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(57) Abstract: The present subject matter describes antennas. In an example of the present subject matter, an antenna comprises a
patch antenna element having a radiating surface. Two slots are formed on the radiating surface, each of the two slots having an open

circuit edge and a short circuit edge.
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SLOTTED PATCH ANTENNAS

BACKGROUND
{0001} Electronic devices, such as laplops and cellular phones, include
antennas for wireless communication. Such antennas may be mountsd in an
enclosure or housing of the electronic device. The antennas have wireless
communication capabilities to communicate with wireless networks and satellite

navigation sysiems.

Brier DESCRIPTION OF DRAWINGS
{0002 The following delailed description references the drawings, wherein:
{0003] Fig. 1 Hlustrates an antenna, according {o an example implementation
of the present subject matter;
[0604] Fig. 2 Hlustrates a perspeclive view of an antenna. according to an
example implementation of the present subject matter;
{0005] Fig. 3 Hlustrates an antenna having a lump component, according fo
an exampie implementation of the present subject matfer;
{0006] Fig. 4 illustrates an antenna having a grounding pin, according to an
example implementation of the present subject matter;
{0007} Fig. § iflustrates an antenna having a monopole radiator, according
1o an example implementation of the present subject matier;
{0008] Fig. 6 Hluslrates a display unit of an electronic device, according o an
example implementation of the present subject matler; and
{0003] Fig. 7 illustrates an electronic device, according fo an example
implementation of the present subject matier.
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DETAILED DESCRIPTION
fo010] Wireless antennas are mounted within compact slectronic devices,
such as laplops, tablels, smariphones efc, These compact electronic devices
include a varnisty of other slectronic components, such as processor(s), memary,
power source, cooling fans, I/O ports, elc., for functlioning. Hence there may be a
shortage of physical space for mounting of antennas within these devices, and #
may be challenging o accommadate wireless antennas in constrained spaces
within the electronic devices.
[0011] Further, tuning of wireless antennas, such as micro-strip antennas or
patch anfennas, may be complex when they are 10 be operated for fransceiving
WiFi signals, such as signals having frequency in 2.4 Giga Herlz {GHz) and 5GHz
freguency bands, Wirgless pateh antermas which meet the bandwidth and signal
strength specifications for operation in 2.4 GHz and 5 GHz frequency bands, may
have large physical dimensions due to which such antennas may not fit in the
constrained spaces within the electronic devices.
[0012] Further, in a laptop, a wireless antenna is generally housed inside a
base enclosure of the laptop which holds a keyboard and encloses a varisty of
other eleclronic components, such as processor{s), memory, etc. While
positioning the antenna in the enclosure, certain pre-defined clearances are o be
maintained between the antenna and the other slectronic components so that
radiations from the anlenna do not interfere with functioning of the other
components. Positioning the antenna within the enclosure may also result in an
increass in specific absorption rate {SAR) associated with the radiations from the
antenna al the bollom part of the enclosure. This may result in over heating of the
bottom part of the enclosure of the elecironic device.
{00131 Furthermore, the enclosure may have some portions made of metal.
Antennas are generally mounted in a slot provided within the metal portion of the
enclosure, The slot for the antenna, also called an antenna window, may be a
cut-out in the metal portion. The antenna is placed in the slot and then the siot is
covered with a plastic filling member. The radiations from the antenna are
transmitted through walls of the plastic filling member. The plastic filling member

is then coated with metal-finish paints in order fo give the plastic filling member
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an appearance similar to the surrounding metal portion of the enclosure. Cutling
a siot in the metal portion, positioning the antenna in the slot, covering the slot
with the plastic filling member, and coaling the plastic filling member with metal-
finish paints involves additional material cost of the plastic filling member and the
metal-finish paints and also involves additional production steps and production
time.

[0014) The presant subject matier relates to antennas for electronic devices.,
in an example implementation of the present subject matler, an antenna includes
a patch antenna element with two slots formed on a radiating surface of the patch
antenna element. Each of the two siots has an open circuit edge and a shont
circuit edge.

[0015] The two slots on the radialing surface of the palch antenna element
help in oblaining a compact antenna without compromising signal strength and
bandwidth specifications of the antenna. The slols may control the resonance
frequencies of the antenna and thereby enable shifting of the resonance
frequencies. With the slots formed on the radiating surface of the patch antenna
glement, the resonance frequencies can be shifted in such a manner that the
operational bandwidth and signal strength specifications are met and yet the
amfenna is compact

[0016] In an example implementation, one of the two slots may be tuned to
operate in 2.4 GHz frequency band and the other of the two slots may be tuned
to operate in 5 Giga Hertz frequency band. The slots may be twned by controlling
their physical design andfor dimensions or by being coupled o ciroutt
compeoneants, such as tuning capacitors, inductors, ete. Thus, the antenna can be
operated as a duabbgnd anlenna which can reliably recelve signals over a
wireless Local Area Network (WLAN), Further, the physical dimensions of each
of the slots may be varied 1o tune the antenna, thus the antenna of the present
subject matter provides tuning flexibility.

[0017] Further, since the antennas of the present subject matter are compact
they can be accommodated within a frame of a display unit of a faptop. Thus, the
challenges associated with placing the antenna in the base enclosure may be

sliminated.
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{0018} The following detalled description refers to the accompanying
drawings. Wherever possible, the same reference numbers are used in the
drawings and the following description to refer to the same or similar parts. While
several examples are described in the description, maodifications, adaptations,
and other implementations are possible. Accordingly, the following detailed
description does not limit the disclosed examples. instead, the proper scope of
the disclosed examples may be defined by the appended claims.

[0019] Fig. 1 #ustrates an antenna 100, according to an example
implementation of the present subject matter. The antenna 100 includes a patch
antenna element 102, in an example implementation, the patch antenna glement
is one of a microstrip patch antenna and a microstrip shorted patch antenna.
[0020] On one face of the palch antenna element 102, microstip patches
may be deposited. The microstrip palches may include metallic radiator plales.
The face of the paich antenna slement on which microstiip patches are deposited
is referred to as a radiating surface. Such a radiating surface 104 of the patch
antenna element 102 is Hlustrated in Fig. 1.

{0021} As shown in Fig. 1. a first slot 106-1 and a second slot 108-2 are
formed on the radiating surface 104, The first siot 1068-1 has an open circuit adge
108 and a short circuit edge 110, The second siot 108-2 also has an open circuit
edge 112 and a short circuit edge 114,

[0022} Fig. 2 iHlustrales a pergpective view of an antenna 200, according to
an example implementation of the present subject matter. The antenna 200
includes a patch antenna slement 202, The patch antenna element 202 includes
a cuboidal antenna holder 204, In an example implementation, the cuboidal
antenna holder 204, also referred to as the antenna holder 204, may be a hollow
or solid structure made of a di-electric material, such as plastic, glass, ceramic,
of a combination thereof, In an example implementation, the antenna holder 204
has a length 'L’ in a range of about 25 mm to 35 mm, a breadth ‘B’ in a range of
about 8 mm to 12 mm, and a height 'H' in a range of about 3 mm to 4.5 mm.
[0023] Radiating structures of the palch antenna element 202 may be
formed on one face of the cuboidal antenna holder 204. The radiating structures

include printed circuit components deposited on a face of the cubgidal antenna
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holder 204 in the form of microstip patches. In an example implementation,
microsirip patches may be deposited by use of a patterning technique of mets!
deposition. The face of the cuboidal antenna holder 204 on which the microstrip
patches are deposited is referred 0 as a radiating surface 206 of the palch
antenna element 202.

[0024] In an example implementation, a face 208 of the antenna holder 204
apposite to the radiating surface 206 may be complelely coated with a metal layer.
The face 208 of the antenna holder 204 coated with a metal {ayer and opposite
to the radiating surface 206 is referred to as a metal plane 208. In an example
implementation, the metal layer may be coated by painting a metal paint on the
di-electric material or through electroplating using metal folls. The metal plane
208 functions as a grounding plane of the antenna 200.

[0025] As shown in Fig. 2, a sidewall 210 of the antenna holder 204 may
atso be coated with metal. The sidewall 210, alsoreferred {0 as a medtallic sidewall
210, lies between the metal plane 208 and the radiating surface 206. The metallic
sidewall 210 acts as an electrical short circuit between the metal plane 208 and
the radiating surface 206 and thereby may control the current distribution variation
on the radiating surface 206. Due to the presence of the melallic sidewall 210 that
electiically shorts the radialing surface 206 with the metal plane 208, the palch
antenna element 202 is also referred o as a shorted patch antenna element.
[0026] As shown in Fig. 2, two slots are formed on the radiating surface 206.
A first stot 212-1 formed on the radiating surface 206 has an edge 214, The edge
214 is formed at a junction of two faces of the antenna holder 204. The junction
i formed from the di-eleclric material of the antenna holder 204 and there are no
metal coalings or metallic interconnections present at the junction. Thus,
endpoints A and B of the edge 214 are electrically isolated from each other.
Hence, the edge 214 may be referred {0 as a first open circulf edge 214 of the
first slot 212-1.

[0027] An edge 216 of the first slot 212-1, opposite to the edge 214, has both
its ends, C and D, electrically shorted by a metallic connection. In an example
implementation, the metallic connection may be formed while forming the radiator

structures on the surface 206 or may be in the form of a short-wire connecting the
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end paints, C and 0, of the edge 216, Thus, the edge 216 may be referred to as
a first short circuit edge of the first slot 212-1. In an example implementation, the
first slot 212-1 may be tuned {o ransceive antenna signals at 2.4 GHz frequency
band.

[0028] Likewise, a second slot 212-2 formed on the radiating surface 206
also has a second open circuit edge 218 and a second short circuil edge 220,
The second open and short circult edges 218 and 220 may have similar
characteristics as that of the first open and shor circuit edges 214 and 218, Inan
example implementation, the second slot 212-2 may be tuned to transceive
antenna signals at 5 GHz frequency band. Although in Fig. 2, two slots are shown
to be formed on the radiating surface 206, in an example implementation, more
than two slots may be formed on the radisting surface 206,

{0029] The first and second slols 212-1 and 212-2 may be formed by
selectively coaling the anlenng holder 204 with mefal In an example
implementation, to form radiating structures of the patch antenna element 202, a
metal layer may be selectively coated on pre~-determined portions of a surface of
the antenna holder 204. This selettive coating of melal may be performed by a
microstrip antenna patleming fechniqus. Porfions on which the melal layer s
deposited act as radiating structures of the patch antenna element 202 and
portions on which the metal layer is absent form the slots which enable 1o control
and tune the resonant frequencies. in another example implementation, during
fabrication of the antenna, the antenna holder 204 is coated with metallic strips
having openings in them, where the openings are shaped like slots. The metallic
sirips can be coated on the antenna holder through slectroplating using metal
foils or other metal deposition fechnigues. Once the metallic strips with the
openings are formed on the plastic antenna holder, the openings in the metallic
strips form the slots. Although in the Figures, the slots are illustrated as being
straight-cut slots, the siots may be formed in various designs and shapes.
[0030] Further, the paich antenna element 202 includes a feeding element
222 which connects the radiating surface 206 with a power source 224. in an
example implementatlion, the feeding element 222 may be a pogo pin that

establishes connection between a feed cable 226 emanating from the power
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source 224 and the radiating surface 208. The feeding element 222 is positioned
in 3 hollow portion within the antenna holder 204 and an end of the feeding
slement 222 is soldered at the radiating surface 200.

{0031} Fig. 3 Hlustrates an antenna 300 having a lump component, according
to an example implementation of the present subject matter. The antenna 300
includes the featurss of the anlenna 200, The antenna 300 also includes a lump
component 302 coupled {o the first slot 212-1. In an example implementation, the
lump component 302 may be an impedance malching companent, such as an
inductor or a capaciior used for tuning the antenna 300. In an example
implementation, the lump component 302 may be formed by fabricating a printed
circuit of an impedance matching componeni on the antenna holder 204, The
lump component 302 allows tuning of operation frequency of the first siot 212-1
and increasing the number of slectrical resonances and thersby increasing the
bandwidth of the antenna. Although in Fig. 3, the lump component 302 is shown
to be positioned on the first siot 212-1, in an example implemeantation, a fump
component may be positioned on the second slot 212-2. In another example
implementation, lump components may be positioned on both the first slot 2121
and the second shot 212-2.

{0032} Fig. 4 illustrates an antenna 400 having a grounding pin, according
to an example implementation of the present subject matter. The antenna 400
includes the features of the antenna 200. The antenna 400 includes a grounding
pin 402 that connects the radiating surface 206 with the metal plane 208, As
shown in Fig. 4, the grounding pin 402 i3 positioned in a hollow space inside the
antenna holder 204 and extends between the radiating surface 208 and the metal
plane 208. In an sxample implementation, the grounding pin 402 is a melallic
contact, an end of which may be soldered to the metal plane 208 and other end
may be soldered to the radiating surface 206. The grounding pin 402 provides a
short circuif path for current flow between the radiating surface 108 and the metal
piane 208. The grounding pin 402 may conirol the variation in current distribution
and thereby facilitate in controlling electrical resonances of the antenna 400.
Although not shown in Fig. 4, in an example implementation, sither of the slots
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212~1 and 212-2 of the antenna 400 may be coupled to a lump component, such
as the lump componeant 302 of Fig. 3.

{0033} Fig. & lustrates an antenna 500 having a monopole radistor,
accarding to an example implementation of the present subject matter. The
antenna 500 includes the features of the antenna 200. The antenna 500 includes
a monopole radiator 502, As shown in Fig. 5, the monopole radiator 502 is
positioned in a hollow space within the cuboidal antenna holder 204 and extends,
in a direction as indicated by arrow M, along the first slot 212-1. Although in Fig.
5, the monopole radiator 502 is ltustrated as extending along a length of the first
siot 212-1, in an example implementation, a monopole radiator may extend in a
direction opposite {o that indicated by arrow M. The monopole radiator 502 helps
i tuning the operation frequency of the antenna 500. Although in Fig. 5 a single
monopole radiator is shown within the antenna holder 204, in an example
implementation, more than one monopole radiator may be formed inside the
antenna holder 204, Although not shown in Fig. 5, in an example implementation,
gither of the slots 212-1 and 212-2 of the antenna 500 may be coupled to a lump
componsnt, such as the lump component 302 of Fig. 3.

{0834} Fig. 6 Hlustrates a display unit 800 of an electronic device, according
to an example implementation of the present subject matter. The display unit 600
includes a display panel 602. The display panel 602 may be, for example, a liquid
erystal display (LCD) panel or a light emifting diode (LED} panel for rendering
visual oulput of the electronic device. In an example implementation, the display
panel 802 may include a touchscreen for receiving touch-based inputs from a
user.

[0035] The display unit 800 also inchudes a frame 804 bordering the display
panel 802. The frame 804 may be formed from metal and may include a slot {(not
shown; for mounting of the display panel 802 in the frame 804. The frame 604
may be coversd by a plastic casing {not shown).

[0036] The display unit 802 further includes the antenna 100 positioned,
inside the frame 604, along a first side 606 of the frame 604. The antenna 100 is
as iustrated in Fig. 1. The first side 606 is a side through which the frame 604 is
coupiable to a base unit 808 of the electronic device. The base unit 808 houses
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a keyboard 610 and encloses a processor, a memory, an VO port, elc, of the
glectronic device. In an example implementation, the antenna 100 may also be
positioned along a second side 812 of the frame 804, opposite to the first side
606,

[0037] As depicted in Fig. 8, the antenna 100 includes a paich antenna
element 102, Radialing structures may be formed on a surface 104 of the paich
antenna element 102. The surface 104 may be referred t© as a radiating surface
104 of the patch antenna element 102, The antenna 100 is positioned inside the
frame 604, such that radiations from the radiating surface 104 are emifted out
through a front surface 614 of the first side 606, The front surface 614 of the first
side 606 may be understood to be extending along a front surface of the display
panel 602 on which a visual output is generated.

[0038] As shown in Fig. 6, a first slot 106-1 and a second 106-2 are formed
on the radiating surface 104, The first slot 106-1 has a first open circuit edge 108
and a first short circuit edge 110, In an example implementation, the first slot 108-
1 is tuned to transceive antenna signals at 2.4 Giga Hertz frequency band. The
sgcond slot 106-2 has a second open circuit edge 112 and a second short circult
adge 114, In an example implementation, the second slot 106-2 is tuned io
transceive antenna signals at 5 Giga Herlz frequency band.

[0039] In an example implementation, the anienna positioned inside the
frame 6804 of the display unit 800 may have a structure and configuration similar
to the structure and configuration of the anlennas Hlustrated through Figs. 2 - 8.
Further, although in Fig. 6 a single antenna is shown {o be positioned inside the
frame 804, in an example implementation, multiple antennas may be posilioned
along the sides 806 and 612 of the frame 604.

{00401 Fig. 7 llustrates an electronic device 700, according to an example
implementation of the present subject matter. Examples of the electronic device
700 include a laptop, a tablet, a notebook-tablel convertible, a smart phone, or
the like.

[0041] The electronic device 700 includes a display panel 702, such as an
LCD panel or an LED panel for rendering visual oufput. The electronic device 700
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atso includes a frame 704 encasing the display panel 702, The frame 704 may
be similar fo the frame 804 as dlustrated in Fig. 6.

{0042} As shown in Fig. 7, the electronic device 700 includes the antenna
100 of Fig. 1, alonpg a first side 706 of the frame 704. The firs{ side 706 is a side
through which the frame 704 is coupled to a base unit 708 of the electronic device
700. The base unit 708 houses a keyboard 710 and encloses a processor, a
memory, an YO port, elc., of the electronic device 700. In an example
implementation, the antenna 100 may also be positioned along a second side 712
of the frame 704, opposite to the first side 706.

[0043] The antenna 100 includes a patch antenna element 110 having an
excitation surface 108. The antenna 100 also includes two siots 106-1 and 106-2
formed on the excitation swrface 1086, as #ustrated in Fig. 1.

{0044] in an example implementation, the antenna 104 positioned inside the
frame 704 may have a structure and configuration similar {o the structure and
configuration of the antennas iflustrated through Figs. 2 ~ §. Further, although in
Fig. 7 a single antenna is shown to be positioned inside the frame 704, in an
example implementation, multiple antennas may be positioned along the edges
706 and 712 of the frame 1008,

{0045] Although implementations of antennas, display unils having such
antennas, and electronic devices having such antennas are described in
language specific to methods and/or structural features, #tis {o be understood that
the present subject matter is not limited to the specific methods or features
described. Rather, the methods and specific featuras are disclosed and explained
as example implementations of anlennas, display unils having such antennas,
and electronic devices having such antennas.
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We olainy

1. An antenna comprising:
a patch antenna slement having a radiating surface; and
two slots formed on the radiating surface, sach of the two slots having an
apen circuit edge and a short circuit edge.

2. The antenna as claimed in claim 1, wherein the two slols comprise a first slot
o transceive antenna signals at 2.4 Giga Herlz frequency band and a second
slot to transceive antenna signals at b Giga MHertz frequency band,

3. The antenna as claimed in claim 1, further comprising a lump component
coupled 1o at least one of the two siots.

4. The antenna as claimed in claim 1, wherein the paich antenna element
comprises a cuboidal antenna holder, wherein the radialing surface is formed
from microstrip patches deposited on a face of the cuboidal antenna holder,
the cuboidal antenna holder comprising:

a metal plane formed on another face of the cuboidal antenna holder
opposite 1o the radiating surface; and

a metallic sidewsall between the metal plane and the radiating surface,
wherein the metallic sidewall is 1o electrically short the metal plane with the

radiating surface.

5. The anlenna as claimed in claim 4, lurther comprising a ground pin that

connects the radiating surface with the metal plane.

6. The antenna as claimed in claim 4, further comprising a monopole positioned
within the cubocidal antenna holder and extending along one of the two slots.
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7. A display unit of an electronic device, comprising:
a display panel;
a frame bordering the display panel, the frame having a first side through
which the frame is couplable {0 a base unit of the electronic device;
an antenna positioned, inside the frame, along one of the first side and a
second side of the frame, the second side being opposile to the first side, the
antenna comprising:

a patch anterma element having a radiating surface;

a first slot formed on the radiating surface, the first slot having a first open
oircuit edge and a first short circuit edge, wherein the first slot is to transceive
antenna signals at 2.4 Giga Herlz frequency band; and

a second slot formed on the radiating surface, the second siot having a
second open circull edge and a second short circuif edge, wherein the second
siot is to fransceive antenna signals at 5 Giga Herlz frequency band.

8. The display unit as claimed in c¢laim 7, further comprising a ump component

coupled to at least one of the first slot and the second siot.

9. The display unit as claimed in claim 7, wherain the patch antenna element
comprises a cuboidal antenna holder, wherein the radiating surface is formed
from microstrip patches deposited on a face of the cuboidal antenna holder,
the cuboidal antenna holder comprising:

a metal plane formed on ancther face of the cuboidal antetina holder
opposite {o the radiating surface; and

a metallic sidewall between the metal plane and the radialing surface,
wherein the metallic sidewall s o electrically short the metal plane with the

radiating surface.

18. The display unit as claimed in claim 8, wherein the antenna further comprises
& ground pin that connects the radiating surface with the metal plane.



WO 2019/017868 PCT/US2017/042332

13

11. The display unit as claimed in claim 8, wherein the antenna further comprises
a monopole positioned within the cuboidal antenna holder and exiending

along one of the first slot and the second siol

12.An electronic device comprising:

a base unit for housing a kevboard;

a display panel;

a frame encasing the display panel, the frame having a first side through
which the frame is couplable fo the base unif, and

an antenna positioned, inside the frame, along one of the first side and a
second side of the frame, the second side being opposite o the first side, the
antenna comprising:

a patch antenna element having a radiating surface;

a first slof formed on the radiating surface, the first slot having g first open
circult edge and a first short circuit edge, wherein the first slot is {o transceive
antenna signals at 2.4 Giga Hertz frequency band; and

a second siot formed on the radiating surface, the second siot having a
second apen circult edge and a second shart circuit edge, wherein the second
siot is 1o fransceive antenna signals at 8 Giga Herlz frequency band.

13. The electronic device as dlaimed in claim 12, wherein the palch antenna
element comprises a cuboidal antenna holder, wherein the radiating surface
is formed from microstrip patches deposited on a face of the cuboidal antenna
holder, the cuboidatl anfenna holder comprising:

a metal plane formed on anocther face of the cuboidal antenna holder
opposite {o the radiating surface; and

a metlal sidewall between the metal plane and the radiating surface,
wherein the melal sidewall is 0 elecirically shord the melal plane with the
radiating surface.
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14. The electronic device as claimed in claim 13, wherein the antenna further
comprises a ground pin that connects the radiating surface with the metal

plans.

15. The elecironic device as claimed in clairn 13, wherain the antenna further
comptises a monopole positioned within the cuboidal antenna holder and
extending along one of the first slot and the second slot,
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