BEBHEPERGE B 1148 $£7 5% 2000F 108 A3 2000-11-7-13

Ka-Band§ Half-Height Waveguide A3 347] A4
Design of a Ka-Band Half-Height Waveguide Power Combiner
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Abstract

A half-height waveguide power combiner is designed and analyzed for Ka-band satellite application. The branch
line directional coupler is utilized as a power combiner to acheive high port-to-port isolation and low insertion
loss. The half height waveguide is adopted to reduce the volume and mass of a power combiner. In this paper
a half height waveguide power combiner is designed and analyzed by FDTD and its performance is compared
with that of a full-height waveguide power combiner. The designed half-height combiner having optimum order
is manufactured and tested. The measurement shows that the designed half-height power combiner satisfies all
the performance requirements (insertion loss less than 0.3 dB, reflection loss more than 20dB, port to port
isolation more than 20 dB, and port to port phase difference within 5°) in the satellite communication frequency
band of 20.255 GHz to 21.255 GHz.
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Table 1. K-values to be transformed at the design frequency [unit : mm].
Waveguide Type Order K\ Ko K, K3 K; K;s
Full-Height W/G 4 43 4.64 5.77 5.71 4.64 43
Half-Height W/G 4 2.15 232 2.885 2.885 232 2.15
Half-Height W/G 2 2.15 29 29 2.15
B2 47 734 B9o2 WHY H g (29 : mm]
Table 2. H-Values to be transformed at the design frequency [unit : mm].
Waveguide Type Order H H, H, H, H;s
Full-Height W/G 4 0.37 2.0 3.855 20 0.37
Half-Height W/G 4 0.185 1.0 1.92 1.0 0.185
Half-Height W/G 2 1.0 2.5 1.0
B3 AA For ddeR WEd o
Table 3. ¢-Values to be transformed at the design frequency[unit : mm].
Waveguide Type | Order | ¢y | &1 | ¢ | & | b5 | é5 | b | b4 | b5 | 5
Full-Height W/G 4 1.46 1.61 1.61. 2.32 232 232 2.32 1.61. 1.61. 1.46
Half-Height W/G 4 1.46 1.61 1.61. 232 2.32 232 232 1.61. 1.61. 1.46
Half-Height W/G 2 1.46 2.12 2.12 2.12 2.12 1.46
Input Port—1 Ks | Ouput Port —1
Input Port—2 Ouput Port —2
R R A SR D I
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Fig. 3. Directional Coupler of order 4.
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130

120

110

|

Half-Height waveguide :
-/ Phase(Coupling Port)-Phase(Direct)
«  Full Height waveguide :
Phase(Coupling Port)-Phase(Direct Part)

Phase Difference [Degree]

80

70 T —

T Y T T Y T
16 17 18 19 20 21 22 23 24 25 26
Frequency[GHz]

18 5. FDTD & &j4e) 93 full-height W/G
AETA 719} half-height W/G AF A7)

o FE2EDY AR
Fig. 5. Phase difference of the two output ports of
directional couplers with full-height wave-
guide and half-height waveguide by FDTD.

Half-height W/GE #4998 A8EA719 A4 &
A ® 1, 2,300 vepY 9dow AAFQ 2717}
% 30% 71 2ol & A& ¢ & Uth T3 half-hei-
ght WG HHEA719 AaASF 54 19 49)
1902 EAEHY gtk 19 494 Jehd R
Zo] half-height W/G A= #4719 %52 full-he-
ight W/G A4 719] B0 vlwstdx A A
T4 Aozt Qvk Y £ XEQ A= 19

1222

S

5ol IYoE EAH Aor HA g FuaA
90°E W34 ¢ 4 Atk I8 62 F Y o
ko] fFA7E90° Q1 Aol AEHUE W A
$47129 £90] 3 dB7} YERY d&E 198
Z EASY ok

AA 27 Aes PSS 2 Fog 2 A
dHA718 AAE7] Y8t A7) 230 half-height
W/IG 284718 AAsHe 4A A+e 1,
2, 39 JERG uret 2ok 9 7S A7h 29 W
A AR 72E JepL loew ¥ 82 AT
2 F47 ARE el Ao 49 ZE 132
of 2717} 23 9Fe] 90° Apol7t v ™ol Q
7tE 28 XE 13425 ¢ 29 XA &9
o] vehtA Rtk

-
@

£

2 4

13

o

[&]

el

@

3.

a N

5 - ‘\.\

T

5 4 \

[- 9 /I -

- 2 A}
2 \
& \
3 Y
] 3
£ Y
— 1 ]
@

2

° Full-Height waveguide Power Combiner

g *  Half-Height guide Power C

a o

16 17 18 18 20 21 22 23 24 25 28
Frequency[GHz]

8 6. FDTD AlEgojAe] g 337} 49 full-
height W/G AH§A7|9 haf-height W/G
HAYFA71Y 28 1Y

Fig. 6. Output powers of 4 full-heizht and half-
height waveguide power combiners by FD-
TD.

Inout Port —1 Ko

K1 Ko KiJ Output Port—1

Inout Port —1|

—I Qutput Port—2

B R S ¢‘2: q,”z:q,‘a: ¢“3 :

28 7. A4 29 WY AW 72
Fig. 7. Ka-Band Directional Coupler o” order 2.



..u...._

J8 8 A gy 2% A
Fig. 8. A Ka-band Directional Coupler.

0
-1
2 i
-3 e //_/
—_ - MR Rt ST
2 4 *
= .
sz 5 =
R
o
i 3
g 7 :
» 8
KR :
—=— Test Data : §31 hd
-10 + TestData: S41
Simulation Data : $31
-1 4 Simutation Data : S41 .
-12 T T T T T T i
16 17 18 19 20 21 22 23 24 25 26

Frequency[GHz]

1% 9. Half-height W/G 8 #4719 S5 Sy
A4S} 237 vz

Fig. 9. The measured and simulated S5 and Sy
values of half-height waveguide power co-
mbiner of order 2.

ol N /

NN

—=— Test Data: S11

-30 s+ TestData: S21

—— Simulation Data : S11
- Simulation Data : 821

S-Parameters[dB)

=35

16 1 I7 1‘8 1 '9 ZYO 2‘1 2‘2 2‘3 2‘4 2‘5 26
Frequency[GHz]
38 10. 2471 290 half-height W/G AZ A 7] 9)
Sud Sn9 AN F &A3 vl
Fig. 10. The measured and simulated S;; and Sy
values of half-height waveguide power co-
mbiner of order 2.

Ka-Band§ Half-Height Waveguide A% 47 A4

257 dotal 7l WEol Abgrt 49 A EAL A
of Hls) HAHo =2 AFol AU LA o
FFAM HA 27 A5E 53T Uk 219 9
g 10 AAE A8 #4719 A5E veliz ¢
o R AR whab AL 20 dB o)A
33 glom ZET oloj& o] =& 20 dB o
A UL Aok B9 &9 XEL AEY 9%
< ¢ 02 dB o]3tE Wty Sl dAlH AYY
4714l FDTDE o] 4-& AlEgold A3 243
7t & AT ASE B Uk

NZ E

B =FodAe Ka-tld 914 AL half-height
WG AYPA71E AAstE AR Fi9
Yot FAE ZOHN A2 2T1HE A%
s UEAIE A5 E719 4AE A3 4574
ANEE FAH R A2 A5E 2AEE A7) 2
d HFY] AYE AASE H4SAD half-
height W/GE Atgated HA T e AHFA
7] full-height W/G A& A7) vla] F 57% 7}
F EHrt 2o EJTE B 23 ARE 4AE A
H¥471E Ka-Band 944202 AFsigon 4
U444 0.1 dB 0315 THEEH WA} £48 20 dB
o[dE TESIET TEZ oloj&g o)L 20 dB
oJFE Ve 9don &8 ox= ¢ 0.2 dBE
HES T £ =FoA 9F7F half-height W/G 7
ZAE =dF Yuio) Yeo 22 vlojazy 4
AEY ¥3) % RAE ol ST 4+ 3Ug 3

o

B
&

tjo —m

s

o2
Ho
ra

a

[1] David M. Pozar, Microwave engineering, Addi-
son-Wesley, New York, 1993.

[2] Peter A. Rizzi, Microwave engineering passive
circuits, Prentice-Hall, London, 1988.

[3] George L. Matthaei, Leo Young, E. M. T.
Jones, Microwave filters, impedance-matching,
networks, and coupling structures, Artech
House, Washington, 1980.

1223



EEHSSBBBE

BEBHERERNES £11% B 7% 20005 108

[4] LEO Young, “Syncronous branch guide direct-
ional couplers for low and high power appl-
ications,” IRE Transaction on Microwave The-
ory and Thechiques, PGMTT-10, pp. 459-475,
November, 1962.

[5] A. Taflove and M. E. Brodwin, “Numerical
solution of steady-state electromagnetic scatt-
ering problems using the time-dependent Max-
well's equations,” JIEEE Trans. Microwave
Theory Thech., vol. MTT-23, pp. 623-630, Au-
gust, 1975.

[6] 1. S. Kim and W. J. R. Hoefer, “A local mesh
refinement algorithm for the time-domain finite-
difference method using Maxwell's curl equ-
ations,” [EEE Trans. Microwave Theory Thech.,
vol. 38, pp. 812-815, June, 1990.

1997:3: gFhsta Auzgstak(z
34

1999'3: FF et AAF KT
44

19993 ~2A: FFHHD BAF
QKB EIC RS )

(5 @4dgoH vlelaZ2s

T &4 44 g £AHY

ol

2
tT

1224

[7] S. S. Zivanovic, K. S. Yee, and K. K. Mei, “A
subgridding method for the time-domain finite-
difference method to solve Marwell's equa-
tions,” IEEE Trans Microwave Theory Thech.,
vol. 39, pp. 471-479, Mar., 1991.

[8] K. S. Kunz and L. Simpson, “A technique for
increasing the resolution of finite-difference
solutions to the Maxwell equation.” IEEE Tra-
ns. Elecromagn. Compat., vol. EMC-23, pp.
419-422, Nov., 1981.

[9] Paolo Mezzanotte, Luca Roselli, and Roberto
Sorrentino, “A simple way to model curved
metal boundaries in FDTD algorithm avoiding

staircase approximation,” IEEE Microwave and
Guided Wave Letters, vol. 5, no. 8, pp. 267-269
August, 1995.

19803 g AT
s

1986'3: n]=+ Ohio State University
A7 FAHEFHEAD

1989d: v]= Ohio State University
A7) 28 HE A

198913 ~19913: |3t Arizona State

[

University A3l
19911 ~1995d: SFEA YAAIQER A7
19959 ~8A: sty AQH7| TR Fue
F BAEH <Y AA 2 Y, slo|azy 5 - £F
&2 AA, AxsAds 743



