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Abstract

A nrmrew waegude studue for
miimeter wave has been developed. It
5 a deedic waegude, wih
oonductor walks consisting of two ined
viahdes , heren refered  as the
‘amnated waveguide” Applications for
the aminaied waveguide incude antenna
feedines.

Introduction

Recently, sysems n the range of
miimeter wave frequences, such as
oolson avodance radar or wreless
LAN, have atracted much atierntion. The
devdopment o such devieess ae
advandng rapdy. These devioss are
mounted on crout boards or pad<ages,
andare comeded banemasa te end
of acuis. Miaostip Ines which are

placed on the surface of arout boards

ae many used For feed Ines of
aniemnas, especaly for feed Iines of
smdl size aray anennes, nner Ines

are needed Thetypicalimerines a
tpeie he. £ 5 wal known,
honever, that peralel plate modes ocour

at the discontinuous areas of tripkete

ihes Ths phenomenon 5 the mapr
dosede n the deveopment of high
performance anennes. The authors have
nened a new transmission line
structure which has low losses and

easy desgn methods for  bendng,
branching, poner duding, and other
fundions. The new tansmisson Ine 5
manulactured uwsing  lamnation
tedndoges, consequenty & 5 named
thelaminatedwaveguide.

The structure of the laminated
waveguide

Waveguides have the bedt fransmisson
hess  Wawgudes, honveve, ae
mpadical for crout  boards  and
padages for tvo magor reasans. sze and
strudure. Waveguides are surounded by
metal waks. Vertical meid wels are
not abe © be manuaciued by
laminetion  tedniques famier o the
fabrication process of arcutt boards o
padéges. Now, we have nvened the
laminated waveguide. The schematic
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Figure 1. Laminated Waveguide
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diagram of the laminated waveguide is
shown in Fg.l. Vertical planes of
laminated waveguides consist of fed
v hokesand meialzedpanes. Waveguice
dudires @an then be menuedured by
Bmeion  edrgues, wih te  added
benekt dfredudioningz o tiediiondl
vievegLies by a fedor o 1sgpare ot

d K ( rebive daaetic cosar)
Therdog, he emineied waveg e s ade
D compense he ddecs o tadiond
wavepuokes and is eqpeced 1 be suialde
fr ed hes of gl 92 awy
anemes.

Electromagnetic simulation
Bedromegneic simulaiion s cartied
out under various condiions of via hoe
pich size. HFSSHOh  Fequency

Condition A

Condition B

Figure 2. Electric Feld Strength
Distribution and \Via Hole
Pitch Size

Studure Smuktar) was employed for
te dgmusior. The eedic fed
srength dstbutons of H pane a
60GHz is shownin Fg. 2 The viahole
pich size of condiion Ais 052mm, and
condiion B 5 L04nmm. Fom Fg. 2, it
5 dovious thet eledromagneic wave
leskage through the gap of via hoes in
the B condition, but there is no leakage

h the A oondion. Bedromegretc
waves shoud not lesk wih a via hde
pich sreler tan a quater
waveengh.

Making a laminated waveguide as
an experiment and measurement

Lamnated waveguides are constuced
as an expeiment ushg gassoerams,
which can be wred by copper metal This
gbss ceramic s developed by Kyocera
Cop. lisdeledic consiartis 50 and
is deledric loss is 00008 at 60GHz
This laminated waveguide is composed of
4 byers, the aoss sedion sze B
12vm x 06mm;  the paralel plaies
coespond to H planes ofthe waveguide.
The dameier of the via hde is 01 mm
and the size of via hole pitch is 026
mm. Feedng pis are used for te
neoedion of  adaus.  The
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feeding pin is composed of 3 stacked
via holes, its length is 045mm. The
waveguide is staght and the
distance of both feeding pins is
36.0mm.

Transmission characteristics of the
above sample are shown in Fg. 3. It
is found that signals transmit above
55GHz. This phenomenon is hommal for
waveguides. The cut off frequency of
laminated waveguides is in good
ageement  wih  the  calculated
frequency.

It is also found that insertion

losses are lower than 2dB and

refiecton is lower than -15dB over
the wide range of 75GHz to 90GHz. The
insertion losses per unit length is
estimated to be lower than 0.4 dB/cm.

Basic untt for antenna feed
lines

For antenna feed lines, isolation
between lines is necessary, as wel
as basic units such as bend, branch,
interconnection of upperfower layer
and so on. Itis not easy to build up
these basic units using tiplate
lines, but it is easy using laminated
waveguides. To be certain to buid up
these units easly, electromagnetic
simulation is carried out at 77GHz.

First, the result of isolation is
shown in Fg. 4a. It is found to be
well isolated between contacted
ines. Isolation at 77GHz is lower
than -20dB.

Next, the results of bend and branch
are shown in Fg. 4b and Fg. 4c. It

is found to be a good bend and
branch. Reflecions at 7/GHz are
lower than -15dB in both units.

Next, the simulation of

interconnection between upper layer

and lower layer is camed out by
using the model shown in Fig. 4d. The
refiecion of interconnection at
77GHz s lower than -15dB.

It was verified that the laminated
waveguide has low losses at
discontinuous areas as opposed to the
high loss observed for  tiplate
lines.

Figure 4a. solation Characteristics

Figure 4b. Bend Structure and
Electric Feld Strength
Distribution
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Conclusion

The laminated waveguide has been
invented, enabling lamination
technology in the fabrication of
waveguides.  Elecromagnetic  wave
leakage is prevented by using side
wall via hole pich smaller than a
quarter wavelength. According to this
) guideine, samples are designed and
— fabricated as an experiment  using

[ g the newy developed low temperature
coHiring glass-ceramics. The results
show that the laminated waveguide has
low loss, makng it a high
performance transmission line.
Further more, the isolation between
two lines has been checked, as wel
as basic units of bends, branches,
interconnections  between upper and
lower layers, and power dividers. The
resuts show good performance in
every case.

According to al data above, the
laminated waveguide is suitable for
feed lnes of a smal size plane
antenna array.

Figure 4c. Branch Structure and Electric
Feld Strength Distribution

Figure 4d. Interconnection Structure
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