US011943907B2

a2 United States Patent (10) Patent No.: US 11,943,907 B2

Judy et al. 45) Date of Patent: Mar. 26, 2024
(54) RF-SHIELDED WINDOW APPARATUS AND (52) U.S. CL
METHOD OF MANUFACTURING SAME CPC ........ HO5K 9/0094 (2013.01); HO5K 9/0005
(2013.01); HOSK 9/0015 (2013.01); HOSK
(71) Applicant: Merakai, LLLC, Santa Barbara, CA 9/009 (2013.01)
(US) (58) Field of Classification Search
CPC e HO9K 9/0005
(72) Inventors: Ryan Judy, Santa Barbara, CA (US): See application file for complete search history.
J h Schwartz, Santa Barb CA
({:}sse)p AR, Sl DAIbE. (56) References Cited

U.S. PATENT DOCUMENTS

(73) Assignee: Merakai, LLLC, Santa Barbara, CA

(US) 5,012,041 A *  4/1991 Sims ...ccocccoovremrrrnnn.. EO6B 5/18
174/381
* Notice: Subject to any disclaimer, the term of this 5,147,694 A * 9/1992 Clarke .....ooeevveeeennn.. B32B 27/08
J * y .

patent 1s extended or adjusted under 35 428/192

U.S.C. 154(b) by 0 days. 9,497,894 Bl  11/2016 Ramsey

(Continued)

(21) Appl. No.: 18/282,198

Primary Examiner — Hung V Ngo

(22) PCT Filed: Mar. 16. 2022 (74) Attorney, Agent, or Firm — Lance M. Pritikin

(86) PCT No.: PCT/US2022/020655 (57) ABSTRACT
An RF-shielded window apparatus may include a primary
§ 371 (c)(1). panel and a secondary panel. The primary panel may include
(2) Date: Sep. 14, 2023 a primary RF shield layer disposed between a primary
backing substrate and a protective layer. The secondary
(87) PCT Pub. No.: WO2022/197873 panel may include a secondary backing substrate and a
PCT Pub. Date: Sep. 22, 2022 secondary RF shield layer. The first panel element and the
’ second panel element may be secured to one another such
(65) Prior Publication Data that the primary RF shield layer, the secondary RF shield
layer and the protective layer are collectively disposed
US 2024/0040761 A1 Feb. 1, 2024 between the primary backing substrate and the secondary
backing substrate. The primary RF shield layer and the
secondary RF shield layer may be in electrically-conductive
Related U.S. Application Data communication with one another. A panel joiming strip may
o o help secure the first panel to the second panel, and the
(60) Provisional application No. 63/161,942, filed on Mar. clectrically-conductive communication may be at least 1n
16, 2021. part by way of the panel joining strip. Associated manufac-
turing methods are also disclosed.
(51) Int. CL
HO5K 9/00 (2006.01) 18 Claims, 24 Drawing Sheets
110
136 N\ :fmza - a6

) bl b ek bl bk b b bl b G ke bk bk e bbbk bl ke bk bk b b bl b b b b b b G bl b bk b L b b Ak bk B bk b bk bk bl o bbb bl R bk bk bl bl bbb b bl b b b b b b b b ok B B




US 11,943,907 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2006/0254815 A1 11/2006 Humphrey et al.
2007/0045470 Al1* 3/2007 Guidon ................ HOSK 9/0005
244/129.3
2012/0201011 Al* &/2012 Finley .......oooeennnil, HOS5K 9/0054
361/818
2014/0097018 Al1* 4/2014 Russell ................... B32B 37/18
156/107
2015/0060129 Al 3/2015 Judy et al.
2015/0060603 Al1* 3/2015 Yokoi ................... EO6B 5/18
49/463
2015/0197327 Al 7/2015 Eberle et al.
2020/0396822 Al1* 12/2020 Ting ........coovveveeenn, HOS5K 9/0094
2021/0045270 A1*  2/2021 Grosse .......cce....... HOSK 9/0086

* cited by examiner



U.S. Patent Mar. 26, 2024 Sheet 1 of 24 US 11,943,907 B2

1142 116a -
a ‘ 1

1243 I U N G U U U U . N N N N W ¥ 1243
120a 1203
1223 FlG . 1 1183
1243 (114a 116a 1243
158a 158a
FIG. 2 1182
.. P
126~— 3
FIG. 3
114a
124a ( 1242
Y R
158a | 2023 . 1583
.‘:_".'l'l"”'! """""""""""""""""""""""""""""" d""”"”"'”'"”""'"”"_:'_::_"b
130 FIG. 4 130~
l 206 4o4q 1924 206 l
X ...... X
. = N
1585 FlG 5 2023 1683
1443 1443
( /1 283 \
""" I N U N S N U N N N O NG N N N N . W
FIG. 6
132
154 f
; L >146
t 128a
.............. [ . AT A
N N N s NG N N NG NG N s NG NG N Y NG N N N N NN
1243 F|G { Kﬁ% 1243
1443 144a
‘{ (132
1245~ = N N N N WU G N G N N N N N NN~ v B Y P
1203 120a

FIG. 8 114a



U.S. Patent Mar. 26, 2024 Sheet 2 of 24 US 11,943,907 B2

134 \
1244 132

i
i
\

B R FIG. 9 ‘\

11423 10
154  120a
132
WA NN NN N Y
1143 1244 1283
1184
136 FIG. 10 136

R AR A . R T A TR PR R P B TR A R R P N P AR A T TR A A R R A T TR R R e TR AR R T B T PR AR _ TR R R R R R R R A AR W W R K

mm“mm“mm“mm

Fq(; 11 jt“114a
110
136 N\ VLl
- |
/ m@mﬁ
136 118a FIG. 12 K114a 13
132
1284 196
116a

114a

" RG.13 1



U.S. Patent Mar. 26, 2024 Sheet 3 of 24 US 11,943,907 B2

2_3 f114b 116b i_g
4 v

"2;;*3} AL T T T T T T T T T T 1210%4 b

oo FIG. 14 D
194h (114b 116b 124b

T 7 7 Sl ]
%1200 FIG. 15 118b 120235%

\ Y
126 > "

FIG. 16

114b
124b o0 4 124b

. 206 4541 124, 206

X (L LS '
N - Yo b e e S e e e b et T
k158b FIG. 19 128b 158b)

120b 1200
124b 124D

.\ FIG. 20 0 }

114b '/-142!:) 118b
P 124b \‘
!

116b

1280~ FIG. 22



U.S. Patent Mar. 26, 2024 Sheet 4 of 24 US 11,943,907 B2

10

WMI”IIMI””M””‘
112 FIG. 23

138 138

1

mmmmmmmmmmw
m

T T T T T T TV
FIG. 24

100\
I_/‘140

mm““‘m“mm“‘ -...“"‘

i i T i ey e g g R i ity iy “‘"""‘H‘“"‘H" e

Wﬂ”ﬂ””””lmm

156 20

FIG. 25

114a 118a 136
110 124a

128a—> ”’Il




U.S. Patent

14423

128a

Mar. 26, 2024 Sheet 5 of 24

1243 158a

120a 158a FIG. 29 1243

A
?,—130

T 114a T

[~

FIG. 32

US 11,943,907 B2

1164

o>

130

202

]

128a

FIG. 35

= 1143 i

b e i s e B e s B o i ol o e T e i s i o B s e i o e s B s e i e e o i ]

FIG. 34

Lo i e o B o i o e o e s B o i e s T i e i o e e e o i e



U.S. Patent Mar. 26, 2024 Sheet 6 of 24 US 11,943,907 B2

124h 158b

= 120
w

158D

158b H / 14b / ﬁ
n 1166
s ]
1206
1580 FIG. 36 124b

A
§J“130

Ei.".:’:.!IEEiiiiiiiiiiiiiﬁi‘iﬁiIEEiiiimiﬂiiiiiiiiiiiiiﬁ
/" HE HEHE O

144b 1!:!!!:!!!!1!!2:!::!!:i!!!ﬁ!i!i:i!!:ﬁ:!

” FIG. 38 tm »
128b f f

Ferrer] FYrree [FITPTL - A FETE —_——a - e s s

[ i " B e B e | Pty

[

—_—— e — —— —— — ———.— —

FIG. 40




U.S. Patent Mar. 26, 2024 Sheet 7 of 24 US 11,943,907 B2

204

0
0 T
o F______._—-"“"——-M
‘___.,.....--""""' L
0 = ul
___.....--""""H# ol M"’d#
S o, o g
- ..m--"l'""“-
e, I S e
M R -
N e, o O l '
L
+- 0
i W
wirp Jsvirtve e rrem—— el rrrerragarrrre " “ T
ot a— st -—«Ix e

—
]

- h -
FIG. 42

—--MH-H-HIF. - i -
Svws Pllllﬂ—\l * y LH
— T TR PP F E F ¥
™ T — ——r -
e, e
0 |
TR S— N
 — - ——_—
e - s
T —
M——*‘_-m
T "*Fﬁil-q*-_
""'"h--\*_L e rryrie R
Mh"‘"“*—n e 0
e i P
» _*‘-l‘.d___h“
-ﬁm‘
e “"‘hﬁ.‘-
.Hq-. hM

£




U.S. Patent Mar. 26, 2024 Sheet 8 of 24 US 11,943,907 B2




U.S. Patent Mar. 26, 2024 Sheet 9 of 24 US 11,943,907 B2

1240

FIG. 45

124Db

. oy
[ - N .I -] L -.= u'-
Y Al m Bl ]
i g Ll -l-."'-u-“- -I-."'-d-'li..-"-n-“l -I.."'-n-
a a a" o % ¢ - a ¥ g - a ¥ o 1 a m o L u
- = a » - n

-
) n = - = B

LI ) LN B )

n - -
.:..ﬂ.-.l ¥ nom """,

[] L :l L] L] -
w q - - w [ ] ] *p 4 aw L +p a L [ ] -
IR o g r'-ﬂi.r.i'-ﬂl.l.l-'!'-l - B or. Toe o p” [ LRI B U R il T R CILIN B E L N .o
a . .n.; - :“n“: l-.:..l.u: --.-‘.n..ﬂl -..:“4“; l..:..ﬂ.-; l-.:.nur --.:‘.n.'ﬂl -..:in'; l..:..ﬂ.-: l-.:..l.u: --.-i.ﬁ.ﬂl -..-“4“; a .:‘.n.u; l-.:.ﬂ.u: el R T L R T
. o -Il 'I:l f.-n Il.'.f:-n ':.d‘:lﬂ"‘:.f.ll ':.f:-ngrl.'.f:-ug!:.# :lu‘lll'n'f:l:":l.‘f':-ugrl.'.f:-n"!:.#:ln‘lll'u..f:l: 'In f:-n‘rl.'.ﬂ:-ug!:.# nl:| '-I .f.ll"l a __,_.—-—'_ '
. an III'.-.. awm !.... awm n l-. [ "... am "I.I am _'...ﬂ awm !..-. "ll "'..ﬂ .-‘II '..; :- !...- :- !'l- lll -.'.lﬂ' .-‘II lll.'..' :- _'...ﬂ :- 1'.-.’ am w1 e % & — — ——
=, T 'u-.'.'u-.'l'ul.' Tme g " "Tommg " T;mg v 'ul.'.'u-.' 'u-.'.'u-.'l'ul.‘ TmE g " T;mg T 'u-."'l'ul.'.'- u A ——__'_'_._._
moen v "o e P e m L e m L e m e Y e mT L e R e n L e L e L e B e n L e Y e Yt W - ——
LI I ) ok B LA I ) LN BN LA I ] ok B LN AN | ok 3 @ LA I ) ok B B ok p B ok g B LA I ] ok g § o & -
A T T g gt T E g T m g R oy Rt Ry gt Ta my TR o M Ta o MR ey Gt TR oy REw n = - — —
- L a - - * a L & & - - - a L - — —
= ’:il‘-Il.‘.'r:lig':',r:ii llll“'.,r:ll‘-":.r:ii‘-rl.‘.,r:i-g-!:'.,’ :ii‘-'.“'.'r'll"l ’iiliil g s 7 — —
B v 0T gy ST gy ET gy g BET g g 1T gy g wn” e
--l.-l'ﬂi.|.-ul" LY u — — —_—
LT Ty 2 T —,




U.S. Patent Mar. 26, 2024 Sheet 10 of 24 US 11,943,907 B2

|
|
.
-1 1
a .
I
OO
N\
| OO
N
|
O
e
| N
| |
|
| P
E <
| ' -
| O
| LL
II |
|
|
|
- |




U.S. Patent Mar. 26, 2024 Sheet 11 of 24 US 11,943,907 B2

O
O
®
® | _

/ | g 2
_ Y O
__— - ‘ @ N -

/ - S

@)
®
© <




3
’ ’

-

1
!

FIG. 49

1

nunn

14
L1

L

144b

1280



U.S. Patent Mar. 26, 2024 Sheet 13 of 24 US 11,943,907 B2

FIG. 50

1240




U.S. Patent Mar. 26, 2024 Sheet 14 of 24 US 11,943,907 B2

<3
L
I ’/N

3 0
0
0
0
0
O 0O
0
0
'y
LD
. .
0 O
LL.
¢
QO O
0
A\
0




FIG. 52
124a

YA
:'E!ﬂu'-w!r‘ =
-.-riﬂ."l!!'nmﬁﬂ‘ T
gALE :m‘.‘.“l!!mmﬂ'
| .- - ¥ T
i-;.!‘ii’.]i:ﬁ!'“_'ﬁmm
E——— HE-E.‘ il '-"!'Illl'i;','-' T
T = ; tiilni#ﬂl!. 1i=:!lllli=ﬁi" _
ST =y nAE ' _"'_HIII'.‘l ‘Hﬁﬂ.ﬂ’l. IIIII_::.'.'-.-“I "
e - % ”"‘==1:l 2 il n = aﬁﬁ!'lll‘!"ﬁﬁﬁiﬁlliii ' _-:Iii::i‘ii:g"-'
R 'l'=-..,_ i 'ﬁ:-..,.... ] N = _‘1--'--+ —
o ot o W R e L] ill'ﬂli;:‘.‘!‘ X ""-'_'-'-'Iill_-_;-;:! = [ 3 gy
LS 1AW —=iaEe = T -nﬂill!ﬂp_!ii{=
v MRIRTR T AR E= ¥ !!ﬂ‘llhﬂﬂ-"!=-f!#h+j_
SRR e - ""*‘i’iﬁ"!‘-ﬁﬂﬁ‘ﬂﬁﬁi‘-!'-"-iiiii'i'f=-'-'-
. i . -.ri‘--.-__ --l-_ “' i ] - - [Py
munt BNl Al REITT wun u) ; lhii:!ﬁll;iﬂlni;mﬁnugﬁi:zuu .
< -llﬁ_‘_"ﬂ-‘ lln=,‘_ R L gt mW AR
.mﬁ'ﬁ'ﬂ‘i’iﬁﬁi‘!“ﬁﬂlﬁ'"'—"“ RauEIENSS
1 '“:J— 4 -'-'--. :.
TRl L ﬂ“ﬁ;ﬁ'!'- ik k-t
_""""’l’l"‘..-“‘“'lifi#!ﬂﬁ
1D amn R
-3l

-—
- :—_!-l_
[ R Rl
- ==k
-"l‘ -
- &

T Nt N
N e e M vy
O -y
iy
== T 141
1--'._1|-

'l
WIS Y
- 'j"- - — - L .—l?l-ﬁii“!l!‘ L
mm—— _!l!llill W= il‘llliii “!lﬂﬂii’_l_ﬂlrw-., ’
il!i!lul--E!IMQEL weiURE H-EPHIH!!ﬁnu“
lllllll-:::!' | _‘.-==-1 | SlimmineBINC g
als —wmEIINT R Ao iillu;-l‘,!iilﬂ_
‘A= wul B8 _'!.’:‘ailmi.-..... ii!lllllllliil.- 13
: ansnu'i ‘I'.Iﬂiunﬂ.!ﬁllllgﬁill n= |
.__IJIII_[!IIHlli‘l#!u—ni_ﬂ' == i k'
"E’%IIII;!IIII L L 11 112 - . - - -
130 LY - - : . A _!I-.‘Iﬂl‘tﬂn:
T | SR
k ‘ b E-‘-..
HLBE: lIiﬂﬂHﬁlﬁ!
"‘l'IIi‘IlllII‘ L
Lt

2
il

axiianes
: -E“'T!!'ll.l
. mmnan L
ws B annt s
lill!!!ﬁiﬁﬂiif'ﬁiuﬁmﬂ‘ g1 ) 2B
-l.'-i-'-.-'__- Ei'!;ii"'—']“"l.li AL ERW ==
W1 !I.IE-E'II‘I El-_:.'-'.:-'i".l‘l_!“lifilijllr.ilﬁﬁ_ﬂ.“ 1. : ELE
avimva s ﬁl#,’illlllnﬁﬂitl!!lﬁlﬂil BARS mum RAR i m ]
e —=arall !llllﬂl-r:!lmi!ﬂll . Ry TR PR
raﬁnﬁiuln.--_lli!!u:ﬂumliulls;ﬂ=_ 1 !iIlﬂﬂpmﬁiﬂﬁﬂﬁ!ﬁﬂ!lﬂliﬂi-m_,
=1 1 lln—!“tiﬂiiﬂﬂﬂlllll"ﬂlll-—!-lilIllﬁﬁlll T 1__-Eﬁﬂ!“iﬁi!‘l!ﬂ‘lﬂllilii- ——
'fill'llf' !“"!liﬂ‘l I:IIHII ;:E“‘Ei[‘_’!ii‘ifﬁ.‘i'll'i-ﬁf‘_l‘“_ﬁ!' T LG J
-lll-.=5ﬂiltggllti-ntﬁnnn;=y-aﬂ!!niiunnﬂinu-_L }!Elﬁll!ﬁllj:-__
*l-!‘lilﬁlﬂ’l‘i*ﬂ ] "i’.-—:‘!-"-‘i"c--la‘- .'--n!.“ E!"ﬂ‘"ﬁ"
{1 o mpit _.llliﬂl-ni,lliil llﬁ:tu.--&pilu!_ ,
B l’—ﬁi:'-"‘l -!!‘."!‘III!IE n'l'lﬁill“l-'llillIlllnl-..._ .
: S R !II;EHIIﬂ!liIlliﬁlh
R =aul Iiilﬂwl!mn=ﬁ!lltf-a
SR IAE T keney
18- =amul At
ﬁllll--E!Ilt
1]

T il
IIIIIIH
T LS s
Illlll 4
AT SR ARE
“""niqgnim-lﬁ
By ammi AR
ﬂ.“ ;
\ nE
_W 1 t 1)
”““Hillﬂllﬂll. !
w34 W IR L nas
ﬁ!ﬂ!!ﬁllﬂl!l

. *tﬂ_““"tﬁ

o K

| 3 f:i‘-“l“'ﬂ ﬁﬂﬁ.‘-‘. 1l
!tiggﬁ!ﬂlmllllll W(h o MU S
.---:z-al:!nit:upj S A S
1"""‘.‘!!-“5!'! !IIIIHIII“I“I#H T Y
IIIH“‘H‘&‘I]"‘HIII;'-."J.-_"I\I!EII-!I‘IIIlﬁlﬁ 52 1

llﬂ" .ﬂi'u!ﬁlﬂ'ﬂﬁ nm -;1.'.‘-!- I'I_III'IIII R
™1 1 III"I"III“Hillllﬂi;:ﬁ‘- k I'.‘I-ll‘}l ] ol
“"il"ﬂll_‘llﬁ_;:!!"‘ !!IEIII o e
I‘l‘l."ﬁlﬂﬂll‘ll.-‘!‘.".Iﬂ!- II-IIII- gt

: I'lii‘.'- Iiilll WEI m w8 ] II_!lII ik 1] guill Y "
Al l"ll-'ﬂ‘l'l —3 1. ln-‘-!!‘ﬁ ll_t_'lili‘-.li, T AT
Ili_!’ﬁll‘l‘. Il#“'lﬁlll?:!‘-l , WA
Emunds liﬂliﬂ!ﬂl#!l!lﬁ A "
AN auuuns e yunsy
18 4 Hi’!ﬂﬂlﬂlnﬁf—!“'
Rt ‘Iﬂ‘l“‘ﬂl‘*

. il -rll'-q
e i Y T I.
11T 1S
- "."—!!1'-III i
|
L .
. _--I|-“.__.-‘i.
-— : :.‘_.
, \ “‘vlillnfiuw
L' = —mwmWl

:”--’I—-—_‘
- L .
!ﬁﬂ!ﬂiﬁillﬁ-__"
i “H.fi'lﬂ_.le*llll!ll---—-
; ,gggmlgﬁnnilu.-_-
AT ]
- : 3 | -
==: u= ' Y ¥4I . - y ln==='l§== e 1
! --i;-;-.:'-—‘*- = ) e——
i auannn iy AT ST WS it a8 B mEREERCS
- | pEi 3 T 1 3 o ' [ '-'Iiii’r_llﬁ!ll IIHIII--—._ )
sayRE sy an ey ‘#ﬂﬁ!!!ﬂilﬂlilllli!lmlr
T LA . e i— -Hﬁﬂmlﬁ!!nniului;. s ==t
- TN - g 5 & “?ﬁiﬂﬂil REREERETEC
L = IIIIIHII---. Ptk ' ﬂll"h‘lﬂlllll
*'ﬁ-nliiliiniliiilui--_, -;!imiggl#ﬂlk
“““"'ilﬂﬂﬁllllllll-li Y i ’ﬂl'“l.-‘-'.:!!ﬂ'lf
e -lilll-!ill III.IIIIil- P ﬁ‘l'l'ﬁllllll ]
sil e sninEt  EARAIIEES t!ggﬁ;llﬁ:t
m.-nil!ﬂﬁﬁt===fl-u wEl ;§=ﬁ=zﬁ
; . n

aipiemiip =g Y §
T —
1 —
_-"i -
PR LA

:1“’...“1“”
e nANNANE o "
’ " PN e v -
~¥i1 T mmEl
1 -
“!H e e ] - | - . . - .
. iimunn.uz!-nlg!tl FTTRCHT L
lllilll#iunnnﬁin!l ¥; Y = RS
jpEnyuEE e AmmRARE 2 T RTINS lilllllmliiﬂhﬁum_ﬁ
-mqg!nllimilii AR _!lllll:MIIluiutiunnﬁnnu X
'!n:-‘:!-lﬂll_!jrllli ll"iﬂlﬁﬁllln‘:!!-III'I!!ITIII!IIIHI“I T
s llllmnlnﬂ=!iﬂ llIllilIi&l - .lu--‘!llII!!ﬁI e mER IR,
3 III_IIII!FHIHI pmm EII-!,IIIIJI‘I Y 3 s = III--T-‘ ] Illﬂilii'ﬂllﬁlllllu
liimlllilint 1R li!pnﬁ==!F AT 1 == il!!lﬂlllii usiun
- _-lgt!lnt AL AT saning -1 ~ et e o
e <1 - Am AN St - ] i TR .
A i guuN A anu R EE i e T TR~ B eannsBityy:
t X - 2SR RER [ 1 . _———— = !-_!‘HI- Ii‘llli--'.'!!'l"lf
_ A RE=T L - + 1 ARS - mms YREC %1 EEnLEnRY
] N ll--'."! __I . il'l.i‘i‘l---.—_ I__E“'.ﬁ‘.l"l‘l":
1 i i — Tt 1) u ) !l!ﬁlll'l.lllll --...,'.! T8 1) ,
= bt oL I_ﬂ!iiiﬂ#lﬁillﬂi » AmE R
L 3 ] "3 » : L lll'ﬁ‘ll'llln-."-‘E_‘ﬂII‘_!!ll'fl
1 :-n_z!ﬂlllu_ m:;uui:illim---,-=siln
#l'll'ﬁ““lilll-——r _ ilﬂ“ﬂ!'l!‘l'-'ll!" E § 1]
_ﬂ'ﬂl“\ll’llllli‘- - Ill_l!! : ans | . a .
_I‘I-IIE"II‘“H‘!I , g 1 L ﬁ!‘lli 1 ! i}, ] :
nawe et ‘we Sl S wmamMi BT T3
== ABBESS niiAE AL
: k ‘ ] will L 1 o lliﬂ'
amitpn R s l!lll‘lllﬂllﬂ
mau !!ﬁllﬁlllﬂlil

s
% . p—-T
l'--.

11 SN RER -
~11T.h =T 1)
% amAe
' g .
Eapumia 1
iﬁ!llﬂl-

e e & A A

p ANS
= mm T I
| .
- '. . il-- ] . -
m i
SRUEES Lauaul
o i W DA, T L
-_“1“

FIG. 53 .
a



U.S. Patent Mar. 26, 2024 Sheet 16 of 24 US 11,943,907 B2

{1
T

1 1

1

1

FIG. 54

158a
1283
+ il
: -
1
o
Y J{" i{ﬂ:
aaa s xs i usEeiges
i - —t ]
\ - -
: : : - ::
e : 4
. 1 s '
‘\_1{. - '#:F- - u
.. T B!
171 —‘\'1: 1 ‘u - -
" i Hi ri! - - b —
e { 4 ni
AT ‘
!
i-v- : e
— }
st

FIG. 55



E;llfﬂet::li7 c”fd2h4
302

Mal‘. 26, 2024

U.S. Patent

FIG. 56

132

llllll
_I_llll_llll_ IIIIII -
_ _lll_ T 1 LA

aanannt

FIG. 57

208



U.S. Patent Mar. 26, 2024 Sheet 18 of 24 US 11,943,907 B2

: B s muat "
: | - " Ses
. Raau T us ’ .
anames . 128a
A \ T s
! susnush Rasananicy A Annuns
ma RRSLN - AR T swassisil
: Siss: sttt :
: : fiassaziseacat sanss :
: ittt l
i
I 132
i
_— 134

FIG. 58

!
I !
Rus us ; r wREl 1 -
i
. .s ) -4 -
i — " F - - -
- - . - !
e ; . ! »
1 . 44
% At
u - 1
. i a 1 uus
i 4 "
gu -4 — i
5 {
aaunsiilunns
i -
A
k
. S
’//___M

FIG. 39



U.S. Patent Mar. 26, 2024 Sheet 19 of 24 US 11,943,907 B2

132

1 ,
] - 1 \ ¥ ] : lt 1) 'l!
-4t _j: o » - . 1 unns®
i ‘f___..-l- "T = . - . _j |
1 ] ..-.[ ! | __i e it " '! +-— J lll el
1 " . *
nnas - ‘ “a% | s !
i r-l—j ‘ - ‘ - » 3 'I e ] 1
1 | e - e ‘- +]"___.-
14 A1 = -1 puniEts . __1 ) T3
i - ) 1 ---1 l Wl w {—' el ___...----'
rj;w - g 309 1 ! 4 .
1 - -
] A+t - — 1
1 #! - | rd e ' |1 d—d= 1 .
i a8 - puns 1 aui s - 1 A
ESaan seit pusesssiiuns T
- - ‘ i r
1] | 4 — = | ! r ™ =1 | "‘l :-"
e » 1
S TemuuuBRL

134

FIG. 60

136

FIG. 61 S :

L.

1

+ =
Vi

1

A

136




U.S. Patent Mar. 26, 2024 Sheet 20 of 24 US 11,943,907 B2

136

FIG. 62

136

-----

a . a
lllllllllllllllllllllllllllll

FIG. 63



U.S. Patent Mar. 26, 2024 Sheet 21 of 24 US 11,943,907 B2

112‘w

b +
-1 ol - F + i J:E ¥“+ o
T + i M
u RapE=mas T . me
_]l- i
e "
$H . QJ : +¥ |
e 3
A+ -
: + } 1 T
e \
FIG. 64
?’?21

FIG. 65



U.S. Patent Mar. 26, 2024 Sheet 22 of 24 US 11,943,907 B2

FIG. 66



U.S. Patent Mar. 26, 2024 Sheet 23 of 24 US 11,943,907 B2

100

AAWa)

138

FIG. 67

100

FIG. 68



U.S. Patent Mar. 26, 2024 Sheet 24 of 24 US 11,943,907 B2

200

238

240



US 11,943,907 B2

1

RE-SHIELDED WINDOW APPARATUS AND
METHOD OF MANUFACTURING SAME

RELATED APPLICATIONS

This application 1s a U.S. national stage of PCT Interna-
tional Patent Application No. PCT/US2022/020655 having,
an iternational filing date of Mar. 16, 2022, which claims
the benefit of U.S. Provisional Application No. 63/161,942
filed Mar. 16, 2021. The contents of the above-identified
applications are incorporated by this reference in their
entireties for all purposes as 11 fully set forth herein.

TECHNICAL FIELD

The present disclosure relates generally to the field of
radio frequency (RF) shielded enclosures. More particularly,
the present disclosure relates to transparent window struc-
tures for use 1n radio frequency (RF) shielded enclosures.

BACKGROUND

In the past, RF shielded windows might have used mate-
rials with characteristics that offer lower clarity with high RF
shielding, or higher clarity with lower RF shielding. It may
have been dithicult to achieve characteristics that provide for
high RF shielding and high clarity at the same time, as well
as a window that does not become blemished over time
throughout usage.

What 1s needed 1s an improved transparent, radio-ire-

quency shielded window that offers a significantly higher
level of clanty than previous radio-frequency shielding
windows, while maintaining a high level of RF attenuation.

SUMMARY

Certain deficiencies of the prior art may be overcome by
the provision of an RF-shielded window apparatus, and
method of manufacturing same, 1n accordance with the
present disclosure.

The window apparatus may be used 1n applications such
as viewing an object behind the window, for example a cell
phone screen, while also maintaining a high level or RF
attenuation of that object. The window apparatus could be
installed in an RF shielding enclosure, such as a faraday box,
or may be used 1n other applications such as 1n RF shielding
rooms, labs, tents, or anywhere where clarity and RF shield-
ing may be desired. The disclosed window apparatus
involves a combination and configuration of maternals that
accomplish high clarity, high shielding, and long-term dura-
bility, as well as a method of manufacturing same.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages of the present invention may become
apparent to those skilled in the art with the benefit of the
tollowing detailed description of the preferred embodiments
and upon reference to the accompanying drawings in which:

FIGS. 1-13 are cross-sectional views diagrammatically
illustrating an example sequence of steps for manufacturing
a primary panel element for use 1 constructing an RF-
shielded window apparatus;

FIGS. 14-22 are cross-sectional views diagrammatically
illustrating an example sequence of steps for manufacturing
a secondary panel element for use 1n constructing an RF-
shielded window apparatus;
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FIGS. 23-26 are cross-sectional views diagrammatically
illustrating an example sequence of steps for final manufac-
turing ol an RF-shielded window apparatus comprising a
primary panel element and a secondary panel element;

FIG. 27 1s a diagrammatic cross-sectional view 1llustrat-
ing an example RF-shielded enclosure incorporating an
RF-shielded window apparatus, whereimn the electronic
devices housed within the enclosure are viewable by a
human eye through the window apparatus from a viewpoint
outside of the enclosure, and the window apparatus 1s flat
planar;

FIG. 28 1s a diagrammatic cross-sectional view 1llustrat-
ing an example RF-shielded enclosure incorporating an
RF-shielded window apparatus, whereimn the electronic
devices housed within the enclosure are viewable by a
human eye through the window apparatus from a viewpoint
outside of the enclosure, and the window apparatus 1is
curved;

FIG. 29 15 a diagrammatic top view corresponding to the
configuration shown in FIG. 2;

FIG. 30 1s a diagrammatic top view corresponding to the
configuration shown i FIG. 4;

FIG. 31 1s a diagrammatic top view corresponding to the
configuration shown in FIG. 6;

FIG. 32 1s a diagrammatic top view corresponding to the
configuration shown in FIG. 8;

FIG. 33 1s a diagrammatic top view corresponding to the
configuration shown i FIG. 12;

FIG. 34 1s a diagrammatic bottom view corresponding to
the configuration shown 1n FIG. 12;

FIG. 35 1s a magnified view of detail 35 in FIG. 33;

FIG. 36 1s a diagrammatic top view corresponding to the
configuration shown in FIG. 15;

FIG. 37 1s a diagrammatic top view corresponding to the
configuration shown i FIG. 17;

FIG. 38 1s a diagrammatic bottom view corresponding to
the configuration shown in FIG. 20;

FIG. 39 15 a diagrammatic bottom view corresponding to
the configuration shown in FIG. 21;

FIG. 40 1s a diagrammatic top view corresponding to the

configuration shown in FIG. 21;

FIG. 41 1s a magnified view of detail 41 in FIG. 39;

FIG. 42 1s diagrammatic perspective view ol an example
precursor sheet of secondary RF-shielding material being
subjected to in-plane tensile loading by a shielding stretch-
ing device, such as a conventional silk screen panel
stretcher:

FIGS. 43-50 illustrate an example sequence of steps for
manufacturing one non-limiting example of a secondary
panel element for use 1n constructing an RF-shielded win-
dow apparatus;

FIG. 51 15 a diagrammatic perspective view of an example
precursor sheet of primary RF-shielding material being
subjected to 1n-plane tensile loading by a shielding stretch-
ing device, such as a conventional silk screen panel
stretcher:;

FIGS. 52-63 illustrate an example sequence of steps for
manufacturing one non-limiting example of a primary panel
clement for use 1n constructing an RF-shielded window

apparatus;
FIGS. 64-68 illustrate an example sequence of steps for
final manufacturing of one non-limiting example

RF-shielded window apparatus comprising a primary panel
clement and a secondary panel element secured to one
another; and
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FIG. 69 1s a diagrammatic flow chart representing a
sequence of steps corresponding to one or more one example

methods of manufacturing an RF-shielded window appara-
tus.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

Referring now to the drawings, like reference numerals
designate 1dentical or corresponding features throughout the
several views.

Various exemplary implementations of an RF-shielded
window apparatus in accordance with the present disclosure
are shown generally at 100 in the several drawings presented
herewith.

Referring to FIGS. 25, 26 and 68, an RF-shielded window
apparatus 100 may comprise a primary panel element 110.
Referring to FIGS. 12, 13 and 635, the primary panel element
110 may include a primary backing substrate 114a, a pri-
mary shielding adhesion strip 1244, a protective layer 132,
a primary RF shield layer 128a, and a protective adhesion
strip 136. Referring to FIG. 1, the primary backing substrate
114a may have a primary peripheral edge 120aq defined
thereabout, a primary inboard face 116a and a primary
outboard face 118a. Referring to FIG. 13, the primary
shielding adhesion strip 124aq may extend along the primary
peripheral edge 120a, and may be 1n adhesive communica-
tion with the primary inboard face 116a and primary out-
board face 118a. Reterring to FIG. 29, the primary shielding
adhesion strip 124a may be comprised of multiple individual
strip segments. Referring to FIG. 7, the protective layer 132
may have a protective inboard face 152 and a protective
outboard face 154. Referring to FIGS. 6 and 13, the primary
RF shield layer 128a may have a primary shield periphery
144a and may be disposed between the primary backing
substrate 114aq and the protective layer 132. The protective
adhesion strip 136 may extend along the primary peripheral
edge 120a and may be in adhesive communication with the
protective outboard face 154 and the primary shield periph-
cry 144a.

Referring to FIGS. 25, 26 and 68, particular implemen-
tations of an RF-shielded window apparatus 100 may further
comprise a secondary panel element 112. Referring to FIGS.
21 and 22, the secondary panel element 112 may include a
secondary backing substrate 1145, a secondary shielding
adhesion strip 1245, and optionally a secondary RF shield
layer 1285. Referring to FIGS. 14 and 36, the secondary
backing substrate 1145 may have a secondary peripheral
edge 1206 defined thereabout, a secondary inboard face
1160 and a secondary outboard face 118b6. Referring to
FIGS. 22, the secondary shielding adhesion strip 1245 may
extend along the secondary peripheral edge 12056 and may
be 1n adhesive communication with the secondary mmboard
face 1165 and secondary outboard face 118b5. Referring to
FIGS. 36 and 44, the secondary shielding adhesion strip
1245 may be comprised of multiple individual strip seg-
ments. Referring to FIGS. 20 and 21, the secondary RF
shield layer 1285 may have a secondary shield periphery
1446 and being disposed across the secondary inboard face
1165.

Referring to FIGS. 25, 26 and 65, 1n certain preferred
implementations of the RF-shielded window apparatus 100,
the first panel element 110 and the second panel element 112
may be secured to one another such that the primary RF
shield layer 1284, the secondary RF shield layer 1285 and
the protective layer 132 are collectively disposed between
the primary backing substrate 114a and the secondary back-
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ing substrate 1145. In particular such implementations, the
primary RF shield layer 128a and the secondary RF shield
layer 1285 may be in electrically-conductive communica-
tion with one another. By way of example, the electrically-
conductive communication may be by way of, for example,
the protective adhesion strip 136. Referring to FIGS. 24-26
and 68, the RF-shielded window apparatus 100 may further
comprise a panel joining strip 138 facilitating the secure-
ment of the first panel element 110 to the second panel
clement 112. In such case, the electrically-conductive com-
munication between the primary RF shield layer 128a and
the secondary RF shield layer 1285 may preferably be at
least 1n part by way of the panel joining strip 138.

Retferring to FIGS. 33 and 35, in particular implementa-
tions of the RF-shielded window apparatus 100, the primary
RF shield layer 128a may be comprised of a metallic mesh
of interconnected primary shield filaments 148a defining
primary shield voids 150a therebetween. Similarly, referring
to FIGS. 39 and 41, the secondary RF shield layer 1285 may
be comprised of a metallic mesh of interconnected second-
ary shield filaments 1485 defining secondary shield voids
1506 therebetween. In particular such implementations of
the RF-shielded window apparatus 100, the primary shield
volds 150a are larger than the secondary shield voids 15056.
In alternate implementations of the RF-shielded window
apparatus 100, the primary shield voids 150a are smaller
than the secondary shield voids 1505.

In certain implementations of the RF-shielded window
apparatus 100, the primary RF shield layer 128a 1s com-
prised of copper, and the secondary RF shield layer 1285 1s
comprised a copper and nickel.

In particular implementations of the RF-shielded window
apparatus 100, the primary backing substrate 114a may have
a thickness of from Yis to & inches, and the secondary
backing substrate 1145 may have a thickness of from V4 to
I/ 1inches.

Referring to FIGS. 25, 27 and 28, certain implementations
the RF-shielded window apparatus 100 may include a light
transmission zone 156 within which visible light can pass
through the entire RF-shielded window apparatus 100 along
a light transition axis 140. In such implementations, the
RF-shielded window apparatus 100 may have a visible
transmittance of at least 70% within the light transmission
zone 156.

The primary backing substrate 114a may preferably be
comprised of polycarbonate or the like, and 1n certain
preferred implementations, may have a thickness 122a of V16
to 15 inches. The secondary backing substrate 1145 may
preferably be comprised of polycarbonate or the like, and n
certain preferred implementations, may have a thickness
1226 of /4 to 14 inches. The protective layer 132 may
preferably be comprised of polyethylene terephthalate
(PET), thermoplastic polyurethane (TPU), or laminated tem-
pered glass. In certain preferred implementations of the
apparatus 100, the protective adhesion strip 136, the panel
joming strip 138 may comprise one or more segments of
clectrically-conductive adhesive tape. The shielding adhe-
sion strips may preferably comprise, for example, electri-
cally-conductive two-sided adhesive tape, or the like.

Referring to FIG. 69, a method of manufacturing an
RF-shielded window apparatus 1s shown generally at 200. At
block 210, a primary panel element 110 1s formed by way of
a series ol one or more of the steps represented, for example,
by blocks 212-224.

At block 212, a primary backing substrate 114a, a primary
shielding adhesion strip 1244, a protective layer 132, and a
protective adhesion strip 136 are provided. The primary
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backing substrate 114a may have a primary peripheral edge
120a defined thereabout, a primary inboard face 1164 and a

primary outboard face 118a. The protective layer 132 may

have a protective inboard face 152 and a protective outboard
face 154.

At block 214, and referring to FIGS. 1, 2 and 29, the

primary shielding adhesion strip 124a may be placed in
adhesive communication with the primary inboard face 116a
and extending partly outward of the primary peripheral edge
120a, thereby defining a primary adhesion edge 158a out-
ward of the primary peripheral edge 120aq.

At block 216, and referring to FIGS. 4, 52 and 53, the
primary shielding adhesion strip 124a may be positioned in
adhesive communication with a precursor sheet of primary
RF shielding material 202a while the precursor sheet of

primary RF shielding 202a 1s subject to an in-plane tensile
loading 130.

At block 218, and referring to FIGS. 5, 6 and 55, the

precursor sheet of primary RF shielding 2024 may be
trimmed to terminate at the primary adhesion edge 158a,
thereby defining a primary RF shield layer 128a adhered to
the primary inboard face 116a by way of the primary
shielding adhesion strip 124a. Referring to FIG. 8, the
primary RF shield layer 1284 may have a primary shield
periphery 144a.

At block 220, and referring to FIGS. 7 and 8, the
protective layer 132 may be applied onto the primary RF
shield layer 128a. A squeegee 208 or the like may be used
to apply the protective layer 132. Referring to FIGS. 9 and
60, a protective outer peel layer (e.g., film) 134 may be
peeled ofl of the protective layer 132.

At block 222, and referring to FIGS. 9, 10 and 39, the
primary shielding adhesion strip 124a may be wrapped
around the primary peripheral edge 120aq and onto the
primary outboard face 118a.

At block 224, and referring to FIGS. 11-13 and 61-63, the
protective adhesion strip 136 may be atlixed to the protective
outboard face 154 and the protective adhesion strip 136 may
be wrapped around the primary peripheral edge 120a,
whereby the protective adhesion strip 136 may preferably be
retained 1n electrically-conductive communication with the
primary RF shield layer 128a.

The method 200 may further one or more steps shown at
block 226, wherein a secondary panel element 112 1s formed

by way of a series of one or more of the steps represented,
for example, by blocks 228-236.

At block 228, and referring to FIGS. 14 and 44, a
secondary backing substrate 1145 and a secondary shielding
adhesion strip 1245 may be provided, wherein the secondary
backing substrate 1145 may have a secondary peripheral
edge 1206 defined thereabout, a secondary inboard face
1165 and a secondary outboard face 118b.

At block 230, and referring to FIGS. 14-17, 36 and 435, the
secondary shielding adhesion strip 1245 may be placed 1n
adhesive communication with the secondary inboard face
1165 and extending partly outward of the secondary periph-
eral edge 1205, thereby defining a secondary adhesion edge
outward of the secondary peripheral edge 158b6. As shown 1n
FIGS. 16 and 46, adhesive backing may be peeled from the
adhesions strip 12456 to expose the underlying adhesive.

At block 232, and referning to FIGS. 17 and 47, the
secondary shielding adhesion strip 1245 may be positioned
in adhesive communication with a precursor sheet of sec-
ondary RF shielding material 2025 while the precursor sheet
of secondary RF shielding 1s subject to an in-plane tensile

loading 130.
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At block 234, and referring to FIGS. 19, 20, 48 and 49, the
precursor sheet of secondary RF shielding 2026 may be
trimmed to terminate at the secondary adhesion edge 1585,
thereby defiming a secondary RF shield layer 12856 adhered
to the secondary imnboard face 1165 by way of the secondary
shielding adhesion strip 124b. The secondary RF shield
layer 1285 may have a secondary shield periphery 144b.

At block 236, and referring to FIGS. 21, 22 and 50, the
secondary shielding adhesion strip 1245 may be wrapped
around the secondary peripheral edge 1205 and onto the
secondary outboard face 118b.

At block 238, and referring to FIGS. 23-26, 64 and 65, the
primary panel element 110 may be secured to the secondary
panel element 112 such that the primary RF shield layer
128a, the secondary RF shield layer 1285 and the protective
layer 132 are collectively disposed between the primary
backing substrate 114a and the secondary backing substrate
1145. As a result of this step of securing (or potentially by
other means), the primary RF shield layer 1284 and the
secondary RF shield layer 1285 may be 1n electrically-
conductive communication with one another. Moreover, this
clectrically-conductive communication may preferably be
by way of the protective adhesion strip 136.

At block 240, and referring to FIGS. 24-26 and 66-68,
alter the step of securing, a panel joining strip 138 may be
applied 1n adhesive communication with the protective
adhesion strip 136 and the secondary RF shield layer 1285,
thereby facilitating securement of the first panel element 110
to the second panel element 112, and placing the panel
joming strip 138 1nto electrically-conductive communica-
tion with the primary RF shield layer 128a and secondary
RF shield layer 1285.

RF Shielding Materials

In certain preferred embodiments of the window appara-
tus, two RF shielding materials may be used to achieve
higher clarity and lhigh RF attenuation.

The first material could be a copper mesh with areal
density of 60-80 g/m2 and open area percentage of 80-90%.
In other embodiments, the copper mesh may have a higher
or lower areal density, and open area percentage, or may not
necessarily be copper-based.

The second material may be a nickel copper mesh, with
any metal ratio that accomplishes a high level of RF shield-
ing, with areal density of 20-30 g/m?2, and thickness between
0.06 and 0.1 mm. In other embodiments, the copper/nickel
mesh may have a higher or lower areal density, may be
thinner or thicker, or may not necessarily be copper/nickel-
based.

In alternate embodiments, three or more layers of RF
shielding material may be used, or layers that do not
necessarily keep to the same specifications as those stated in
the preferred embodiment. For example, two layers of
copper mesh may be used, or two layers of nickel/copper
mesh, or a nickel/copper mesh with a higher open area
percentage with a copper mesh of a lower open area per-
centage. In alternate embodiments another RF shielding
material may be used, such as carbon nano-fiber, silver,
aluminum, or others.

Challenges to Maintaining High Clarity Through Contin-
ued Usage of the Apparatus

In the desired application of the disclosed apparatus,
maintaining high clarity may be important. Aside from the
importance ol the RF shielding materials used, certain
characteristics of the materials, which may be primarily
flexible, may introduce challenges to the goal of high clarity.
Typical 1ssues with achieving high clarity may include
waviness of the materials, creases, punctures, imperiections,
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etc. To overcome these 1ssues, 1t may be important to ensure
that the RF shielding materials become completely flat and
blemish free, and most importantly, maintain that state
permanently throughout usage of the product.

In the past this may be diflicult to achieve. Prior art and
products in the market may not only offer lower clarity, but
also may exhibit unstable window conditions where pro-
longed usage of the product can generate waviness, imper-
fections, and blemishes. A particular challenge to the prac-
tical usage of an RF shielded window might also be the
thickness of the overall constructed window. Impractical
prior art and products might present an RF shielded window
with overall thickness that could require special mounting,
hardware and processes, and simply may be impractical
when using with an RF enclosure such as 1s mentioned in
this disclosure. The disclosed invention and manufacturing,
method of same may overcome the challenges of thickness
of the overall constructed window, as well as maintaining
high clarity and low blemishes through continued usage of
the apparatus.

Other Materials that May be Used to Construct the
Apparatus, and Perform Manufacturing Method

In the preferred embodiment, RF shielding materials may
be combined with other materials, as described below.

Copper Panel (Copper Mesh+Polycarbonate+Screen Pro-

tector)

In a preferred embodiment, the copper mesh material may
be “mounted” to a backing material that can allow it to
become flat and maintain that state throughout usage of the
product. The “backing material” (which may be otherwise
referred to herein as a “backing substrate”) for this RF
shielding material may be clear, such as polycarbonate, but
may not necessarily need to maintain a high level of rigidity.
In the preferred embodiment, the thickness of the polycar-
bonate material may be between Yis" and 14." To mitially
flatten the copper mesh and reduce visible impertections, the
copper mesh may first be stretched on a device, such as a silk
screen panel stretcher. Conductive two-sided adhesive may
be placed around the edges of the polycarbonate backing
maternal, partly on the material and partly hanging off of the
edge. This border may create an adhesive outer “frame” for
the copper mesh to adhere to, but not within the inner visible
portion of the window. The additional adhesive that hangs
ofl the edge of the frame may provide an extra portion of
copper mesh that could be “wrapped” around the edge of the
backing material to provide more adhesive surface area,
thereby decreasing the ability of the copper mesh to become
undone from the adhesive and allowing for wrinkles or
blemishes.

Even still, another material may be required to keep the
copper mesh stretched over time throughout continued usage
of the product. This material may be referred to herein as a
“protective layer,” which 1n some cases may be a screen
protector commonly used for protecting phone/tablet
screens during usage. A screen protector may provide high
clanity while also just enough adhesive to keep the copper
mesh from becoming wrinkled, but not so much adhesive
that clarity 1s affected. The adhesive on the screen protector
may hold the copper mesh 1n place, and may also push
through the open areas to adhere to the backing material,
even further holding the copper mesh in place. Other types
of adhesives, such as optically clear liqud adhesive, may
still reduce clarity, may introduce bubbles, or may incur
increased costs/challenges during manufacturing. In the
preferred embodiment, the application of the screen protec-

tor material may be simple, easier to deploy 1n manufactur-
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ing, and cheaper to purchase, thereby becoming a very
desirable element of the overall construction of the disclosed
RF shielded window.

In alternate embodiments, the backing material may not
be polycarbonate, but may be another matenal that offers
clanity and a certain level of rigidity, such as glass. It may
not be within the range of thickness mentioned, but 1nstead
may be thicker or thinner. A screen protector may not
necessarily be used to keep the RF shielding layer 1n place
and to reduce waves or blemishes, but instead another
material could be used such as optically clear double sided
adhesive, liquid adhesive, or not at all. In alternate embodi-
ments the RF shielding material may be pressed between
multiple layers of a backing material, or even may be
embedded in another material, such as being embedded 1n a
sheet of polycarbonate during the polycarbonate manufac-
turing process.

Copper/Nickel Panel (Copper/Nickel Mesh+Polycarbon-
ate)

In certain preferred embodiments, the copper/nickel mesh
material may be “mounted” to a backing material that can
allow 1t to become flat and maintain that state throughout
usage of the product. The “backing material” for this RF
shielding material may be clear, such as polycarbonate, and
may need to maintain a high level of ngidity. In the preferred
embodiment, the thickness of the polycarbonate material
may be between 4" and V4", To mitially flatten the copper/
nickel mesh and reduce visible imperfections, the material
may first be stretched on a device, such as a silk screen panel
stretcher. Conductive two-sided adhesive may be placed
around the edges of the polycarbonate backing matenal,
partly on the material and partly hanging ofl of the edge.
This border may create an adhesive outer “frame” for the
copper/nickel mesh to adhere to, but not within the nner
visible portion of the window. The additional adhesive that
hangs ofl the edge of the frame may provide an extra portion
of copper/nickel mesh that could be “wrapped” around the
edge of the backing material to provide more adhesive
surface area, thereby decreasing the ability of the copper/
nickel mesh to become undone from the adhesive and
allowing for wrinkles or blemishes.

In alternate embodiments, the backing material may not
be polycarbonate, but may be another matenal that offers
clanify and a certain level of rigidity, such as glass. It may
not be within the range of thickness mentioned, but 1nstead
may be thicker or thinner. In alternate embodiments the RF
shielding material may be pressed between multiple layers
of a backing material, or even may be embedded in another
material, such as being embedded in a sheet of polycarbon-
ate during the polycarbonate manufacturing process.

Combine RF Shielding Lavyers into Assembled Window

In certain preferred embodiments, two separate “panels”
(which may be referred to herein as “panel elements™) may
be created from two separate RF shielding materials, when
combined with their backing materials and screen protector.
These panels may then be combined together to assemble
into a single unit. Double sided conductive adhesive may be
placed on top of the screen protector that 1s positioned onto
the Copper panel, around the border edges. This adhesive
can be used to join the two panels together and hold them
tightly. The Copper/nickel panel can be positioned with RF
shielding material inside and polycarbonate maternal facing
outside, against the Copper panel, also with RF shielding
material inside and polycarbonate facing outside, and joined
together. In this configuration, the innermost layers could be
the screen protector from the Copper panel as well as the
double-sided adhesive border joining both panels. When the
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screen protector 1s positioned between the RF shielding
layers, 1t can provide protection of each of the RF shielding
layers, as well as a thin layer of decoupling that can increase
the level of RF shielding capability of the full final window
assembly. To further ensure that the panels can be joined
permanently nto a single RF shielded window unit, and to
ensure that conductivity 1s maintained between both RF
shielding layers, conductive tape can be wrapped around the
edges of the assembled unit, jomning the RF shielding
materials 1n both panels together conductively.

The assembled window unit can then be installed nto a
metal frame that compresses all outer border edges of the
window unit, using mechanical fasteners, such as threaded
posts and nuts, at regular intervals. This metal frame can be
part of the installation of an RF shielded enclosure, allowing
the window to join the conductivity of the enclosure, or may
be separate to provide for a ngid structure that can be
integrated into other RF enclosures. For example, this metal
frame may provide the outermost assembly component for
this assembled window to be sold separately for integration
into customer applications, such as shielded rooms or cabi-
nets.

In alternate embodiments there may not only be two
panels, but may instead be three or more, with different or
similar RF shielding materials and/or backing materials. For
example, two panels copper/nickel mesh as well as a panel
of copper mesh may be combined together. The panels may
not actually be panels at all, but may instead be round,
convex, tlexible, or any other configuration or shape. For
example, RF shielding materials may be combined with
backing matenals to create a convex RF shielded window
that allows for various advantages for the user. When the
panels or other materials are combined together, alternate
embodiments may employ a different material than double
sided adhesive to bind them together, or may use no adhe-
sive at all. For example, they layers may simply be com-
bined together and they may still offer roughly the same RF
shielding as well as durability characteristics. They may be
mechanically bound together using screws that sink directly
into the backing material, or may be integrated into a final
assembly that does not require adhesive or mechanical
fasteners. The screen protector mentioned in the preferred
embodiment may not necessarily exist between the RF
shielding layers, and the RF shielding layers may instead be
positioned against each other. The final assembly may not
necessarily require an outer metal frame, but may instead
exist without frame, or may use another maternal other than
metal, such as plastic. The outer frame may not have
regularly spaced mechanical fasteners to compress the pan-
cls, but may instead have a continuous edge or no edges at
all.

Notably, the distance between both shielding layers may
be an important factor 1n the shuelding. The RF shield layers
should not be too far apart, or RF waves can pass through the
layers more easily. They are close together to achieve a
particular attenuation at particular frequencies. Preferably
however, they are slightly decoupled by the thickness of the
protective layer. This should enhance the attenuation by
creating redundancy (vs. the RF shield layers joining
together to effectively become one single shielding layer).

The following listing matches certain terminology used
within this disclosure with corresponding reference numbers
used 1n the non-limiting examples 1llustrated 1n the several
figures.

100 RF-shielded window apparatus

102 RF-shielded enclosure (e.g., box, room, lab or tent

comprising an RF-shielded window apparatus)
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104 clectronic device (e.g., cell phone, tablet or laptop
housed within the RF-shielded enclosure)

106 ambient environment

108 viewpoint

110 panel element (e.g., primary panel element)

112 panel element (e.g., secondary panel element)

114a primary backing substrate (e.g., polycarbonate; e.g.,
/16-1%4 1nches thick)

1145 secondary backing substrate (e.g., polycarbonate;
e.g., ¥4-12 inches thick)

116a primary inboard face (of primary backing substrate)

1165 secondary inboard face (of secondary backing sub-
strate)

118a primary outboard face (ol primary backing sub-
strate)

1180 secondary outboard face (of secondary backing
substrate)

120a primary peripheral edge (of primary backing sub-

strate)

1206 secondary peripheral edge (of secondary backing
substrate)

122a thickness (of primary backing substrate; e.g., V1s-13
inches)

1226 thickness (ol secondary backing substrate; e.g.,
l/4-1/5 1nches)

124a primary shielding adhesion strip (e.g., segments of
clectrically conductive two-sided adhesive tape)

1245 secondary shielding adhesion strip (e.g., segments
of electrically conductive two-sided adhesive tape)

126 outer peel layer (of shielding adhesion strip)

128a primary RF shield layer (e.g., copper mesh, nickel-
copper mesh or the like)

1286 secondary RF shield layer (e.g., copper mesh,
nickel-copper mesh or the like)

130 tension direction (in-plane tensile loading)

132 protective layer (e.g., screen protector; e.g., polyeth-
ylene terephthalate (PET), thermoplastic polyurethane
(TPU), or laminated tempered glass)

134 protective outer peel layer

136 protective adhesion strip (e.g., segments ol electri-
cally-conductive adhesive tape)

138 panel joining strip (e.g., segments of electrically-
conductive adhesive tape)

140 light transmission axis (ol RF-shielded window appa-
ratus)

142a primary panel axis

1426 secondary panel axis

144a primary shield periphery

144bH secondary shield periphery

146 thickness of protective layer

148a primary shield filament

14856 secondary shield filament

150a primary shield void (1.e., spacing between filaments)

1506 secondary shield void (i.e., spacing between fila-
ments)

152 protective mboard face (of protective layer)

154 protective outboard face (of protective layer)

156 light transmission zone

158a primary adhesion edge

15856 secondary adhesion edge

200 method of manufacturing an RF-shielded window
apparatus

202a precursor sheet of primary RF shielding material
(e.g., electrically-conductive mesh)

202b precursor sheet of secondary RF shielding material
(e.g., electrically-conductive mesh)




US 11,943,907 B2

11

204 shielding stretching device (e.g., silk screen panel
stretcher)
206 cutting device (e.g., blade)
208 squeegee
210-240 example steps of certain implementations of
method 200
300 template guide lines (for placement of adhesion
Strips)
302 template tool
While embodiments of the invention have been 1llustrated
and described, it 1s not intended that these embodiments
illustrate and describe all possible forms of the imnvention.
Rather, the words used in the specification are words of
description rather than limitation, and 1t 1s understood that
various changes may be made without departing from the
spirit and scope of the invention.

What 1s claimed 1s:
1. An RF-shielded window apparatus comprising;:
a primary panel element including

(1) a primary backing substrate having a primary
peripheral edge defined thereabout, a primary
inboard face and a primary outboard face;

(11) a primary shielding adhesion strip extending along
the primary peripheral edge and being in adhesive
communication with the primary mboard face and
primary outboard face;

(111) a protective layer having a protective mnboard face
and a protective outboard face;

(1v) a primary RF shield layer having a primary shield
periphery and being disposed between the primary
backing substrate and the protective layer; and

(v) a protective adhesion strip extending along the
primary peripheral edge and being 1n adhesive com-
munication with the protective outboard face and the
primary shield periphery.

2. The RF-shielded window apparatus as defined 1in claim
1 turther comprising
a secondary panel element including

(1) a secondary backing substrate having a secondary
peripheral edge defined thereabout, a secondary
inboard face and a secondary outboard face;

(11) a secondary shielding adhesion strip extending
along the secondary peripheral edge and being in
adhesive communication with the secondary inboard
face and secondary outboard face; and

(111) a secondary RF shield layer having a secondary
shield periphery and being disposed across the sec-
ondary inboard face.

3. The RF-shielded window apparatus as defined 1in claim
2 wherein the first panel element and the second panel
clement are secured to one another such that the primary RF
shield layer, the secondary RF shield layer and the protective
layer are collectively disposed between the primary backing
substrate and the secondary backing substrate.

4. The RF-shielded window apparatus as defined in claim
3 wherein the primary RF shield layer and the secondary RF
shield layer are electrically-conductive communication with
one another.

5. The RF-shielded window apparatus as defined 1in claim
4 wherein the electrically-conductive communication 1s by
way ol the protective adhesion strip.

6. The RF-shielded window apparatus as defined in claim
5 further comprising a panel joining strip facilitating the
securement of the first panel element to the second panel
clement, the electrically-conductive communication being at
least 1n part by way of the panel joining strip.
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7. The RF-shielded window apparatus as defined 1n claim
3 wherein:

(1) the primary RF shield layer 1s comprised of a metallic
mesh of interconnected primary shield filaments defin-
ing primary shield voids therebetween; and

(1) the secondary RF shield layer 1s comprised a metallic
mesh of interconnected secondary shield filaments
defining secondary shield voids therebetween;

wherein the primary shield voids are larger than the
secondary shield voids.

8. The RF-shielded window apparatus as defined 1n claim

3 wherein:

(1) the primary RF shield layer 1s comprised of a metallic
mesh of interconnected primary shield filaments defin-
ing primary shield voids therebetween; and

(1) the secondary RF shield layer 1s comprised a metallic
mesh of interconnected secondary shield filaments
defining secondary shield voids therebetween;

wherein the primary shield voids are smaller than the
secondary shield voids.

9. The RF-shielded window apparatus as defined 1n claim

3 wherein:

(1) the primary RF shield layer 1s comprised of copper;
and

(1) the secondary RF shield layer 1s comprised a copper
and nickel.

10. The RF-shielded window apparatus as defined in

claim 3 wherein:

(1) the primary backing substrate has a thickness of
between Vis to Y4 1inches; and

(11) the secondary backing substrate has a thickness of
between 4 to 2 inches.

11. The RF-shielded window apparatus as defined in
claim 3 wherein the RF-shielded window apparatus includes
a light transmission zone within which visible light can pass
through the entirely RF-shielded window apparatus along a
light transition axis.

12. The RF-shielded window apparatus as defined in
claam 11 having a visible transmittance of at least 70%
within the light transmission zone.

13. A method of manufacturing an RF-shielded window
apparatus, the method comprising;

forming a primary panel element by way of
providing a primary backing substrate, a primary

shielding adhesion strip, a protective layer, and a
protective adhesion strip, wherein
(1) the primary backing substrate has a primary
peripheral edge defined thereabout, a primary
inboard face and a primary outboard face, and
(1) the protective layer has a protective inboard face
and a protective outboard face;
placing the primary shielding adhesion strip 1n adhesive
communication with the primary inboard face and
extending partly outward of the primary peripheral
edge, thereby defiming a primary adhesion edge
outward of the primary peripheral edge;
positioning the primary shielding adhesion strip 1n
adhesive communication with a precursor sheet of
primary RF shielding material while the precursor
sheet of primary RF shielding 1s subject to an in-
plane tensile loading;
trimming the precursor sheet of primary RF shielding
to terminate at the primary adhesion edge, thereby
defining a primary RF shield layer adhered to the
primary 1mboard face by way of the primary shield-
ing adhesion strip, the primary RF shield layer
having a primary shield periphery;
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applying the protective layer onto the primary RF
shield layer;

wrapping the primary shielding adhesion strip around
the primary peripheral edge and onto the primary
outboard face; and

alhixing the protective adhesion strip to the protective
outboard face and wrapping the protective adhesion
strip around the primary peripheral edge, whereby

the protective adhesion strip 1s retained in electri-
cally-conductive communication with the primary
RF shield layer.
14. The method as defined 1n claim 13 further comprising:
forming a secondary panel element by way of
providing a secondary backing substrate and a second-
ary shielding adhesion strip, wherein the secondary
backing substrate has a secondary peripheral edge
defined thereabout, a secondary inboard face and a
secondary outboard face;
placing the secondary shielding adhesion strip 1n adhe-
stve communication with the secondary inboard face
and extending partly outward of the secondary
peripheral edge, thereby defining a secondary adhe-
sion edge outward of the secondary peripheral edge;
positioning the secondary shielding adhesion strip 1n

10

15

20

adhesive communication with a precursor sheet of 2>

secondary RF shielding material while the precursor
sheet of secondary RF shielding 1s subject to an
in-plane tensile loading;

trimming the precursor sheet of secondary RF shielding
to terminate at the secondary adhesion edge, thereby

14

defining a secondary RF shield layer adhered to the
secondary inboard face by way of the secondary
shielding adhesion strip, the secondary RF shield

layer having a secondary shield periphery; and

wrapping the secondary shielding adhesion strip
around the secondary peripheral edge and onto the

secondary outboard face.

15. The method as defined 1n claim 14 further comprising:
securing the primary panel element to the secondary panel
clement such that the primary RF shield layer, the
secondary RF shield layer and the protective layer are
collectively disposed between the primary backing

substrate and the secondary backing substrate.

16. The method as defined 1n claim 135 wherein as a result
of the step of securing, the primary RF shield layer and the
secondary RF shield layer are electrically-conductive com-

munication with one another.
17. The method as defined 1n claim 16 wherein f{]

1C

clectrically-conductive communication 1s by way of t
protective adhesion strip.

1C

18. The method as defined 1n claim 17 further comprising

alter the step of securing, applying a panel joining strip

1n

adhesive communication with the protective adhesion
strip and the secondary RF shield layer, thereby facili-
tating securement of the first panel element to the
second panel element, and placing the panel joining
strip 1nto electrically-conductive communication with
the primary RF shield layer and secondary RF shield

layer.
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