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Abstract

Simple practical design method is propoesed for the waffle-iron waveguide filter. The design procedure comprises
two steps. The first step is to calculate the K-inverter based on the transformed ABCD parameter from the S parameter
for the single window of waffle-iron structure by use of EM S/W tool. The second step is to optimize the size of
the windows such that the calculated K inverters may be in accord with the distributed constant prototype filter. In
order to validate the design method, a waffle-iron filter for satellite communications over the Ka band is designed and
fabricated. The measured results are in good agreement with the calculated ones.
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Fig. 1. Geometry of waffle-iron waveguide filter.

6 6
— o
Z Ko Z Ky, Z, Kotn Z, Kot Zout

I8 2 K-UHEE 2= RIS A5 47 o
7] '

Fig. 2. Half-wave distributed constant prototype filter
with K-inverter.

A KIHMEHE 2t o BEAS 948 o5
g AT, 4E QYEA 2L $92
e 59 dn7)2 FEEE whbo) 3y AL E
z g

a3y AA 7] A b ofEg AL
°4Tﬁr7194 Y4 F2%4 o4 KAHEE Ze

TAF 98 |7 BAE ME AN E

“*P% o)t} Waffle-iron 93719 A4S ¥H T3
Bz uhgke] Uhd] £ A Z window® boss 2
18 53t sl 97 A57]9 K-AHES A
1= Zolth d2A wwd F271 748 Ay &
3719 corrugated =¥ oJ57= E HH B

N

7

o

1319



BEBRILBEHRGE B 188 H 1] 20005114

0 K 5
Zq ! A
YLK o P
O L
A jB
z, Z,
ic b

18 3. K-oluiE e ABCD #etr]Ei7he] A
Fig. 3. Relationship between K-inverter and ABCD
parameter.

<o) digt 2 wiA 4 (mode matching me-
thod) & AHE3ld S-BeinigE +8 + 4, ol &
ABCD mtetvleis WHEsie] K-QAWE S AR
= Fgo g A g} Yt o ® K-QIHE e AB-
CD ehn g 7] A E 18 3904 BoFa 9o
W, AN 2 (D o] FoAg®

K _Ji-vi1

ZIZZ (1)
4714

1 1
L=1+=(a—-d)* +—(b-c)’
4(61 ) 4( c)

183 window ¥l AA F& A HES
A 4, 6 okl A (3)S ol EEte] ANE 5 A
2(bd —ac)
tan2¢, =
R SR Ga)
2(ab—cd)
tan2¢, =
an 2, (d*=a*)+(@"-c?) (3b)

o AAA S 4, 47t AT 0 4 ()F
g 22708 20 (& QA Hu, 4ol Lol

2 718] ZAol7t oA

e
oo
B o
L
(5,

4 s (1, +¢:) ™
== +d, )+
i 277 Li 2. /’LUC

&

4

1320

19 19 waffle-iron A B7]1¢) +XE A2H

= g.ggngE fated oEgel don, A
wgy 2T njAee aapiog Aug 4 9
o, % A AZEYE T3l ol F
A A4A Z2E 5 glok olHd e F5E] #E
of B =RoME A fddA de] AHEHL
Qe A4 EM S/W tool¢] HFSSUF CSTE o] &84
S-oEEE 24 T3k waffle-iron 5718 7
s AdAsE ByE 7lestiat drh

Wz 18 49 o] ©opd 33 WO 2 boss7t
9= 2 windowol A K& 8kl Bah 19 4
A boss A7)1E wxB,xB, g} %3, boss A n
3 boss7H] 744 §7F FOIAH B (a-nS)/n g
Ao o8] AR o]oiA o] Lz g 4
ANE T 929 hi s-aiEE
EM S/W toolE o]&3le] 47 Hrh o714 TEy X

(a A=

(2) Solid view

‘+S
| } ¥ s/0
*

(b) A=
(b) Front view

B, |

b thoy
Sy

— W

(¢) A

Uil

(¢) Cross section

18 4. 9 window T

Fig. 4. Single window structure.



Eol th& s-shetvlElE 93, o & ABCD Te}alH
Z st 4 (o 93 K gt 3t gk o
%, 499 boss®) o) B9 WE K-ANEE X

A4 & g 8,5 ¥ HAZ Yol K-AWEE 78
I HEHE ]%5}‘3 g}
meka ¢ o} 7E% WO R ZF window T30l A

boss®] A71E FHste] I¥ 29 K-AME Y 4
AZIE 29 19 7HA ko) A7) Aol L7} u2
ARHDZ waffle-iron <375 7V3A AAY
T Uk

JE2A WR42 L=3PHe=10.668 mm, b=4.318 mm)
oAl 18 49 722 window’} Q& 2% bossd &

00 x $=0 mm 0
o o
= k=3
© ©
2 E
08,
-0.2
0.4
o 04 o
g o]
2 E
04 08
-0.8 -0.8
025 050 075 1.00 125 150 175 200
Bh {mm]
(b) Sx

38 5. 99 windowol A Biol] WE )& s-sie)n|
B(/f,=22 GHz, ¢=10.668 mm, 5=4318 mm,
n=5,w=2.0 mm)

Fig. 5. S-parameter versus Bix of single window(/o
=22 GHz, 4=10.668 mm, b=4.318 mm, n=5,
w=2.0 mm).

Waffle-Iron £33 of57] A4

0.6
- ————— s=0mm
05—
04 —
X 03—
02 —
01—
0.0 | \ i . l i ‘
0.0 0.5 1.0 1.5 2.0
Bp fmm}
(@ K
40
30 —
¢ 20—
10 —
L
0
0.0 0.5 1.0 1.5 2.0
Bh [mm]
(b) ¢

18 6. 2 windowell A Biof W& Kgtsh 914 ¢
Fig. 6. K and ¢ versus B of single window.

o] B,o) w2 A (N9 K & 4 3)9 944E 73
o Bz 71N &Y TEY F7|7}t FYE)
£l A (3)9] YA 4 =4, 0ltt HA dT) AHE
1 9= EM S/W tool?l HFSSE S-TetulE & A
Aated Bzl Dok W2 boss7t n=57F 0] 2 boss
o] Zo] w=20 mm3 % 5=05, 1.0, 1.2 mm o,
bossS) =0] By E 0.25 mmolA] 2.0 mm7tA] 0.25 mm
7vA 02 Z54 22 GHzlA 78 S-gtan|HE 1
g 5o JeERSITh 3813 o} & ABCD FMHE
H3ET 4 (1)~3)o o3 Kt ¢ & Atstd 1
g 69l YJeRAAch 2dIA HHE =09 FE o

1321



BETRILPERGEE H18% F 1R 20005 1A

i

A9 4G o7k AL B 5 ATh
5=0.5, 1.0, 1.2 mm¢] A%< A a
T3 B 7b S5 wE K
oz AZRE ¢ F Utk

2-3 omt7| EA

g A AFE AA o P54 20 GHz
o) 9] waffle-iron & 7)5 AA LA S} 8
AL % 194 BE upel o] B3 gy 208~
212 GHzo) X A A2 30.13~30.84 GHzOl A 85
dB ©14, 40.71~42.31 GHz| A= 60 dB ©1 =
of 3t} 181 9429 ¥IEE ¥F ALY &
# WRS13} dAH oF gt

oY 4F FAL WEAF HAsiME BA
waffle-iron 43715 FA7] A% EFHHF A7)(ax
bE HAs ok 3t} o5 8 TEy AT FIHFE
oup7le] 3 tfgHTt @A Folok sk, TEy,
TEy, TMy 59 I3 RE7h BAE = g 9A3
71 98l 1A REQ et Fage 579 A
et 71538 54 FEE =93] 23} ol
Aok 3t} o] waffle-iron 97|17} & IAt
R AAtE BAS ZA Ry gEejtt o
2 =W WRS1 E9#e] Z3} Fold i waffle-
iron Q7)1 E AASHE 13 L2 (G Fu7t
S #4949 94 i ¥A Hol E 19 87
FAL B2 $ QA "k & AAGAE o]
g A BEaAE FHeete TRHe] T2 4=
9 mm, Eo1E 5=32 mmZ AsIh

Waffle-iron 51718 AA37] YsiMe 9A o
7] Aol o) o 1 29 £XAS 4 A5}
718 AA%h Chebyshev SRS Ze BEAT ¥

E 1. Waffle-iron &37] 8+ 74
Table 1. Required specification of waffle-iron filter.

35 27 74
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Interface WR51(12.954x6.483 mm)
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Fig. 11. Photograph of fabricated waffle-iron filter.
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