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(57) ABSTRACT 

According to an aspect, a display device includes a display 
module including a display panel and a conductive layer, and 
an enclosure configured to surround the display module, 
where the enclosure includes a conductive portion. The 
display device includes an antenna having a structure 
formed by an air gap disposed between the conductive layer 
and the conductive portion of the enclosure. The antenna 
includes an antenna feed located within the air gap. The 
antenna feed is coupled to the conductive portion of the 
enclosure and to the conductive layer such that at least a 
portion of the display module is configured as a radiating 
element for wireless communication. 
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(57) ABSTRACT 

A terminal device includes feed sources, a metal frame, 
coupling patches, and radiating patches, where at least two 
grooves are formed in the outer side surface of the metal 
frame, two first through holes are formed in each groove, a 
coupling patch and a radiating patch are arranged in each 
groove; the coupling patch in each groove is arranged 
between the radiating patch and the bottom of the groove, 
and two second through holes are formed in the coupling 
patch; two antenna feed points are arranged on each radi­
ating patch, each feed source is connected to one antenna 
feed point through one first through hole and one second 
through hole; and the metal frame, the coupling patch, and 
the radiating patch are not in contact with one another, and 
an area of the radiating patch is less than an area of the 
coupling patch. 

10 Claims, 5 Drawing Sheets 

4 3 

X 

y 

13 







c12) United States Patent 
Govoni et al. 

(54) BROADBAND STACKED PATCH ANTENNA 
ARRAY 

(71) Applicant: U.S. Army DEVCOM Army Research 
Laboratory, Adelphi, MD (US) 

(72) Inventors: Mark A. Govoni, Abingdon, MD (US); 
Seth A. McCormick, Arlington, VA 
(US) 

(73) Assignee: America as represented by the 
Secretary of the Army, Washington, 
DC (US) 

( *) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) 

(22) 

(65) 

(51) 

(52) 

(58) 

Appl. No.: 17/322,317 

Filed: May 17, 2021 

Prior Publication Data 

US 2022/0368028 Al Nov. 17, 2022 

Int. Cl. 
H0lQ 21106 
H0lQ 1142 

U.S. Cl. 

(2006.01) 
(2006.01) 

(Continued) 

CPC ............. H0lQ 211065 (2013.01); H0lQ 1138 
(2013.01); H0lQ 11422 (2013.01); H0lQ 

9/0414 (2013.01) 

Field of Classification Search 
CPC ........ H01Q 21/065; H0lQ 1/38; H01Q 1/422; 

H0lQ 9/0414 
See application file for complete search history. 

I 1111111111111111 1111111111 lllll lllll 111111111111111 111111111111111 IIII IIII 
US011695219B2 

(IO) Patent No.: 
(45) Date of Patent: 

US 11,695,219 B2 
Jul. 4, 2023 

(56) References Cited 

U.S. PATENT DOCUMENTS 

6,317,084 Bl* 11/2001 Chen . 

9,184,504 B2 11/2015 Zhang 

(Continued) 

OTHER PUBLICATIONS 

H0lQ 1/38 
343/700 MS 

F. Rostan, E. Heidrich and W. Wiesbeck, "Design of aperture­
coupled patch antenna arrays with multiple dielectric layers," 1993 
23rd European Microwave Conference, 1993, pp. 917-919, doi: 
10.1109/EUMA.1993.336749. (Year: 1993).* 

(Continued) 

Primary Examiner - David E Lotter 
(74) Attorney, Agent, or Firm - Eric B. Compton 

(57) ABSTRACT 
A stacked patch antenna array includes: a conductive ground 
plane configured to connect to a plurality of electrical 
transmission lines for transmitting and/or receiving electri­
cal signals; a driven layer adjacent to the conductive ground 
plane formed of a dielectric material and comprising a 
plurality of first resonant circular patches, each electrically 
connecting to a respective electrical transmission line such 
that a received electrical signal excites and generates an 
electromagnetic signal and/or a received electromagnetic 
signal excites and generates an electrical signal; an electri­
cally insulating spacer adjacent to the driven layer; and a 
coupled layer adjacent to the electrically insulating spacer 
formed of a dielectric material and comprising a plurality of 
second resonant circular patches which are symmetrically 
positioned with respect to the first circular resonant patches 
of the driven layer and excited by the electromagnetic waves 
generated by the first resonant circular patches, wherein the 
electrically insulating spacer electrically separates the 
driven layer and the coupled layer having a thickness such 
that the resonances of the first and second resonant circular 
patches constructively combine. 
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