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Design and fabrication of a 12-way radial combiner with a
miniaturized dual waveguide to coaxial transition structure
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Abstract A radial combiner with high efficiency characteristics in the X-band was designed and
manufactured using a waveguide and matching structure. In particular, in order to manufacture it in a
small size, a dual waveguide to coaxial transition structure was applied that allows two ports to be
matched to one waveguide. Applying this structure makes it possible to manufacture smaller than typical
coaxial to waveguide radial combiner. As a result of measurement in the X-band band of 9.2~10GHz,
the return loss was less than -18.408dB and the output insertion loss was less than 0.206dB, and the
output combining efficiency was obtained as high as 95.37% or more. It is expected that it can be used
in the combining part for high output transmitters in the millimeter wave band in the future. In

particular, the range of use is expected to increase by reducing the size and weight.

Key Words : dual waveguide to coaxial transition, high combining efficiency, radial combiner, spatial

combiner
‘A3, LIGHAY, Fethsty WArdsta} uhAlA Received: 19 September, 2023 / Revised: 6 November, 2023 /
"5, LIGYAY, Foistn WAIst ualay Accepted: 8 December, 2023
TH|3]9, LIGHAY "Corresponding Author: suhyun.lee@lignex1.com
"eslY, Fedisty AxgIE A/ g Dept. of Naval/Land EW System R&D, LIG Nex1 Co., Ltd, Korea

A4dA 20239 99 199Y, $4¥9= 20239 11¥ 6¥
ARG LA 202349 129 82

- 145 -



Design and fabrication of a 12-way radial combiner with a miniaturized
dual waveguide to coaxial transition structure
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Design and fabrication of a 12-way radial combiner with a miniaturized
dual waveguide to coaxial transition structure
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Fope
8.5GHz 9.0GHz 9.5GHz 10.0GHz 10.5GHz

S(2,1) | -0.45dB | -0.09dB | -0.09dB -0.04dB -0.10dB

S(3,1) | -0.49dB | -0.06dB | -0.07dB -0.06dB -0.14dB

S(4,1) | -0.48dB | -0.06dB | -0.07dB | -0.07dB -0.14dB

S(5,1) | -0.43dB | -0.07dB | -0.12dB -0.08dB -0.10dB

S(6,1) | -0.49dB | -0.06dB | -0.06dB | -0.04dB -0.12dB

S(7,1) | -0.52dB | -0.06dB | -0.04dB | -0.04dB -0.15dB

S(@8,1) | -0.47dB | -0.07dB | -0.07dB -0.02dB -0.08dB

S(9,1) | -0.52dB | -0.06dB | -0.03dB | -0.03dB -0.14dB

S(10,1) | -0.45dB | -0.07dB | -0.06dB -0.05dB -0.12dB
S(11,1) | -0.42dB | -0.06dB | -0.11dB -0.07db -0.09dB
S(12,1) | -0.48dB | -0.05dB | -0.06dB | -0.06dB -0.13dB
S(13,1) | -0.48dB | -0.06dB | -0.06dB -0.05dB -0.13dB
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AlolE ALk

8.5GHz 9.0GHz 9.5GHz 10.0GHz 10.5GHz
#1 | -1.20dB | -1.23dB | -1.26dB -1.34dB -1.37dB
#2 | -1.18dB | -1.19dB | -1.24db -1.30dB -1.33dB
#3 | -1.18dB | -1.20dB | -1.25dB -1.30dB -1.33dB
#4 | -1.18dB | -1.20dB | -1.25dB -1.32dB -1.34dB
#5 | -1.17dB | -1.20dB | -1.24dB -1.31dB -1.34dB
#6 | -1.19dB | -1.22dB | -1.26dB -1.32dB -1.36dB
#7 | -1.18dB | -1.21dB | -1.25dB -1.31dB -1.33dB
#8 | -1.18dB | -1.23dB | -1.25dB -1.31dB -1.34dB
#9 | -1.17dB | -1.21dB | -1.25dB -1.30dB -1.33dB
#10 | -1.18dB | -1.22dB | -1.26dB -1.31db -1.34dB
#11 | -1.19dB | -1.22dB | -1.25dB -1.32dB -1.34dB
#12 | -1.18dB | -1.21dB | -1.25dB -1.31dB -1.34dB
B+t | -1.18dB | -1.21dB | -1.25dB -1.31dB -1.34dB
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Fig. 17. back-to-back measurement results
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o Yeholtt. TS S ATEAS 47 A s21
[dBIEQ #S 1/2& UE0]41S21 OutputldBIgol Ut
ER ATt

H 4. back-to—back £™HZ1t : S-parameter
Table 4. back-to—back measurement results :
S-parameter

S21 [dB] 21
Fuk S11 S21 S22 * ﬂfl% Gt
[GHz] [dB] [dB] [dB] | AFd<&A [dB]
BAY
8.5 -8.70 | -2.48 -8.73 -1.29 -0.65
8.6 -8.33 -2.48 -8.27 -1.28 -0.64
8.7 -14.85 | -1.88 | -14.93 -0.68 -0.39
8.8 -9.80 | -2.14 | -9.82 -0.94 -0.47
8.9 -22.92 | -1.65 | -21.97 -0.46 -0.23
9.0 -13.28 | -1.81 | -13.23 -0.59 -0.30
9.1 -26.47 | -1.60 | -25.45 -0.39 -0.19
9.2 -18.44 | -1.64 | -18.41 -0.41 -0.21
9.3 -26.29 | -1.62 | -25.56 -0.38 -0.19
9.4 -25.85 | -1.59 | -25.74 -0.33 -0.17
9.5 -30.38 | -1.63 | -29.17 -0.37 -0.18
9.6 -36.22 | -1.59 | -35.21 -0.33 -0.16
9.7 -36.49 -1.62 -34.50 -0.35 -0.17
9.8 -30.08 | -1.62 | -29.72 -0.34 -0.17
9.9 -36.92 | -1.61 | -36.14 -0.33 -0.17
10.0 -27.96 | -1.62 | -27.35 -0.38 -0.19
10.1 -26.70 | -1.64 | -27.42 -0.34 -0.17
10.2 -2537 | -1.73 | -24.23 -0.41 -0.21
103 -21.14 | -1.69 | -21.35 -0.39 -0.19
10.4 -24.68 | -1.75 | -23.82 -0.44 -0.22
10.5 -17.61 | -1.75 | -17.71 -0.42 -0.21

opRere g 2] () o5t EHELAES ALt

et
|18
— 5)
1— 18,7

9] 4 (D)E Z-Lsto] Alst Axkg & 50 YERY
ek AARG 9.2GHz~10.0GHzoA 4 &892
FHEE2 F 95.37%, A AFEEHL < 96.32%Y
AAFE & 5 ek B3 oY S 7K1 9]
7] 2ol 8.5GHz HYolA= AFAEEo] 9 86.19%=

F43) tukge g 4 ek

E}"f, output

B 5 EHZYSE

Table 5. Output combining efficiency

Frke [GHZ] S21_output [dB] =924%a8 (%)
8.5 -0.65 86.19
8.6 -0.64 86.26
8.7 -0.39 92.51
8.8 -0.47 89.77
8.9 -0.23 94.86
9.0 -0.30 93.44
9.1 -0.19 95.63
9.2 -0.21 95.37
9.3 -0.19 95.72
9.4 -0.17 96.26
9.5 -0.18 95.85
9.6 -0.16 96.32
9.7 -0.17 96.11
9.8 -0.17 96.15
9.9 -0.17 96.25
10.0 -0.19 95.70
10.1 -0.17 96.13
10.2 -0.21 95.46
10.3 -0.19 95.63
10.4 -0.22 95.12
10.5 -0.21 95.28

V.28 E

X-bandoll & 7}s3t 12-way °olF =i
HAR A8 AlF 9 S50 olF HE 1R E
o] 8o BA T ¥gt Fxof Hlsf| F 54.25% 7]
2 A& 4= QST

E3 2P0 2 ARGIHAE 93t S digks &
om FAFoRE= AA HXE YA 9.2GHz~
10.0GHz oA REAREAZEE S11°] ~18.408dB I3},
AQdeAgh S210] -0.412dB  °olsf, ETAYLAGE
S21_output©] -0.206dBolst, EHAEHE 95.37%O]
o] A3t ghZ ATt
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