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Abstract

This article reviews some of the smart antennas used in Eyewear, which can
receive frequencies of 700-960 MHz and 2.7-1.7 GHz, as well as Wi-Fi 5G
(5.18-5.85 GHz) and Wi-Fi 6e (5.925 -7.125 GHz) to be used in wireless
Eyewear glasses. Since the antennas of Eyewear devices that work in 4G, 5G
and Wi-Fi 6

communication is a new category, first a general study for antenna

cellular communication standard internal  wireless
bandwidth in different locations is done. Given that, these antennas are
designed as mutual elements (coupled) and are mostly placed on FR4 or
polycarbonate substrate. Then the MIMO antennas used in these glasses are
investigated and gain, efficiency and SAR studies are performed along with
different modes. In order to obtain a good adaptation to the use cases, the
human head is always considered in the simulations. After that, antenna

designs with suitable dielectric cover and frame are suggested.

Keywords: Smart Glasses, Eyewear, MIMO, SAR, Coupling.

Highlights

e Introduction and review of antennas used in smart glasses (Eyewear).

e Report on specific absorption rate (SAR) measurements.

e Feasibility of location and necessary bandwidth in frequencies of 700-960 MHz and 2.7-1.7 GHz, as well as Wi-
Fi 5G (5.18-5.85 GHz) and Wi-Fi 6e (5.925-7.125 GHz) for Eyewear antennas.
e Report measurements of antenna gain, antenna efficiency, and radiation pattern of MIMO antennas used in

smart glasses.
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Figure10. Simulated return coefficients of the antenna in three different modes [5]

90 Juwd (sBsly o g Dbl sl 50 windigh Sine gl P x Fozgys wiz— (5995 vz (il pitunns Y

aidlarwgi 7 Jund sLlg
(5,015 B/AYD VIV Y0) azblidnnsgs & s 5Bl 5 (55,0155 B/VA -OIAB) O i 515y T it S sl o
Sipe ol (o anl B aslsl 0 058 co (o p (Sl sloaids 6l 1) F x Ty 5 aiz(539,9 iz ol 9o
S g0 Bl oy i Sl ke (g3ladnd 5 e & 8T ad 05 51 2L b s (it 298 e S
o33k ol o e 5l plogs S o3Il g 958 oo arosi (LS (giluand s Golul ) (Su5d Sie (81 S F s o
S Colpsyo el suls 005l aliBee axlye b dslio Jgam <O s 00,5 oo il (somgd adaid 551 g ooy

Q}M:Gc djb‘

OJJT‘?bb—\—\"

F u"ﬁs""’ Q"‘j O;M LEJJ‘B O Ao “‘i’ﬁu“’ﬁg"“'F u;.js_i: d"ubsf ‘) U"‘"T W ! OMQLQ,MA“
Cualdes sl oadsaiSlo Slu S sl eadaisle aY 55 SO L al A3 Cwud o N pdites 6,5 LSl bug
Camnd) ) USCs 51 cl o /0 QY G Sl gs lals caliil 9 VAL @lo,S (b SO iSUligs ol i o VIV @Y 535
o3l g w5l o Lal Lol b o ol (Saodly gloains a4 dlde cpl )0 golpiin b Sius a5 34 o odlive Al
el b 5T S 3B 031l G Sl oy le (6l oy AL 5T g e b sl el F s g Y T 4
b 69y yodio VIV x yio Jio @ x yio o 00 Sl 4y imlace SIS 5T 090 dnxl o ¥ Jga a0 5T slal (sl
ol yia o Y SW (50 g yin loo OIO SL - Jobo el oo Slaiial auly (oYL Cand yg o 51 BISKE LS o Jleil
S5y (] g o Gy Dygoa SlisSn N (5 Sy 5 WS (o0 @885 e hee )0 () Crons ST usSiae 5]
sy ey 4 Elyge Gk 3l 5 el i hee FOITL oo o)l

! Laser Direct Structuring



q. A=YV FINVEY 350 165 g Joz o)l /o200 s Sl [ ogi Ol pabre  cwdige dloxs

Temple Top

Ant2

Temple Bottom il
Temple Inside

Temple Outside

(AN

Temple Inside

Temple Outside

Temple Top

Temple Bottom

(<)

[¥y] o oy aao L F usSae (5,L0 Q.‘;.:'I ol (@) olpin ¥ x Fzg 5 Gz (595,9 wiz 6“(;—“—‘1 S (@ )Y s
Figurell. (a) The shape of the proposed 4 x 4 MIMO antenna (b) the dimensions of the inverted F slot antenna with a copper ground
plate [31]
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Table3. Dimensions of the proposed antenna [31]
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Figurel2. Slot antenna design steps (a) antenna system with a single slot (b) antenna system with mirror slots (c) series capacitor to
improve impedance matching
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Figurel6. Simulation of antennas in overhead and free space a) Scattering parameters for antenna 1 and antenna 2 b) Isolation between
antenna 1 and antenna 2 [31]
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Figurel7. The results of the simulation of the specific absorption rate of antenna 1 at the frequencies of 5.3 and 6.6 GHz [31]
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Figurel19. Measurement of scattering parameters in free space [31]
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Figure20. The results of measuring the Eyewear antenna on the head (a) measuring the reflection coefficient and simulating antenna 1
and antenna 2 (b) isolation of antenna 1 and antenna 2 [31]
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Figure21. Measurement results of two-dimensional radiation patterns for antenna 1 of smart glasses [31]
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Figure22. Measurement results of two-dimensional radiation patterns for antenna 2 of Eyewear [31]
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Figure23. Measurement results for antenna 1 of Eyewear (a) gain, and (b) efficiency[31]
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Figure24. Results of simulation and measurement of ECC for antenna 1 and 2 [31]
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Table4. Comparison between the advantages and disadvantages of antennas from a number of references
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