»

1 DI SPLAY FORM NG METHOD AND DI SPLAY Tlot44-5

=

BACKGROUND OF THE | NVENTI ON The present invention relate§?%9 a
met hod of forming a display in which first and second substrates

slunped in a furnace to a configuration conformng to a segnent of a sphere
and el ectronically activated display el enents are forned between the
substrates to provide a concave view ng slrface. Mire particularly, the
present invention relates to such a nethod and display in which the

el ectronically activated display el enents conprise field em ssion display
el enent s. There are a variety of electronically activated displ ays
such as active matrix displays, liquid crystal displays and field em ssion

di spl ays. Generally, su ' t fd,at substrates

i n which one of the sub(sl?irsg{lég,i S %éﬁ%%ﬁ%%g’ﬁm’b‘%yed i mages to
be vi ewed. Field em ssion displays are formed by first applying a
conductor |ayer, such as anorphous silicon, to a substrate. An insulator

| ayer, formed of silicon dioxide, is applied directly on top of the
conductor layer. Vias are fa W ATHIR HRerse

The present invention relates to a method of forming a display in which first and
second substrates are slumped in a furnace to a configuration conforming to a segment
of a sphere and electronically activated display elements are formed between the
substrates to provide a concave viewing surface. More particularly, the present
invention relates to such a method and display in which the electronically activated

display elements comprise field emission display elements.

There are a variety of electronicallxzt; activated displays such as active matrix
displays, liquid crystal displays and field emission displays. Generally, such displays
are formed between two flat substrates in which one of the substrates is transparent to
allow displayed images to be viewed.

Field emission displays are formed by first applying a conductor layer, such as
amorphous silicon, to a substrate. An insulator layer, formed of silicon dioxide,' is
applied directly on top of the conductor layer. Vias are formed within the conductor
and insulator layers by etching processes. Thereafter, an aluminum or nickel lifi-off
layer is deposited on top of the insulator layer by a low angle deposition technique.
Spindt emitters are formed within the vias during an orthogonal deposition effected
through electron beam evaporation. An acid bath is used to dissolve the lift--off material
and to remove excess emitter material. A phosphorescent layer is formed on an
opposing substrate. The phosphorescent layer can be monochromatic or can consist of
repeating bands of primary colors that will emit visible light when bombarded by
electrons produced by the Spindt emitters. In such manner, a display can be viewed by

an observer.



and insulator |ayers by etching processes. Thereafter, an al um num or

nickel lift-off layer is deposited on top of the insulator |ayer by a | ow
angl e deposition technique. Spindt emtters are formed within the vias
during an orthogonal deposition effected through el ectron beam evaporati on.
An acid bath is used to dissolve the li2t-off material and to renove excess
emtter material. A phosphorescent |ayer is forned on an opposi ng
substrate. The ph%%ghorescenj | ayer can be nonochromatic or can consist of

repeating bands offNSProRlFy with all dlat pereemdlisplapsrisuch, as haecbeen gliscussed mbove,
g ioggf‘(;s egagy Bsgﬁ'x\%f%l%%ﬁ% gédggé’(ﬁ)'%gg%tg%eggss%?%d&qu@.tA&iiﬁmall]'}, ﬁk'tcgliasg%?s%arys a

2 Thendyto b fengile/strictaies whichieasily deformli Sica displayefdineits h@gﬁesbﬁ@ﬂ'

di scussed above, is that glare can reduce the effectiveness of the di.S£| ay.
Addi ti onal | y 2t oW gtmpsphericpressuee, display flaxyreafter pamp qut 43 anptherrpseblam; whic

easi |y def or {9 paphifS¥ h HPd preserved at | ow atnospheric
pressure, di sp?a; f%egu?g %?E}rﬁ%g%p&(sjﬂéﬁ's anot her problem which is
particularly a problemin |arger displays. Field em ssion displays

have uni que fabrication.problens. For instapce, jt is difficult to form
| arge fi gl d em sshﬁi& Gﬂ%}%ﬁi‘sﬂgﬁ%&"@ ynigue fabreRtion problems s i fiar dnstanss; itis
conduct ed at GERSAYEF foriClafidRdld s f@ﬁfs ehi bﬂ%?@sﬂlﬁﬂt ig&i on

angle that is less than the specitie I'mum depositio
maxi mum depobe comductedgit @ source ta swhitrdte distance thateviBiprodifce andepbsition ungdle thae
mal formed and therefore, non-functional .., General speaki ng, the |arger
the displ ay, 15[%%“&%’?8’&”?‘?’1@"%%‘33"‘? eRASHOR 288 '&*&W&W@@ﬁ@@} )
greater the {adch&Rll tBin, RS dt“érﬁﬁ’cers%wgfb hStRiréd ah& AR
I ntensive in that the panel sﬁgre I ndi vi uaelqry frg%ri ca?%é%tgfegﬁ?%ct, l|mr1i"ﬂ'c')rder
to prevent fGsneraly spe , ha largerabedisplay, tholasger theosouwe o substratesiisiaee andr e
placed bet V\eﬁgnc%,u Blsetgrx'gé[tcex'sme abicatior costs. Also, such displays tend to be labor intensive
in that the panels are individually fabricated. In'fact, in order to prevent flexure of the
substrates due to size or pump-out, spacers are placed between substrates. However,

placement of such spacers decreases the brightness of the display.

As will be discussed, the present invention provides a display that is less
susceptible to reflection and glare and that is particularly suited to being formed with

field emission display elements.

SUMMARY OF THE INVENTION

The present invention provides a method of forming a display in which first and
second substantially flat display substrates are positioned in a juxtaposed relationship
with a release agent located between the first and second display substrates. The first
and second substrates are heated in a furnace so that the first aﬁd second substrates
slump to a configuration conforming to a segment of a sphere. The segment of the
sphere has conforming inner concave and convex surfaces of the first and second

substrates, respectively, and an outer concave surface of the second substrate. The first



pl acenent of such spacers decreases the brightness of the display.

As will be discussed, the present invention provides a display that is |ess
susceptible to reflection and glare and that is particularly suited to
being formed with field em ssion display el enents.

SUMVARY OF THE | NVENTI ON The pBesent invention provides a nethod
of formng a display in which first and second substantially flat display
substrates are positioned in a juxtaposed relationship with a rel ease agent
| ocat ed bet waad sebmndf substraten dressepmatédohmlp&leanea Ldndt el@stdsicalli @ucfivdted dﬁﬂﬁy
second substrates are heated in a furpace so that the first and second

substrates sl nisyarg fermad onths coBlomRInNg: igReH G9gcavs aad sepraxnsurfaresofsthe firss.
The segment qf4tb&naRi tﬁ&%as% tﬁﬂ%ﬁﬁ@g @ge%%?\elggl @19%:%(? L&gmﬁggavneg?]sur fgces

of the first an secon substrates, er ¢
surface of t onsdheordncave ssurfate of Tthe sbccrmit substrate. The first and second d:s
3 and seconqgi substrat es .ar arat ed nd. ¢l eaned and eI ectroni ca

activated di SPPsiEpes @retrppsito f lationship and eopneeted to @%mrand

convex surfaggs ﬂﬁ'eré] §e‘°afa’ﬂé‘ ge oduced
by the display e??&‘ ts can{)%ue1 VI ewe ?l%om ?‘%@a‘%“'g"?\%";‘eg@%ﬁ‘%&g@ o'% 'F%
second subst deated betweeehi the firstiadd seond dubstmesdy evaculted mathirs therperiph@abieal. oned
in the juxtaposed rel ationship and connected to one anot her

In accordance with another aspect of the present invention, a method of forming
a display is provided that comprises the following steps. In step A: first and second
substantially flat display substrates are positioned in a juxtaposed relationship with a
release agent located between the first and second display substrates. In step B, the
first and second display substrates are heated in a furnace so that the first and second
substrates slump to a configuration conforming to a segment of a sphere having
conforming inner concave and convex surfaces of the first and second substrates,
respectively, and an outer concave surface of the second substrate. The first and second
display substrates are separated and cleaned and field emission display elements are
formed on the conforming inner concave and convex surfaces of the first and second
substrates in a step D. Step D comprises a step D-1 that consists of forming a field
emission display substrate on the concave surfaces of the first substrate. In a step D-2,
steps A through D-1 are repeated so that a plurality of field emission display substrates
are formed. In a step D-3, Spindt emitters are formed on the plurality of field emission
display substrates by an electron beam evaporation process having the field emission
display substrates rotated while being mounted within a rotatable dome substrate carrier.
An electron beam evaporation source is located a distance from the plurality of field
emission display substrates that is equal to about a radius of the sphere. In step D4,
a phosphorescent layer is formed on the convex surface of the second display substrate.
In step E, the first and second display substrates are repositioned in the juxtaposed
relationship. Thereafter, in step F, the first and second substrates are connected to one

another with a peripheral vacuum seal sealing the display elements therebetween, A



with g peripheral vacum seal sealing the display el enents therebetween. A
region |ocated between the first and second substrates is evacuated within
t he peripheral seal. I n accordance with another aspect of the

present invention, a nmethod of formng a display is provided that conprises
the following steps. In step A: first afd second substantially flat display
substrates are positioned in a juxtaposed relationship with a rel ease agent

| ocat ed between the first an&sg{cond di splay substrates. In step B, the
first and setSHR P%fﬁ‘iH ctweem he Hisk and, secopd sisplay; substrates is gyacuatedt wishintthe

first and se rates slunp to a configuration conformng to a
pétittheral
sphere ha

segnent of a vi ng conforming inner concave and convex surfaces of

the first and second substrates, respectively, and an outer concave surface
of the second substrate he first and second display substrates are
separated and cle %\ﬁ’&JIF‘i BPectethe pesent ipyension pravidasm display eomprisingifish t he

conform ng i gedecSR\G ﬁ&)&i f. d ..and secqnd
substrates in aegt ep %.ngsm ep % mr%éﬂgﬁg@ﬁs@%@éﬁ%%ﬁgﬁ% a-g:fand
formng a fihdvingacondfigoration sphfbyminglis b segreern of & bshetoncudingwonfoa®ffy, finet he
first substrate. In steg 962 ste slﬁg through D-1 are repeated so that a
plurality of “quCRYS A FUWEE SuEfpess| ofythe fi5st angd second substatep respestivelyiand @ 3,

Spindt_en t{ ey HnbeveQUARSE Hthé SRoRY Mitirhde Efcnbhit a@éﬁ%&@ Aoty Wlefehrs

substrates by an el ectron beam evaporation process

em ssi on di sgedormedoen thetcopforming tmiemboricavéd andgonvex e surfices of the filst atdbl e
dome substrate carrier. An.e]ectron heam evaporation source is |ocated a
di stance fr offCPPESYpstiatas 59 tha P@%Fﬁ&@i@*ﬁ%%@%m%&%@&m s
equal to abomt cBndaAeiskiFaf ofl 1hE sERINA" Ribsthdie. S C yer
Is formed on the convex su?face of thesédg%o%dﬁgﬁséffgo‘gﬁﬁfb?%@&ﬁﬁég@p E,
the first arfrstauhsetond spbsisates to sineadnetheavetlr @ periphdralnesduin sehlesdalixg algosed
rel ati onshi pd.gﬁherﬁafterth in step F, the first and second substrates are

W?%W

connected t ooMe HTBERE, %heri pheral vacuum seal sealing the display
el ements therebetween. A .

In all embodiments of the present invention, since the viewing surface is
concave, there is less problem with glare than in prior art flat screen displays. In fact,
a display in accordance with the present invention can provide a wrap-around viewing.
Since the display requires evacuation, a spherical geometry reduces flexure of the
display and potential distortion. The small curvature of the finished display can provide
tempering or strengthening of the glass. With respect to that aspect of the present
invention that involves the utilization of field emission displays, large displays can be
processed with shorter source to substrate distances. For instance, if one were to form
2 50.8 cm. flat display with a maximum allowed deposition angle of about five degrees,
the source to substrate distance would be approximately 290.32 cm. This is to be
contrasted with a 50.8 cm. diagonal curved display with a 2.54 cm. offset from
curvature that allows a source to substrate distance of approximately 128.27 cm. to be
utilized. The reason for this is that for a spherical substrate surface, a 90 degree
deposition angle can be maintained by simply positioning the electron beam evaporation
source at a distance equal to about the spherical radius of the display. As will be
discussed, further efficiencies can be realized by forming Spindt emitters on several



region | ocated between the first and second di splay substrates is evacuated
W t'hin the peripheral seal. In still a further aspect, the
present invention provides a display conprising first and second di spl ay
substrates positioned in a juxtaposed relationship to one another and
having a configuration conforming to aS5segnent of a sphere including
conform ng, inner concave and convex surfaces of the first and second
substrates, rgspectively, and an outer_ concave surface of the second

substrate. EIHSHENSHALOBF tipeNsing Aratating domesubsiratadeldst in whichanelectiontbeam
conform ng i . 0, r first and second
substrates S%@?%%r?@é}?ngo‘ﬁ%ea%% ucemyyg%nz&aét?g?%‘ﬂe %én@ﬁtdg&ian be vi ewed
fromthe concave surface of the second substrate. A neans is provided for
connecting the first and second subs one _another with a peripheral
vacuum seal sealing the di S8l LEMARIRIJONQF Hdk JAHTAWI] In all
enbodi nents of the present invention, since the view ng surface is concave,
there is less problemwith glare than in prior art flat screen displays. In
fact, a display i rWhilethedpecification leondledesvitteelaimsdistirictlp pointing pudthe 6bjact

wrap-around view ng. Since the display requires evacuation, .a spherical
geoﬁet ryur eer a?aéfaﬁlécaﬂfﬁr? Iﬂ? &ﬁf"y V%\%g;‘p’éﬂsekﬁ\ﬁeé{?‘?ﬂ;aégﬁrlﬁY%%mﬁﬁg_b§mal I
curvatur  of Hefir drddishiatyittn 0kedVin COthdRiBH With the BRSIpANNE dBIWIBAGRRARLAY ©f

the glass. Wth respect to that aspect of the presen
involves the utilization of field em ssion displays, |arge displays can be

processed with shaqter, sour to substrate di.stances.. Fqor instance, if, one
were to forma SO?Sgscr]n “&ﬁicﬂrgﬁ‘f t?lﬁf‘sgaﬂ%ﬁ Qﬁtg%gcfeﬂféﬁ?&ﬂ fieRSHD
angl e of aboybmhih ¥a ﬁ?ﬂﬁﬁﬁﬁwc&f&n&oﬁ{tﬁﬁé W%\ﬁ‘ﬁﬁ&mdi stance woul d be

approximately 29032 ¢cm” This 1s to be contrasted wth a 50.8 cm diagonal
curved display with a 2.54 cm offset fromcurvature that allows a source

to substrate distapce, of approxi.nmately 128.27 cm to, he uti|ized. .Th
oason for this i SIEr i PEY hifin wlplak susstalforut thivugh the Seinis o
deposi tion algg,lp@ can be maintained by sinply -positioning the el ectron beam

evaporation source at a distance equal to about the spherical radius of the
display. As will be discussed, further efficiencies can be realized by

forming Spindt e mFIiéseg 3nd 5A A i%lally illustrate a method of forming field emission display
substrates with Spindt emitters through the use of a rotating dome substrate holder;

Fig. 6A is the product of the orthogonal deposition formed by either of the
methods shown in Figs. 5§ and 5A;

| Fig. 6B is an enlarged fragmentary view of the Fig 6A; and

Fig. 7 is a schematic view of a finished display in accordance with the present

invention.
DETAILED DESCRIPTION

With reference to Fig. 1, first and second substantially flat display substrates 10
and 12 are positioned in a juxtaposed relationship with a release agent 14 located
between first and second display substrates 10 and 12. First and second display



5 .displays at one tinme using a rotating done substrate holder in which an
el ectron beam evaporation source is situated wwth a center of the radius of
t he done. BRI EF DESCRI PTI ON OF THE DRAW NG

Whil e the specification concludes with clains distinctly pointing out the
subj ect matter that applicants regard asheir invention, it is believed
that the invention will be better understood when taken in connection with
t he acconpanyi ng draw ngs in which: Figs. 1 through 4 are
schemati c i | substrates 12ase fabritited fronsglagsowith atlpastrsecaid disgipg substrhter YD bedng
di splay in accordance W th the present_inyention; Fig. 4Ais a
fielod gm’ ssi BAPSBRISHY- ay % ¥ 48 tflﬂrmratbﬁfﬁﬁlﬁl’ﬂﬁeﬁéalmé’ﬁﬁ’ldﬁ@ four steps;
Figs. 5 and 5A dramatically illustrate a method of formng field em ssion
di splay substrates with Spindt emtters through the use of a rotating done
substrat e hol der; As representedfin Fig @4 first dndesepomblsubstratés 10 and 2 hegheardd in a

deposition f ermnfcg OQ’ a 1intopde (no? s]:hotwa ut : g\gr? ?n 312%11 s<i) Bmf }i?s% 'am? seacggd 551f\b;strates
10 and 12 slump into a configuration conforming with a segment of the sphere. The
sphere has inner concave and convex surfaces 16 and 18 of first and second display
substrates 10 and 12. Outer concave display surface 20 is provided on second display
substrate 12. On exit from the glass furnace, first and second display substrates 10 and
12 are tempered or toughened as required. As illustrated in Fig 3., first and second

display substrates are then separated.

With reference to Figs. 4 and 4A, a field emission substrate 22 is formed on first
display substrate 10. On second display substrate 12, a phosphorescent coating 24 is
applied. Field emission substrate 22 consists of a conductor layer 26, an insulator layer
28 of silicon dioxide formed on top of conductor layer 26, a lift-off layer of nickel 30
applied to insulator layer 28 by low angle deposition techniques. Active ion etching
produces vias 32 and 36 that penetrate insulator layer 28 and lift-off layer 30.

With reference to Fig 5, Spindt emitters are formed. Prior to this, however, the
steps illustrated in Figs 1 through 4 can be repeated so that a plurality of first display
substrates are produced having field emission display substrates formed thereon. The
first display substrates, illustrated by reference numerals 10A, 10B and 10C, are held
within a rotating dome substrate holder 34 which rotates as indicated by arrowhead 36.
The planetary display substrates 10B and 10C also rotate as indicated by arrowheads
38 and 40. As illustrated in Fig 5A, it is possible for a doomed substrate holder 42 to
be constructed for mounting first display substrates 10A, 10B and 10C. In such
embodiment only first display substrates 10A, 10B and 10C rotate as indicated by
arrowheads 44, 46 and 48 and not domed substrate holder 42 itself. In either

embodiment, an electron beam evaporation source 50 is situated at a source to substrate



Fig. @B is an enlarged fragnentary view of the Fig 6A; and Fig. 7
Is a schematic view of a finished display in accordance wth the present

i nvention. ' DETAI LED DESCRI PTI ON Wth
reference to Fig. 1, first and second substantially flat display substrates
10 and 12 are positioned in a juxt apose@l relationship with a rel ease agent
14 | ocated between first and second di splay substrates 10 and 12. First and
second di spl ay 6

substrat es 1Zistanee feqhalitoaa spheficalmadiuaof firstt display Isebstrates cdOdy d 0B apd 39C to
substrate 12 I.ng transparent. .The.rel ease agent 14 preferably conprises

t al cum powdefi® ah orthogo dr%B?ﬁ‘%%ﬂf%*HOﬁnW%?%m Spindl¢mitters. second
substrates 10 and 12 are heated in a furnace over a nold (not shown but
known in the art) so that first and second substrates 10 and 12 slunp into
a configuration cHitlhhreferegcaite [Fig GfegnédriB,od firstesubptnae A0 iShillusipited.c Fies

i nner concave jand. c e ces.16.and 18. i.rst d second di spl
substrat es 15“%?3'8131@]%@@@'5@%& 5?5 g\%“‘@{'??‘f*’a‘é élsezcg TG e SS(%F\‘%
second di spl emitsetOfohmhitigemaiérialOnE kifiloff 14tst B8 OWAR Seferdned 38 Fifl 7 Shrstadd
second di splay substrates 10 and
second display substrates 10 and 12 are then repositioned in a juxtaposed relationship
and are peripherally connected to one another with a vacuum seal 54 peripherally
sealing the display elements therebetween. A region 56 located between the peripheral
vacuum seal 54 is evacuated by means of a pinch-off tube 58 which is subsequently
sealed. Images on the display can then be viewed from concave viewing surface 20 of

second display substrate 12.

While the present invention has been described with referenced to preferred
embodiment, as will occur to those skilled in the art, numerous changes, additions, and
omissions may be made without departing from the spirit and scope of the present

invention.



12. are tenpered or toughened as required. As illustrated in Fig 3., first
and second di splay substrates en separ at ed. Wth reference
to Figs. 4 and 4A, tu"uﬂum %Hmsubstrate 22 is forned on first display
substrate 10. On set@mel S trate 12, a phosphorescent coating 24
is applied. Field enission substrate 22 gonsists of a conductor |ayer 26,
an insulator layer 28 of silicon dioxide forned on top of conductor | ayer
26, a lift-off layer of nickel 30 applied to insulator |ayer 28 by |ow

angl e deposilk€laimt echni ques. Active ion etching produces vias 32 and 36
that penetrate insulator layer 28 and lift-off layer 30. Wth
reference to Fig 5, Spindt emtters are forned. Prior to this, however, the
steps il ustyat edaipletidd)6f forinktigos Bisphhy Gathpeisingepeat ed so that a plurality
of first display substrates are produced having field em ssion display
substrates forned thereon. The first display substrates, illustrated by

reference n 1 1 .6, N .6 hi rotating.done
substrate h%@%@g \%ﬁt c#%sgﬁggs&gﬁ%}ycMﬁ%&ag}’%ﬂ?g%dmsé J“f%’é’osed

pl anetary dirgltiayshipbeith 3 ecledsd Pagent! 18éiedn betivaeit id fast lahdi edmll dkpla
arrowheads 38 and 40. As illustrated in Fig SA, it is possible for a goorred
substrate hdub#rates? to be constructed for mounti ng first display substrates
10A, 10B and 10C. In such enbodi ment only first display substrates 10A, 10B
and 10C rotate as indicated by arrowheads 44, 46 and 48 and not doned
substrat e hdiedtng 4aidi firstlahd skcondi substratestiwdi firmdce sonthat saidr first 28d NSecond
~evaporation sgurce 50 is situated at a sqQurce to substrate

7 di st ancSubgiaies slymp to,Rcranfiguratign Geafosming ta @ segmen i<y isphera hayingoa

10B and 10C dyBforming inner concave and convex surfaces of said first and second substrates,

respectively, and an outer concave surface of said second substrate;

separating and cleaning said first and second substrates;

forming electronically activated display elements on said conforming inner concave and
convex surfaces of said first and second substrates so that images produced by said
display elements can be viewed from said concave surface of said second substrate;

repositioning said first and second display substrates in said juxtaposed relationship;

connecting said first and second substrates to one another with a peripheral vacuum seal
sealing said display elements therebetween; and

evacuating a region located between said substrates and within said peripheral vacuum
seal.

2. The method of claim 1, wherein:

said electronically activated display elements comprise a field emission display;



effect, an orthogonal deposition of chromumto form Spindt emtters.

Wth reference to, first substrate 10 is illustrated. First
substrate 10 has mlm)mmamﬂ‘m‘sllBZ An acid bath is used to renbve excess
Spindt emitter formng material and lift-off layers 30. Wth reference to
Fig. 7, first and second display substrages 10 and 12 are then repositioned
I n a juxtaposed relationship and are peripherally connected to one anot her
wi th a vacuum seal 54 peripherally sealing the display elenents

t her ebet weena field egiisniors displayasubdtrite t ineforméchonpsaid pboast suefacslof sgidl filké i S
evacuat ed by r{)eaﬁgs of a pinch-off tube 58 which is subsequently seal ed.

| rages on t h# tﬁ# ay can then be viewed from concave view ng surface 20 of
second di splay substrate 12. Wil e the present invention has been
described with referenced to preferred enbodi nent, as will occur to those
skilled in t8pindtemitiersnare formed loarsgidSield emission riésplaymibstrdts by an sleskyn beanirade
w t hout departing,.fromthe s&i rit alnd scgge of the, present_invention.

8 | Claim cYaporation pracesy havige an.electron beam eyaprationsqures lagated a)distaneeyni ng
first and segqid eyt athdiab by sfill 3phde;Splgay substrates in a juxtaposed

a phosphorescent layer is formed on said convex surface of said second substrate.

3. The method of claim 2, wherein said first substrate is rotated during formation
of said Spindt emitters.

4, The method of claim 2, wherein:

said first and second substrates are formed of glass; and

after said first and second substrates are removed from said furnace said first and
second substrates are tempered.

5. A method of forming a display comprising the steps of:

a) positioning first and second substantially flat display substrates in a juxtaposed
relationship with a release agent located between said first and second display
substrates;

b) heating said first and second substrates in a furnace so that said first and second
substrates slump to a configuration conforming to a segment of a sphere having
conforming inner concave and convex surfaces of said first and second substrates,

respectively, and an outer concave surface of said second substrate;



relatioonship wwth a rel ease agent |ocated between said first and second

di spl ay substrates; to L& first and second substrates in a furnace
so that said fi rsthmﬂﬂﬁuaaiﬂLrat es slunp to a configuration
conformng to a se havi ng conform ng i nner concave and
convex surfaces of said first and second substrates, respectively, and an

outer concave surface of said second substrate; separating and cl eani ng
said first and second s trates; formng electronically activated

di spl ay el en&nts@%wém@?ﬁ‘%&rﬁtﬁﬁéﬁewﬁé&bﬂnﬁ‘d convex surfaces of
said first and second substrates so that inmages produced by said display
el ements can be viewed from said concave surface of said second substrate;
reposi ti oni nd) sformirfg field enmidsioe cispthydélementy obukid confosming maedcdnesvaras ed
rel ati onshi p; con ectiﬁ? ) ad'd first and second substrates to one anot her
with a peri pH®VEX SV&?ﬁ?ﬁ 3@§| rsteand; segondsubsiates, Py el enents t her ebet ween:
and evacuating a region |ocated between said substrates and within said
peri pheral vacuum seal . 2. The nethod of claim1, wherein: sai d

el ectroni cal ly acti vatéd) diospingya fi¢ld errigsonodisglay substratkionl sdideconsavemsurface

di spl ay; of said first substrate;

d-2) repeating steps a) through d-1 inclusive so that a plurality of field

emission display substrates are formed;

d-3) forming Spindt emitters on said plurality of field emission display
substrates by an electron beam evaporation process having said field emission display
substrates rotated while mounted within a rotating dome substrate carrier and an
electron beam evaporation source located at a distance from said plurality of field
emission display substrates equal to about a radius of said sphere; and

d-4) forming a phosphorescent layer on said convex surface of said

second display substrate;
€) repositioning said first and second display substrates in said juxtaposed relationship;

f) connecting said first and second substrates to one another with a peripheral vacuum

seal sealing said display elements therebetween; and

g) evacuating a region located between said substrates and within said peripheral

vacuum seal.



9.. a field emssion display substrate is forned on said concave surface of
sai'd first substrate,,/'Spl ndt emtters are fornmed on said field em ssion

di spl ay substrate by an am evapor ati on process having an _
el ectron beam evap cat ed a distance equal to about a radius

of said sphere; an escent | gyer is formed on said convex
surface of said second substrate The nethod of claim2, wherein
said first substrate is rotated durlngfornatlon of said Spindt emtters.

4. The mehobhemegad; of caimyse wherein eadaoﬂsaﬁd rphlrahtlycbfsﬁadd rethissidys tlisplags

emoved Tr omUSHiAes it Rilted ol Toonhed wihinsteid e e, PSR Gaimpor e

7. A display comprising:

first and second substrates positioned in a juxtaposed relationship to one another and
having a configuration conforming to a segment of a sphere including conforming inner
concave and convex surfaces of said first and second substrates, respectively, and an
outer concave surface of said second substrate;

electronically activated display elements formed on said conforming inner concave and
convex surfaces of said first and second substrates so that images produced by said

display elements can be viewed from said concave surface of said second substrate; and

means for connecting said first and second substrates to one another with a peripheral

vacuum seal sealing said display elements therebetween.
8. The display of claim 7, wherein:
said electronically activated display elements comprise a field emission display;

a field emission display substrate is formed on said concave surface of said first

substrate having Spindt emitters formed thereon; and

a phosphorescent layer is formed on said convex surface of said second substrate.



5 . A nethod of form ng a display conprising the steps of: a)
positioning first and second substantially flat display substrates in a

j uxtaposed relationship with a rel ease agent |ocated between said first and
second di spl ay substrates; b) heating said first and second substrates in
a furnace so that said first and second substrates slunp to a configuration
conformng to a segnent of a sphere havimpg conform ng i nner concave and
convex surfaces of said first and second substrates, respectively, and an
outer concave surface of said second substrate; .

10 <c) separating and cleaning said first and second substrates; d)
formng field em ssion display el enents on said conform ng i nner concave
and convex surfaces of said first and second substrates by:

d-1) formng a field em ssion display tyat e on said concave surface of
said first substrate; - eating steps a) through d-

i nclusive so that a pl QE8ELAY HORMING] METHOD AND DISPLAY

A method of forming a display in which first and second substantially flat

display substrates are positioned in the juxtaposed relationship with a release agent
located between the first and second display substrates. The first and second substrates
are then slumped into a spherical configuration. The first and second substrates are
separated and cleaned and an electronically activated display elements are formed on
the conforming inner concave and convex surfaces of the first and second substrates so
that images produced by the display elements can be viewed from the concave surface
of the second substrate. The display elements can be field emission display elements
in part produced by electron beam evaporation methods in which a source to substrate
distance is set by a spherical radius of the substrates. After the formation of the field
emission display elements, the first and second substrates repositioned and connected
to one another with a peripheral vacuum seal sealing the display elements therebetween.
A region located between the first and second display substrates and within the

peripheral vacuum seal is evacuated.



em ssion display substrates are forned, d-3) form ng Spindt
cemtters on said plurality of field em ssion display substrates by an

el ectron beam evaporati on process having said field em ssion display
substrates rotated while nounted within a rotating donme substrate carrier
and an el ectron beam evaporation source | ocated at a di stance from said
plurality of field em ssion display substrates equal to about a radius of

sai d sphere; and d4) fﬂ@m’ ng a phosphorescent |ayer on said
convex surface of said second display substrate; e) repositioning said
first and second display substrates in said juxtaposed rel ationship; f)

connecting said first and second SLmﬁEfEhesito one another with a

peri pheral vacuumfﬁwmmmw; and  g)
evacuating a regi dn | ocated between said substrates apdgw thin sdid

peri pheral vacuum seal . 6. _The nethod of alm5, wherfein each

of said plurality of field erdssion.ci. et~ 14
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substrates is
carrier. 7.
positioned in
configuration

rotated while nmounted within said rotating done substrate
A di splay conpri sing: first and second substrates

a j uxtaposed relationship to one another and having a

conformng to a segnent of a sphere including conformng

I nner concave and convex surfaces of said first and second substrates,
respectively, and an outer concave surface of said second substrate;

el ectronically activated display el ene formed on said conform ng inner
concave and convex surfaces of said fir and second substrates so that

| mages produced by said display el enents can be viewed from said concave
surface of said second S%gjl ate, and means for connecting said first and
second substrates to one ‘#he wi th a peripheral vﬁﬁthl sealing said

di spl ay el enents therebetggen. 8. The displayaf clai o~ wherein: said
el ectronically activat gty di gl ay8tenents cohprise aghiglid em ssion
di spl ay; o spl ay hate is &g A said copgaye

a field en ssNes
surface of said first ST T
a phosphores%ﬁnt '
substrate.
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