IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 46, NO. 7, JULY 1998 1047

A Versatile Leaky-Wave Antenna Based
on Stub-Loaded Rectangular Waveguide:
Part llI—Comparisons with Measurements
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Abstract—Parts | and Il of this three-part series of papers for the wavenumbers and for the radiation patterns are pre-
presented the theory for this new type of leaky-wave antenna. sented in Sections IV and V, respectively. The wavenumber
Part Il now describes the measurements that verify the validity eqits for the measurements at millimeter wavelengths agreed
of the theoretical expressions. Measurements were made both at . .
millimeter wavelengths and in the X -band frequency range and excellently with the thgoretlcal \_/alues .On the average, but
of two different quantities: the propagation wavenumbers3 and Showed some scatter in the points. Since the scatter could
« and radiation patterns. Comparisons were made with numer- be due to the difficulty in making precise measurements at
ical values obtained from the theoretical expressions derived in these small Wave|engths’ we decided to perform Corresponding
Parts | and 1l and very good agreement was found in all cases. measurements (and calculations) in tAeband frequency

Index Terms—Leaky-wave antennas. range where all dimensions are larger by about a factor of
five.

The stub guide on the antenna measured at millimeter wave-
lengths possessed very wide flanges (essentially an infinite
ARTS 1 [1] and II [2] of this three-part series of paperground plane). The antenna for th¥-band measurements

presented the theory for this new type of leaky-wavgad small flanges, plus a provision for adding side flanges
antenna; Part lll now describes theeasurementthat verify to produce very wide flanges instead. We were therefore able
the theoretical predictions. to determine quantitatively the differences in frepagation

Measurements were made in two different frequency rang@favenumbewalues due to the use of narrow flanges versus
in the millimeter-wave range from 40 to 60 GHz and in th@ery wide flanges. We also calculated the differences theoret-
X-band frequency range from roughly 8 to 12 GHz. Differentally when very wide flanges are used to terminate the stub
antenna structures needed to be built for each frequenfiide and when a pair of baffles is employed instead. For those
range, of course, and the specifitructuresare described theoretical values we used the expressions derived in Part Il.
in Section II. The millimeter-wave measurements were peye found that the values of are influenced negligibly by
formed by the team in Japan and the measurementsi@nd changes in the type of termination, but that the valuesof
were conducted later and independently by the team in Italyp show changes, indicating that we must pay attention in the
As a result, the specific measurement methods used by eggBign to the geometry of the termination on the stub guide.
team differ somewhat from each other; for example, the teappese results are discussed in Section IV-B.
in Japan employed a sliding short, whereas the team in Italyjn part | we discussed two theoretical approaches, the
used a sliding probe. Thmeasurement methodsemselves mode-matching method, and the new approach based on a
are described in Section IIl. novel equivalent network for thé-plane tee junction and

Two types of quantities were measured: the propagatige demonstrated that calculated values from the two methods
wavenumbersg (the phase constant) and (the leakage agreed extremely well with each other. In the comparisons
constant) and radiation patterns. The measured results are C@ifh measurements foB and «, the theoretical values for
pared with numerical values calculated from the theoretic@bmparison with the millimeter-wave measurements emp]oyed
expressions derived in Parts | and Il and the comparisofte mode-matching method and those for fieband range

used the new network approach. As shown in Section IV, the
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reasonably short so that we should be able to avoid the peculiar

¥ a=4.60 mm coupling problems to another leaky mode that we discussed
c b =240 mm in Part Il, Section 1lI-B. In Section IV below, we demonstrate
that such problems are indeed avoided here.
a a'=2.40 mm The ruler in the photograph in Fig. 2 indicates that the length
a' ¢=3.12 mm of the antenna aperture is 10.Q cm. Note that a projection
appears part way down the guide. It is a moveable short-
d=0.90 mm circuit plunger that has the same cross-section dimensions
Ld cent . as the antenna itself; it was used to obtain the values of
X 3 er frequency: . BN
50 GHz and 3 by measuring the variation in reflected power produced
e+ by changing the distance between the input plane and the

b moveable short. The details of the measurement procedure are
Fig. 1. Cross section of the stu_b—_loaded rectangular guide antenna for thi*bsented in the next section.
measurements were taken at millimeter wavelengths (40 to 60 GHz). .

The antenna was fed from a rectangular waveguide of
almost the same dimensions as the main guide section of the
antenna. The feed waveguide is WR 19 with nominal cross-
section dimensions 4.775 mm 2.388 mm; the antenna’s
cross-section dimensions are 4.60 mmn 2.40 mm. The
electrical mismatch at the junction between the two structures
was found to be very small, but it was taken into account in
the measurement procedure.

The feed waveguide’s cutoff frequency is 31.4 GHz and
its recommended operating range is 39.3 to 59.7 GHz. We
took measurements from 40 to 60 GHz of both the prop-
agation wavenumberg and « and the radiation patterns.
The wavenumber results are discussed in Section IV and the
radiation patterns in Section V.

i
- i
| - -
= - e Lo T w=ar iy £ The B

Fig. 2. Photograph with a three-dimensional view of the actual antenna tf For the X-Band

was measured at millimeter wavelengths, showing that the antenna aperture ii.h h fth fi f theband . is of
10 cm long. The projection appearing part way down the guide is a moveable € shape o € Cross section o . € _an VerS|On_ IS O ]
short circuit. course the same as the one shown in Fig. 1. The dimensions

for the X-band structure arei = 23.00 mm; b = 11.95 mm;

near field For the millimeter-wave range, calculations wer€ = 11.95 mm; ¢ = 15.65 mm; d = 4.55 mm. _
also made of the near-field patterns and the comparisons witft Photograph of the structure with a centimeter scale is

the measured patterns, as seen in Section V, sheesgood S€€N in Fig. 3, which shows that tapers are employed to allow
agreementproviding a further verification of the validity of & 9radual transition between the feed-guide portions and the
the theoretical expressions in Parts | and II. central antenna section. In the millimeter-wave version, a

direct junction was employed, but the discontinuity effect was
very small. The measurements of the propagation wavenumber
were made using the sliding probe shown in Fig. 3, but its

Two different structures were fabricated: one for measurggsition was varied automatically by means of a small motor.
ments at millimeter wavelengths and the other for measurgse tota] length of the antenna portion is 50.3 cm.

ments atX-band. The details for each of the two structures 1,0 types of flanges were used with this structure, one

Il. THE STRUCTURESUNDER MEASUREMENT

are given below. narrow and the other very wide, in order to determine the
. differences produced in the wavenumber valugsafd «).
A. For Millimeter Wavelengths The differences that were found are discussed in Section IV.

A cross-section sketch of the stub-loaded rectangular waviée structure shown in Fig. 3 corresponds to the narrow-flange
guide antenna that was measured at frequencies from 40c&se. As seen, the two sides are not quite symmetrical (because
60 GHz is presented in Fig. 1, together with the dimensiontile radiating aperture must be located off center); the flange
details. A photograph of the structure is shown in Fig. 2 ian one side is 15.0 mm wide while that on the other side is
which it is seen that the guiding portion is channeled out @1.5 mm wide. To produce very wide flanges (the equivalent
a solid block of brass. It is also seen that the stub guide @f a ground plane), an additional extension with a width of
length ¢ is terminated by very wide flanges (essentially ad0.0 cm, was placed on each side of the original structure.
infinite ground plane). The X-band feed guide is designed to cover the fre-

From Fig. 1 we see that the stub-guide lengtis equal to quency range from 8.2 to 12.4 GHz and measurements of
3.12 mm, which turns out to be roughly a half free-spadde wavenumbers and radiation patterns were taken from 8.5
wavelength at the mid-frequency 50 GHz. That length t® 12.0 GHz.
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Fig. 4. Typical plot of the measured relative reflected power in decibels at
54.8 GHz as a function of the distance of the moveable short to the junction
between the antenna and the feed guide. The dimensions of the antenna are
those indicated in Fig. 1.

interference between the reflected wave from the moveable
short and the wave reflected back from the small discontinuity
present at the junction between the feed guide and the antenna.
(Even though the reflection from the discontinuity at the feed
junction is very small, it must be realized that the amount of
power reflected from the moveable short circuit is also quite
small by the time it returns to the feed junction. The power
that first enters the antenna region is reduced by leakage
(radiation) twice—once going out and again after reflection
Fig. 3. Photograph of the antenna that was measured inxtiand fre- DYy the moveable short circuit.) We applied Deschamps’

,5

—t T

=

quency range. Note the sliding probe and the tapers at each end. reflection-coefficient procedure [3] to determine accurately
the scattering-matrix parameters that characterize that small
. M ETHODS OF MEASUREMENT discontinuity and then subtracted out its effect at each point

o ) ] to determine the true reflection coefficient at each distance
As indicated in the Introduction, measurements were maﬁi]eFig. 4. When that step is performed, one obtains the solid

of the propagation wavenumbers and « and of radiation gyraight line shown roughly midway between the two dashed
patterns on two different antenna structures—one for the mils

X . raight lines. However, a result that is almost the same is
limeter wave range and the other for theband range. Since ,pieved by simply taking the average of the slopes indicated

the measurement setups and the megsgrement procedure% tfie two dashed lines—a step that is valid if the reflection
different for wavenumbers and for radiation patterns, they 3Rm the feed discontinuity is sufficiently small

discussed separately below. The value of the attenuation constant in dB/mm is
determined by taking one half of the slope of the solid line

A. Propagation Wavenumbers mentioned above. To findv/k,, the above value for is

The procedures used for the measurement of the ph&ééded by 8.686 times the appropriate value &f. The
constant3 and the attenuation constamtare slightly different distance between neighboring maxima or minima is equal to
for the millimeter wave range and for th&-band range A,/2; a measurement of this distance thus yields3, with
since the moveable short shown in Fig. 2 was used in tffein units of mnT?!.
millimeter wave measurements and the sliding probe seen inThe measurements &-band employed the sliding probe
Fig. 3 was used for theX-band measurements. All of theshown in Fig. 3 in most cases, where the probe was moved
measurements were made in an anechoic chamber and utiliaetbmatically by means of a small motor. For the measurement
a sweep-frequency source and a network analyzer. of 3, two methods were used; both utilized the sliding probe

The wavenumberg and o were measured in the 40—60-and the results agreed very well with each other. In the first
GHz frequency range by employing the moveable shaomethod, a short circuit was placed at the output port of the
(shown in Fig. 2) and measuring the reflected power asaatenna structure and the standing wave pattern was measured
function of the distance of the moveable short from that a series of frequencies using the sliding probe. From these
junction between the feed waveguide and the antenna structpatterns, one readily obtains the guide wavelength from which
Presented in Fig. 4 is a typical plot of the measured relatiiee value of/3 is found as indicated above. In the second
reflected power plotted on a logarithmic scale as a functionethod, a matched termination is placed at the end of the
of the distance of the moveable short from the junctioantenna and the phase at the sliding probe is measured as the
mentioned above. The total antenna aperture length is Ifisition of the sliding probe is varied. From the slope of the
mm. The oscillation in the reflected power is due to thphase response, one readily finds the valug.of
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For the measurement @f at X-band, two methods were 1 e r : r T
again used and the results again agreed very well. In one A0 GHz T ' ;2 ml
method, a matched load was placed at the end of the antenna 51 ? ; be2d -
and the amplitude at the sliding probe was measured as the I l’_h*_dwl"“-s

position of the sliding probe was varied. From one-half of
the slope of these data on a semilog plot, one finds
decibels per unit length and then the valuexgt:, is obtained
as indicated above in connection with the measurements at 10
millimeter wavelengths. In the second method, which does
not employ the sliding probe, one measures the frequency 5r
response of the amplitudé,; | of the whole antenna structure
considered as a two-port device. Further details regarding the a/Ko
measurement methods used for fkieband range appear in a
paper in Italian and were presented at a national conference 0k
in Italy [4].

The contribution to the attenuation constant due to metal
losses was found to be very small compared to the measured
values ofa so that we have taken the measured values to be 50
equal to the leakage constant in all the cases.

Channel-guide

leaky mode
-1

Desired
leaky mode

B. Radiation Patterns 107 ‘ i

Radiation patterns were measured in both the millimeter
wave andX-band frequency ranges. For the millimeter wave 2 4
range, a receiving pick-up horn was used to sample the radiated
field and the horn was located on a boom that swung through o _ _ _
e required ange o angles. The surounding area was coueB, remiey s cakustons o e oot g cor.
with absorbing material. The antenna structure was fed at qBgy modes for three different frequencies in the millimeter-wave range.
end and a matched load was placed at the other end.

For the X-band range, the leaky-wave antenna was em- o )
ployed as a receiving antenna (rather than a transmittilggky mode we are measuring is indeed the desired leaky
antenna) and it was placed on a low-dielectric constant supp&#ode, and second, the two leaky modes are not coupled
which, in turn, was located on a rotating positioner hidddigether. _ _
under the floor of the anechoic chamber and surrounded>Uch preliminary calculations for the propagation wavenum-
by absorbing material. The transmitting horn antenna wi€'S are discussed below, but only for the 40-60-GHz fre-
situated on a low-dielectric constant support and was locaf@¢€ncy range. After that, in order to clarify the different
appropriately using a sliding positioner. physical beljav_lors of the two different leaky-mode types,

A key problem that arose in connection with all of thes¥ector electric field pIots_ are p_resente_d _for both mode pres.
pattern measurements is that the distance between the antenria Wavenumber Considerationgreliminary  theoretical
and the horn was too short to permit far-field measuremeng&iculations of the type referred to above for the dimensions
The measurements had to be taken in tiear field where of the specific antepna to be measured, are presen?ed in Fig. 5
the patterns are not as simple or pretty, but near-field pattdf§ @/k» as a function of the stub lengthat three different
calculations were made for the millimeter wave range thfauencies (40 GHz: low end; 50 GHz: mid-range frequency;
showed very good agreement with the measured data. Th88d 60 GHz: high end). It is seen that the two leaky modes,

comparisons and further details are presented in Section "€ desired leaky mode and the channel-guide leaky mode, do
not couple for this set of parameters since the values A,

for the two mode types are well separated from each other.
2) Vector Field Distributions: Using the mode-matching
calculation procedure, we were able to obtain information
regarding the electric field strengths and their directions at any
In an actual stub-loaded rectangular-waveguide leaky-wawgerior point in the guiding structure. Therefore, we prepared
antenna where the stub guide is of finite lengttsee Fig. 1), a grid with many points and determined the vector electric
it is possible to excite another leaky mode (the channel-guitleld strengths at each of those grid points. The resulting
leaky mode) in addition to or instead of the desired leakgomputer-plotted patterns within the leaky-waveguide cross
mode and it is possible to couple these two modes togethsection are presented in Figs. 6 and 7 for the desired leaky
The explanation for these effects is presented in [2, pt. thode and the channel-guide leaky mode, respectively, at a
Section llI-B] and in greater generality in a separate pap&equency of 40 GHz.
[5]. The proper design of the antenna thus requires somdt is interesting to see the influence of asymmetry in both of
preliminary theoretical calculations to assure us that first, thige cases. In Fig. 6 for the desired mode, the field distribution

(3
o}

¢ (mm)

IV. PROPAGATION WAVENUMBERS

A. Preliminary Theoretical Calculations
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Fig. 6. Vector electric field plot for the desired leaky mode, showing the. 7

field strengths and the field directions at each point in a grid of many points™ Same as for Fig. 6, but for the channel-guide leaky mode.

in the main guide is clearly similar to what we would expect The preliminary theoretical calculations in Section A
for the lowest mode in rectangular waveguide; the asymmetfgbove) hold when a pair of baffles terminates the stub guide
stub guide is seen to produce a small amount of oppositely the antenna structure, as may be seen in the inset on
polarized (horizontal) field, which then maintains itself as orfeig. 5 and on the structures in Figs. 6 and 7. Since those
moves transversely along the stub guide while the origintleoretical values were obtained to serve as a guide to design,
(vertical) polarization content steadily decreases. The leakdfe precise values were not as important as the behavior
rate is small here, however, so that the details of the fidicbnds. Now, however, we wish to make careful comparisons
at the radiating open end are not very clear. In Fig. 7, theetween theoretical values and measured results so that it
field distribution for the channel-guide leaky mode is seen tiecomes necessary to take into account the actual structural
be very different with predominantly the opposite polarizatiordetails. In fact, in connection with th&-band measurements
and with a phase reversal in the stub guide. The electric filddd calculations, the differences were determined between
in the aperture is also quite strong, consistent with the fact thairrow and wide flanges and between wide flanges and a pair
its leakage constant is more than an order of magnitude higla¢iaffles. The changes in the theory that must be taken into
than that for the desired mode. Also, the fields in the viciniticcount when flanges are used instead of a pair of baffles have
of the junction between the main and stub guides resemipleen treated in detail in Part Il. Although the application there
what one would expect for the dominant mode in parallel-plaigas made directly to the tee-junction network approach, the
guide incident on a transverse change in height. The field lingentical expressions for the terminal admittances can be (and
are disturbed only a little in the stub guide, and the bulk Qf/ere) incorporated into the mode-matching procedure.

the field line curvature occurs in the main guide portion. 1) The 40-60-GHz Frequency Rang€he structure for
which measurements in this range were taken possessed wide
B. Measured Results and Comparisons with Theory flanges (a ground plane) at the end of the stub guide, as

The structures that were measured at millimeter wavelengtfdicated in Fig. 1 and as seen in Fig. 2. The measurements
and over theX-band frequency range are described in detaifere made using the sliding short shown in Fig. 2 and the
in Section II; the methods used to measure the propad@chnique described in Section Ill-A.
tion wavenumbers in each of these ranges are discussed ihhe comparisons between the measured and the theoretical
Section IlI-A. values for the normalized wavenumbe#gk, and «/k, for

Two alternative theoretical approaches were employed tiis structure in the 40-60-GHz frequency range are shown
the numerical calculations: the well-known mode-matching Fig. 8. The measured data are presented in that figure as
procedure and the new approach based on a novel equivatggtblack dots and the solid and dashed curves represent the
network for theE-plane tee junction. In the comparisons wititheoretical calculations made using the mode-matching proce-
measurements discussed below, the theoretical values for dhige, incorporating the expression for the flange termination
40-60-GHz frequency range were obtained using the modwesented in Part Il. The solid lines correspond to the desired
matching method, whereas the computations forheand leaky mode and the dashed lines to the channel-guide leaky
frequency range employed the equivalent network based mede. The first point to be noted is that the mode that was
the tee junction. However, it was shown in Section III-C oéxcited in the antenna is, without question, the desired leaky
Part | that the numerical values for the wavenumbers obtainesde. Since the antenna was fed by the input rectangular
from these two methods agreed excellently with each othguide in straightforward fashion, the measured results indicate
and that both can be viewed as accurate and reliable. that the potential presence of the channel-guide leaky mode
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ool ' T Channel-guide = ——  Theory for wide f.langes
T Theory leaky mode X Measurements with narrow flanges
ogl ° GEeeriment - | 0 Measurements with wide flanges
B/ky, ozt -7 1,0
Y g Desired b
leaky mode
0.6 - 0,9 4
Brko
0.5 ' : ; g 0,8 2
-~
\‘\\\ Channel-guide
1 Ssa leaky mode 0,7
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DRI 056 -
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0,5 v T T T T T
2l 8 9 10 i 12 13
a/ke
- f (GHz
161 ) N (GHz)
Desired X . .
leaky mode Fig. 9. Comparisons between measured and theoretical values for the nor-
sk h malized phase constant as a function of frequency for Xhband range.
Separate measurements were taken for narrow flanges and for wide flanges.
a* 46
T [ X]
2} b=2d 4 . . . . .
l T Jesin Let us first consider Fig. 9, which presents a comparison
& Fhokme—{ 4 +09 1 between measured and theoretical results for the normalized
> = = phase constanf3/k,, where the solid curve represents the

theoretical calculations using the theory for wide flanges.
f(GHz) There are two sets of measured datasignifies the results
Fig. 8. Comparisons of theoretical and measured values for the normalizgthen thenarrow flanges shown in Fig. 3 are used and the
phase _and leakage constants of the stub-loaded rectangular-guide antenRg@s|| circles represent the values found when an additional
a function of frequency from about 40 to 60 GHz. . . .
extension of width 20.0 cm was placed on each side of the
original structure to createery wideflanges.
can be ignored unless the two leaky-mode types are actuallyan inspection of Fig. 9 indicates that some scatter is still
coupled together, which can happen only for large leakageesent in the measured values, but it is less than what was
rates and an excessively long stub guide, as discussed in Bbthined at millimeter wavelengths. When the points marked
II, Section IlI-B. x are compared with those indicated by small circles, we

We next observe thatery good agreemehias been obtained note that there is no systematic difference between them:; if
between the measured and theoretical values for gty there is any it is obscured by the scatter. We therefore obtain
and «/k,. The measured data show some scatter, howevan, important conclusion: with respect f&k,, the measured
which we attribute to the small wavelength and the attendardlues for narrow flanges are negligibly different from those
difficulty in making precise measurements in this frequendgr very wide flanges.
range. For this reason, we decided to perform correspondindg=rom Fig. 9, we also observe that the measured reagite
measurements (and calculations) in theband frequency very wellwith the theoretical results given by the solid curve.
range where all dimensions are larger by about a factor lof Fig. 8, the agreement involved theoretical values calculated
five. using the mode-matching method; in Fig. 9, the theoretical

2) The X-Band Frequency Rangé& photograph of the values were obtained via the tee-junction equivalent network,
structure under measurement in the 8.5 to 12.0 GHz frequersty that this agreement independently verifies the validity of
range is shown in Fig. 3. Two types of flanges were used tfoat approach. Since the measured results for narrow flanges
terminate the stub guide—the narrow flanges shown in Fig.aBd for very wide flanges are essentially identical with respect
and much wider flanges, which were produced by using the 5/k, values, we wondered how the theoretical results
additional extensions. Further details are given in Section Would differ when the wide flanges were replaced by a pair of
B. The measurement methods, which were based primatigffles. We found that the difference was essentially negligible;
on the use of the sliding probe seen in Fig. 3, are describw largest difference numerically was about 0.2%—an amount
in Section IlI-A. that would not be visible on a graphical plot.

The theoretical calculations made for comparison with the The corresponding information for the normalizieékage
measured results employed the equivalent network basedoomstanta/k, appears in Fig. 10. The most important obser-
the tee junction, taking into account the presence of the flangegion is that the differences that were negligible féfk,
and, in one calculation, a pair of baffles instead of flanges. Thee now noticeable fori/k,. With respect to the measured
expressions used were exactly those presented in Part Il. values, we see that despite a small amount of scatter, there
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——  Theory for wide flanges
------ Theory for baffles R=30cm
b Measurements with narrow flanges -——= R=50cn
0 Measurements with wide flanges a — Far Field
o
& A
0.014 S in
w /
w L
0.012- - = A
> o
o/ko iR o
0.010 -
0.008 -
H
0.006 - - &0
6 (deg.)
0.004 r Fig. 11. Calculated near-field power patterns at the mid-range frequency 50
GHz for several distanceB from the antenna. The distances here are 30 and
0.002 ‘ ‘ ‘ [ ‘ | | 50 cm and the patterns for them are compared with the far-field pattern.
8 9 10 11 12 13

f (GHz) for the X-band range. Someé(-band pattern measurements

were included in [4] (in ltalian), referred to earlier.
Fig. 10. Same as for Fig. 9, but for the normalized leakage constant. Results

are shown for various terminations on the stub guide.
A. Calculations for the Near-Field Patterns
The measurements at millimeter wavelengths were all taken
a distance of 30 cm from the center of the antenna aperture.
sing the far-field criterion,R = 2L2/\,, where R is the
|(fl(ijstance in questior; = 10 cm is the antenna aperture length,

and dashed curves represent, respectively, the results wh gndA, =6 mm is the wavelength at the mid-range frequency

. . . Hz, we findR = 333 cm so that the pick-up horn should
ground plane (wide flanges) or a pair of baffles terminatés . o
the stub guide. It is interesting that the difference betwe 5 located at least that distance away to be at the beginning of

those two curves s so pronounced. pariculary when i % T 1S ORI R S T e
corresponding difference was found to be negligibleddk.,.

: ; : tg us for these measurements.
Since the pair of baffles may be viewed as the extreme ca %efore being able to compare measured with theoretical
of narrow flanges, it is important that the direction of th(re ults. we mgst therefore pcom ute the field patterns one
difference agrees with what was found for the measuremenig ' R ' P P :
should expect to find in th@ear field rather than those in

discussed just above. . .
It is also clear from Fig. 10 that the measured results agemle far field. For the measurements of the field patterns, a

agree very wellwith the theoretical values. Since the IeakagmatCth load was placed at the end of the antenna aperture.

constant is seen to be much more sensitive than the ph Is"lg aperture field distribution along the propagation direction

constant, the very good agreement in Fig. 10 is an even befte® of the form
verification of the validity of the theory employed. eI (Pmi)z, (1)

is a systematic difference between the valuesagf, for
narrow flanges and for very wide ones, with the narrow flang
yielding slightly higher values ofv/k,.

Two theoretical curves are presented in Fig. 10; the so

The near-field pattern in the principal plane is then given

V. RADIATION PATTERNS apprOX|mater by

As indicated in Section IlI-B, radiation pattern measure-
ments were taken in both the millimeter wave and dhand
frequency ranges. For both frequency ranges, however, the
distances between the transmitting and receiving anteniéiere
were too short to allow _far—field measurements to be taken, 12 = R? 4 (') — 2R sin @ 3)
so that measurements in thear field were all that could
be obtained. For the millimeter-wave range, calculations weaad the various symbols are defined in the sketch in the inset
also made of the near-field patterns and comparisons a@re~ig. 11. In the integration, we do not approximate (3) for
presented below of calculated and measured patterns. r. From (2) and (3) we see that the pattern shape should be

Since the measured patterns in the two frequency rangesunction of distancer.
are qualitatively similar to each other and since calculationsCalculated near-field power patterns at 50 GHz as a function
were made only for the millimeter wave range, the discussiatfi anglef at distances? equal to 30 and 50 cm are presented
below focuses on that range and only brief remarks are madeFig. 11. (Curves for 70, 100, and 200 cm are presented in

R

T edker
F(R,0) = ‘/2 e I(B—ja)z e Ay )
_L T
2
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Fig. 13. Variation with frequency of the anghs, of the beam maximum.
The solid line represents the approximate theoretical values obtained from (4)
90 and the points correspond to the measured values.
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RELATIVE POWER (dB) . .
simple relation (1) of Part I, namely
Fig. 12. Comparison at 50 GHz between the theoretical near-field pattern
(solid curve) and measured values (hollow points) employing a polar-power ing. o &) 4
plot. The distance from the antenna is 30 cm. A fine line curve representing SO, = k_ ( )
the far-field pattern is added here. ¢
In Fig. 13 we present a solid curve representing the theoretical

o _values of#,, obtained via (4) and a set of solid points that
[6].) On the plot there also appears a fine line curve, which,respond to the peak in the measured pattern in Fig. 12 and
represents théar-field pattern. It is seen that in the near fielg, 5, corresponding patterns at other frequencies. Although
the sidelobes are higher, the dips fill differently, and the begjy agreement is seen to be rather good, the approximate

width increases a bit. values from (4) yield angles that are very slightly further from
broadside. The extremely simple relation (4) is very good when
B. Comparisons Between Measurements and Theory the leakage constant is not large.

A polar plot of the near-field pattern @& = 30 cm is
presented in Fig. 12 for a frequency equal to 50 GHz. (Plots
for the additional frequencies 41, 45, 55, and 58 GHz may The purpose of Part Ill was to take appropriate mea-
be found in [6].) The solid line on this plot represents theurements in order to verify the validity of the theoretical
theoretical near-field calculation based on (2) and (3); txpressions derived in Parts | [1] and Il [2]. Measurements
points correspond to measured results obtained by using there made of the propagation wavenumbgrand o and of
setup discussed in Section I1l-B. We have also included a firediation patterns. These measurements were first made in the
line drawing that corresponds to the far-field calculation atillimeter wave range from 40 to 60 GHz. Althougtery
that frequency. good agreement was obtained with the theoretical values in

Inspection of the plot in Fig. 12 reveals that the pointall cases, we found some scatter in the measured points for
agree very well with the theoretical curve. Although both thihe values of3 and«, which we attributed to the difficulty in
measured and the theoretical results hold for the near fieldnaaking precise measurements at these small wavelengths. We,
the distanceR = 30 cm, their good agreement suggests thalherefore, conducted a second set of measuremedfstend
the far-field calculations employing the appropriateand 3  from roughly 8 to 12 GHz, where all dimensions are larger by
values should also be accurate. Near-field plots are generabout a factor of five. Less scatter was found in the measured
somewhat ugly, but it should be clear that the far-field patterdata and the agreement with theory was again very good.
are smooth and clean, as is borne out by the fine-line far-fieldThe two antenna structures that were built for measurements
plot appearing in Fig. 12. in these two frequency ranges are described in Section Il,

Measured near-field patterns were also obtained in thad the measurement methods employed are discussed in
X-band frequency range, at the following frequencies: 8.Sgction Ill. The comparisons with theory for the propagation
9.5, 10.0, 10.5, 11.5, and 12.4 GHz. Detailed plots in bothavenumbers? and « are presented in Section IV and those
rectangular and polar forms are presented in [4] for tHer the radiation patterns are given in Section V.
frequencies 8.5, 10.0, and 12.4 GHz. Since no calculatedThe principal conclusion to be drawn from these compar-
patterns are available for comparison with these measuremastss is that inall cases, the agreements between measure-
and since these measured patterns are qualitatively similaments and theory aregery good thereby verifying that the
those appearing in Fig. 12, none of these patterns are shaweoretical expressions in Parts | and Il are accurate and
here. reliable.

The angled,,, of the maximum of each of these beams is Additional interesting information was obtained from the
the same as the angle we would find for the far-field pattermagasurements of and « in the X-band frequency range.
as seen from Figs. 11 and 12. That angle can be obtairnHte stub-guide portion of the leaky-wave antenna may be
directly from polar plots similar to the one in Fig. 12 and iterminated by a pair of baffles or by flanges, which can be
can be calculated from the value 8fk, making use of the narrow or wide approximating a ground plane. Expressions

VI. CONCLUSION
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were derived in Part Il for the effects ofi/k, and «/k, [3] G.A.Deschamps, “Determination of reflection coefficients and insertion
when the termination is a pair of baffles or is a ground plane. fj; Oigé‘Sg"a"eg“'de junction,J. Appl. Phys.vol. 24, pp. 1046-1050,
However, it would also be valuable to know how thgk, [4] R. Antonazzi, F. Frezza, P. Lampariello, R. Scarpetta, and A. A.

and «/k, values are modified when the flanges are changed Oliner, “Indagine sperimentale su antenne a onda leaky basate su guida
from narrow to wide rettangolare caricata da stub,” Dig. IX Meet. Appl. Electromagn.

. . . . Assisi, Italy, Oct. 1992, pp. 263—-266.
As discussed in detail in Section 1V-B, the measurementg; H. shigesawa, M. Tsuji, P. Lampariello, F. Frezza, and A. A. Oliner,

made in theX-band range do in fact provide such additional  “Coupling between different leaky-mode types in stub-loaded leaky
information. The results are that the values/fk, remain waveguides,” IEEE Trans. Microwave Theory Teghvol. 42, pp.

L . 1548-1560, Aug. 1994.
essentially the same, but the valueswf:, do change slightly, [6] A. A. Oliner, “Scannable millimeter wave arrays,” Final Rep. RADC,

yet noticeably, with the narrow flanges yielding slightigher Polytechnic University, Brooklyn, NY, Contract F19 628-84-K-0025,
values ofa/k,. Calculations were also made to determine S€Pt 1988, ch. Vill

the differences produced when the flanges are replaced by a

pair of baffles, which may be viewed as the extreme case of

narrow flanges. It was found that the values/i_yfko Were  wikio Tsuji (S77—
again affected negligibly, but those ef/k, were influenced p. 1041.

in a substantial way and in the same direction as that found
experimentally when wide flanges were replaced by narrow

ones. Since the values of the leakage consaminfluenced

by the geometry of the termination on the stub guide, one miitoshi Shigesawa(S'62-M'63-SM'85-F'94), for a photograph and biogra-
take this aspect into account in the design. phy, see this issue, p. 1040.

M’82), for a photograph and biography, see this issue,
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