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1*  ~w<4mECTROOPTI CAL FI LTER CARTRI DGE AND A NE'I%éB Q&é‘z NAIQU— ooT20 TS Lopy
FACTURI NG THE SAME Fiel'd of the invention The present '
i Aaventi oh relates to an el ectroopti cal filter cartridge and to a method
for manufacturing such a filter cartridge. The filter cartridge
according to 5 the invention is especially, but not exclusively, useful
as an active, eye-protection light shutter in a wel di ng hel net or
equi val ent, replacing the conventional, pas- sive eye-protection filter
of darkened gl aSEHCTROWITICAL FiMEHIATRIRTIEE ANy M 'Metbim ordrehaty- i s
intended to 10 COMpPrisSe al SO welder s protective eyegl asses and -
wel der's protective shields. TR UR ING CREHE [szed&yr ound A vast
majority of today's wel ding hel nets conprise a hi nged wi ndow pl at e nade
of darkened, al nost opaque 15 glass. The window is manually flipped down
by the wel der before starting the wel di ng operati on. When the work- .
piece is to be rehsldngEdthehénhengidnwi ndow nust be manual |y rai sed.
In order to avoid thi ng_ a |.SLRG: t he
eye. prot ecti ve wi ndonPSOP L aEEarrit Perrael BEbabaRats; P ElebELRbRe1Ch
light-transm s- filteroparthidge hadetbeenmdéheﬂoﬁed pagudachurhagusuchf

liquid crystal pangi$¢el-CcRaReidde. SYRE fﬂi?gﬁtESrEEidge_according to

5 the invention is especially, but not exclusively, useful

as an active, eye-protection light shutter in a welding
helmet or equivalent, replacing the conventional, pas-
sive eye—protection filter of darkened glass in a wel-
ding helmet. The term "welding helmet" is intended to

10 comprise also welder's protective eyeglasses and
welder's protective shields.

Technoiogical background
A vast majority of today's welding'helmets comprise
a hinged window plate made of darkened, almost opaque

15 glass.. The window is menually flipped down by the welder
before starting the welding operation.'When the work-
piece is to be rearranged, the hinged window must be
manually raised. In order to avoid this cumbersome man-
ual lowering and raising of the eye-protective window,

20 welding helmets provided with automatic light-transmis-
sion control have been developed based on the use of
liquid crystal panels (LC penels). Such automatic hel-
mets are disclosed e.g. in US 3,873,804 (Gordon), |
US 4,039,254 (Harch) and US 4,240,709 (H&rnell).

25 Gordon teaches the use of photosensitive means
mounted on’ fhe helmet to respond to a welding arc along
with an amplifying c1rcu1t for trlggerlng the optical
filter from its normal llght—transm1551ve condition to
its eye—protective%iessentially opaque condition.

30 Both Harch and«Hornell tqach the use:of a multiple-

. layer protective fllter 1nClud1ng two S¥ more super-

posed, parallel electrooptical cells, each of which in-



nmets are disclosed e.g. in US 3,873,804 (Gordon), . US 4,039, 254 (Harch)
and US 4,240,709 (Herr]rnell). 25 : Gordon teaches the use of N
phot osensi tive means -mounted on the helmet to respond to a welding arc
al ong with an anplifying circuit for triggering the optical filter
fromits normal light-transm ssive condition to Its eye-protective,
essentially opaque condition. 30 Bot h2Harch and Herr]rnell teach the

“use of a multiple- | ayer otective filter ind]uding two or npre super-
posed, parall el é%ﬁ?-@ogﬁ%‘éﬁ ytabdaves. iRIC3HlY a twisted

2 cludes a Heémptiit crmredtadl) 'as/atdwjtq&mcta:bétw]eert Vﬁ&%@ﬁlel ghegsstic t
crystal, sandw bet.ween. parallel gl ass ates bear.ing transparen
el ectrodes on t ela&?sane ard gs‘iﬁ‘—?‘r?ﬁpe%‘fe %cﬁjp%cftgrf?é% sorbfltlé%gﬁ tPB&Lof the
electro- 5 optswefacesd,) sand polarizeys emboshaolensidd dhetlf eeldchebl

hel met actually :al ceffstured and sold today i-ncludes a plastic shell
whi ch is to be placed on the welder's head and which has a front

openi ng wherein a filArerkgdinenfe ohride dktrnglh helnetheacioykl yemanuned
automatic |ight-td@MsdS A O '"Bday irt@ﬁsdw,a'ﬁlé@éfésagéylmﬂ% d.

The cartridge is,int formof aTelatively thick, rigid casing having

e
an open- abl¥° ctiﬁlg?e dnlaced i the qeelder 1 heatdiand wkteanhaal py
nmounted i nsi de theorosdpenimgeiierein th A1 wu cd{rismidgd, 1SroPiQbaciiien

from the rog Sdf ASRShul¥dlea UdBbiRtc 13l 0oR 2150 BLOLECLLIE, Lo
feature, is releasably mounted. The cartridge is in the
form of a relatively thick, rigid casing having an open-
able cover on its rear side. An LC panel is mechanically
mounted inside the casing together with an on/off switch

15 projecting from the rear side, a sensitivity-adjustment
knob also projecting from the rear side, and a replace-
able battery accessible through the openable cover. A
small hole is prbvided in the front side of the casing
for receiving welding light to be detected by a light

20 sensor also provided inside the casing. Glass plates for

| protecting the LC panel are arranged on opposite main
surfaces of the LC panel, and cover large, rectéﬁgular
through openings in the front and rear surfaces of the
casing. ] '

25 However, although these automatic welding filters
are functionally advantageous compared to passive glass
filters, they have a number of drawbacks. First, due to
high manufacturing costs, they are normally not competi-
tive with the conventional, passive welding filters made

30 of darkened glass. Second, compared to passive, darkehed

E welding glasses, the known active filter cartridges, as
the one used in the H6rnell helmet, are heavy and have
large dimensions, especially in the thickness direction.

~ Third, known active_filtér cartridges have a drawback

35 related to the safety-of the welder. The components of
the known active f£ilter cartridges are easily damaged



abl e battery accessible through the openable cover. A small hole is
provided in the front side of the casing °~ for receiving welding light to
be detected by a light 20 sensor also provided inside the casing. d ass

pl ates for protecting the LC panel are arranged on opposite nain
surfaces of the LC panel, and cover |arge, rectangul ar t hr ough openi ngs
in the front and rear surfaces of the cdsing. 25 However ,

al t hough these automati c meldlng filters are, functjonal | y. adyant ageous
conpared to passi r%raﬁls anqgg (the capdidbaR &S n‘iﬁﬁﬂ ef%ﬁ%&@(‘gg

First, due to Anwsjia:mmaxfaa;:ésunmg:mm:sltémegawﬁdgﬁ maéJg/ rtm ﬁmi -
tive mnth the cqonventi onal ive welding filfers ar kene

gl ass. Second, (P eda% %%&Ii'&/em dsae?% lnju%?%q“—n eas"éee]s € & known
"active filter C@w@m(ﬂyrlngxsubsequnntnusesed in the H[err]rnell hel et ,

are heavy and have- | arge di mensions, especially in the thickness
direction. 5 BMmmaryuuﬁmthﬂnlnMeﬂtiQnH cartridges have a drawback 35

related to the saf et \, 4}'%%%1: g‘%rf%ﬂ}ﬂé@tosf OJhe 1m}é}?cm9v‘fb active |

filter cartrldges are ea&
3 if, for PExde an Hé“lt%ﬁ‘{?(i oﬁﬁtvéerace:lm%nptyl@nbp@ebter cayny

such damages tOttﬂlQid‘é | ey pé‘@iaxhﬂ%r Qugk £ 4 BrdfectivdAfdpiddy csﬁsaﬂ t
in serious injuri to the wel d I%Bf durlng subsequent’ use.

Summary of the i NG helmet, Wh¥ERxﬁ¥ﬁ gteg (t h%s%QPYﬂn@ﬁﬂt%ﬁn%%éde'

invention tD0 ficiencies of the prior-art, automatlc filter car-

tridges.

A specific object of the invention is to provide an
ultra- thin, active, electrooptical filter cartridge hav-
ing dimensions and an impact resistance comparable to

15 those of a passive, darkened glass filter.

Another object of the invention is to provide an
active, electrooptical filter cartridge having no pro-
jecting parts. '

Still another object of the invention is to provide

20 a cost- and quality-efficient method of manufacturing
such an active, electrooptical filter. Specifically, it
is an object of the invention to provide a manufacturing
method which allows mass production of such cartridges
at a competitive price compared to that of passive,

25 darkened glass plates.

Further objects and advantages of the invention
will be apparent from the specification.

According to a first aspect of the invention, there

is provided an electrooptical filter cartridge, compfis—
30 ing an LC panel for controlling light transmission
through the filter cartridge, said filter cartridge be-
- ing characterised by a flat housing forming a closed
cavity, which is completely filled with an optical
" transmissive resin and an active device, said device be-
35 ing completely surrounded and fixed by the resin and
| comprising as components said LC panel positioned be-



provide an inproved active, electrooptical filter car- tridge,

especially for use as a protective eyepiece of a wel di ng hel met, which
el-i m nates the above-nentioned de- 10 ficiencies of the prior-art,
automatic filter car- tridges. . A specific object of the
invention is to provide an ultra-thin, active, electrooptical filter
cartridge hav: . ing dinensions and an |nﬂact resi stance conparable to 15
t hose of a passive, darkened glass filter. Anot her obj ect of _the

i nvention is to YYe&R gelﬁ'ﬁz W*WV%IMFWH i*hioppegihe R iR vakls

having no pro- of ureé:thcngsnﬁj,tSa sensor meaﬁtslfoﬁmt@étgbqemcpaeﬁhe
I nvention is to ey ficient nmeth

%95 and i ty-ef f of -
manuf act uri ng e o PEEeE O EkTis o 8 St ngRe T Fed pon-i
is an object of ttﬂud]urmprtth@nLtI Opam@l/lxte respondactaramgputputrefhod tthéch

Compared to Prat s Phalal A A oRE grop®) PR 'SERELES, phe

obj ects and advanbigs dgvice. i nvention will be apparent fromthe
speci fication. &¥3¥P A qgf hd ﬁ%“iﬂ@ t here
I's provided an el ect rpbopt | cal f&?tée?s%aé t({rl |S£ds &3 (r)(lgs hk%f)éé]éf/ fré

panel for contrdiiathg thefiR 15 REoTidedm met Woﬁ@lh lﬂaféllfﬁlql‘ﬂé?ll@gr@nl dge,

said filter cartdidierd¥ptical | AOLEIATEEEEF1SGE, bé’a?dfrhé‘éhdi@bﬁéﬂﬂgform ng a
cl osed £8V|t which js onpleteI% filled wth an opti cal

transm ssiv THAE S SRY i RY HeSi kPSP device be- 35 ing conpletely
surrounded and fixed fyrnidrey r&sidpemd flat COapl i EGmsi SOMP o et Smé adAd LC

panel p05|t|onedt%ottom wall,
filling the cav1ty completely with an optical
transmissive resin and an active device, so that the

15 latter is completely surrounded by the resin, said ac-
tive device comprising as components an LC panel posi-
tioned in parallel with the bottom wall. for controlling
light transmission through the filter cartridge, 'sensor
means for detecting incident light on the filter car-

20 tridge, a circuit means for controlling the LC panel in
response to an output from the sensor means, and a power
supply means for operating the active device, ,

closing the cavity by sealingly connecting a top
wall to the frame, the LC.panel being positioned between

25 light-transmissive portions of the bottom and top walls,
and

curing said resin for fixing the components of the
active device in the cav1ty
Thus, the invention makes it possible to construct

30 an integrated, ultra-thin, compact, active electroopti-
cal filter cartridge including the most advanced tech-
nology, and also makes it possible to mass produce it at
a very competitive price, and yet obtain a superior
quality and superior impact resistance of the product

35 compared to known active filter cartridges. Especially,
the method according to the invention can be performed



4 tween light-transm ssive portions of opposite main walls of the

housi ng, a sensor neans for detecting incident light on the filter
cartridge, a circuit neans for con- trolling the LC panel in response
to an output fromthe 5 sensor nmeans, and a power supply neans for
operating the active device. A%cording to a second aspect of .
the present inven- tion, there is provided a nethod for manufacturing

T an el ectroo tlca | te i.dg t . _char ised
by the steps of? ]L‘uh QF%HEE gngniakgltg,?l% (]?l%ﬂg)rrr%%lsr}%g églﬁ;oﬁ%rre
and a bott oimgakl production brfl tmang theusawid wmdrqalaetdayy with an

opti cal transm Sﬁ’aéﬁ%ré?ﬁ?”tﬁ”ﬂh@”lﬂ%@h goﬁev't@l% oﬁﬁetthan&éafsﬂo%s g ter

i s conpletely surroun hé resin, - sal tive device conprising
as conponents athecfpaker §§§ﬁrldge:tﬁéﬁ@&lﬁﬁlﬁéﬁﬁq(Qhkﬁﬁq¢§§KBQEﬁtQﬁnmalI

for controllg Nngpage bsgehtsaawrb&%qntbhrca@gmhbls% efil taerparsesflwé dggarieensor
means for detecting ingident ht _on t he fllter car - trldge a-cjrcuit

nmeans for contr8PP nﬁlgﬁérLglﬁégelA§nan #@?ﬁ&ﬁ&éqﬁ)%ﬁ?Wﬁkﬁﬂanrﬁﬁﬁ¥
sensor neans, affl@eROWaktridgeUpakingeanshiekney alesng tiHn & tnuw ecglevi ce,

| i th ity. : t .1 to,the f th
LC panel bei ﬁgv'saéﬁ%ﬁsdmsgﬁv%& RS ke it & SHE dnsigh o B 0RTe
bottom and top waklks, sinceaftie hous1ng dsr icogqedaitee Inesfiinl fesd witdh nighe he
ponponents&gi tQ?gnsmlgggbﬁe oPeYIc58 E%ngégi‘”ﬁﬁé actlve(FeJﬁEga-tﬂg

i nvention es i I'é £6 construct an I ntegrate
conpact , actlvelaweaﬁﬂ@@pﬁﬂlter cealt riidgee Widdr qansdd tute (i erERARt nost

advanced tech- unltnia&@%nt%e Hi® TR rRastdl® | cdlssrappduee it at
a very conpetltlve prlce ndyet "Qbtain a superlor quality and

superi or i npact P§§|§taﬁ08a§§lﬂﬁegaﬁéﬁu§1a e.

As to the structure of the inventive filter car-

15 tridge, it should also be noted that all the components:
of the active device, including the circuit board, the
power supply source and the light sensors, are embedded
in the resin within the cavity and are thus not access-
ible from outside.

20 - As to the method of manufacturing, it should be
noted that the bottom wall serves both as a manufactur-
ing aid on which the resin and the active device is
arranged, and as a protective surface of the assembled
product. _

25 According to a preferred embodiment of the inven-
tion, a circuit board of the circuit means is provided
with integrated holes, the sensor means being mounted on
said circuit board for receiving the incident light
Ehrough said holes. The side walls of the holes will

30 then have a light-shielding effect on such light which

' is not to trigger the LC panel. Thus, an effective angu-
lar-selective detection of the incident light is ob-
tained without any projecting parts from the filter car-
tridge.



35 conpared to known active filter cartridges. Especiallly, t hé met hod
according to the invention can be perforngd

- 5 inafully automatic, integrated production Iine, allow ing a
production of many thousand units. a day. - According to the
l.nvention, the outer dinensions of the.%ilter cartridge, especially the

t hi ckness, can be 5 nade essentially equal to the those of a passive, dark-
ened filter -gl ass. ' t I V. ' i re . _ '
cartridge having a fﬁrlk%:réeﬂsds eé'{slgti t%%neeé%n?#ﬁ%rn@@daf%%tg???s-b%%ngfﬁgf ACtur ed
accordi ng to th&antian iare N@ked in Gwerclaimsecanéiewhblsbagapparentl et el y

filled with the A4Qn tHRANSFB SRAWAPRIESA igEesdh, and the active device, the
inventive filter cartridge will constitute a conpact unit presenting

hi gh inpact resifdaiopt LHRH 8 ®rd ferred tdiMo@iménpassi ve gl ass plate
As to the structure of the inventive f] = [ it should al so

] 5. tridge, i
be noted tha? all thé GURfAERS erbodimene ¢fetd vEL HEeST ceartrifggi A6t he
circuit board, tdifrding PErhS UDiNenSIBH Cearidith thethb@hfosensAtifacRiu®ing

enbedded in the resin w in the cavity..and are thus not access-
i bl e from outsi d&'® Xpme, Wik now e ‘ﬁﬁ'ﬁ%’ob%‘g %%fﬁ%?ﬁFFﬂﬁ? te ERSul d be
noted that the batdampawayingedwasimgsh as whiemuf act ur - ing aid on

e oo ™t S ffdric, LGNS, vo0d 81 4 Braecs e
enbodi mrent &P t Heerrpdrembodiment of a filter cartridge according to the
invention, showing the individual parts of the car-
tridge, except the optical resin.
Fig. 2 is a schematic top view of the embodiment in
Fig. 1 in its assembled condition.

15 ) Fig. 3 is a .cross-sectional view along the lines
III-III in Fig. 2. This figure also illustrates the op-
tical resin.

' Referring now to the drawings wherein like refer-
ence numerals refer to like elements, Fig. 1 shows the

20 individual parts of an electrooptical filter cartridge

- according to a preferred embodiment of the invention,
comprising: a rectangular front main wall 10 made of a
light-transmissive plastic foil material; a more rigid
rectangular frame 12 made of a plastic material of a

25 thicker dimension than the foil 10; an active device
generally referred to by reference numeral 14; and a
rear main wall 16 essentially identical with the front
nain wall 10. ' _

In the embodiment shown, the highly transparent
30 plastic foils 10, 16 each have a thickness of about
0,2 mm, while the frame 12 has a height of about 4 mm.
In the assembled filter cartridge, the front and rear
foils 10, 16 are mounted in peripheral recesses 18, 20.
provided in the bottom and top surfaces of the frame 12,

35 as best illustrated in Fig. 3. The completely closed .

housing thus formed by the two foils 10, 16 and the



tion, a circuit board of the circuit means is provided wi th integrated
hol es, the sensor neans bei ng nounted on said circuit board for
receiving the incident |ight t hrough said holes. The side walls of the
holes will 30 then have a light-shielding effect on such li-ght which
isnot to trigger the LC panel. Thus, an effective angu- | ar - sel ective
detection of the incident light is ob- t’ai ned wi t hout any projecting
parts fromthe f

| ter :

A The BERRG SAPTRRRRL o Ve (M TRLSBIOT HRPPRE 4 MyeRbEon
are stated in theatéralsdanensddhs bef apipar hlter céirtmid@e hav) omynga%z 4
descri ption. Description, of .a pref rred_enbodl nen A preferre
enbodi nent of a.??l?%ﬁm%g t??ﬁ%@ %% Eh%xﬁfé%@ ?%nﬁh f%v%%tlo and a
met hod for manuf act urksigshown tim Bige, 1 wmi the nowmdne sie:sﬁaa:@emifv\the febptence
to the agco i | 'c i | n _

| sonetric, e%plg§§QYV|emgéfyfggf%fan%%@¢ pEEHEEF laye 2 6f gl%l?ht
cartridge accorcbk@Fkhngh@aterlahueﬁﬂ¢bnass%o@#t@r@%bouhﬂdvlduerrpaﬁr§lwf

the car- tr'Qﬁﬁerfﬁ%eeﬁetfﬁbﬂﬁtf8§i I@S'Whereby the f@ﬂalglhﬁ fAon-
schematic top V|em10f t ed

e enbodinent in n_|ts assenb
condition. 15 darkepgd area qf cFB%st%%¥|%%%f ¥9é§F§}Bﬂ§ #hbkighhas
ATE-111 in Fig. Eradémss§ivgef er@d:'@@ngdllﬁlﬁt\flﬁﬁ@éwtﬁ@r’@ﬂon 24 . tS5ERE16€SYD.

' 10 the inner surface of the transparent rear foil 16 is
provided with a printed layer 26 of a light-blocking ma-
terial partly covering the rear foil 16, defining a cor-
responding light-transmissive window portion 28. These
printed layers 22, 26 absorb UV and IR light as well as

15 visible light. ' : '

In the illustrative embodiment shown in Fig. 1, the
active device 14 comprises as components a 3.8-mm~-thick
liquid crystal panel (LC panel) made of two superposed
1.8-mm-thick electrooptical cells (EO cells) 30, 32, two

20 light sensors 34, 36 for detecting incident welding
light, an electronic control circuit board 38 for con-
trolling the LC panel 30, 32 between different light
transmission conditions in respoﬁse to the incident
welding light detected, and power supply means in the

25 form of two flat batteries 40, 42.

Each EO cell 30, 32 comprises, as known in the art,
a liquid crystal layer (not shown) sandwiched between
two parallel glass plates 30a, 30b, 32a, 32b (Fig. 2),
transparent electrode layers (not shown) provided on the

30 inner surfaces of the giass plates, and polarizers (not
shown) at the outer surfaces of the glass plates. A
voltage applied between each electrode pair is con-
trolled by the control circuit board 38 in reéponse to
the incident light for changing the transmission of the

35 LC panel between a high-transmissive condition, when no

. welding light is detected, and an eye-protective low-



Réferring now to the drawi ngs wherein |ike refer- ence nunerals refer
to like elenents, Fig. 1 shows the 20 individual parts of an ,

el-ectrooptical filter cartridge according to a preferred enbodi ment of
t he i nventi on, conprising: a rectangular front main wall 10 nmade of a
i ght-transm ssive plastic foil material; a_nore rigid rect angul ar

frame 12 made of a plastic material of a 258 thicker dinension than the -
foil 10; an actiyve device. enerally referred,to hy reference nuneral
19 and a o r e oRRLERn Y i it it Y S r R
main wall 10. The implemeris sidrodinkmpestaduimn tdfe shiathla downkpacehted0
plastic foils 1 Iﬁg? av. i Q§% a . Ile the
-franme 12 has a ﬁ"ecl: 3% 0 hBa(g'outﬁ Zar{né]nf@ . nég%le%aaiceurﬁﬁ e% ﬁmrg\%a‘%ﬁri dge,
the front and r&arent §oia guam, skl ke Wpdhedith gndi giwereforeesseed 18,
20 provi ged fd #ver ol tpamkd C&kﬂ&ﬁé&ﬁi‘%ﬁm .OfRéf@:éﬂ@@Pcéé,béﬁn%e%ybest

illustrated in Fig. 3. The conpletely cl ose housi ng thus fornme t he
two foils 10, 168 dhd §ethe US patents mentioned above. 7

frame 12 pr efsent s ?nlmui@li’hddﬂﬁ&ﬂ%séﬁbl&b@ttrfb rBmpditent s lér@évaliainb _

di nensions of the filter. cartridge \ of exanple o , ,be in
the order of 8 x 4% cm™?! finowcg%¥§%3%ﬁé$%4Tﬁgﬁf ﬁﬁg?4ﬁ9$¥n g@%fgfﬁwﬁf
the front 5 foilirigsis provided with a printed layer 22 of a light-

bl ocki ng material, such as a dark-coloured | ayer, partly covering the
front foil 10, disehy the remai ni ng non- dar kened area of .the front

foil 10 defines ali(ﬂgéh of the transparent front and rear foils 10, 16
is provided with a printed coloured layer, forming
light-blocking areas and limiting the light-transmissive
window portions 24, 28. Different colours can be used

15 for these printed layers, and any suitable printing
technique can be used. Except the light-blocking func-
tion, the printed layers can be used for the purposes of
company logos, brand names, etc.

Optionally, the outer surfaces of the front and

20 rear foils 10, 16 can be provided with scratch-resistant

coatings (not shown).

Step 2
The front foil 10 is positioned with its printed

light-blocking layer facing upwards, whereupon the frame
25 12 is glued along the inner periphery of the front féil

10. An open, flat cavity is thus formed. The optical

transmissive resin later used inside the cavity can be

used also for binding the frame 12 to the front foil 10.

The height of the frame 12 will normally be about equal
30 to the thickness of the LC panel 30+32,.

Step 3 .
The electronic control circuit-board 38 is fitted

into the cavity, resting directly on the front foil 10
or on inwardly-extending notches inteqrally formed with
35 the frame 12 for positioning purposes. If the circuit



transm ssive, rectangular window portion 24. Sinmilarly, 10 the inner

surface of the transparent rear foil 16 is provided with a printed

| ayer 26 of a |ight-blocking ma- ‘terial partly covering the rear foi

- 16, defining a cor- respondi ng light-transm ssive wi ndow portion 28.

+ These printed |layers 22, 26 absorb U and IR Iight as well as 15
visible |ight. In the illustrative enbodi ment shown in Fig. 1, the

- active device 14 caonprjses as conponents. a 3. 8-yt hick |iquid crystal

panel (LC panel PORE 3|c?f lts\l\gos&ﬁerpgr?scﬁf &r% it h'?CQ: rnt ?%%b](ig\‘l

cells (EO cell s 3Min3dayero 420 dfi dilte grtsiorasl 3drarSnissivetsedimgis naptent

- wel di ng | i ghty,s .e] | c controleCi i 1. d. or - o

trolling the LC%;%‘éaneg1 13-,0%%5;?%[% vc\)g_lerr?r{(ﬁ f%rgcir{et?l;%cfjiigjﬁfd 'ﬁ?ef'rﬁhn%rﬁ]é)grs?r%%m

conditions in réngnsend narsniss identcompongis mf | thhtackivetdeviaad

power suppl y5Meqns isn & Ne2b Pt thdda Partesi g bat-

Each EO cel 1730, 32 lco (ratlses, as n.ovmélél}}]. t]ﬂée art, ] a%%ﬂ%ﬁocr?/stal

| ayer (not showberE@&fibhdd batfeditted tiptqarhe 1@ vitusang| sebdeied,

30b, 32a, 32b (Rid)thd circuilt B €38, elLcnddeatayeis K19 Shanm)s,
provi ded on the 30 inner surfag;s of . th %b?ss I (not

tes,. and pol arizer
shown) at the outer it fAePIHaGREY ey R lléhﬁggﬁﬁ§%ﬁﬁl 2d

bet ween each el 88 raxe fiatadliys cmected tditd el Ppyor hehe oréd ol s Tdé coif t
board 38 in

- transm ssi o?\agfs nzecéigroci_%tpé‘%?gqer er}fdv\g%t]a&lhl hlqrﬁ);?\’g%?%gﬁ}ggé%ﬁ%ﬂi%ﬂ}e%en
no wel di ng ldghthrieglettdo e, rank droayd-38 otBuus vel igink-sensitive
8 front surfaces of the sensors 34, 36 will be facing the
front foil 10 and receive incident welding light via the
thin resin layér 44 and non-darkened openings 48 in the
15 printed colour frame 22. These openings 48 are best il-
lustrated in Fig. 1. This mounting technique prevents
residual light. (illumination sources, neighbour welders,
sunlight, etc.) from triggering the active device 14,
-since the holes 46 provide effective shielding against
20 such residual light.

Step 4
The first EO cell 30 is now glued onto the inner
. surface of the front foil 10, and for this purpose a
thin layer 44 of the optical transmissive resin is first
25 applied, as illustrated in Fig. 3. It should be noted
that this resin layer 44 covers the entire area of the
EO cell 30. The first EO cell 30 is then electrically
connected to the circuit board 38, as indicated at 50.
The second EO cell 32 is now glued onto the first EO
30 cell 30 by an intermediate layer 52 of the optical
transmissive resin, and is thereafter electrically con-
nected to the cifcuit board 38, as indicated at 54. Ob-
viously, the LC panel 30, 32 has such lateral dimensions
that it completely cbvers the transparent window por-
35 tions 24, 28 of the front and rear foils 10, 16. How-
ever, as illustrated in Fig. 3, there is provided a



transm ssive condition, when welding light is detected. The

I npl enment ati on and operation of such a double-celled. LC panel 30, 32
and-its control circuit 38 will be ap- parent to a man skilled in the
art and, therefore, need 5 no further detail ed explanation. Reference can
be made e.g. to the US patents nentionep above. A net hod for
assenbl i ng the conponents shown in Fig. q w Il now be described with

reference to theg W t

transparent fr ontng;?lld g{aepar t} rgg?& bel%‘p efg tite ledge pr oVl dtggwﬂ%ﬁﬁ ,SQE 3?ed

col oured | ayer, ans gy inney |Sg4ﬁf¢’tﬁ%c<kf n"g}l%r%@@m%nblzl taibengil ed with
light-transm ssipgin. W ndow portions 24, 28. Different colours can be
used 15 for these printed |ayers, and any suitable printing t echni que
can be used. Exegplp tde |ight-Dblocking func-- tion, the printed | ayers
can be used for‘rhélpurposes of conpany | ogos, brand nanes,

Optionally, Phe out errlshrredundant 329 grtthiv Hee ?%%%tYo+$sn9W flbléﬁn

. ?ﬁ p][ ovi de}g V\’:tlhvolsﬂ‘f agrd- dzﬁ@ié&ﬁnﬁransr{t%ﬂr@?ﬁ%émtGBDOﬁ?) Ell'lat al Bt l@ﬂez
e front foi is positi jts printe | 0 ayer
~ faci'ng upwards, %ﬁhﬁ) ch%uﬁ?%%yelékY%c%Ib%dbﬁ?ﬁﬂﬁ ?ﬂ%pfﬁhﬁgy
peri phery of thédddsd ifmltthe redin. At ogdeould | lo¢ neatvedythatt bhe tppeerd.
The opti cal SSi V, S de the cayit an_he
used al so for M|mﬁ¥%é% é?fé%éé?%é?%ggfhegf§%% %i$°%BieEeY§T§89ﬁg?§hPYof
the frame 120w la mmlﬁmmﬁpm& regiEh Boyer 062 handhtb&hetbeoébome-LC
panel 30+32. r I 3C 38
. mer tﬁpncav 56 bJ&\ﬁe@ﬁeeﬂémcpéﬂé 9? &h8 FOI | ?5{%&9

is fitted , resting direc on t r ont

on i nwardl y- exterl"Hglthbﬁésbﬁ! nf ke | Wikl Hesing t h

At this stage in the manufacturing process, any

curing of the resin in the cavity has normally-not yet

15 taken place. Therefore, it is important that the compo-
nents of the active device 14 fit relatively exactly in
the cavity, since the mounting takes place in a somewhat
"floating" condition. Optionally, in order to maintain
the circuit board 38 in position within the cavity be-

20 foré curing takes place, it is posgible to provide
notches or the equivalent in the edge of the board 38
for engaging corresponding projections integrated with
the ‘inner. wall of the frame 12.

Step 6 : .

25 The rear foil 16, provided with the printed layer
26, is now glued to the frame 12 and to the top:surface
of the resin within the cavity. The non-transmissive
portions of the active device 14 will now be positioned
between the light-blocking areas of the front and rear

30 walls 10, 16, whereas the LC panel 30, 32 will be lo- '
cated between the hiéhly transmissive window portions
24, 28 and sandwiched between the two resin layefs 44,
62. '



35 the frame 12 for positioning purposes. If the circuit

9 board 38 is to be placed directly on the front foil 10, a thin

| ayer 44 of the optical transm ssive resin is ap- plied in advance on

the front foil 10. Then, the remain- i ng, non-transm ssive conponents
of the active device 5 14, i.e. the two |light sensors 34, 36 ,and the two

"~ bat - teries 40, 42, are fitted into theltavity and sol dered to the

circuit board 3&tegs 7 ndicated in Figs 2 and 3. In the preferred

enbodi nment , the‘r'_ﬁt"l ght_.sensors 36, are fixedly nnect e fl di rectIP‘/ on
the rear side of 10 tH&iui eod?ﬁst}réésathr&‘gtllrbr%r st e

hol es 46 thrdwnqibﬂéiﬂ:sliafrfwlﬁh&(ﬁ‘dhtﬁ&ncﬂ'ht&r liglls sensitive front
surfaces of the sensqrs. 34,. 36 wll.he fac front foil. 10 and

receive incident wel diy/ iight2SHoF 4amee Wlttr}ﬁ trPer RISy et e bhyp . @
non- dar kenedS op@riafEr il iemkhdiinentprofhtasd axtiioe fibiber 2@ar Thidge opedi ags

e e e SR B irdy L S IPUNAG0 REFOBAUE gLevent S

residual |ight um nati on sources sunl 1-g

etc.) from trigg@tihed heltadtille hpvoeiows to thosr eskhbled| i tlltsepal-itl de

effective shiel dify g ISicA% o aresidudin l[tdtscope oBlERe 41nventJ.on
The first EO cell 30 .1s naow gl ued onto the inner surface of the front

foil 10, and fo,ar{qq,t'shafi,r%éagpendeq rﬁlrﬁltf&%/ér‘r%&fbﬁerfq%%do’ﬁ?u%ﬁfer all
transm ssi veor esgutH Snddifications.

Thus, the components of the active device 14 may
differ from those described. The number of EO cells in
the LC panel 14 .may be only one or more than two. The
power supply means may also include photocells generat-

15 ipg electrical power in response to ambient light. The
frame 12 may be integrated with the front wall 10. The _
light sensors 34, 36 may be located outside the circuit
board. Fufther, the described order of the process steps
may be altered, e.g. the EO cells may be glued together

20 - before plabing them in the caVity, the LC panel may be
placed within the cavity before the active device 14,
some of the components méy be electrically connected to
each other before they are positioned in the cavity,
etc. .



25 applied, as illustrated in Fig. 3. It should be noted that this
resin | ayer 44 covers the entire area of the EO cell 30. The first. EO
cell 30 is then electrically" connected to the circuit bhoard 38, as

i ndi cated at " 50. The second EO cell 32 is nom1g|u
30 cell 30 by an internedi ate | ayer 52 of we opti cal m@“ 4
i i i oar

resin, and is thereafter electrically con- nect ed LClncust

38, as indicated at 54. b- viously, ChrRIME panel 30, 32 has such

| at er al di nensi ons that it conpletely covers the transparent w ndow
por- 35 tions 24, 28 of the front and rear foils 10, 16. How ever, as
illustrated in Fig 3l. thereléctpooptiesl afilter cartridge,3 comprising |

10 snmal | t s p

The i nner surface . Cfﬁaggigﬁgﬁlzgf) 8? €$tf§f1£§§ ff&ht 9ra§§m1s5éﬁﬂ

5 Al redufiepvglpte §iiken @ﬁéttmgey ¢h oW Bi 1:| @de r i\ ehdt he

optical transnissyvg f!?étnhéﬁsﬁ@ w@t ftizl 1@;% formmapgne%§ Fét}gt§ct've

devi ce 14 becone cp t he resin. not ed
tﬁat the upper Whig r’rac%gIBPf%h%lxcfb%%qi Vihtlw 3R %th%bla’@n?mééew@d by

10 a thin, transpsien(44£s66, | a2prakd andaébibe tdevabOVerd), sHBAt Gened

' || ed
02,50 Dt e L CypR e it e L Ry crcndod b e Ge o b

curlng of the resesinn(dte B6yi 69) hasd noomptlyimptayetomponents said LC
panel (30, 32) positioned between llght transmissive

10 'portlons (24, 28) of opposite main walls. (10, 16) of the
housing, a sensor means (34, 36) for detecting incident
light on the filter cartridge, a circuit means (38) for
controlling the LC panel (30, 32) in response to an out-
put from the sensor means (34, 36), and a power supply

15 means (40, 42) for operating the active device (14).

_ 2. An electrooptical filter cartridge as claimed in
claiml, characterised in that said oppo-
site main walls (10, 16) of the housing are made of a
 light-transmissive foil material.

20 3. An electrooptical filter cartridge as claimed in
claim 1 or 2, characterised in that the op-
posite main walls (10, 16) present light-blocking areas
covering the éomponents (34, 36, 38, 40, 42) of the ac-
tive device (14), except the LC panel (30, 32).

25 4. An electrooptical filter cartridde as claimed in
claim 3, characterised in that the inner
surfaces of the opposite main walls (10, 16) are pro-
vided with printed light-blocking layers (22, 26) form-
ing said light-blocking areas.

30 5. An electrooptical filter cartridge as claimed in
any of the preceding claims, characterised |
in that at least one (10) of the main walls (10, 1lo) of
the housing is light-transmissive over an area (48) cor-
responding to the position of the sensor means (34, 36)



15 taken place. Therefore, it is inportant that the_i““‘\““7i§ﬂi?ﬁﬁi
the active device 14 fit relatively exactly in th ﬂmm,”a!ﬂ“l
n.. |

e
nounting takes place in a sonmewhat "floating" condiftio I lﬂnlp, in
order to maintain the circuit board 38 in position within the cavity
be- 20 fore curing takes place, it is possagle to provide not ches or
the equivalent in the edge of the board 38 for engagi ng correspondi ng

proj ections inteﬂ{@é%ﬁ elég allow! é“ﬂﬁéﬁd%‘ﬁ{:' 195nhtheof kr@dBnhl2he sensalreP

6 25 The rear frOVI ed wt e printed | ayer 26, 1S now
glued to the frdmang b%ﬁ(t%G he top surface of the resin within the

cavity. The non-transgl sgh V€lectrdOpticas e{1tbe asktyeddevhsecidimed ipow
be positioned bet ween the |i ht-blfcklng areas of thé front, and rear 30

wal I's 10, 16, wRRRRTtHe RIeEHAINGoCIasMG | CHe & &~ 2 © tchtled Fefulen the

highly transmi ssiretiatidene peitt @8 meand4 (388 aofiprasdsi ahed rbativweddalrde
two resin |ayers 44 t he

resin is cured iQF?X%Eﬁdtgg??xi%F?gfﬁEed hoég%ggﬂéhtgngn&ntﬁgggfghﬁ’§ﬁ&- :
rear walls. _sor mdams, (34, a86praracmrounthdt bp présedtiricaiénboard a 5
e ot TRE) BlroBedelyYig! LhigrsRRUUEAUORIGHY FproucfPRltdor
to those skill edhokeshédaltfor obtaining an angular-selective detection
10 of the incident 1light.
7. An electrooptical filter cartridge as claimed in
any of the preceding claims, characterised
in that the thickness of the LC panel (30, 32) essen—
tially equals the internal thickness of the cavity.
15 8. An electrooptical filter cartridge as claimed in
any of the preceding claims, characterised
in that the thickness of the flat housing (10, 12, 16)
'is less than 5 mm.
9. A method for manufacturing an electrooptical
20 filter cartridge, characterised by the steps
of: . ' '
forming an open, flat cavity comprising a frame
(12) and a bottom wall (10),
filling the cavity completely with an optical,
25 transmissive resin (44, 52, 56, 62) and an active device
(14), so that the latter is completely surrounded by the
resin (44, 52, 56, 62), said active device (14) compris-
ing as coﬁponents an LC panel (30, 32) positioned in
parallel with the bottom wall (10).for controlling light
30 transmission through the filter cartridge, sensor means
(34, 36) for detecting incident light on the filter car-
tridge, a circuit means (38) for controlling the LC
panel (30, 32) in response to an output from the sensor
means (34, 36), and a power supply means (40, 42) for
35 operating the active device (14), . '



that nodi fications are wthin the scope of the inventiop——andthat the
appended clains are intended to cover all 10 such ‘““IL

Thus, the conponents of the active device 14 may mml Wm\m‘\ ose
descri bed. The nunber of EO cells in the LC p Lnay be only' one or

nore than two. The power supply means ¥y also include photocells
generat- 15 ing electrical power in response to anbi ent |ight. The

frame 12 may be int egflaiﬁda@/v'ﬂme t&@zitp%yV@ééli&gﬂheonnecttﬂ@taseaﬁors :
34, 36 may be | ocated outside the_circuit boa Fur descri bed

orter of i he. pr Gk Siipate thGSEaRS al 12t edthe HC PABCEO(ER! | $2hmipokBa
g: ueddt ogeL her %&bﬁatmreecglr?@ﬁmer?] hBI@hﬂ-thﬁn@ﬁils*syvetb@rt@oﬁ&n¢$4ﬂﬁ28§)e

pl aced within th efore the acti sone of the
corponents may B& éﬁb"ctﬁ/‘?%ta‘?q‘yarb n%%%t‘é’ﬁff% ﬂlb’eé%h ofREr before they are
positioned i B the cawuying said cresin (44, 52, 56, 62) for fixing the

12 : < A t £QO c

filter cartrldgeoqﬁﬁﬁﬁ?%ﬁrﬂfo 4§}A$ %%n%?tfgﬁ,dégfc o?ﬁggnﬁﬁopbknggy i ght
transm ssi on ityw ough the f||ter cartrldge characteri sed

by aflat housing (1 olZA n’t@mtc?rée Ng12imbQSEH ERYikYD, O Vttﬂac*} S

conpletely filled wt dg)tlc transm ssive resin (44, % and
an active device @4) 1 §a¢ deln tha@l%@@(§E$Pb%fn§1e5hﬂgeFEFyC§E%FBunded

and fixed byot hecompri$ss Nthé 4¢ubSbep§2drand conprising as conponents said
LC providing a layer (44) of said resin on the inner
surface of the bottom wall (10),
placing the LC panel (30, 32) on said layer (44),
placing the other components of the active device-
15 (14) inside the cavity,

establishing electrical connections (50, 54) be-
tween the components of the active device (14), and

filling the remaining space of the cavity with said
resin (56, 56, 62), including a top layer (62) covering

20 all the components of the active device (14).

' 11. A method as claimed in claim 9 or 10,
characterised in that said bottom and top
walls (10, 16) are made of a light-transmissive foil ma-
terial. '

25 12. A method as claimed in any of claims 9-11,
| characterised by the further step of provid-
ing, on the inner surfaces of the bottom and top walls
(10, 16), a light-blocking layer (22, 26) over an area
which covers the components (34, 36, 38, 40, 42) of the
30 active device (14), except the LC panel (30, 32).

13. A method as claimed in any of claims 9-12,
characterised by the further step of provid-
ing a UV-IR filter layer on the inner surface of at
least one (10) of the bottom wall (10) and the top wall

35 (1e).



panei (30, 32) positioned between |ight-transm ssive 10 portions (24, 28)

of opposite main walls (10, 16) of the housi ng, —a—sensor—neans—(34; 36)"
for detecting inci'dent light on the filter cartrji | I i ans
(38) for controlling the LC panel (30, 32) in reu“mumn |L|ﬂm|ﬂmm

~put fromthe sensor neans (34, 36), and a pgger supply X5 ‘mednss (40, 42)
for ~operating the active device (14). 2. An electrooptical filter
cartridge as clained C i that sai d
oppo- site main m%?rs (QE%hﬁ%)a%fc%%%mﬁ%u n%n%r%Enﬁé of a R

light-transni ssiwkefeih hheereshltOg filtes. cAnteiégErcopPr¢aESfatter
cartridge as cla i 30,53 {_hat
the op- p05|%§§%%|ﬁwaafvé£€%§§éﬁ %lg?gggﬁ?EfEaﬁtESﬁégk#ﬁ arg)sfbl}m
covering the conpedienesd(Bd pasel3$3040324p) efhtah& acc t e ¥ilvé gedi cén

(14), eXCEptfihetﬁéfp€H§|s£§Q o§2f112§n% the éavﬁﬁyehéﬁbEQQEE'Qﬁb gther
cartridge as clai med claim3 hat the

i nner surfac%EerOfh@rﬁﬁbﬁéPgeaﬁaFﬁtGEW?§1?§9 1?8?raﬂé2bref saldV|ded

Wi th printed IIgbésbhOBétweehax@ﬁacéﬁe md3bh barfhaces offNgasdi UC cells.
| i ght - bl ocki ng ar eas. tical filter, carF ggge as

? gectrgog
~clainmed in any of 1Phe p?%E%ﬂ?nﬁscF B any gfcc aé P
in that at | eastcdmnen (rl@ cot ¢he inwi e dal is (18t tbe¢ méthod ibepbofiermgd s
.'t'hght transnigssi Yx? giggg} Qﬁﬁémééﬁé COhtegratb8SpPBALAYi bR &Qﬂepos' tion of
e sensor rneans (3
in order to allow the incident Ilght to reach the sensor



neans (34, 36). 6. An electrooptical filter cartridge as clained |

in any of the preceding claims, c har acteri sed5inthat the
ci-rcuit neans (38) conprises a circuit board provi ded with integrated
hol es (46) and in that the sen- sorlGeans (34, 36) are nounted on said
circuit board  erLEdfRoOPYICRECFYLPERS BARTRIDEECAND' Ad oygl said

hol es (46) for ORARUPACYURTNG'JHEAGANE! eut?vebgc?&a .hu.p.k:fhgb k!‘gﬁhe i nci dent
| i ght. 7. AN elrectrooptrcaf |Iter cartrldge as clained in any

of the preceding clains, c har act ErRASTE in that the
t hi ckness of the LC panel (30, 32) essen- .IIlI aIIy equal s the internal
t hi ckness of the cavilly.tH&é inventfon Ararl sctivoplectirdopt BtaLafiltdge as

I that the i aeteecid7E RRFFERER £ FIE ol 1By 127 Lol Eafpiag

mm 59 A okosed cavitwnuwikichrisgcampkdeely obptledl w2bh &nl bpr
cartridge, y e e of ;

form ng an open @]ff'aa? g%%/?%{sc%ln%? ?E?Sn]gll?a(éb ﬁ p§6(1§? 62) a% t #BnfRal |
(10), f4ive rdeviee chld) y Beempactivy dﬁ\ti\c%m(bbkll:al ¢onz151etely
transm ssive resiirfddndéd. arké, fﬁ?éd%‘ﬁ @'i‘eafééi’t? ﬁ?d"&&nprlsé%‘%s gmt-hat
the latter is conpletely surrounded b resin (44 sai d
active device (3 n%‘?)'ﬁ%r?% Pangy Oco?r%brﬁf?ﬁlstlé?fl#_‘t %‘Hé‘?elc-sblgl?,

885| tioned Lo tra@&r&ti@ivd\ﬁ;?chrlﬁf&ué)omwndwﬂ lof J@péﬁt@qmémldzamsl I ght
transm ssi on e filter cartri sensor

for detecting mgg f@}h %g: LR BPRSHRY o7 %%{}sor meansg dggf 3¢ g‘aFt feans
(38) for controlitetnglm@elmﬁdent phight (&0, tl@é)filtanesmnsmd@eana%i:eut

fromthe sensor .,i¢ MRaNs. (3ds) 3@14 a5t Fo PPIRS SWPPLY SBRDF (40, 42) 1Y

35 operating the actl ve deV| ce
: response to an output from the sensor means (34, 36),

15 and a power supply means (40, 42) for operating the ac-
tive device (14). The filter cartridge can be manufac-
tured with the same dimensions as a passive, darkened
filter glass, e.g. for use in welding helmets.

-Figure 3



14 cI05|ng the cavity by sealingly connecting a top wal I (16)
ta the frame (12), the LC panel (30, 32) being posi ti oned between

| i.ght - transmi ssi've portions (24, 28) of the bottomand top walls (10,
16), and 5 curing said resin (44, 52, 56, 62) for fixing the
components (30-42) of the active devicei¢24) in the cav- ity.

10. A method as clained inclaim9, char ac - t eri sedinthat
the step of filling the cavity 10 conprises the substeps of :

providing a | ayer (44) of said resin on-taalnner surface of the- botton1

wal | (10), acing the LC pancJSutuitiamman sai d | aye£6(44),
pl acing the other ¢ en?%'of the g A
cavity, . establ¥shing el ec _

oL 1]S| de t he

- tween
t he conponents of the active deyj : ‘
remai ni ng space of the cavity g S resi N 1 . 4 udi ng a-
top layer (62) covering 20 I the conpizggééag?/fhe act ice [14).
11. A nethod as clained in :CTorreg 0 c har A\ iosedin
that said bottomand top malls\\“ el ar e made of a A ,
l'i ght-transm ssive foil na- . 48 \ e as /ﬁta med in
any of clains 9-11, - ¢ h act 6 ri s y tne further ep of .
provid- - ing, on the inner surfaceé e pottomand top walls | (10,
16), a light-blocking Iaye;' (22, 26) ov Q'é, ovg? s the
conponents (34, 36, 38, 4§, 4%} of "'-ﬂ}»\:@.-‘.\ : except the
LC panel (30, 32). 2 A Aot TR 5:9-12,

M«sﬁ




c ha“oa<c"t er i s edbythe further step of provid- ing a W-IR
fidter layer on the inner surface of at | east one’ (10) of the bottom
.wall (10) and the top wall 35 (16). : ' 15 - 14,
A method as clainmed in any of clains 9-13, wherein the resulting filter
cartridge conprises at | east two supefdosed el ectrooptical cells (30,
32) form - ing saird LC panel (30, 32), char acteri sedinbh

that the step of filling the cavity conprises the sub- st ep_of
provi di ng an i nt er medi 4 8e er (52) of said- resi &etmeenéadjacent
-main surfaces of said L cel S5415. A@ret hod, as claimgd in any of
clainms 9-14, c har a C t er i s e'd |n fhat _the pethod i\s perforned
10 in a fully autonffT [ T[Eegr oo )
y ] D'M =800 ¢
| - _Uao)f {\ooo_
: _ i iooooo' C ',loooog.'\ '
= : _ .
6 X ) 3
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