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and the grounding branch is connected to a grounding point; 
the first branch and the third branch are concave branches; 
the second branch is a bent branch; the feeding branch, the 
first branch, the second branch, the third branch and the 
grounding branch are connected in sequence to form an 
annular structure with a slot, the slot is located between the 
feeding branch and the grounding branch, and the slot is 
internally insulated. 

19 Claims, 6 Drawing Sheets 

4 

2 

3 



| .......... .......... | | .......... | | .......... | .......... | | .......... | .......... | | .......... | | | .......... | .......... 
m
m
m
m
m弓
4

•• 
EB 

m
m
m
m
m句
公

即
回
回
回
尺
以

|4 
m
m
m
m
m
m
ζ
J
 

••••••••• 

nxU 

HHHHQ/ 
E
.
E
.
-
h
υ
 

| ••••••••••• 

11 

|) mmmmms 
闖
闖
闖U

| | .......... | | | .......... | .......... .......... | | | .......... | .......... | .......... | | | .......... | .......... .......... | | 

(1 2) United States Patent 
Hung 

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

US 10,985,452 B2 
Apr. 20, 2021 

(54) ANTENNA ELEMENTS (58) Field of Classification Search 
CPC .......... HOIQ 1138; H01Q 1148; HOIQ 112258; 

H01Q 13/10; H01Q 5/321; H01Q 5/328; 
H01Q 9/42 

See application file for complete search history. 

(71) Applicant: Hewlett-Packard Development 
Compan弘 L.P.， Sprin皂， TX (US) 

(72) Inventor: Kuan-Jung Hung, Taipei (TW) 

(73) Assignee: Hewlett-Packard Development 
Compan弘 L.P.， Sprin皂， TX (US) 

(56) References Cited 

U.S. PATENT DOCUMENTS 

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

4,827 ,266 A 5/1989 Sato et al. 
9,564,679 B2 * 2/2017 Rho HOIQ 11243 

(Continued) 

FOREIGN PATENT DOCUMENTS (21) Appl. No.: 16/603,855 

(22) PCT Filed: Apr. 17, 2017 

(86) PCT No.: PCT/US2017/027947 

S 371 (c)(1), 
(2) Date: Oct. 9, 2019 

EP 2197074 Bl 12/2012 
JP 2012015909 A 112012 
WO WO-2006118587 Al 1112006 

OTHER PUBLICATIONS 

(87) PCT Pub. No.: W02018/l94546 

PCT Pub. Date: Oct. 25, 2018 

Hung, C. et al., Design of Slot Antenna Loaded with Lumped 
Circuit Components, Oct. 23-25 , 2013, < http://ieeexplore .ieee.org/ 
documentl6717714/ > 

(65) Prior Publication Data 

US 2020/0119436 Al Apr. 16, 2020 

Primary Examiner - Hoang V Nguyen 
(74) Attorney, Age叭 or Firm - HPI Patent Department 

(51) Int. C l. 
H01Q 1/48 
H01Q 1/38 
H01Q 13/10 
H01Q 5/321 
H01Q 9/42 
H01Q 5/328 
H01Q 1/22 

(52) U.S. C l. 
CPC ................. H01Q 1/38 (2013.01); H01Q 1/48 

(2013.01); H01Q 的'21 (2015.01); H01Q 
5/328 (2015.01); H01Q 9/招 (2013.01); H01Q 

13/10 (2013.01); H01Q 1/2266 (2013.01) 

(2006.01) 
(2006.01) 
(2006.01) 
(2015.01) 
(2006.01) 
(2015.01) 
(2006.01) 

(57) ABSTRACT 

Examples of antenna elements are described herein. In an 
example, the antenna element may include a substrate for 
being disposed on an enclosure. The substrate may include 
a ground plane. Further, the antenna element may include an 
antenna feeder that may be electrically coupled to the 
ground plane. The antenna element may also include a 
radiator. The radiator may be electrically coupled to the 
antenna feeder. In addition, the antenna element may include 
a lump component connected to the radiator. 

11 Claims, 8 Drawing Sheets 

單純\

勻。2
108 

紛串\

單位忠
502 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

504 
一戶叫叫

品最



(1 2) United States Patent 
Tsou et al. 

| .......... .......... | | .......... | | .......... | .......... | | .......... | | .......... | .......... | | | .......... | .......... 
m
m
m
m
m弓
4

•• 
EB 

mmmmQ/ 
即
回
回
回
尺
以

|4 
m
m
m
m
m
m
ζ
J
 

••••••••• 

nxU 

HHHHQ/ 
E
.
E
.
-
h
υ
 

| ••••••••••• 

11 

|) mmmmms 
闖
闖
闖U

| | .......... | | | .......... | .......... .......... | | | .......... | .......... | .......... | | | .......... | .......... .......... | | 

US 10,985,459 B2 
Apr. 20, 2021 

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

(54) ANTENNA STRUCTURE AND WIRELESS 
COMMUNICATION DEVICE USING THE 
SAME 

(71) Applicant: Chiun Mai Communication Systems, 
Inc., New Taipei (TW) 

(72) Inventors: Tun-Yuan Tsou, New Taipei (TW); 
Shu-Wei Jhang, New Taipei (TW); 
Yi-Te Chou, New Taipei (TW); 
Chang-Ching Huang, New Taipei 
(TW) 

(73) Assignee: Chiun Mai Communication Systems, 
Inc., New Taipei (TW) 

( *) Notice: Subject to any disclaimer, the term ofthis 
patent is extended or adjusted under 35 
U.S.c. 154(b) by 34 days. 

(21) Appl. No.: 16/684,981 

(22) Filed: N ov. 15, 2019 

(65) Prior Publication Data 

US 2020/0176870 Al Jun. 4, 2020 

(30) Foreign Application Priority Data 

Nov. 30, 2018 (CN) ......................... 201811455055.6 

(51) Int. C l. 
H01Q 1/52 
H01Q 5/335 
H04B 1/00 
H01Q 1/22 
H01Q 1/24 

(52) U.S. C l. 
CPC ........... H01Q 5/335 (2015.01); H01Q 1/2291 

(2013.01); H01Q 1/243 (2013.01); H04B 
1/0064 (2013.01) 

(2006.01) 
(2015.01) 
(2006.01) 
(2006.01) 
(2006.01) 

(58) Field of Classification Search 
CPC ...................................................... HOIQ 5/335 
USPC ......................................... 343/853 , 702, 852 
See application file for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

9,960 ,489 B2 5/2018 Kim et al. 
2019/0393586 A1 * 12/2019 Ayala Vazquez H01Q 9/42 
2020/0106159 A1 * 4/2020 Hsu. H01Q 1150 

FOREIGN PATENT DOCUMENTS 

CN 105474460 B 8/2018 

* cited by examiner 

Primary Examiner - Peguy Jean Pierre 
(74) Attorney, Agent, or Firm - ScienBiziP, P.c. 

(57) ABSTRACT 

An antenna structure of few components and reduced size 
which functions by switching between components to 
achieve radi泌的n in three different frequency bands includes 
two radiating portions, a feeding portion, a matching circuit, 
and a first switching circuit. With the first switching circuit 
closed, current flows along a first radiating portion to 
activate a first frequency band. A second radiating portion 
obtains the current from the first switching circuit by cou
pling with the first radiating portion, to activate a second 
frequency band. Current in the first radiating portion can 
activate a third 企'equency band. With the first switching 
circuit open, current in the first radiati月 portion activates 
radiation in the first frequency band. The second radiating 
portion can radiate in second frequency band by coupling 
current from the first radiating portion. Frequency multipli
cation of the first frequency band can activate the third 
frequency band. 

18 Claims, 15 Drawing Sheets 

, 200 

15 
32 

33 

100 ~ 



(1 2) United States Patent 
Chang et al. 

111111111111111111111111111111111111111111111111111111111111111111111111111 

US 10,985,460 B2 
Apr. 20, 2021 

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

(54) ANTENNA STRUCTURE 

(71) Applicant: Chiun Mai Communication Systems, 
Inc., New Taipei (TW) 

(72) Inventors: Yun-Jian Chang, New Taipei (TW); 
Geng-Hong Liou, New Taipei (TW); 
Yen-Hui Lin , New Taipei (TW) 

(73) Assignee: Chiun Mai Communication Systems, 
Inc., New Taipei (TW) 

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

(21) Appl. No.: 16/535,215 

(22) Filed: Aug. 8, 2019 

(65) Prior Publication Data 

US 2020/0052401 Al Feb. 13, 2020 

(30) Foreign Application Priority Data 

Aug. 9, 2018 (CN) ......................... 201810903857.2 

(51) Int. C l. 
H01Q 5/3刀
H01Q 5/335 
H01Q 5/328 
H01Q 21/00 
H01Q 9/θ4 
H01Q 9/14 
H01Q 13/10 
H01Q 1/24 

(52) U.S. C l. 
CPC ............. H01Q 5/3刀 (2015.01); H01Q 1/243 

(2013.01); H01Q 的'28 (2015.01); H01Q 
5/335 (2015.01); H01Q 9/0407 (2013.01); 

H01Q 9/14 (2013.01); H01Q 13/10 (2013.01); 
H01Q 21/0006 (2013.01) 

(2015.01) 
(2015.01) 
(2015.01) 
(2006.01) 
(2006.01) 
(2006.01) 
(2006.01) 
(2006.01) 

100α\ 

3QQ VU52 

4
E
A

門

21 

(58) Field of Classification Search 
CPC ......... HOIQ 11243; HOIQ 11125; HOIQ 11185 
See application file for complete search history 

(56) References Cited 

U.S. PATENT DOCUMENTS 

9,236,659 B2 * 
9,331 ,397 B2 * 
9,634,709 B2 * 

10,224,606 B2 * 
10,665 ,926 B2 * 

2015/0084817 A1 
2018/0090847 A1 * 

112016 Vazquez H01Q 9/145 
5/2016 Jin ........................... H01Q 9/06 
4/2017 Hu . H04B 113888 
3/2019 Kim . H01Q 5/335 
5/2020 Kim . H04M 110266 
3/2015 Yong 
3/2018 Romano H01Q 9/285 

FOREIGN PATENT DOCUMENTS 

CN 
TW 

8/2017 
2/2018 

107039766 
201804661 

* cited by examiner 

Primary Examiner - Daniel D Chang 
(74) Attorney, Agent, or Firm - ScienBiziP, P.c. 

(57) ABSTRACT 

An antenna structure includes a border frame, a first feed 
portion, a second feed portion, and two ground portions. The 
border frame includes a first gap and a second gap passing 
through the border frame, thereby defining a first radiating 
portion and a second radiati月 portion. The first feed portion 
is electrically coupled to the first radiating portion to supply 
an electric current to the first radiating portion. The second 
feed portion is electrically coupled to the second radiating 
portion to supply an electric current to the second radiating 
portion. The two ground portions are disposed between the 
first feed portion and the second feed portion and separated 
from each other. The two ground portions are electrically 
coupled to the first radiating portion or the second radiating 
portlOn. 

12 Claims, 14 Drawing Sheets 

旦旦旦L

110 



(1 2) United States Patent 
Leung et al. 

| .......... .......... | | .......... | | .......... | .......... | | .......... | | | | .......... .......... .......... .......... | | -
m
m
m
m
m弓
4

•• 
EB 

m
m
m
m
m句
J

m
m
m
m間

7

|4 
m
m
m
m
m
m
ζ
J
 

••••••••• 

nxU 

HHHHQ/ 
E
.
E
.
-
h
υ
 

| ••••••••••• 

11 

|) mmmmms 
闖
闖
闖U

| | .......... | | | .......... | .......... .......... | | | .......... | .......... | .......... | | | .......... | .......... .......... | | 

US 10,985,473 B2 
Apr. 20, 2021 

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

(54) DIELECTRIC RESONATOR ANTENNA References Cited 

(71) Applicant. City University of Hong Kong, 
Kowloon (HK) 

(72) Inventors: Kwok Wa Leung, Kowloon Tong 
(HK); Nan Yang, Sham Shui PO (HK); 
Weiwei Li, Toronto (CA) 

(73) Assignee: City University of Hong Kong, 
Kowloon (HK) 

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

(21) Appl. No.: 16/556,499 

(22) Filed: Aug. 30, 2019 

(65) Prior Publication Data 

US 202110066816 Al Mar. 4, 2021 

(51) Int. C l. 
H01Q 1/38 
H01Q 21/24 
H01Q 21/00 
H01Q 1/50 
H01Q 9/θ4 

(2006.01) 
(2006.01) 
(2006.01) 
(2006.01) 
(2006.01) 

(52) U.S. C l. 
CPC ............... H01Q 21/24 (2013.01); H01Q 1/38 

(2013.01); H01Q 1/了。 (2013.01); H01Q 9/045 
(2013.01); H01Q 21/0075 (2013.01) 

(58) Field of Classification Search 
CPC .. HOIQ 1138; HOIQ 1150; HOIQ 9/04; H01Q 

9/045; H01Q 9/0485; HOIQ 2110075; 
HOIQ 21106; HOIQ 211065; HOIQ 21124 

See application file for complete search history. 

r lOO 

(56) 

U.S. PATENT DOCUMENTS 

5/2000 Vaidyanathan 
7/2002 Lee 
112010 Shtrom et al 
3/2010 Shtrom et al 
5/2011 Kuramoto 
2/2013 Morrow et al 
3/2015 Akhoondzadehasl et al. 

10/2016 Azulay 
2/2018 Ermutlu et al. 
3/2018 Korva et al 

12/2018 McGough et al 
112019 Shtrom et al 

12/2009 Boffa . HO lQ 9/0485 
455/90 .3 

2013/0335282 Al * 12/2013 Leung. HO lQ 15/244 
343/756 

6,067,055 A 
6,4 14,647 Bl 
7,646,343 B2 
7,675 ,474 B2 
7,936,314 B2 
8,368,609 B2 
8,988 ,298 Bl 
9,461 ,368 B2 
9,887 ,466 B2 
9,917,375 B2 

10,148,002 B2 
10,181 ,655 B2 

2009/0305652 Al * 

OTHER PUBLICATIONS 

1. W. W. Li et al,“Omnidirectional dielectric resonator antenna with 
a planar feed 必r circular polarization diversity design", IEEE Trans 
Antennas Propag瓜， vo l. 66, No. 3, pp. 1189-1197, Mar. 2018 

* cited by examiner 

Primary Examiner - Jimmy T Vu 
(74) Attorney, Agent, or Firm - Renner Kenner Greive 
Bobak Taylor & Weber 

(57) ABSTRACT 

A dielectric resonator antenna having a dielectric resonator 
element and a substrate assembly attached to the dielectric 
resonator element. The substrate assembly includes a feed
ing network arranged to: feed the dielectric resonator ele
ment to produce a first linearly-polarized onmidirectional 
radiation pattern at a first resonant mode, and feed the 
dielectric resonator element to produce a second linearly
polarized onmidirectional radiation pattern at a second reso
nant mode different from the first resonant mode 

26 Claims, 8 Drawing Sheets 

r lOO 

z 
i 0 

l喘 2.}LI 、



(1 2) United States Patent 
Lin et al. 

(54) WIRELESS COMMUNICATION DEVICE 
AND CASE ASSEMBLY 

(71) Applicant: HTC CORPORATION, Taoyuan (TW) 

(72) Inventors: Cheng Hung Lin , Taoyuan (TW); Szu 
PoWa呵， Taoyuan (TW); Chun Hsien 
Lee, Taoyuan (TW) 

(73) Assignee: HTC CORPORATION, Taoyuan (TW) 

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

(21) Appl. No.: 16/537,984 

(22) Filed: Aug. 12, 2019 

(65) Prior Publication Data 

US 202110048843 Al Feb. 18, 2021 

(51) Int. C l. 
G06F 1/16 
H04B 1/3888 
H01Q 1/12 
H01Q 21/06 
H01Q 1/24 
H04B 7/0413 
H04B 7/06 

(52) U.S. C l. 

(2006.01) 
(2015.01) 
(2006.01) 
(2006.01) 
(2006.01) 
(2017.01) 
(2006.01) 

CPC ............ G06F 1/166 (2013.01); G06F 1/1626 
(2013.01); H01Q 1/125 (2013.01); H01Q 

21.秒的 (2013.01); H04B 1/3888 (2013.01); 
HOl Q 1/242 (2013.01); H04B 7/0413 

(2013.01); H04B 7/0617 (2013.01) 
(58) Field of Classification Search 

CPC ....... G06F 11166; G06F 111626; H01Q 11125; 
H01Q 211065; H04B 113888 

See application file for complete search history. 

J10 

111111111111111111111111111111111111111111111111111111111111111111111111111 

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

US 10,990,136 B2 
Apr. 27, 2021 

(56) References Cited 

U.S. PATENT DOCUMENTS 

6,341 ,227 B1 * 112002 Moster. H04B 113833 
455/550.1 

2013/0286623 A1 * 10/2013 Slipy. F16M 11110 
3611807 

2019/0393598 A1 * 12/2019 Logothetis . H01Q 3/08 

* cited by examiner 

Primary Examiner - James Wu 
Assistant Examiner - Hung Q Dang 
(74) Attorney, Agent, or Firm - Cantor Colburn LLP 

(57) ABSTRACT 

A wireless communication device and a case assembly are 
provided. The wireless communication device includes main 
body, kickstand structure and antenna module. The main 
body includes display portion, back portion and RF signal 
module. The display and back portions are opposite, which 
the RF signal module is disposed between. The kickstand 
structure is rotationally pivoted to the back portion of main 
body. The antenna module is disposed on the kickstand 
structure and electrically connected to the RF signal module 
of main body. The case assembly is partially covered the 
wireless communication device and includes case covering 
the back portion of wireless communication device, kick
stand structure rotationally pivoted to the case and antenna 
module disposed on the kickstand structure and electrically 
connecting to the RF signal module of wireless communi
cation device. Thus, rotation of kickstand structure can 
change orientation of antenna module to transmit and 
receive wireless signals, so as to improve wireless signal 
transmlsslOn. 

5 Claims, 7 Drawing Sheets 

llo 

212 )吐 22i
\斗1月

3 lO ./ 

送:':..-::-::.->
，~::" 

i p泣。



(1 2) United States Patent 
Huang et al. 

.......... | .......... .......... | | 
1111111111111111111111111111111111111111111111111111111111111 

(10) Patent No.: US 10,992,043 B2 
(45) Date of Patent: Apr. 27, 2021 

(54) ANTENNA DEVICE AND CONTROL 
METHOD THEREOF 

(71) Applicant: ASUSTeK COMPUTER INC., Taipei 
(TW) 

(72) Inventors: Pei-Chuan Huang, Taipei (TW); 
Shao-Kai Liu , Taipei (TW) 

(73) Assignee: ASUSTEK COMPUTER INC., Taipei 
(TW) 

Subject to any disclaimer, the term ofthis 
patent is extended or adjusted under 35 
U.S.c. 154(b) by 0 days. 

(21) Appl. No.: 16/510,073 

( *) Notice: 

(22) Filed: Jul. 12, 2019 

(65) Prior Publication Data 

US 2020/0028265 Al Jan. 23 , 2020 

(30) Foreign Application Priority Data 

Jul. 19, 2018 (CN) ......................... 201810794869.6 

(51) Int. C I. 
H01Q 1/24 
H01Q 9/θ4 
H01Q 1/36 
H01Q 19/00 
H01Q 1/50 

(52) U.S. C I. 
CPC ............... H01Q 9/045 (2013.01); H01Q 1/24 

(2013.01); H01Q 1/243 (2013.01); H01Q 1/36 
(2013.01); H01Q 1/50 (2013.01); H01Q 

19秒的 (2013.01)

(2006.01) 
(2006.01) 
(2006.01) 
(2006.01) 
(2006.01) 

(58) Field of Classification Search 
CPC ........ H01Q 11243; H01Q 21130; H01Q 5/371; 

H01Q 5/335; H01Q 21128; H01Q 5/321; 

(Continued) 

2 
1 屆

(56) References Cited 

U.S. PATENT DOCUMENTS 

6,757 ,267 Bl * 6/2004 Evans H04B 7/0615 
342/374 

8,022,881 B2 * 9/2011 Wong. HOIQ 5/00 
343/700 MS 

(Continued) 

FOREIGN PATENT DOCUMENTS 

CN 
CN 

102790638 A 1112012 
104425873 A 3/2015 

(Continued) 

OTHER PUBLICATIONS 

Wong Kang et al叫“A Beam Pattern-Reconfigurable antenna Using 
PIN diodes"; 2010 IEEE Antennas and Propagation Society Inter
national Symposiurn, Sep. 2, 2010 

Primary Examiner - Vibol Tan 
(74) Attorney, Agent, or Firm - McClure, Qualey & 
Rodack, LLP 

(57) ABSTRACT 

An antenna device and its control method is provided. The 
antenna device includes: a ground layer; a feeding element, 
connecting to the ground layer; a first radiating element, 
extending along a first direction and connected to the ground 
layer; a second radiating element, extending along a second 
direction which is orthogonal to the first direction, and 
connected the ground layer; a first switching element, 
coupled between the feeding element and the first radiating 
element, and configured to electrically connect or disconnect 
the feeding element and the first radiating element; and a 
second switching element disposed between the feeding 
element and the second radiating element, and configured to 
electrically connect or disconnect the feeding element and 
the second radiating element. 

16 Claims, 10 Drawing Sheets 

F可作

k_ 24 

11 

十。i



(1 2) United States Patent 
Zhu et al. 

111111111111111111111111111111111111111111111111111111111111111111111111111 

US 10,992,059 B2 
Apr. 27, 2021 

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

(54) MILLIMETER WAVE ARRAY ANTENNA 
MODULE AND MOBILE TERMINAL 

(71) Applicant: AAC Technologies Pte. Ltd., 
Singapore (SG) 

(72) Inventors: Zhimin Z恤， Shenzh閱 (CN);
Zhengdong Yo呵， Shenzhen (CN); 
Xiaoyue X泊， Shenzhen (CN); Chao 
Wang, Shenzh閱 (CN)

(73) Assignee: AAC Technologies Pte. Ltd., 
Singapore (SG) 

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

(21) Appl. No.: 161706,880 

(22) Filed: Dec. 9, 2019 

(65) Prior Publication Data 

US 2020/0350696 Al Nov. 5, 2020 

(30) Foreign Application Priority Data 

Dec. 凹， 2018 (CN) ......................... 201811641112.x 

(51) Int. C l. 
H01Q 21/08 
H01Q 1/22 

(2006.01) 
(2006.01) 

(Continued) 
(52) U.S. C l. 

CPC ........... H01Q 21/08 (2013.01); H01Q 1/2283 
(2013.01); H01Q 1/243 (2013.01); H01Q 3/38 

(2013.01); H01Q 9/0407 (2013.01) 
(58) Field of Classification Search 

CPC ...... HOIQ 21108; HOIQ 112283; H01Q 11243; 
HOIQ 3/38; HOIQ 9/0407 

(Continued) 

130 

(56) References Cited 

U.S. PATENT DOCUMENTS 

8,354,972 B2 * 112013 Borja . HOIQ 5/378 
343/797 

9,136,576 B2 * 9/2015 Hashimoto ............. HOIP 5/107 
(Continued) 

FOREIGN PATENT DOCUMENTS 

NNN CCC 
106898882 Al 6/2017 
109103589 Al 12/2018 
109687165 Al 4/2019 

OTHER PUBLICATIONS 

1st Office Action dated Mar. 25 , 2020 by SIPO in related Chinese 
Patent Application No. 201811641112.X (7 Pages) 。

(Continued) 

Primary Examiner - Hai V Nguyen 
(74) Attorney, Age叭 or Firm - W &G Law Group LLP 

(57) ABSTRACT 
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terminal are provided. The millimeter wave array antenna 
module includes a dielectric substrate, a radio frequency 
integrated circuit chip a血xed to one side of the dielectric 
substrate, a plurality of antenna units a叮anged in an array 
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includes a substrate integrated waveguide and a patch 
antenna. The substrate integrated waveguide has a back 
cavity and the patch antenna is arranged in the back cavity 
and afl.ìxed to the substrate integrated waveguide. 
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(57) ABSTRACT 

A mobile device includes a WLAN (Wireless Local Area 
Ne阿ork) module, a WWAN (Wireless Wide Area Network) 
module, a first antenna element, a second antenna element, 
a third antenna element, a fourth antenna element, a first 
switch element, and a second switch element. The WLAN 
module has a first port, a second port, and a first control port. 
The WWAN module has a third port, a fourth port, a fifth 
port, and a sixth port. The first antenna element is coupled 
to the third port. The first switch element couples the second 
antenna element to the first port or the fourth port according 
to a first control signal. The second switch element couples 
the third antenna element to the second port or the fifth port 
according to a second control signal. The fourth antenna 
element is coupled to the sixth port. 
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The present disclosure further provides a terminal applying 
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An electronic device includes a feeding point, a first switch 
module, a second switch module, a first connecting portion, 
a second connecting portion and a third connecting portior月
the feeding point is connected to an end ofthe first sub-bezel 
through the first connecting portion; a first end of the first 
switch module is connected to the second partition through 
the second connecting portion, and a second end of the first 
switch module is grounded; a connection position between 
the second connecting portion and the second partitioning is 
adjacent to the feeding poi凶; and a first end of the second 
switch module is connected to the first sub-bezel through the 
third connecting portion, and a second end of the second 
switch module is grounded 
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An electronic device may be provided with wireless cir
cuitry. The wireless circuitry may include one or more 
antennas. The antennas may include millimeter wave 
antenna arrays fonned from arrays of patch antennas, dipole 
antennas or other millimeter wave antennas on millimeter 
wave antenna array substrates. Circuitry such as upconverter 
and downconverter circuitry may be mounted on the sub
strates. The upconverter and downconverter may be coupled 
to wireless communications circuitry such as a baseband 
processor circuit using an intermediate frequency signal 
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rear faces. A display may cover the front face. A rear housing 
wall may cover the rear face. A metal midplate may be 
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including a conductive pattern and the electronic device are 
provided. The electronic device includes a conductive pat
tern used as a radiator for wireless communication, a feeding 
unit connected with the conductive pattern, a ground unit 
connected with the conductive pattern, a first impedance 
matching circuit disposed in a first area adjacent to the 
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Provided is a mobile terminal comprising: a body: a ground 
embedded inside the body and having a vertical length 
longer than a horizontallength; a side case positioned on the 
periphery of a side surface of the body and comprising a first 
side member and a second side member positioned on the 
left and right side surfaces of the body, respectively; a first 
patch for connecting one end of the first side member and 
one end of the second side member; a second patch for 
connecting the other end of the first side member and the 
other end of the second side member; and a power supply 
part connected to the second patch, wherein the first side 
member, the second side member, the first patch, and the 
second patch from a loop form a loop ring-patch antenna. 

13 Claims, 14 Drawing Sheets 


	US 10 985 444 B2
	US 10 985 452 B2
	US 10 985 459 B2
	US 10 985 460 B2
	US 10 985 473 B2
	US 10 990 136 B2
	US 10 992 043 B2
	US 10 992 059 B2
	US 10 992 064 B2
	US 10 992 065 B2
	US 10 998 609 B2
	US 10 998 610 B2
	US 10 998 616 B2
	US 10 998 622 B2
	US 10 998 631 B2
	US 10 998 632 B2
	US 10 998 633 B2
	US 11 005 154 B2
	US 11 005 156 B2
	US 11 005 162 B2
	US 11 005 171 B2
	US 11 005 174 B2
	US 11 005 190 B1
	US 11 005 980 B1

