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(57) ABSTRACT

Disclosed is a high frequency radiator for an antenna. The
high frequency radiator is formed of two interlocking PCB
stems on which a radiator plate is mounted. Disposed on
each of the interlocking PCB stems are two combinations of
a feeder metallic trace and an opposing metallic trace,
disposed on opposite sides of the PCB stem and electrically
coupled together by at least one via formed in the PCB stem
and a solder point within the via. This configuration of high
frequency radiator is considerably cheaper to manufacture
compared to conventional designs and is less susceptible to
impedance matching problems resulting from inconsistent
solder joint dimensions.
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FIG. 1B
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FIG. 4A
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FIG. 5B
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PATCH ANTENNA DESIGN FOR EASY
FABRICATION AND CONTROLLABLE
PERFORMANCE AT HIGH FREQUENCY
BANDS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Application claims priority to U.S. Provi-
sional Patent Application No. 62/671,706, filed May 15,
2018, which is hereby incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to wireless commu-
nications, and more particularly, to antennas that are capable
of operating in high frequency ranges.

Related Art

[0003] As mobile telecommunications advance toward the
advent of 5G, increasing demands for higher datarates,
enabled by carrier aggregation, are leading to exploitation of
spectrum in higher frequency ranges. New 3GPP bands,
such as Citizens Broadband Radio Service (CBRS) spectrum
(3550-3700 MHz) and Licensed Assisted Access (LAA)
spectrum (5150-5350 MHz and 5470-5925 MHz) present
challenges to antenna designers and manufacturers in that
radiators that perform in these bands are very sensitive to
manufacturing variations. Given the shorter wavelengths
corresponding to these higher frequencies, slight defects or
imprecisions in solder joints or mounting of radiator plates
can lead to variations that are a significant percentage of
wavelength, leading to poor impedance matching.

[0004] FIG. 1A illustrates a conventional high frequency
radiator 100, which includes a PCB (printed circuit board)
radiator plate 110, and a passive radiator plate 120, both of
which are mechanically mounted to a non-conductive sup-
port pedestal 130. PCB/radiator plate 110 is electrically
coupled to four metallic pins 140, which carry the RF signal
0 be radiated to PCB radiator plate 110.

[0005] FIG. 1B is a cutaway view of conventional high
frequency radiator 100, showing the PCB/radiator plate 110
and one of the four metallic pins 140. Metallic pin 140 is
electrically coupled to PCB/radiator plate 110 at feed metal
pad 160 by solder point 150, and electrically coupled to
feedline 170 by another solder point. The other three metal-
lic pins 140 are similarly coupled.

[0006] FIG. 1C is a side view of conventional high fre-
quency radiator 100, illustrating the relative heights of
PCB/radiator plate 110 and first passive radiator plate 120.
Second passive radiator plate 122 or/and third passive
radiator 124, which are mechanically mounted to a non-
conductive support pedestal 130, may be added to get better
bandwidth. From the illustration, it is apparent that solder
point 150 has a height or prominence above PCB/radiator
plate 110 that is a significant percentage of the distance
between PCB/radiator plate 110 and passive radiator plate
120.

[0007] Conventional high frequency radiator 100 presents
the following challenges. First, given four metallic pins 140,
each of which are soldered at feed metal pad 160 and
corresponding feed line 170, mounting each conventional
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high frequency radiator 100 to an antenna array requires
eight solder joints. Further, given the height or prominence
of solder point 150, and given standard manufacturing
variations in soldering, the height of a given solder point 150
may vary by a considerable percentage of the distance
between PCB/radiator plate 110 and passive radiator plate
120. These variations in solder point 150 heights may cause
considerable impedance mismatches for the conventional
high frequency radiator 100. Further, since the center of
plates 110/120/122/124 are mounted to a non-conductive
supporting pedestal 130, they may be bent. This may cause
a change in distance between PCB/radiator plate 110 and
passive radiator plate 120.

[0008] In order assemble one antenna, it requires the
non-conductive supporting pedestal 130, four metallic pins
140, PCB/radiator plate 110, and at least one passive radiator
plate 120, along with eight solder joints.

[0009] Accordingly, what is needed is a high frequency
radiator that is less expensive to manufacture and is also
substantially immune to manufacturing variations such as
soldering and bent metallic patches.

SUMMARY OF THE INVENTION

[0010] An aspect of the present disclosure involves a
radiator for an antenna. The radiator comprises a pair of PCB
stems arranged in a cross fashion, each of the PCB stems
having a front side and a rear side, wherein disposed on each
PCB stem is a pair of feeder metallic traces and a corre-
sponding pair of opposing metallic traces, wherein each
combination of feeder metallic trace and corresponding
opposing metallic trace is electrically coupled by at least one
via formed in the PCB stem. The radiator further comprises
a radiator plate that is mechanically coupled to the pair of
PCB stems.

[0011] Another aspect of the present invention involves an
antenna that has a plurality of high frequency radiators. Each
of the high frequency radiators comprises a pair of PCB
stems arranged in a cross fashion, each of the PCB stems
having a front side and a rear side, wherein disposed on each
PCB stem is a pair of feeder metallic traces and a corre-
sponding pair of opposing metallic traces, wherein each
combination of feeder metallic trace and corresponding
opposing metallic trace is electrically coupled by at least one
via formed in the PCB stem. Each of the high frequency
radiators also comprises a radiator plate that mechanically
coupled to the pair of PCB stems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying figures, which are incorporated
herein and form part of the specification, illustrate patch
antenna design for easy fabrication and controllable perfor-
mance at high frequency bands. Together with the descrip-
tion, the figures further serve to explain the principles of the
patch antenna design for easy fabrication and controllable
performance at high frequency bands described herein and
thereby enable a person skilled in the pertinent art to make
and use the patch antenna design for easy fabrication and
controllable performance at high frequency bands

[0013] FIG. 1A illustrates a conventional high frequency
radiator.
[0014] FIG. 1B is a cutaway view of the conventional high

frequency radiator of FIG. 1A.
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[0015] FIG. 1C is a side view of the conventional high
frequency radiator of FIG 1A.

[0016] FIG. 2 illustrates a high frequency radiator accord-
ing to the disclosure.

[0017] FIG. 3 illustrates two sides of a PCB stem for the
high frequency radiator of FIG. 2.

[0018] FIG. 4A illustrates front and back metallic traces
that are disposed on front and back sides of the PCB stems
(with the PCB stem structures removed from the illustra-
tion), connected by a plurality of conductive traces that are
disposed within vias disposed in the PCB stem structure
[0019] FIG. 4B is a “top down” view of the front and back
metallic traces, connected by a plurality of conductive traces
disposed within the vias.

[0020] FIG. 4C is a side view of a front metallic trace,
along with example dimensions.

[0021] FIG. 5A is a top-down view of the PCB radiator
plate of the exemplary high frequency radiator according to
the disclosure.

[0022] FIG. 5B illustrates an alternative embodiment in
which a metallic patch is employed in place of the PCB
radiator plate.

[0023] FIG. 6 illustrates an arrangement of exemplary
high frequency radiators as they might be configured on an
array face.

[0024] FIG. 7 is an exemplary return loss plot correspond-
ing to the high frequency radiator according to the disclo-
sure.

[0025] FIG. 8 is an exemplary isolation plot corresponding
to the high frequency radiator according to the disclosure.
[0026] FIG. 9 is an exemplary azimuth radiation pattern
corresponding to the high frequency radiator according to
the disclosure.

[0027] FIG. 10 is an exemplary elevation radiation pattern
corresponding to the high frequency radiator according to
the disclosure.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0028] Reference will now be made in detail to embodi-
ments of the patch antenna design for easy fabrication and
controllable performance at high frequency bands with
reference to the accompanying figures

[0029] FIG. 2 illustrates an exemplary high frequency
radiator 200 according to the disclosure, disposed on array
face PCB 202. High frequency radiator 200 includes a PCB
radiator plate 210 that is mounted to two PCB stems 230 that
are arranged in an interlocking cross configuration. Dis-
posed on each PCB stem 230 is a feeder metallic trace 240
and an opposing metallic trace 245, each of which is
disposed on opposite sides of a corresponding PCB stem
230. Feeder metallic trace 240 is coupled to an RF feeder
line (not shown) by solder joint 260.

[0030] FIG. 3 illustrates two sides of a PCB stem 230,
including a front side and a back side. Disposed on the front
side of PCB stem 230 are feeder metallic traces 240. Feeder
metallic trace 240 has a vertical feederportion 320 and a
horizontal trace portion 330. Disposed on the back side of
PCB stem 230 is opposing metallic trace 245. Opposing
metallic trace 245 may have a profile (or dimensions) that
may substantially overlap with the profile of horizontal trace
portion 330 of feeder metallic trace 240. Disposed within
both feeder metallic trace 240 and opposing metallic trace
245 a plurality of vias 350 that penetrate the PCB stem 230
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and enable the feeder metallic trace 240 and opposing
metallic trace 245 to be electrically coupled using solder or
another form of electrical connection. The vias 350 may be
disposed horizontally along the profile of horizontal trace
portion 330 and opposing metallic trace 245. The location of
horizontal trace portion 330 and its corresponding opposing
metallic trace 245 along the vertical dimension may be such
that RF current flowing in the combination of horizontal
trace portion 330, opposing metallic trace 245, and the
solder in the vias 350 may impart RF radiation that couples
with PB radiator plate 210.

[0031] Variations to the PCB stems 230 are possible and
within the scope of the disclosure. For example, instead of
a single PCB stem 230 with two pairs of feeder metallic
traces 240 and opposing metallic traces 245, each feeder
metallic trace 240 and opposing metallic trace 245 may have
its own PCB stem component, and the two PCB stem
components may be physically coupled, or mechanically
coupled separately to PCB radiator plate 210. Further,
although PCB stem 230 is illustrated with both feeder
metallic traces 240 on one side and both opposing metallic
traces 245 on the other side, it will be readily understood that
each combination of feeder metallic trace 240 and opposing
metallic trace 245 may be reversed such that one feeder
metallic trace 240 may be on one side of PCB stem 230 and
the other feeder metallic trace 240 may be on the other side
of PCB stem 230. Also, although PCB stem 230 is illustrated
as a single PCB component, PCB stem 230 may be formed
of two separate PCB segments, each of which having one
combination of feeder metallic trace 240 and opposing
metallic trace 245.

[0032] FIG. 4A illustrates feeder metallic trace 240 and
opposing metallic trace 245 disposed on front and back sides
of the PCB stems (with the PCB stem structure removed
from the illustration), connected by a plurality of conductive
traces that are disposed within vias 350 disposed in the PCB
stem structure. Each combination of traces 240 and 245,
coupled through corresponding vias 350, provides sufficient
volume of conductive material in the proper configuration
and proximity to PCB radiator plate 210 to pump sufficient
RF flux into PCB radiator plate 210 for high frequency
radiator 200 to function with substantially the same effi-
ciency as conventional high frequency radiator 100, but with
fewer components. Given the rigidity and interlocking
nature of PCB stems 230, high frequency radiator 200 does
not need additional support structures that are required for
conventional high frequency radiator 100. Further, high
frequency radiator 200 only requires four solder joints 260
as opposed to eight.

[0033] Additionally, the configuration of feeder metallic
trace 240 and opposing metallic trace 245, and their corre-
sponding vias 350, enables the solder points within vias 350
to be done in such a way that they do not protrude toward
PCB radiator plate 210, and thus do not cause imprecision
in impedance matching as occurs with conventional high
frequency radiator 100. In other words, the design of high
frequency radiator 200 is tolerant of imprecision in solder-
ing.

[0034] FIG. 4B is a “top down” view of feeder metallic
trace 240, opposing metallic trace 245, and their correspond-
ing vias 350, and FIG. 4C is a side view of feeder metallic
trace 240. Both Figures include exemplary dimensions. The
length of metallic traces, width of metallic traces, length of
vias (PCB substrate thickness), space among vias, and
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number of vias may be specifically selected in order to
obtain the good impedance matching over the desired fre-
quency bands.

[0035] FIG. 5A is a top-down view of the PCB radiator
plate 210 of high frequency radiator 200, including metallic
plate 510, and a cross aperture 520 through which inter-
locked PCB stems 230 mechanically engage to support PCB
radiator plate 210 and provide mechanical rigidity for high
frequency radiator 200.

[0036] FIG. 5B illustrates an alternate embodiment in
which a metallic patch 550 is employed in place of PCB
radiator plate 210. In order to assure stable and consistent
orientation of metallic patch 550, a non-conductive support
infrastructure 560 is provided. It will be understood that
such variations are possible and within the scope of the
disclosure.

[0037] FIG. 6 illustrates an arrang& rnentof exemplary
high frequency radiators 200 as they might be configured on
an array face. [llustrated are three high frequency radiators
200 coupled together to two RF signals through RF input
ports 605a/b, input feeds 610a/b. fanned-out feeds 615a/b,
and phase-split feeds 620a/b. Each RF input signal is fed to
apair of feeder metallic traces 240 on one of PCB stems 230.
As illustrated, a given RF input signal is split into two
phase-split feeds 620a/b. Given the difference in length
between the split feeds 620a/b, the RF signal presented to
one feeder metallic trace 240 on a given PCB stem 230 will
be substantially 90 degrees phase shifted to the RF signal
presented to the other of front side feeder metallic trace 240
on the same PCB stem 240. This enables two features for an
antenna: (1) it rotates the polarization vector of the emitted
RF signal by 45 degrees; and (2) it enables high frequency
radiator 200 to operate in a circular polarization mode, by
inputting a single RF signal to both RF inputs 605a/b, but
with a 90-degree phase offset between them.

[0038] FIG. 7 is an exemplary measured return loss plot
corresponding to the high frequency radiator according to
the disclosure, and FIG. 8 is an exemplary measured isola-
tion plot corresponding to the high frequency radiator
according to the disclosure, depicting the superior perfor-
mance of high frequency radiator 200.

[0039] FIG. 9 is an exemplary azimuth radiation pattern
plot corresponding to the high frequency radiator according
to the disclosure, and FIG. 10 is an exemplary azimuth
radiation pattern plot corresponding to the high frequency
radiator according to the disclosure, depicting the superior
performance of high frequency radiator 200. The proposed
structures shows the good impedance matching and isolation
characteristics which are achievable and controllable.
[0040] While various embodiments of the patch antenna
design for easy fabrication and controllable performance at
high frequency ds have been described above, it should be
understood that they have been presented by way of example
only, and not limitation. It will be apparent to persons skilled
in the relevant art that various changes in form and detail can
be made therein without departing from the spirit and scope
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of the present disclosure. Thus, the breadth and scope of the
present invention should not be limited by any of the
above-described exemplary embodiments, but should be
defined only in accordance with the following claims and
their equivalents.

What is claimed is:

1. A radiator for an antenna, comprising,

a pair of PCB stems arranged in a cross fashion, each of
the PCB stems having a front side and a rear side,
wherein disposed on each PCB stem is a pair of feeder
metallic traces and a corresponding pair of opposing
metallic traces, wherein each combination of feeder
metallic trace and corresponding opposing metallic
trace is electrically coupled by at least one via formed
in the PCB stem; and

a radiator plate mechanically coupled to the pair of PCB
stems.

2. The radiator of claim 1, wherein the radiator plate

comprises: a PCB substrate; and

a metal plate disposed on the PCB substrate.

3. The radiator of claim wherein the radiator plate com-
prises: a metal plate; and

a non-conducting support infrastructure to which the
metal plate is mechanically coupled.

4. The radiator of claim 1, wherein each feeder metallic
trace comprises a feeder portion and a horizontal trace
portion.

5. The radiator of claim 4, wherein the horizontal trace
portion has a profile that substantially overlaps with a profile
of the corresponding opposing metallic trace.

6. The radiator of claim 5, wherein the at least one via
comprises a plurality of vias disposed between the horizon-
tal trace portion and the corresponding opposing metallic
trace.

7. The radiator of claim 6, wherein the profile comprises
a length and a width, and wherein each via has a via length,
and wherein the length, the width, the via length, a via
spacing, and a quantity of vias, are selected to obtain desired
impedance matching over a frequency range.

8. The radiator of claim 1, wherein each PCB stem
comprises two PCB segments, each PCB segment having
one combination of the feeder metallic trace and the corre-
sponding opposing metallic trace.

9. An antenna having a plurality high frequency radiators,
each of the high frequency radiators comprises:

a pair of PCB stems arranged in a cross fashion, each of
the PCB stems having a front side and a rear side,
wherein disposed on each PCB stem is a pair of feeder
metallic traces and a corresponding pair opposing
metallic traces, wherein each combination of feeder
metallic trace and corresponding opposing metallic
trace is electrically coupled by at least one via foamed
in the PCB stem; and

a radiator plate mechanically coupled to the pair of PCB
stems.



