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FIG. 2

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
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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.



CA 03100197 2020-11-12

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
21 November 2019 (21.11.2019)

(10) International Publication Number

WO 2019/222197 A1l

WIPO I PCT

(51) International Patent Classification:
HO010 9/04 (2006.01) HO01Q 1/38 (2006.01)

(21) International Application Number:
PCT/US2019/032194

(22) International Filing Date:
14 May 2019 (14.05.2019)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/671,706 15 May 2018 (15.05.2018) UsS

(71) Applicant: JOHN MEZZALINGUA ASSOCIATES,
LLC [US/US]; 7645 Henry Clay Blvd., Liverpool, New
York 13088 (US).

(72) Inventors: JANG, Taehee; 408 McClennan Drive, Fayet-
teville, New York 13066 (US). TAMBE, Niharika; 100
Kellars Lane, Liverpool, New York 13088 (US). RAGOS,

(74)

@81)

Jordan; 313 Willow Street, Apt. 520, Syracuse, New York
13203 (US). SUNDARARJAN, Niranjan; 126 Kings Park
Drive, Apt. K, Liverpool, New York 13090 (US).

Agent: RUDICH, Rebecca G. et al.; Meunier Carlin &
Curfman LLC, 999 Peachtree Street NE, Suite 1300, At-
lanta, Georgia 30309 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(54) Title: PATCH ANTENNA DESIGN FOR EASY FABRICATION AND CONTROLLABLE PERFORMANCE AT HIGH FRE-

QUENCY BANDS

200

wo 20197222197 A1 |0 0000 00000 0 000 0

FIG. 2

(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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PATCH ANTENNA DESIGN FOR EASY FABRICATION AND
CONTROLLABLE PERFORMANCE AT HIGH FREQUENCY BANDS

CROSS REFERENCE TO RELATED APPLICATIONS
16061} This Application claims priority to U.S. Provisional 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

10002] The present invention relates to wireless communications, and more
particularly, to antennas that are capable of operating in high {requency ranges.

Related At

(36631 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 (3150 — 5350 MHz and 5470 - 5925 MHz) present challenges to antenna designers
and manufactmers in that radiators that perform in these bands are very sensitive o
mamifacturing 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 support pedestal 130. PCB/radiator
plate 110 is electrically coupled to four metallic pins 140, which carry the RF signal to be
radiated to PCB radiator plate 110.

[D005] FIG. 1B is 2 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

1
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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 metallic

pins 140 are similarly coupled.

[6606] FIG. 1€ is a side view of conventional high frequency radiator 100,
illustrating the velative heights of PCB/radiator plate 110 and first passive radiator plate
120. Second passive radiator plate 122 ov/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 illusiration, it is apparent that solder point 150 has a beight or
prominence above PUB/radiator plate 110 that is a significant percentage of the distance

between PCB/radiator plate 110 and passive radiator plate 120

16667] Conventional high frequency radiator 100 presents the following chatlenges.
First, given four metallic pins 140, cach of which are soldered at feed metal pad 160 and
corresponding feed line 170, mounting each conventional high frequency radiator 100 to an
antenna array face requires cight solder joints. Further, given the height or prominence of
solder point 1590, and given standard manufacturing variations in soldering, the height of a
given solder point 150 may vary by a cousiderable percentage of the distance between
PCB/radiator plate 110 and passive radiator plate 120. These variations in solder point 150
heighis may cause considerable impedance mismaiches for the conventional high frequency
radiator 100. Further, since the center of plates 110/120/122/124 ave 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.

130081 In order to assemble ong 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,

[6009] 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
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soldering and bent metallic patches.

SUMMARY OF THE INVENTION

(60141 An aspect of the present disclosure involves a radiator for an antenna. The
radiator comuprises a pair of PCB stems arranged in a cross fashion, cach of the PCB stems
having a front side and a rear side, wherein disposed on cach PCB stem is a pair of feeder
metallic traces and a corresponding pair of opposing metallic traces, whercin 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 steros.

(6011} 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
sterns arranged in a cross fashion, each of the PCE 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. Fach of the high frequency radiators also comprises a radiator plate that is
mechanically coupled to the pair of PCB stems.

BRIEF DESCRIPTION OF THE BRAWINGS

[9012] The accompanying figures, which are incorporated herein and form part of the
specification, illustrate patch antenna design for easy fabrication and controllable
performance at high frequency bands. Together with the description, the figures further
serve to explain the principles of the patch antenna design for casy 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 casy

fabrication and controllable performance at high frequency bands
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[0013] FIG. 1A illustrates a conventional high frequency radiator.
[6014] FIG. 1B is a cutaway view of the conventional high frequency radiator of FIG.
1A,
[0015] FIG. 1C is a side view of the conventional high frequency radiator of FIG. 1A,
[68016] FIG. 2 illustrates a high frequency radiator according to the disclosure.
16617} FIG. 3 tllustrates two sides of a2 PCB stern 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
tlustration}, connected by a plurality of conductive traces that are disposed within vias
disposed in the PCB stem structure

(6019} FIG. 4B is a “top down” view of the front and back metallic traces, connected

by a plurahty of conductive traces disposed within the vias.

16028] FIG. 4C is a side view of a front metallic trace, along with exampie
dimensions.
16021} FIG. 3A is a top-down view of the PCB radiator plate of the exemplary high

frequency radiator according to the disclosure.

(66221 FIG. 5B ilustrates an alternative embodiment in which a metallic patch is
emploved in place of the PCB radiator plate.

[6623] FIG. 6 illustrates an arrangement of exemplary high frequency radiators as
they might be configured on an array face.

[6024] FIG. 7 is an exemplary return loss plot corresponding to the high frequency

radiator according to the disclosure.

[6025] FIG. 8 is an exemplary isolation plot corresponding to the high frequency

I
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radiator according to the disclosure.

[6026] FIG. 9 is an exemplary azimuth radiation pattern corvesponding to the high
frequency radiator according to the disclosure.

[0627] FIG. 10 1s an exemplary elevation radiation pattern corresponding to the high

frequency radiator according to the disclosure.

DESCRIPTION OF EXEMPLARY EMBOBDIMENTS

(0281 Refercnce will now be made in detail to embodiments of the patch antenna
design for easy fabrication and controllable performance at high frequency bands with
reference to the accompanying figures

[6629] 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. Disposed on each PCB stem 230 is a feeder metallic wrace 240 and an
opposing metallic trace 245, cach 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.

106301 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 stern 230 are feeder metallic traces 240. Feeder
metallic trace 240 has a vertical feeder portion 320 and a2 horizontal trace portion 330.
Disposed on the back side of PCB stem 230 is opposing metallic trace 245. Opposing
moetallic trace 245 may bave a profile {or dimensions) thatoay 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 is a plurality of vias 350 that

penetrate the PCB stem 230 and enable the feeder metallic trace 24 and opposing metallic



CA 03100197 2020-11-12

WO 2019/222197 PCT/US2019/032194

trace 245 to be electrically coupled using solder or another form of electrical connection.
The vias 350 may be disposed horizontally along the profilc 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
frace 245, and the solder in the vias 350 may topart 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 PCR radiator
plate 210. Further, although PCB stem 230 is llustrated with both feeder metallic races 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
2435 may be reversed such that one feeder metallic trace 240 may be on one side of PCB
stern 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 stern 230 may
be formed of two separate PCB segments, each of which having one combinauon of feeder
moetallic trace 240 and opposing metallic trace 245.

(66321 FIG. 4A illostrates feeder metallic trace 240 and opposing metallic race 245
disposed on front and back sides of the PCB stems (with the PCB stem structure removed
from the itlustration}), connected by a plurality of conductive traces that are disposed within
vias 350 disposed in the PCB stem structure. Hach combination of traces 240 and 243,
coupled through corresponding vias 350, provides sufficient volume of conductive material

in the proper configuration and proxumity to PCB radiator plate 210 to pump sufficient RF
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flux into PCB radiator plate 210 for high frequency radiator 200 to function with
substantially the same efficiency as conventional high frequency radiator 100, but with
fewer components. Given the ngidity 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.

[6033] Additionally, the configuration of feeder metallic race 240 and opposing
metallic frace 245, and their corresponding 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 iraprecision i 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 soldering.

16434] FIG. 4B is a “top down” view of feeder metallic trace 240, opposing metallic
trace 245, and their corresponding 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 mumber
of vias may be specifically selected in order to obtain the good impedance matching over the
desired frequency bands.

[0035] FIG. 3A is a top-down view of the PCRB radiator plate 210 of high frequency
radiator 200, including metallic plate 510, and a cross aperture 520 through which
interiocked PCB stems 230 mechagically engage to support PCB radiator plate 210 and
provide mechanical rigidity for high frequency radiator 200.

(6036} FIG. 5B illustrates an alternate embodiment in which a metallic patch 550 is
emploved in place of PCB radiator plate 210. In order to assure stable and consistent
orientation of metallic patch 530, a non-conductive support infrastructure 560 is provided.

it will be understood that such variations are possible and within the scope of the disclosure.
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[0037] FIG. 6 illustrates an arrangement of exemplary high frequency radiators 200
as they might be configured on an array face. Hllustrated 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 6135a/b, and phase-split feeds 620a/b. Each RF input signal is fed to a pair
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
stern 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 ther.

[6038] 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
isolation plot corresponding to the high frequency radiator according to the disclosure,
lepicting the superior performance of high frequency radiator 200.

160349 FIG. 9 15 an cxemplary 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  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 controliable.

[6046] While various embodiments of the patch antenna design for easy fabrication
and controllable performance at high frequency bands have been described above, it should

be understood that they have been presented by way of example only, and not limitation. ft
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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 of the present disclosure.
Thus, the breadth and scope of the present invention should not be Hmited by any of the
above-described exemplary emnbodiments, but should be defined only in accordance with

the following claims and their equivalents.
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What is claimed is:

1. A vadiator 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
cach 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 platc 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 1, wherein the radiator plate
comprises: 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 comresponding opposing
metatlic trace.

6. The radiator of claim 3, wherein the at least one via comprises a plurality

of wvias disposed between the horizontal trace portion and the

corresponding opposing metallic trace.
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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 {race and the corresponding opposing metallic trace.

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

a pair of PCB stems arvanged in a cross fashion, each of the PCB stems
having a frout side and a rear side, wherein disposed on each PCB stem is a pair of
feeder metallic traces and a corresponding paiy of opposing metallic traces, wherein
cach 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.

—
[
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