THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. 2021 September.; 32(9), 772~781.

http://dx.doi.org/10.5515/KJKIEES.2021.32.9.772
ISSN 1226-3133 (Print) - ISSN 2288-226X (Online)

2%38 Ka 99 $5ARE 47 3 A8

Design and Fabrication of a Miniaturized Ka-Band Transceiver Module
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Abstract

In this study, we propose a miniaturized Ka-band transceiver module with a microstrip-to-waveguide transition structure that can be
applied to high-capacity wireless radio. We apply a probe-shaped transition structure with the vertical structure of a substrate and wave-
guide that can mount a filter on top of a transceiver module. Measurement results of the fabricated transition structure revealed an
insertion loss of 0.67 dB or less and a return loss of —14.1dB or more in the frequency range of 28~30 GHz. Measurement results
of the transceiver module when the transition structure was applied revealed a maximum output of 2 W, a transmission gain of 35
dB, a gain of 20 dB, and a return-loss performance of less than —10 dB.
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Fig. 1. Structure of microstrip to waveguide transition.
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Table 1. Specifications and PCB parameters of the transition.
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Table 2. Parameters of the transition.

Specification PCB parameter Parameter Value
Freq. 28.0~30.0 GHz Permittivity 3.38 , Longest(a) 7.1 mm
Waveguide
IL 1.0 dB Max. Loss tangent 0.002 Shortest(b) 3.6 mm
RL —10 dB Min. Dielectric thickness 10 mil Prob Length 0.954 mm
robe
Width 2.067 mm
TE ®dlste Fxolth Backshort Length 2.575 mm
EWAMY A5 $FARE X 452 55T & Width 0.55 mm
e Ao AA HRE AASNoH, & 10 AA% 500hm line Dielectric thickness 0.254 mm
i % 7|AAHEE YR ATh Copper height 0.018 um
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Fig. 2. 3D structure of the transition.
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Table 3. Optimized transition performance.
Parameter Specification Simulation
Insertion loss 1.0 dB Max. 0.67 dB
Return loss —10 dB Min. -14.1 dB
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Fig. 5. Performance with probe position in the Y direction.
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Table 4. Specifications of transceiver module.

Items Specifications
Freq. range 28.0~30.0 GHz
Tx output 33 dBm + 2 dB

Tx gain 35dB+2dB
Rx gain 20 dB + 2 dB
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Table 5. Characteristics of substrate.

Permittivity Loss tangent | PCB height | Copper height

338 0.0027 1.2 mm 12 oz
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Table 6. Test result of transition.

Items Specifications Test result
Freq. range 28.0~30.0 GHz 28.0~30.0 GHz
Insertion loss 1.0 dB Max. 0.4 dB Max.
Return loss —10 dB Min. —18 dB Min.
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Fig. 10. Bonding diagram of PA and LNA.

B 7. 29 gholo] A
Table 7. Specifications of bonding wire.

Length(RF) | Height(DC) | Height(RF)

Diameter

25 um 200 um 200 um 100 um

PA

O 11. A&E PA, LNA carrier PCB
Fig. 11. Fabricated carrier PCB.
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Fig. 12. Test picture of carrier PCB.
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Table 8. Test result of carrier PCB.

Items Test result
PA output power 34.99 dBm
PA gain 18.1 dB Min.
LNA gain 19.6 dB Min.
£ YeE T

£ 88 $4%9% 99 2 29 @ A=dA) A9y
al

&4 o | BE B4 o5 Z3AT etk

43 s EE & L F5H

g 4= AZE BE dXo|th £FARE
K-Type AYEIZ #45H, 8 A
5 v AA58, ERAWRS) TEE AL
$RARE o £o9 gele) A3 BeE 43e
2838 4 glo] £4AlA

718

Transition

J8 14, ARE $F2EE

Fig. 14. Fabricated Ka band transceiver module.

A g3t UHT 2EA0 :rLZO]T/}. 5 W7
FA B FA AR A FF, o5 Ao E AT A
9} PA/LNA Carrier- 12| 3. Ho| 52 ‘?1‘6}@] A 28t
o AZE FFAEES 271 150 mm x 87 mmo|H,
ZZH FZ HojZdol= oF 4 mmE ridge =+ antipodal
2 AR AF, dolZol7t o 10 mmE o B!
17 Ho) o] 7107 oF 60 %, £FARES] 475
NNEl2E 10 % AL BEE A717F AFs Houh

ARE FFAEE JYTE K-Type AYE oW, &
Ho> WR28 2ot FX0|BE BE 54L& 29 d
SAGE millimeterA}2] WR-28 o] EIE Al&-3le] =43}
Atk 19 157 VEYAREA 719 47 =
2246‘]— 7:]_\,}0]1]:] 224 7:]_\,]- AA BEFAX —‘3‘-—% ok
= gl

& 9l = ?-’F*JEEQJ AA st A 2
J

L

-
1=}

T

V.2 B
2 =M e gde] FARSg e A8 F 9l
E 59 Ho|72E ZE 238t Ka U $52E
55 Aotah SR EY] AT E ) oW 8
735 dB °|5S 7HAH, FAIFE 20 dB 0|52 Ze
A FARES] 54 A3, $41 9 33.1 dBm ©]
}E}



Keysight Technologies: N99524, SN: MY58511655

Keysight Technologies: N93524, SN: MY58511655

Fi, 23 Agr 2021 344:18PM

Fi, 23 e 201 345200

W el W el ED
H
g El
0o 9 09
& @
a al
o o
os o
W0l el su@ aOH
=0 : sv@ 0f
24 ko ETr 24
S BNGE ik SopNGE S BDGE Foi e SopNMae
Fons 01 OsputPovee 0N Sz Fons 01 OspitPovee 508N e

Keysigt Technologes: N99524, SN: MYS8511655

A2~ I~
RUEE 4 o5

(a) Tx gain of transceiver module

Keysigh Teclogies: NOGS24, SN: MYS4511655

Fi, 23 e 2001 347300

Fi, 22 Apr 2021 34638 PM

W reroma W rfome sit
] o
0 00
& A
i q
@ a
e o
osa oaa
A9 L SE o
1 e mmGe nmE  weof
oo MBAXNNGE  2AE M
SEGE SwADGE Fi i EYELTY
Oututower 50 SwaBms Foris 401 Ot over 50 Swozim

© $FABE $2 WAL

(c) Tx return loss of transceiver module

a8 15, $FARE 4 Holy

Fig. 15. Test result of Ka band transceiver module.

' 9 $FAEE

Aol 3t

Keysigh Technologies: 99524, SN MYS8511655
© F, 2 1 447EPM

su

Keysigh Technologis: N9OS24, SN: MYS85 1655 Keysigh Technologis: N9OS24, SN: MYS85 1655
[y

Fi, 23 e 2021 60400 M Fi, 23 e 2021 60446 P11

8 woman  mos - ) [
o -
w w
@ «
E
" " 3
2 13
Lot Loty
b S e i v Aot et s
T caammee ‘Sop 20,0000 G2 T cammmee ‘Siop 30,00000 G2
e wnmoie o105 5 (01g8) e i moie o107 s (@ig8)

0) $5402E $4 29

(b) Tx output power of transceiver module

Keysight Technologies: NG952A, SN MY58511655 Keysight Technologies: NI3524, SN: MY58511655
L3 Fi, 23 Apr 2021 4:36:06 PM. « Fri, 23 Apr 2021 4:36:58 PM.
W roms @ W s o
Log Log
wo H 100 i
o i o i
c: E @ °
e b
oo o
et ——— e rra—
Ui hmumes  kae 1o S Bua
" Bovbe  nae oG omms 688
Fe T i Swawer | swmwe Faiiii EFTT
e it 008 i Ry oamsre 00 iz

@ $545F 54 o5

(d) Rx gain of transceiver module

Keysight Technologies: N99524, SN MYS8511655

i, 23 Ape 021 44956 PM

W refoms su

0000 G2

SatAnGE

(e FEE +

StpANGE

SaBNGE FEWnie P0G

s T e
AA)
HhARE=A

(e) Rx return loss of transceiver module.

Table 9. Test result of transceiver module.

Items

Specifications

Test result

Freq. range

28.0~30.0 GHz

28.0~30.0 GHz

Tx output

33 dBm +2 dB

33.1~33.3 dBm

Tx gain

35 dB £2 dB

342~36.3 dB

Rx gain

20 dB £2 dB

18.2~19.8 dB

Tx RL

—10 dB Min.

—10.36 dB Min.

Rx RL

—10 dB Min.

—11.65 dB Min.
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