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Abstract—A dual-polarized 76.5-GHz microstrip patch and single-polarized automotive antenna systems consist of a small
teflon lens antenna system was designed, constructed, and testediow-directivity antenna feeding a lens, the low-directivity
A receiver (RX) array of three dual-polarized microstrip patches antenna being a waveguide aperture [1], or a slot-coupled patch
was coupled through a 10-cm-diameter lens to produce radiation . ’
patterns with 3° beamwidths and beam crossovers of 3 dB. The on se_:mlcondt_Jctor substrates [2]. We propose the use Of_ com-
transmitter (TX) consisted of a single dual-polarized microstrip Mmercially available teflon-based substrates (Rogers Duroid) on
patch coupled through a 2.5-cm-diameter lens to produce a which antenna and microstrip designs are patterned. This paper
10° beamwidth. Slot-coupled patches were used to isolate the reports on the design and construction of dual-polarized slot-
microstrip feed circuit from the radiating elements. The antennas coupled patch antennas on 5880 Rogers Duroid. The design

and feeds were fabricated on commercially available 5880 Duriod f t t ri-thick gold mi i
substrates. Cross-polarization levels were less thar20 dB and uses surface mount components oar-thick gold microstrip

were typically less than—30 dB over the entire beam at the design line. High directivity is achieved with teflon lenses.
frequency. First sidelobe levels were no greater thar-15 dB and

were typically closer to —20 dB. Stepped and unstepped versions
of the 10-cm-diameter receive lens were designed and fabricated. ll. DESIGN AND FABRICATION

Antenna system sidelobes levels were lower with the stepped lens Most automotive radar systems scan & Mide region

while the cross-polarization levels were comparable. in front of the the automobile using a single transmit (TX)
Index Terms—Aperture coupling, polarization, printed anten- beam with 10 half power (3 dB) beamwidth to transmit a
nas, road vehicle radar. radar signal and three receive (RX) beams with half power

beamwidths of 3 to independently measure radar scatter

from three lanes of traffic ahead of an automobile [1]. Beam

crossover is typically in the-4 to —5 dB range. We sought

T HERE have been significant efforts in recent years g design a polarimetric microstrip patch antenna system with

design a low-cost millimeter-wave radar system for usgfion lenses that would have & BRX beam, a 10 TX beam,

in automobiles for collision warning and intelligent cruisgjgelobe levels less than20 dB for the central beam and less

control systems. Much of the research to date has beentqan_17 dB for the off-axis beams, and polarization isolation

single polarized systems [1]{3]. There have been a few effofjgeater that 20 dB. The entire system was to be fabricated on

on dual-polarized systems for automotive radar [4], [5], béommercially available substrates.

none to our knowledge that use slot-coupled patches and none

with polarization isolation as high as 30 dB. A dual—polarizeﬂ_ Dual-Polarized Slot-Coupled Patches

system has the potential of detecting road surface conditions .

such as black ice or wet surfaces [6], [7]. Typically, the Aslot—cou_ple_d patch antenna cons!sts _of two substrateg and

three metallization layers, as shown in Fig. 1. The metallized
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patch and the other along an edge. Braatedl. had similar
results using an “H{|—|) configuration under the patch [10].
The “H” is desirable only to make radiation patterns perfectly

- > - -

274 274 symmetric. Since our feedlines were too wide to allow usage
_ S S of the “H” feed, the “T” feed was chosen. The slight radiation
Fig. 2. Slot-coupled patch antenna. Dimensions are given in m|crometti{attem asymmetries due to the “T” feed configuration should

(km) not be detrimental to the operation of the radar.

Fig. 3 shows the overall design of the radar system at

"B [ Side view Lenses and Slot-Coupled Pateh Antennas 76.5 GHz. With this patch configuration, HP-Momentum re-
i T - sults over the entire 76—77 automotive radar band show that
©- there is less thar-34 dB coupling between any two perpen-
- ;;;;fgj‘;“;‘j’; dicular slots and less than23 dB coupling between any two
\/ parallel slots. Coupling between parallel slots under different
o~ E patches is higher than coupling between perpendicular slots
—- ‘/Sloljaféz‘éls’led under the same patch, which shows how effective the “T” slot
o T B configuration is in reducing cross-polar coupling. Calculated
1 2345678 Sem) cross-polarization levels of all the slots wer@9 dB or less
' \Botwmvww RX patches| at the center frequency of 76.5 GHz.

A single TX patch is used to transmit the 76.5-GHz signal.
The addition of two identical patches spaced 2.7 mm center-

to-center on either side of the original single patch had a

Fig. 3. Automobile radar antenna system employing teflon lenses oWy minimal effect on coupling and input impedance and,

slot-coupled microstrip patch antennas. therefore, the same microstrip patch element design was used
for the three receive (RX) patches, as shown in Fig. 3.

must be significantly less than 1 mm wide in order to fit
dual-polarized slots under the patch. For the patch layerBa Teflon Lenses
thick substrate maximizes bandwidth, while a thin substrateTeflon lenses were designed to focus the microstrip patch
minimizes undesirable surface waves. A 5-mil-thick Duroideams into the 3 RX and 10 TX beamwidths. For the
5880 substrate was chosen as the best compromise. RX lens, the inner surface was chosen to be spherical while
A single dual-polarized patch was first designed using Hithe outer surface was calculated to be that surface which
Momentum moment method software. The dimensions aterequired to produce a planar phase front in front of the
shown in Fig. 2. A calculated input impedance of 80at |ens—commonly called a Friedlander surface [11].
76.5 GHz and a calculated return loss of greater than 20 dBRays radiated from the patch (as calculated by HP-
over a bandwidth of 0.9 GHz was achieved for the horizont®omentum) were then traced through the lens to determine
polarization and 0.8 GHz for the vertical polarization. aperture distributions and Fourier analysis was used to deter-
Traditionally, dual-polarized slot-coupled patch designsine the far-field radiation pattern from the aperture distribu-
placed slots under the patch in an “{J"_) configuration [8]. tion. Since it is difficult to generate two-dimensional radiation
However, consistent with our previous results [9] and based patterns in HP-Momentum, we calculated only tHeand H-
symmetry arguments, we find that there is better polarizatipfane patterns for each slot. For the RX lens, each pattern from
isolation if the slots are placed in a “T]—) configuration & = 0° tof# = 45° was traced through the RX lens to determine
under the patch, with one slot under the main body of thbe aperture distribution. Fourier analysis was then used to
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Fig. 5. NormalizedE-plane radiation patterns of unstepped RX lens at 76.5 GHz.

determine the far field assuming that edciplane orH-plane The TX lens was designed in the same manner as the
distribution was circularly symmetric. The circularly symmetRX lens except that a spherical surface was not necessary
ric approximation gave very good results for on axis beanfier the inner surface, which was chosen to be flat. It was
as will be seen in the next section. As might be expecte2l5 cm in diameter and was placed very close (1 cm) to the
the circularly symmetric distribution approximation was lessiicrostrip patch antenna to maximize beam transfer forward
accurate for off-axis beams (slots 1 and’3plane, slots 4 and of the automobile. A side view of the TX lens designs is also
6 H-plane), however, they were adequate for our purposesshown in Fig. 3.

We also note that the the lens was positioned over thelLenses were constructed on computerized numerical control
patches such that rays from the patches at the edges of the RXIC) lathes at the University of Wisconsin-Madison. Both
lens surface are nearly parallel to the lens and are therefetepped and unstepped RX lenses were constructed.
highly reflected. The large reflections at the lens edge create
a sharper taper in the electric field distribution at the edges of lll. RESULTS

the lens, reducing the antenna sidelobe levels. _Lenses and patch antennas were aligned in an Aerotech
The outer surface of the RX lens was stepped to decreasgys|.axis rotary micropositioner. A tunable Gunn oscillator
thickness and weight. Fig. 3 shows a sideview of the steppgfly, an attenuator and high-gain horn was positioned 5 m
RX lens with a dashed line above the stepped lens contQy, the lens. The tunable Gunn source was placed on a
indicating the unstepped lens contour. The step length was,4ual rotary stage so it could easily be turnetl @0 cross-

A polarization measurements. Alpha GaAs DMK2790 detector
(1)  diodes were placed in series in the microstrip line and biased

at 130uA. The diodes were RF shorted at the cathode and the

in which n is the index of refraction of teflofin = 1/2.2). anode was connected to the antenna microstrip, as shown in
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Fig. 7. RX H-plane slots 5 showing comparison of stepped/unstepped lens measurements.

Fig. 4. The waveguide attenuator was adjusted to ensure thatre slightly higher than expected, most were well within
the received signal remained in the diodes’ square law regi@pecifications of~20 dB for on axis beams. There was excel-

Measured and theoretical radiation patterns of the patlent agreement between specified and measured beamwidths.

antennas and unstepped RX lens are shown in Figs. 5 dtigplane beamwidths were all about 2.7-2.8nd H-plane
6. Numbers above each plot in the figures indicate the pdamwidths were slightly higher at 2.8—3with the exception
numbers which are detailed on Fig. 3. Table | summarize$ slot 5 which had a beamwidth of 2.6Cross-polarization
the information in the plots. While some sidelobe levelgvels were all less thar20 dB most were closer te 30 dB.
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TABLE |
SUMMARY OF REsuLTS FORUNSTEPPED10-cm DAMETER LENS. DIRECTIVITY MEASUREMENTS
AssUME A CONSTANT INTENSITY LEVEL oF —40 dB anp —50 dB Qutsipe oF —10° < 6 < 10°

3 dB beamwidth | max sidelobe Tevel Max x-pol ] Directivity T
degrees dB dB B
7777777 E-plane | H-plane [ E-plane [ H-plane [ E-plane [ H-plane [ -10 dB ([6] >10°) [ -50 dB {[7] > o
slot 1 2.77 3.05 -15.6 -22.0 -31.3 | -307 36.3 i 36.8
slot 2 2.73 2.84 -20.0 -22.2 -21.6 -21.5 35.5 : 35.9
slot 3 2.73 2.93 -14.7 -24.1 -28.8 -29.4 34.1 A
slot 4 2.80 2.98 -20.6 -17.6 321 7 =323 37.3
slot 5 || 278 | 956 105 | 175 280 | <987 3.2
slot 6 [ 276 7 286 [ -20.2 149 [ 207229 33.3
TABLE 1

SUMMARY OF RESULTS FOR STEPPED 10-cm DAMETER LENS. DIRECTIVITY MEASUREMENTS ASSUME
A CONSTANT INTENSITY LEVEL OF —40 dB aND —50 dB OutsipE oF —10° < 6 < 10°

3 dB beamwidth || max sidelobe Tevel Max x-pol Directivity
degrees dB dB i dB
E-plane | H-plane || E-plane | Il-planc || E-planc | H-plane [| -40 dB (j¢[ > 10°) [ -50 dB ([f] > 1§
slot 1] 2.84 315 -16.9 217 -30.3 ] -31.1 36.7 37.2
Slou 2 [7288 | 2.86 | 245 | -19.6 | 26.7 | 276 35.6 35.9
slot 3 2.82 2.93 -23.6 -20.1 -20.1 34.5 34.8
slot 1 2.89 2.67 -26.0 -29.4 -31.8 38.0 38.7
slot 5 2.88 2.96 -13.7 5.0 -27.9 -29.8 35.5 35.8
slot 6 2.84 2.97 -24.1 -15.7 -21.9 -23.8 33.4 33.7
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Fig. 8. Normalized TX lens radiation patterns.

Adjacent beams of thé&-planes of slots 1, 2, and 3 and the25° < ¢ < 135° and, similarly, theH-plane pattern ap =

H-planes of slots 4, 5, and 6 were all separated by 2.4-2.90° was assumed to be the same in the redieh< ¢ < 135°

at their peaks and beam crossover was at-tBer-dB level. and theH-plane pattern a$ = 270° was assumed to be the
Directivity was estimated from copolar and cross-polaame throughout the regid22s° < ¢ < 315°. A constant

measurements in the angular sectar0® < ¢ < 10° in the intensity outside of—10° < # < 10° was also assumed for

E- and H-planes. The portion of thé-plane pattern laying the half-spaced < 6 < 90°. Directivity was computed for

in ¢ = 0° half-plane was assumed to be the same throughdwio different values of this intensity-40 dB and—50 dB.

the region—45° < ¢ < 45° and theE-plane pattern laying in Since the difference between directivity calculations for these

¢ = 180° half-plane was assumed to be the same throughdwo intensity levels was 0.5 dB or less, we conclude that
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Fig. 9. S-parameters for 7.7-GHz 10X model of slot-coupled patches.

the radiation outside of-10° < # < 10° is insignificant like for S,, andS,,, to be as small as possible for all ports

in directivity calculations. Measured cross polarization weat the design frequency. Although on8j; of the reflection
included in the calculations. Directivity calculations for theoefficients is shown, all measured and calculated reflection
unstepped lens were between 33-38 dB and are showncaefficients were in close agreement, the measured resonant
Table 1. frequency being at the target frequency withifb0 MHz.

Fig. 7 shows measurements with the stepped lens on sldte highest measured coupling was between slots of the same
5. There is a slight increase in 3-dB beamwidth and a largeelarization under different patches and wa25 dB. A small
increase in the first null beamwidth. However, The first sidéable in Fig. 9 summarizes coupling results.
lobe level is significantly lower with the stepped lens. The
results in Fig. 7 are typical of other comparisons as well. IV. CONCLUSION
Table Il summarizes the results for all the slots measured with .

We have demonstrated highly decoupled low cross-

the stepped lens. There is no significant increase in cross- . ;
polarization levels above the-30 dB level for any of the polarization dual-polarized slot-coupled patch antennas

slot-coupled patches and frequently there is a decrease in fI(Flre automotive radar. These antennas can be fabricated

maximum sidelobe level. The directivity of the stepped len %Zcizsefuol:‘yoﬁ? ss;teandeagdlezc;mn;enrgglllly I?)\\/Ailelfetgeth?t;iséreellé%se'
patch system was slightly higher (less than 1 dB higher) th?n . pped 'ens, ger y o

evels and did not significantly increase cross-polarization
that of the unstepped lens-patch system.

Results from the TX lens are shown in Fig. 8. Beamwidthlgvels'

were all very close to 10(9.5-10.0) except for thé’-plane

TX port 2 which was 8.2 Sidelobe levels varied from13 dB ACKNOWLEDGMENT
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