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Efficiency of 76-GHz Post-Wall Waveguide-Fed
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Abstract—We design and fabricate various sizes of 76-GHz Parallel Plate
post-wall waveguide-fed parallel-plate slot arrays. The post-wall .. Waveguide
waveguide is an array of metalized via-holes with a narrow g )
spacing in a grounded dielectric substrate. The antenna can be S Window

; X ; are = == gy
easily made at low cost by conventional PCB (printed circuit A - 'll.u'“.l. Post

=
board) fabrication techniques such as via-holing, metal plating, o llli’lfl
and etching. We have obtained 40-50% efficiency for various sizes L / | ! I||[.l -,1“'
from 26 mm x 24 mm to 104 mmx 100 mm. We have measured A =B MILL L Coupling
35.3 dBi gain with 39.3% efficiency at 77.0 GHz in an antenna Post Palii) iy ']],j“ g Window
sized 104 mmx 100 mm. - il
Reflection 1l - I Input
Index Terms—Millimeter-wave, parallel-plate waveguide, planar Canceling Junction Aperture
; Feed P
antenna, post, slot antenna. Slot Pair .
Waveguide
. INTRODUCTION Fig. 1. Post-wall waveguide fed parallel-plate slot array.

PARALLEL-plate slot array [1]-[9] is an attractive

candidate for high- efficiency and mass-producible pland®4 mmx 100 mm (E). An array of the coupling windows and
phased-array antennas [10], [11] for millimeter-wave applic#hat of the slot pairs are designed for uniform excitation both
tions for car warning radar system (76—77 GHz) and wirele§samplitude and phase [18], [19]. The design frequency is 76.5
LAN system (60-61 GHz). We investigate the efficiencfeHz. A dielectric substrate of PTFE and glassfibers is used with
characteristics depending on the Gain or the size in 76 GH8-:m-thickness rolled copper on the both surfaces. The dielec-
post-wa” Waveguide-fed para||e|-p|ate slot arrays [9], [12] WEEIC constant is 2.17 and the losstis1 § = 0.00085 at 10 GHz.
extract the loss factors from the efficiency in this antenna. Fivde height is 0.762 mm, 0.29 wavelength including the dielec-
model antennas sized from 26 mm 24 mm to 104 mmx tric constant. Many metal-surface via-holes with 0.3-mm diam-
100 mm are designed and fabricated. The structure and @igr are arrayed with narrow spacing of 0.6 mmin the maximum.
configuration are briefly described at first. Next, we discusglots with 0.2-mm width are etched on the upper plate. The an-
loss measurement in straight post-wall waveguides and Idg8nas can be easily produced by via-holing, metal plating, and
estimation by simulations. Then, the experimental results 8fching.
the model antennas are presented. Finally, we summarize the
conclusions. We give the high potential of this antenna in terni. M EASUREDLOSS INSTRAIGHT POST-WALL WAVEGUIDES

of the efficiency at millimeter waveband. Various length of straight post-wall waveguide is fabricated.

The spacing:; of the two post-walls is 2.625 mm. The other
Il. MODEL ANTENNAS parameters are the same as those in the model antennas as listed

Fig. 1 shows the structure. A post-wall feed waveguide is 182 Section II. Each post-wall waveguide is terminated by a few
cated at the edge of a parallel-plate waveguide. Coupling wiposts at the both ends and two input apertures are placed as the
dows are placed with a spacing of the guide wavelength in tRerts there. The transmission loss between the two ports as well
feed waveguide to be excited in phase [13], [14]. An input apeds the reflection at each portis measured by a vector network an-
ture is cut on the bottom of the parallel-plates at the center &yzer. Fig. 2 shows the frequency dependence of the measured
the feed waveguide. Reflection-canceling slot pairs are array&@nsmission of each waveguide and the loss per millimeter. We
with one-wavelength spacing to be excited in phase and to f@nfirm that the reflection at the input aperture is beled5
diate a main beam in the boresight [15]—[17]. dB in the worst case and generally aroun@0 dB. The thin

Five sizes of 76-GHz-model antennas are designed and fiBes are the transmission eliminating the reflection loss of the
ricated. The aperture sizes are 26 mn24 mm (A), 39 mmx  inputaperture, since we compensate the difference in the reflec-

37 mm (B), 52 mmx 49 mm (C), 78 mmx 74 mm (D), and tion loss among the waveguides and evaluate purely the increase
of the loss, as the waveguide becomes longer. The thick line is
_ _ . . the loss per millimeter by approximating linearly the measured
Manuscript received April 6, 1999; revised March 7,2000. ~~  transmission as a function of the waveguide length. The loss of
The authors are with the Department of Electrical and Electronic Englneerlr{ﬂ, I ide is 0.023 dB/ 76.5 GHz. A
Graduate School, Tokyo Institute of Technology, Tokyo 152-8552, Japan. 1€ post-wall waveguide is 0. mm at 76. Z. A par-
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Fig. 2. Measured transmission and loss per millimeter of straight post-wgllg. 3. Frequency dependence of the overall reflection at the input port.
waveguide (thin lines: measured transmission; thick line: loss per millimeter).

have smaller loss than a post-wall w_av_eguide_ because the wa Amplitude(dB)
length is shorter and the posts are eliminated in the parallel-pl: 27
waveguide. |
1
T
IV. EXPERIMENTAL RESULTS T T
= 3
A. Reflection T O
o >
Fig. 3 shows the frequency dependence of the overall refle £ g
tion at the input port. It is found that the input aperture itsel 3 E 2
has—11-dB reflection due to its position error of 0.2 mm in the _E J
antennas expect (C). In these antennas, furthermore, the pel -9 7 &
of the frequencies minimizing the reflection locally decrease 15 nc_’ o
as the aperture length becomes large. This may come from 2
mutual effect between the reflection at the input port and that =21
the match junction at the ends of the feed post-wall waveguid
The post walls in the parallel-plate region are not included i 27
the analysis and the design of the matching junction. Full si;-27 -21 -16 -9 -3 3 9 15 21 27
of the feed post-wall waveguide v_viII have to be analyzed in th Position(mm) perpendicular
future study to reduce the reflection. to the feed waveguide
B. Near-Field Distributions m-20-18 m-18-16 0-16--14 @-14-12 m-12--10

@-10-8 W-8-6 O-6-4 MW-4-2 mW-2-0

Experimental results are shown at the center frequenci
where the maximum gain is obtained in each antenna. Thie
frequencies are 76.75 GHz in (C) and 77.0 GHz in the othefs,
The center frequencies are slightly different with the designe
one due to the manufacturing errors of about 5x® in the o
length of the radiating slots. C. Radiation Patterns

Fig. 4 shows the amplitude distribution of the near field in (C) Fig. 5 shows the radiation patterns in theplane of the
at 76.75 GHz. The horizontal axis is perpendicular to the fegghdel antennas around the boresight. Englane patterns are
waveguide while the vertical one is parallel to it. This means thgkjite similar to theH-plane ones. The sidelobes in the both
the feed post-wall waveguide is placed at the right side along thines are suppressed belewt3 dB due to the uniform aper-
vertical axis and a plane TEM wave in the parallel-plates progyre field distribution. However, the first sidelobe level of (E)
agates from the right to the left. The amplitude has about 4 @Bthe H-plane is—6.6 dB because of the strong aperture field
deviation over almost of the aperture. The phase has ab6ut 8@ound the periphery of the parallel-plates. The sidelobes in
taper perpendicularly to the feed waveguide due to the etchiagvide-angle range are suppressed well. The 3-dB beamwidth
error of the slots but it is almost uniform along the feed wavelecreases proportionally to the aperture length. The measured
guide. Around the periphery of the parallel-plates, the amplitugalues agree well with the predicted one given as D0(@é-
becomes weak and the phase has some progression due tgtbes is the aperture length in wavelength) for uniform aper-
truncation of conductor post-walls. ture field [20].

. 4.  Amplitude distribution of near-field in antenna (C) at 76.75 GHz.
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Fig. 5. Radiation patterns in thé-plane of the five model antennas around
the boresight [frequency: 76.75 GHz for (C) and 77.0 GHz for the others].
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are 29.7 dBi with 44.6% efficiency at 76.75 GHz in (C) and
35.3 dBi with 39.3% efficiency at 77.0 GHz in (E). The range
of the measured efficiency is from 39.3% in (E) to 49.8% in (A)
for various sizes of the antennas. The aperture efficiency esti-
mated by near-field distribution is 87.9% in (C), 86.9% in (D),

and 80.5% in (E). The thin solid and dotted lines in Fig. 7 are
the efficiencies eliminating the reflection loss and/or the aper-

ture efficiency loss. These results reveals that the antenna has the

potential to improve the efficiency up to 50% to 60% after sup-
pressing the losses associated with the reflection and the aper-
ture efficiency.

V. CONCLUSION

We have designed and fabricated various sizes of 76 GHz

post-wall waveguide-fed parallel-plate slot arrays. We have
found the loss of the straight post-wall waveguide to be 0.023
dB/mm in measurements. The peaks of the measured efficiency
are obtained 39.3% to 49.8%, in the five arrays sized from 26
x 24 mm to 104x 100 mm. These antennas have potential to

enhance the efficiency up to 50% to 60% after the suppression
of the reflection and the aperture efficiency losses.
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Fig. 7. Efficiency as functions of the aperture area of the antenna [frequency:
76.75 GHz for (C) and 77.0 GHz for the others] (thick line: measured; thin line:
eliminating the reflection loss; dotted line: eliminating the reflection loss and [8]
the aperature efficiency loss).

D. Gain and Efficiency

(9]

Fig. 6 shows the frequency dependence of the gain. Fig. o]
shows the efficiency for various aperture area of the antennil.l]
The thick lines indicate the measured gain while the thin line
are the gain eliminating the reflection loss. When the aperturg?2]
size becomes larger, the peak increases. However, the bandwidth
decreases due to the long line effect of the series arrays of ti'[ape,]
coupling windows and the slots. The peaks of the measured gain

Fig. 6. Frequency dependence of gain (thick lines: measured; thin Iingsattems and gain of the model antennas.
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