k)nm) (@-1)
vari g k,—k k,+k k,~k
sin((ky—i—k)nm)
k,+k

A= sin(kz xo) {e%’ {271’[0 (W)%(er)+4wi [(—1)ucos (ur)L,, (W)‘]2u<er>]} (B-2)

u=1

—e {27#0 (=l 7443 [ (= 1)eos (), (=304 7)) H

u=1

mn __ 1 . .
AL = m sin(k, z,)sin(k, &) (B-3)

Ali= {%%(w)%(%r% DI 1)“%4@&%4@@(%)} (B-4)
u=1lv=1
AL = [ycos (I{J(TBJ —L))— k:sin(k:(TBJ —L))e I (B-5)
ALY =— [ycos (kz(Tm —LS)) — k?Sin(k‘(Tm — 1, Ne T (B-6)
ALY = [ycos (k‘(TBJ —L))+ k:sin(k:(TB’Z- L N]e ™ (B-7)
A;ZL =—[ycos (k:(Tm ‘Ls))_kSin(k(Tm — ia Ne 7
(B-8)
mn _ : -G
B, = sm(k:z xo)e (B-9)
2nl, (—’Yr’)Jo(k‘x r)—l— 47 E {(— 1)"cos (um)L,, (—fyr')JQu(k;x r)}
u=1
BZTZTZL = [7ycos (k:(TTz —LS)) —l—ksin(k(Tm —L(;))]eﬂm"‘ (B-10)
B sin(k(ry, — L,)) —sinQk(ry, — L)) + 2k (7, — 75,;)
2a,i Ak
(B-11)
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AN L} L,, L, TAY 1% wA g5 (modified Bessel function of the
first kind)°ol 3z, J, & g, , J, © 15 WA E(Bessel function of the first kind)©|
o 2g 3 A(B-2), A(B-4) D (B9 EgtH Fekd) Alawp AAbAbE 1o
o] wj-g- ZrobA HA AL ANA FEFS gorg ALA A WA kA
o v mupd o QIAfel
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X
Jp
a

(st )

A

<input> f_c,max :

A

M_max <« 2a/c*f_c,max
m<0
n<0
count < 0

tmp < c/2*sart((m/a)~2+(n/b)"2)
|

tmp<=f_c,max

YES
YES
. NO
femn(count,0) < tmp
femn(count,1) < m m < m+1
femn(count,2) < n \ | n < n+i
count < count+1

: m> o

M_max <n

YES
v

fcmn < Sort(fcmn)




# C-1. WRO0 7@ =3 o] dufiR=st Apekgatse

] E = (mode) B9l FX(p) Cutoff Freq.[(Hz]
TE), p=1—>m=1, n=0 6.557
TE,, p=2 > m=2, n=0 13.114
TE,, p=3 > m=1, n=1 16.145
TM, p=4 > m=1, n=1 16.145
TE;, p=5 > m=3, n=0 19.672
TE,, p=6 = m=2, n=1 19.740
TM,, p=T7 > m=2, n=1 19.740
TE;, p=8 > m=3, n=1 24.590
TM;, p=9 > m=3, n=1 24.590
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