CRT DEVELOPI NG APPARATUS - This invention relates to an apparatus
for devel oping a | atent charge inage forned on a photorec tor which is
di sposed on an interior surface of an output wi ndow ofX%h Spi4y devi ce, J(
such as a cat hode-ray tube (CRT), and, nore partlcularly, to a devel oper:

whi ch provides a triboel ectri plarity to the

------

developlng mat eri al s. ST A 92T767, issued to Datta et
al. on May 1, 1990, d|scl0$h$sa1neeﬁmﬁbﬂcrexﬂﬁaﬁlﬁqahmta@paphtualIy

manuf acturing a éﬁ f n ace of a CRT
facepl ate panel, EH€}§5§%F€g eﬁ%’ g%c%%gg %82& ér%@ screen

structure naterlahgtﬁ€$EEP%Q%iW#FQPIkﬁeQﬂSHQMEgeoﬂoﬁneénbﬂraﬁr

el gctrostati cal | yughacgeds rmt&{te;ﬁﬁptﬁrndoTh%prOH%sis?t Qévﬂ?@Pr i ses a
phot oconducti ve Fgger overl%;é(rF conductive | ayer of which are

deposi ted, seria a8 3 FIRIAIRT T Tuhe i ($RE i oPPEur FQER of the CRT
panel . In the afpaseeohianey, ped @tdeﬁdlep‘eeumﬂenebeaeiaeytal i zed for

depositing the s truciure materi call ed "powder cloud”
devel opers of thgr?§3%f??F5&ﬁc 1ﬁﬁﬁléfé% 1§8 egﬁggf? ¥thPetMaterial s are
triboel ectrical | gevaboging yatonkalcsti ng surface- treated carrler beads. The

C ged particles of scree tr ur p fronlthe
dteifpel opers and onto the Ia?eﬁtbiin%ﬁgqio ma'id'e%?vﬁ 7sﬁ<7a ?'stﬁg%sla t%;épg 0 povvde
b

cloud devel oper #8 2hatontMay | sfcdiosganaf methefn§opr oduct i on
quantities of | ugleess6Photsd Lfteica WL nfaril¥a cd@¥ehgPEENhmt h&BcéR

depdsiting each of the dlffggent mat erj al s must be of the order of about 15
seconds for eachSHEEeR;asse ly on an interior surface of a CR

faceplate panel, using dry-powdered,

15 : triboelectrically-charged, screen structure
materials deposited on a latent image formed on an
electrostatically charged photoreceptor. The _
photoreceptor comprises a photoconductive layer
overlying a conductive ‘layer, both of which are

20 . deposited, serially, as solutions, on the interior
surface of the CRT panel. 1In the'aforementioned\'
patent, the four developers utilized for depositing
the screen structure materials are the so-called

| "powder cloud" developers of the type in which
25 particles of screen structure materials are

triboelectrically charged by contacting'surface-

" treated carrier beads. The charged particles of
screen structure materials are then expelied from
the developers and onto the latent image. A

30 drawback of this type of powder cloud developer is

" that it is unsuitable for manufacturing production -
quantities of luminescent screens, where the
development time for depositing each of the

~different materials must be of the order of about 15
35 : seconds for each material.
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2 ' In accordance with the present invention, an apparatus for
devel dping a latent imge formed on a photoreceptor, vptmgl'gq Syqteposited on
an irnterior surface of an output w ndow of a display device, is disclosed.
The devel opi ng apparatus includes a devel opi ng chanber, having a support
surface for supporti ng themuamtbrd&m\mtm &creemesfehuctiuﬁrenﬁabﬁ;i al

reservoir for n aqgl er 4 fe th reen ructure
material, and a % %%% e&"g‘chtoogrun assg’%llrll‘g co%g’rﬁﬁlgga ﬁaégwlg?ﬁm%%e '
reservoir. The gom aspkotdsedeptiamieshichhdsl deppsitetlarni ay neans for

inparting a desiygde £1G¥ 48Pl id8 drd JltButCWeRACR! bECAUAEsPRAGri al and at
| east one material dispersing nmeans, spaced fromthe -support” surface, for

di Stributing the de¥ibf e it Fred 615 asebr GgﬁbgﬁﬂFéﬁpbﬁﬁoaPﬁér?%P%nt i mage.
I n the draw ngs: :mcludes a d_é\galobnlrﬁg Q:l'ﬂhtb&r\ll a4viRngr&i supyort axial

section, of a color de_accordin esent. i nvention.

Fig. 2is a sect?%ﬁf%ﬁe %%r dgﬁéﬁgl ugﬁg Hb898HowA FREEFD. 1.

Fig. 3is a sectsbnucﬂufelmﬁterIKM|nssenﬂmﬁt et sobrangereen assenmbly of

the tube shown ig :ffera ing and feledinG %ﬁl‘é""%c efehr st r§apggLment of a
or 'mage on- a

novel developlng ap veloplng a
pAd& or ecept or, tmatgrmla, | and ree sodidosslecsaricagyanbsgemnblya CRT.

Fi-g. 5 shows a tQQmMﬁﬁ%%éﬁlﬁé“%ﬂEﬂfﬁﬂem é@e&@%&%‘ngTHQZéhESaQ§eﬁB§¥
devel opi ng apparatus of Fig . 6 shogws a secon of a

reservoir of the%l%%%‘i’%%e?”s‘?ﬂﬁ%qtﬁlﬁ Fhayging means fPFglml?aSﬁbV\% a second
enbodi ment of a ghasbtredfcidyaplardaveltepithe sppeeat s8ructure

material and at least one material dispersing
15 . means, spaced from the support surface, for
' distributing the charged material for deposition
onto the latent image.
' In the drawings:
Fig. 1 is a plan view, partially in axial
20 section, of a color CRT made according to the
present invention.

Fig. 2 is a section of a screen assembly
of the tube shown in Fig. 1.

Fig. 3 is a section of an alternative

25 | embodiment of a screen assembly of the tube shown
in Fig. 1. ' '

Fig. 4 shows a first embodiment of a
novel developing apparatﬁs for developing a latent
image on a photoreceptor, to form a luminescent

30 screen assembly for a CRT.
' Fig. 5 shows a top view of the material
dispersing nozzles of the developing apparatus of
Fig. 4. ‘
Fig. 6 shows a second embodiment of a
35 ' reservoir of the developer shown in Fig. 4.

Fig. 7 shows a second embodiment of a

chamber of the novel developing apparatus.
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3 . Fig. 1 shows a color display device, such as a CRT 10 having a
gl.ass ‘envel ope 11 conprising a rectangul ar facepl ate paneu¥é%ﬁ§£d a tubul ar
"neéck 14.connected by a rectangul ar funnel 15. The f urfte}

i nternal conductive coating (not shown) that contacts an anode button 16
and extends into the neck 14. The_,panel_ 12 S V|emnng facepl ate or
substrate 18 and a peri pheraﬁJ f angoe"vsora sﬁo&ewal ng%y 3 gggﬁed to the
funnel 15 by a gass GRT thZIIaVAntghtaegleglsoﬁnkfaﬂrppesténcompreemik| S.

carried on the If@@sazwufa&rffaac;%quatfehgafnaqe@baaﬂdlé tUDE1SE! £& fk shown
in Fig. 2, preferably 1s a |ine screen which includes a nultip |C|ty of

screen el enents EhrifTResFest Wed reGtengNdargfesnednisti nfrand
bl Se-enmitting prmrwf@:r T8 M4 an Rnteradd BonHaspeeki ¥6h¥ingr (#eged in col or

groups or plctur of t hr e strl in ac c order
and extending in° {hq ﬁ@éﬁlBVtEBPng? #pd t?%F%#é%e in
whi ch i npi ngi ng rmtmnthnlﬂnnknﬂ4areT@enpaaEéd12lnomh31sesnalvﬂeanmg

position for thig, %%#gﬂ%?ﬂy u&ghrgQ%sE@ogn§t5|Bg§ ?Qg #fa%$§ verti cal

direction. Prefera or stripes are sep each ot her
by a light- absor?ﬁli@9¢ﬁﬁkl>3Qﬂaﬂ@ﬂﬁallESSeééeﬁstRnéhﬁ fannéedk bP tby

Ajgernatively, thegpedpefrganioe a @ﬁtre%%e@.ar PuhRhBseondustiasn |l ayer 24,
pref erably of aggglnunl overlles t he screen 22 and provides a neans for

appl ying a unif Pornriigd @ the §@F§éﬁ°§ssﬂéfﬁcﬁs°?th?efIectlng li ght,
emtted from t hefapdespdns ]es LIMENeS sclrieenugh, taﬁoﬁaceﬁlmg 1@ The screen 22
and the overlylrE#%#e ab Iaye1 24 cogg nse a reeg asse
Wth respect to 72 3 Li0S S5FES cHP&F sePECPPoR %Iectrode or
shadow nmask, 25 mwltzpﬁnaﬂﬁxlqﬁnaunaép eyLemententonpalisedaos, red—
py gdet er m ned SQéﬁfgk{ﬁﬂf“éfgkﬂJ%ﬂﬁy%i§%r%ﬁa blue-emitting phosphor
stripes, R, G and B, respectively, arranged in
color groups or piéture elements of three stripes,
or triads, in a cyclic order and extending in a
direction which is generally'normal to the plane in
.20 . which impinging electron beams are generated. In
the normal viewing position for this embodiment,
the phosphor stripes extend in the vertical
. direction. Preferably, the phosphor stripes are
separated from each other by a light-absorptive
25 matrix material 23, as is known in the art.
Alternatively, the screen can be a dot screen. A
thin conductive layer 24, preferably of aluminum,
overlies the screen 22 and provides a means for
applying a uniform potential to the screen as well
30 as for reflecting light, emitted from the phosphor
elements, through the faceplate 18. The screen 22
and the overlying aluminum layer 24 comprise a
screen assembly.
With respect to Fig. 1, a multl—apertured
35 color selection electrode, or shadow mask, 25 is
removably mounted, by conventional means, in
predetermined spaced relation to the screen
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4 assenbly. An electron gun 26, shown schematically by the |

dashed lines in Fig. 1, is centrally nounted W t IRaA tgdfe sagck 14, to
génerate and direct three el ectron beans 28 al ong convergent paths,
t hrough the apertures in the nmask 25, to the screen 22. The gun

26 may, for exarfAIemkilonpr iAse edectronpgupoént showe| echemat inmllf the type

descri bed in 20,1 i $SuU I on
Qot. 28, 1986, of al%r%% O Likeddn 3'3‘9 27128 LOntPAIfy pdindla 00

desi gned to be UEEIR tthe neCkarJr4exﬂ3@r HSPeFrGEﬁe@F@ dbreeletteg oke, such as
yoke - 30, | sl koM Bdams @@ arloat; tbAveYpast - bRt REL kehrough unction.

When activated, t.he yoke 30 subj S t hr ee beans to magnetic
flg| ds which cale¥ taﬁ) Feur esoé‘ﬁ‘lrrg?? m?c?gnzﬁmF?o Re "F‘f/r%‘?‘sz%s/%‘rt ically in a
rectangul ar rast®ve ey 2theayer o 22amphe, i nompaise a pl ane of deflection
(at zero dEfleCiBfUBoﬂé%E¥¥¥ﬂ%lectrogyghheok'Qﬁe t%% & Orideq A about the.

m ddl e of curvat ures of
the deflection %-aﬁn FRhqn %rﬁ@odéﬁpecﬂ-ﬁéheéoﬁ@ Morreh]: eethAl siwn.

The screen 22 i pamhufgctivesy] by bR otherekgggagp@o&&gr aphi c -screening
(ERS) process that is descr.i be . 4,921, 767 cited

ve. Initially, theffaddibed s‘-swé’:&qéﬂ“\ﬁdt ﬁoabSaH§Fiic"’lt sol uti on,

rinsed with wat emn eettxeheﬁlvmmalgnbuﬁbeaedlect1ohy9ldsleé1 USicle @€iybland rinsed
again with water in.the erlor(ﬁ{)the Vi ewi ng
WYten

faceplate 18 is B eedd le\]il the rﬁﬁéggrggeﬁ%r&nne THote -
conpri sing a suilwisitddrayeMheh activetrductheeyoke eB0 asubjeats prma/i des an -

el ectrode for tnhre LRI wsnﬂopﬂgt;ﬂgegeue&u&s'@Mﬁén ause th In
order to formthe matri x by t process ot oconcFuctlve | ayer

i5”2charged to a®Peams &q S45re hesiernral v gRAnvereie ¥ &200 to +700
volts, using a afsAiEhdiilageastlert BoekypRedgsgetReg2 | N thé. ifAtiaINO.

5, 083, 959, |ssueqane D%”&%fiec%lon (at zero-deflection) is shown
by the line P-P in Fig. 1., at about the mlddle of
the yoke 30. For simplicity, the actual curvatures

20 of the deflection beam paths in the deflection zone
are not shown.

The screen 22 is manufactured by the
electrophotographic screening (EPS) process that is
described in U.S. Pat. No. 4,921,767, cited above.

25 Initially, the panel 12 is washed with a caustic
solution, rinsed with water, etched with buffered
hydrofluoric acid and rinsed again with water, as
is known in the art. The interior of the viewing
faceplate 18 is then coated with a photoreceptor

30 (not shown) comprising a suitable layer of
conductive material which provides an electrode for
an overlying photoconductive layer. |

In order to form the matrix by the EPS’
process, the photoconductive layer is charged to a

35 suitable potential within the fange of +200 to +700
volts, using a corona charger of the type described
in U.S. Pat. No. 5,083,959, issued to Datta et al.
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5 on Jan. 28, 1992. The shadow nask 25 is inserted into the panel 12 and

the pdsitively charged photoconductive |ayer is expos:'gqzh éyro h the
shadow mask 25, to light froma xenon flash |lanp, or Othe 4?{#% source of

sufficient intensity, such as a nmercury arc, disposed within a

conventional thggexin-o | 4 ho .\ POSUE Ia'rrpis
noved to a diffe%gn?égbs?§1o%g$%'dﬂ%ﬁ%éﬁ?g%%tﬁ%%?ngﬁdg%tigﬁﬁ ggdof t he
el ectron beans fiBaPthke pRrel rbh andh thrhpesisiyedur ebasgedrequired, from

the three di ffergﬂatbeand@@@iéé Olsyed A Hiedplakde thk8ughefeOf the _
phot oconducti ve r wher |1 ght -em tting phosphors, subsequently w ||

e the
be deposited tosg%SﬂVtﬂ%s§cé§ﬁnﬁ°/Q%QQt ffremeRpsenra £ia8R, 18HR, shadow.mask
255i s renpved from dhrepahight 1Sowartk tdfe spdfakcieatniviednsotq, f 566k

devel oper, descr|bed L0 r,.mhich contai.ns_suitably. prepared,
dry- powder ed par%TE c?e!g&g‘%gﬁy ﬁ‘liltg{{t -dlsft?ssc?r ptwil&g‘lgl &c Eof‘r‘éF#%og%ﬁeen
structure mat eri BhreeThe-ome r}ighftharseal ASteri becheekposurey tkegativel y

charged by the d opgr td4 a spat LLX ' may be
directly depositggﬁ#npﬁ.m%?%%fﬂgg?é%¥ﬂ%%e§§s?gﬁggégﬁn£2b8€2g2§%g% U S. Pat.
No. 4,921,767, okhetipgidert Arekes wiidhesiedegtran beamst Epem BBedescri bed

inQU.S. Pat. No.ebe@280m3dun. | sk teifdstidled @iedlreqffirdd)ys20m 1993. The
"two step” natrLgﬁdgg55|t|pfgggocess I ncreases t opac {y of the matrix
e

he [
by providing for BF Lt M Ut s ARy iPRG L EIRBE b8 }SSFZFﬁ% exposed
areas of the photbeoadessi v tly eghottaronishandeet hayevolvhage thatrast

‘ayer acts as " atEqg SRt EEIRE SHea R b dedRen B 1L B8t cvent | the
di scharge of thedepdeit§dnge pioxm die sicreea. pAStecohbacekpeshager when the
Pipgt oconducti ve LRyEr {fe CXPARKH makiSPNS LefBuveliO thb@NEntr gheior
exanpl e, a flood Ilght. The second | ayer of
12 and the panel is moved to a first developer,
described hereinafter, which contains suitably
prepared, dry-powdered particles of a light-
absorptive black matrix screen structure material.
20 - The matrix material is triboelectrically negatively
charged by the developer. The negatively charged
matrix material may be directly deposited in a
single step, as described in above-cited U.S. Pat.
No. 4,921,767, or it may be directly deposited in
25 two steps, as described in U.S. Pat. No. 5,229,234,
issued to Riddle et al. on July 20, 1993. The "two
step“ matrix deposition process increases the
opacity of the matrix by providing for the
selective discharging, once again, of the exposed
30 o areas of the photoconductive layer, to enhance the
- voltage contrast between the exposed and unexposed
areas of the layer. The first matrix layer acts as
‘a mask which provides a shadowing effect to prevent
the discharge of the underlying pdrtions of the
35 photoconductive layer when the photoconductive
layer is exposed, a second time, to light from, for
example, a flood light. The second layer of
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6 negatively charged matrix material is deposited over the first layer to
provide greater density of the resultant matrix than |spp%t§r_§i le with only '
one matrix |ayer. ) It also is p035|bletofor°m xusmga
conventional wet matrix process of the type known in the art and descri bed,

[T the et * proisdae bty Shasedattdx bREUERa} CoFiuAN frldan 20, 197

phot or ecept or i sOYRX Hheov ikt diaver teePrAVEfEl gEERERT r@eQﬁl‘ﬂhé’f nterior

surface panel. |fgd eadhur ddd Mafrik tHahakkepBBoiRIESHStn SNDEos®! UbIlity
Is altered when etg’aised to light, is used. ﬁe resist filmis exposed in

t he manner descr® bR¥E s ng a three-in-one |ighthouse with |ight

i n§i dent on the resist fil pttarsnigis tﬁusahﬂdaowmﬁalthE mabeikegi ons of the
filmw th greater_sol ubilit I ved tLushin he.e S ilmwth
wat er, thereby e&?ﬂb’%‘? n% ok %engtrleoa{ls rT?'et%he 5%ép§5?gg%én§f%(£%e€g%% erior
surface of the pemewn i sn diber ot edhdnidelscaibedekfont examples rin of a type
known in the arty ghigh i sN@d@ersegg $19 tﬁ%sﬁéﬂoﬁsdl%dé‘?ﬁé‘& 8f the faceplate

panel . The matrlx material over' ]é/n t He retained mregions is renoved,
| eaving a matri xJ3@yetbontIHe pr "g’@sl"y’eS eRrareas of Yhe- padet .

Aﬁ(ﬁn al ternatl\éﬁotfspm@ ofo tihe Lﬁﬁq\iQ‘leldde&Cpregr ?Eptbi(hiérrﬁét ﬁrocesses,
the matrix can be ele oto G ied after. the phosphors are
deposi ted by thePEPE %‘?% %E% gc'ﬁﬁp ‘&d'# f%%f‘ngp?%cég‘g 2 %I’é%‘glfl bed in
U S. Pat. No. 5, 8340fd&8,passlied Irsteaehnan £ilm ofnaAsgitabBé, 1993. Fig. 3

herein shows a Sﬁéggﬁﬁg%%{ml"}?he re(?l%%g'lq qbngst gl;:ggedn@f‘%{‘x | ast" process

of U S. Pat. reen-emtting phosphor-
el ements, R B, expogdatre }ighted iy uwsed.al rl‘yledéfpésst‘-l fglmt EBboel ectrical |y
Py tively exposed in the manner described above using a

three-in-one lighthouse with light incident on the
resist film through the shadow mask 25. The '
fegions of the film with greater solubility are
removed by flushing the expdsed film with water,
20 thereby exposing bare areas of the faceplate panel.
The interior surface of the panel is overcoated
with a black matrix slurry, of a type known in the
art, which is adherent to the exposed areas of the
faceplate panel. The matrix material overlying the
25 retained film regions is removed, leaving a matrix
' layer on the previously open areas of the panel.

As an alternative to both of the above-
described "matrix first" processes, the matrix can
be electrophotographically applied after the

30 : phosphors are deposited by the EPS process. This

| "matrix last" process is described in U.S. Pat..

No. 5,240,798, issued to Ehemann, Jr. on August 31,
1993. Fig. 3 herein shows a screen assembly made
according to the "matrix last" process of U.S. Pat.

35 ~ No. 5,240,798. The red-, blue- and green-emitting
phosphor elements, R, B, and G, are formed by
serially depositing triboélectrically positively
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7 charged particles of phosphor screen structure materials onto a
positi'vely charged photoconductive | ayer of the photogvée ;or4%not shown) .
The charging process is the sane as that described abo I'n above-cited
U S. Pat. No. 5,083,959. The charged | ayer is discharged by installing the
shadow mask 25 intao t anel d_pl aci L | i ght house
wher e the xenon a&?ﬁmf§%ﬁtlglFSCS?eEH?ﬁﬁgggoégflonqﬁ% approxrnates the
i nci dent angl e mhtmheadbe©mmonabeaﬁntmueﬁen@h@#HQ¢MPHR§Q¢QnﬂQQt1VG

col or-em ssive phosihye thEhroﬁetbrreea{ae%e%naresﬁ&ﬂw redpfor phosphor

deposition, one for each col or-em ssive g er th hot oconducti ve
layer is di schargédHya P@ﬁpeﬁﬁcﬂéeﬁpetﬁéméo st%ﬁ%ﬁ rtures in the -
shidow mask, thexyeaK and rie:mabe;def-eezaeahe paneat andbo | r& qmr,esrsg.s | ocat ed on
a devel-oper, as_.t he devel oper, scrjbed hereinafte hor screen
structure partr?ﬂnees ca\’rae"gterdi é&?ﬁ&l"ﬁ aff a’éﬁﬁ?g%’é Ay éfed by the

devel oper, and amadispomistkeds liyxtroerzhesphnelkvk?.o;m@rplamg) thee di schar ged
areas of the ph e 4l e | £ ge t hat
%f&a;&gg %€ 118%RhousERYRERE! cnd YR E s HPAl

tri boelectricall parti screen structure mat eri al” are
repel | ed by si mi%rl%caﬁﬁ#g@daaméstépnt HeiphozPREPELRAt S Y er and, thus,

dﬁ gosited onto tfie HSRNAGAG Feaneob1Ehe BHObOSANMNEIAMR |G ashe After the
ree phosphors are deposited, the photoconductive Ie%ﬁﬂﬁls again uniformy

charged to a poRaitieHateRALor-2md seh¥epRReFPICENt af t he
af or edeposi t ed ptmﬁrwusﬁsem Tequd réds fioseghosphlofibdépas el oper whi ch

provides a triboelectricall ative charge.to en structure
material. The pd%q?iéﬁﬁ éﬁg’oﬁ@ﬁsgﬁggspg?sPﬁgrbﬂgé%%%ﬂ ive | ayer,
separating trmaHﬁunqnundunnmya1Ldysmenssdlacbadgeechyld@W@Ioped by '

: dFBOSiting ont o f&giégﬁﬂ]thereon through the apertures in the

shadow mask, the mask is removed from the panel and
'the panel is located on a developer, such as the

developer described hereinafter. Phosphor screen
structure particles are triboelect:ically charged

20 | and distributed by the developer, and are
deposited, by reversal development, onto the
discharged areas of the photoconductive layer.
"Reversal™ development means that
triboelectrically-charged particles of screen

25 structure material are repelled by similarly
charged areas of the photoconductive layer and,
thus, deposited onto the discharged areas of the
photoconductive layer. After the three phosphors
are deposited, the photoconductive layer is again

30 uniformly charged to a positive potential and the
panel, containing the aforedeposited phosphor
elements, is disposed on a matrix developer which
provides a triboelectrically negative charge to the
matrix screen structure material. The positively

35 charged open areas of the photoconductive layer,
separating the phosphor screen elements, are
‘directly developed by depositing onto the open
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8 areas the negatively charged matrix materials, to formthe matrix 123.
This process is called "direct" devel opnent. An alum num |l ayer 124 is
provi ded on the screen 122. It should be appreciated £f2¢ 8Ph 4gcreen-naking
process descri bed above can be nodified by reversing both the polarity of

t he charge provided on.the photoconductive |ayer, and the polarity of thes
triboelectric cihSe Fﬁﬁh&@@a%ﬁvFﬂg §EF§gﬂdsT%EE%f”Q?ﬁﬁﬁ¥H %41 4°to achieve
a screen assenbli;oﬁndejlié calt tix IREt. dEbési pedcedovis called One .

erbodi ment " of 2 DENEledevEl AN RGCARDAT BhUS1 LI ANR L Ydy HBp.1 40 WD
respect to Fig. 4 ]i‘ e developing apparat us b con&nl ses a devel opi ng
chanber 202 haviprrpwidsst amtéed sgxges 48p-enft HertEnR&ipports 203 are

stsuctured to pegfdeSiiffithal! @Wel Be?ebhenaRY: ceds panel support 204,
havi ng an openi ng 205, t her et hrough which i s, sl |}? t %/ sma) | er, in di nensions
than the CRT facd§isRiPeshBiove Gami Of MeAifppdrPEdrE RIS R9%kes the top

end of the develgperpolEiepand theppbatrgdOprosigedfied athey formed of an

i nsul ative plastic materjal,, such as plexiglas nd,_ ha out si de

di mensi on gr eat e‘?h‘?t}f’acf?”tdr’r%ﬁtlé'fet é’eirn?ﬁﬁa#ﬁﬁgpg}%’é\l/\%lflée;Z of the
devel opi ng chanberilRfl edticic eliagges ibgumednonheheoscoeesupports 203 and
ti‘g panel supporg, 20 u@‘gﬁ q's, 2% h%h@ﬁ@éeéabéi‘eé&cé g and has a
di ag bou 0

onal di mensi on ab q{eatér than that of the panel 12.” A plurality
of baffles 207 akdentekapleda &hate deisgEiRPA 2BBVefor a purpose descri bed

hereinafter. The panel SuppesteS¥dimewidss a2 novedudtiveeopling cont act
spring 208 which biases a conyentignal_,stud,(not shown) enbedded in the
panel sidewal | Z%PpaYﬁﬁﬁsrkﬁegﬁﬂ¥WI%? Eﬁgéowﬂﬁgsk aiF%i e?ﬁﬁpﬁgﬂ%l during

operation of ther{dRT,4achedestelicpiconrpphedtis 20@ compluiseseal ayer of the

pT%toreceptor (aéggé éging chamber 202 having a bottom end and a
top-end. Bottom supports 203 are structured to
permit some air flow into the developer. A panel
support 204, having an opening 205 therethrough
which is slightly smaller in dimensions than the

20 CRT faceplate panel 12 which is supported thereon,
closes the top end of the developer. The panel
support 204 is preferably formed of an insulative
plastic material, such as plexiglas, and has an
outside dimension greater than that of the

25 - insulating sidewalls 206 of the developing chamber
202 which extends between the bottom supports 203
and the panel support 204. The chamber 202 is
preferably rectangular and has a diagonal dimension
apbout 25% greater than that of the panel 12. A

30 plurality of baffles 207 are secured to the
sidewall 206, for a purpose described hereinafter.
The panel support 204 includes a conductive stud
contact spring 208 which biases a conventional stud
(not shown) embedded in the panel sidewall 20, that

35 . retains the shadow mask within the panel during
operaﬁion of the CRT, and which is connected to the
conductive layer of the photoreceptor (also not

- 8 - . [
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9 shown). A conductive contact patch (not shown), which - facilitates the

_interconnection of the conductive |ayer of the photorng t gk agg the stud,
IS described in U S. Pat. No. 5,151,337, issued to WetZz&l ef'al on Sept .

29, 1992. The stud contact spring 208 is, in turn, connected to a groundi ng

capaci tor 210, W@h@hnﬁ$V6A08§nau&9l$@9@bﬂﬁé&E” dﬂEhW(ddQ tpewalhar ge of the
trlboelectrlcaII§P ggrgasﬁggga hor artlcles eposited on_the "at ent | mage

formed on the ph %?e? l??ﬁf?ﬂﬂﬁ S tPfhe vol t age
devel oped on thecoagactive 2dPer sofinthé¢ osiest duecuptaireaindontiecstady that is

i e vo) e dB BaLLEingd lun 1 1 B2 DNEOY 35t QR devel oprent
when this voltagé reaches a predetern ned val ug thdt cdrresponds to the

redui r ed phosphoWethrékabsal. Pen ofep. e2%h Wl offttentstaycicoptakes vol t age
on the capacitor s %@nFSZdBSEQarQﬁdtﬁfhgréM%éﬂHd)l{:@ £ YUAGEngl6, by the

action of the control vol tage source 218 is connected to a
grid 220 to cont FBP3FRECE| &LPr i ¥RiCR| deYolaR® & ivAltiaSe of the | atent image

formed on the php&epeﬂduehayetbayné Ehsras egt(ﬁhékmelnterlor surface of the
CRT panel 12.. W he ric field,n the vicinity of
the | atent |nageE56598& t?é?@éﬁytépiﬁﬂ% dgé RAeT, HarE iy ethe space charge
i d @he phosphor depbsibeati on tinel byt edmar ey afidrmede orc elhleect ed on t he

i nsul ating side op tion are
described in U g@hé§088R%QSEEg§”P§g%r |ssuedq¥a§%g%%% etiél %%% Mar. 3,
1992. The grid 2¥91t398i develapedout tivx\caparitar 210 d@mmopélariedy as t hat
of the triboel echyi gal byecehanees: ierimle bel nbiRRAYd €& ian the

devel opi ng apparatus 200. A separ at e devel oper |s reqU|red for
each contrcller 214, which is programmed to stop the
15 - development when this voltage reaches a

predetermined value that corresponds to the
required phosphor thickness. Prior to each
development cycle, the voltage on the capacitor 210
is discharged to ground through contacts 216, by

20 the action of the controller 214. A high voltage
source 218 is connected to a grid 220 to control
the electric field in the vicinity of the latent
image formed on the photoconductive layer dispoésed
on the interior surface of the CRT panel 12.

25 Without the grid 220, the electric field in the
vicinity of the latent image could be raised to an
excessive value by the space charge in the phosphor
distribution and by charged particles collected on
the insulating sidewalls of the chamber. The grid

30 220 and its operation are described in U.S. Pat.
No. 5,093,217, issued to Datta et al. on Mar. 3,
1992. The grid 220 is biased at about 3kV and has
the same polarity as that of the triboelectrically-
charged material being deposited in the developing

35 apparatus 200. .

A separate developer is required for each
of the three color emissive phosphors, to prevent

- 9 - —_—
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of the three color em ssive phosphors, to prevent

10 cross contam nation which would occur if a single hosphor devel oper
were utjlized 'and different col or emtting materials #ég BAr 648 common
chanber. Accordingly, in the EPS rranuf acturing pr ocess, three phosphor
devel opers, each with its own materi reser cg 222,. are required. In

addition, if th&RESH| ?nFémFBFﬁéanthfﬁ% e A I @& SiRSfer devel oper
for the matri x mphioaphalr deveéqperederihetibszﬁdunnd:nmfﬁenﬂnudes a feeder

e oty " SIS AR 3n5URRL YL 0] YeROMIES ol RUARAT naflfedy.i al 226

Preferably, the P os hor re surface tre W th a suitable
pol yneric mater |Pa:|c0tr@l1@aﬁwr, ofint hhet EP§omprefacturing Rradffisact eri stics

thereof, as deS(i:erQ‘aedph@)sthr Hale1DBers; Od2cH Swith siue b Datta et al. on
April 30, 1991. During_.the devel oping operation, the phos hor particles of

the col or enittMA§eFHddpKEEeEEPAG 83 os?F%dr%%‘E’or?q'ne | IR &A% are
tranSporttzagof rﬁmﬁ kel @RE@AxhaBPELrAEd bY ahyemusnhr%rmmeh ryex28 bydrreans of
an auger aving a stirrer wn)_attached t et o, ‘extending
vertically throfj¥ t?’ﬁé F@@&é?pﬁ%p88f p’ﬁ\ r%?gpﬁs’%ftﬁlf%s ¥he auger in
respoEsg Eo ?hcmammteghénemhreedebyrvbérgammetb\udéz&zlaltfﬁmiem| rrelr < th
ached to the aggls p evel s e
S&gsphor partlcﬂéﬁngﬁl% % ?%18?2 §B€§ﬁ% p%r QQﬁfgﬁo€§%t$1# e quantity of
phosphor parti clRsphesi ngteadslt Ré6ven E?feéhﬁhherth%\m%sﬂm are mi xed

with a suitabl e gantdiles %frealsﬁrfztae acbHabionioh 4 heupddbsaipply is
acconpl i shed byl§§$nln a val i33 contro controller 214. The

e
ait pressure is BP§§§&P F898P3F5?£2§§¢ tﬁ%&ﬁ%ﬁﬁ?SF 1% he phosphor
particles are motmi:ge’ltdhatrh@télrﬁ.sstlbeaﬂheteefr ahe désabihed lito 10

g‘§1nute. U.S. Pat. No. 5,012,155, issued to Datta et al. on
April 30, 1991. During the developing operation,

the phosphor particles of the color emitting
phosphor being deposited onto the latent image are
transported from the feeder hopper 224 to a venturi
20 - ‘chamber 228 by means of an auger 230, having a
stirrer (not shown) attached thereto, extending
vertically through ﬁhe feeder hopper. A motor 232
drives the auger in response to a command generated
by the controller 214. The stirrer, attached to
25 the auger, deagglomerates the phosphor particles
and levels the phosphor particles within the feeder
hopper, which controls the quantity of phosphor
particles passing into the venturi chamber, where
, they are mixed with a suitable quantity of air.
30 The actuation of the air supply is accomplished by
' opening'a valve 233 controlled by the controller
214.. The air pressure is set by a pressure
regulator 234. Typically, the phosphor particles
are mixed into the air stream at a rate of about 1
35 to 10 g/minute.
A triboelectric gun assembly 236
comprises at least one gun nozzle 238 and a
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A triboelectric gun assenbly 236 conprises at |east one gun nozzle 238 and
a ' triboelectric charging el enent including avgdgg 240. The gun
nozzle 238 is spaced fromthe panel support 204 and pr% & %i stribution
of triboelectrically positively-charged phosphor particles which are
deposited, and d t d. pho nductive

| ayer of the pho?%?gggl%ggri@-éH%]%ngy%ﬁ§MéH% 1n82uhgﬁg g EQﬁglement

conpri ses the tuB&0240 ’é%t‘é%lwzf#%rﬁi%elsom%deﬁaw‘ﬂ GfP@h%lventurl
chanber 228 to asﬁpgbgltn@gzzlﬁd;wj_tdéylae R4 reuRtied wethin a rotatable

coupl er 246 that _ex [ ou t he bott pports 203.. The rotatable
couBIer 246 is dFFY ﬂeg§CEF}%ﬂ ¥(ﬁ?§ﬁq¥7'%ﬁbf§P'§$§'p%ﬁépEﬂﬁrglng t ube 240 .

i sSmade of -a nat paralicléatwhddh afaxudpdsnvua t ian@ deiwBaepeeheéi ¢ charge to
t he phosphor part] n eret h and comng |ncntact with the
i nterior surface&%ﬁégéogggi’%lpo%rgep%ﬂ ene%%ol O(gﬁff)gﬁig tVGorfhated

si | oxane, pol yf| aérthetpiivecrecesticn ¢, #ﬂﬂabmwmyhohfogldé (PM€) and a

synthetic resin eﬁa»fgﬁﬁg SUEHe RS J&Eﬁﬁ%é&twea@%@rbq@f ekPen&ing. DuPont
Co., WIlmngton, DE), are suitable materials; however, gé@gﬂrﬁog Iene S
n

preferred. A chaf§elmbbhetevtesy %P%@%;Pﬁoéhﬁt ventsgii 6 8on with a
chd) gi ng tube nede af rpeld piepylensupgudty eyl ene Qbumz’@d whenbpogter 250

conprises a sectio f TEFLCN ubi vi.ng a dianeter agout 6. 35M
(0.25in) and a Iéﬂg?ﬁal?)}ea%%‘ﬂﬁ ij.ngg: %’ﬁ%e(‘iisot aogg R}€ Preferably,
t he booster is | botten amppdmets)mq):u.t afhe h@t\aﬁ:abum cohptber 246disot nore

than about 3 met geg, gabgg ajdpoﬂcae@fc% o 1G04 160923148 230n A pandue | ve

coating 252, suc r ovi-ded “on "t hé exFert urface of
t he charging tubéulzﬂfo 40Th% iy EQBIEﬁesfl@rloGMédWlﬂ-é pmpgrtieaa return
pdEﬁ positive triboelectric charge to the phosphor

particles passing therethrough and coming in
contact with the interior surface thereof.
Polypropylene, polyethylene, fluorinated siloxane,
polyfluorinatedmethacrylate, polyvinylchloride
20 (PVC) and a synthetic resin polymer, such as TEFLON
{a trademark of the E. I. DuPont Co., Wilmington,
DE), are suitable materials; however, polypropylene
is preferred. A charge booster 250 also mayebe'
utilized in conjunction with a chafging tube made
25 of polypropylene, polyethylene or PVC. The booster
250 comprises a section of TEFLON tubing having a
diameter of about 6.35mm (0.25in) and a length of
about 25.4 to 76.2mm (1.0 to 3.0in). Preferably,
the booster is chatéd at the output of the venturi
30 chamber and not more than about 3 meters (about 10
feet) from the nozzle 238. A conductive coating
252, such as graphite paint, is provided on the
exterior surface of the charging tube 240. The
coating 252 is grounded, to provide a return path
35 for the small current replacing the charge
withdrawn by the phosphor.
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for the small current repT aci ng the charge w thdrawn by the phosphor.

12 ' An exhaust port 254 extends through the pgigdeuglds 206 of the
devel opi.ng chanber 202 and into the vol unme between spaced apart | ayers of
the baffles 207, to renove excess phosphor material that is not deposited
onto the latent image on thg éxMAUdOnp &lﬁfmee(iftehﬁe tagepyat Ehaanel 12.
The exhaust port 4 i te e.bottomof t cha 202 and
within the baffl%%g?mﬁr ?@?&/fgr#‘%%&l SRERI ﬁgéﬁﬁﬁeg&é l’g’ﬂlaust
from di sturbing the w@tum&ubetkeﬁn|dmmnednaparthéayecsnofytbé t he panel. The
| ocation of the t | b SQcEP es that it
does not conpet eﬁé\ﬁ??ﬁé% ?&fat%oﬁ:&etmn%e%f&ggs EBEE Eﬁ Qtr:rgt%ﬁal An
exPaust punp (noth%homm)n¢%ﬁﬁﬁRﬁﬁnﬂﬁ§-éWG@s§h§hé§EﬁB HBRES i @P ¥R®m t he

chanber 202. 1nter10¥vﬁﬁﬁ¥ége|d¥*ﬂhep@%c@@ﬂaﬂ@zéhﬁe2352|S Tieglui red for
the triboelectric un asse b%i1236 two nozzl es a a{g‘ﬁ b bout 1 7nm(5| n)
e

apart and |ying % %Pi?éﬂ%x%. f 157 @annEed, Forarsnt QEE?me% ei.e., the
| oner edge, of tHRepeh&nbd? 202 griefwdtide the badfllesn26Vgto5, the nozzles
238 are secured 10 0Oppos ds of tak b ul 2 which is
attached to the Pﬁﬁvgﬁﬁ %‘fe?lﬁ?g Y ch?;iz e%ségp ? ?g 2 5{1114 Pl('j‘i)zlmfeeds
pﬂdkphor'natgriaalsburhbngozméeghosphﬂnﬂdﬂ@tylbuhQOOUiputhspray of each of
The nozzl es s dosgehotlaby Ahenalier! ahauncdkebr] obr o baniad: 2

~extension of the € nore co ete coverage of the entire
| atent imge as Pﬁéta?ﬁﬂzgstl?kﬂ dihes bafflest ﬁéspoﬁﬁﬁt‘ﬁﬂ?nﬁga’éx?-’é of the
devel oper in respgasend® EbEpdtd akitd) thd M tEALOAm348. f$¥ptﬁé| ly, ten
revol uti ons of thg8 gg256 are, required for the devzlogneg cle, and the

air flow, as regh pymeter Hbss it Sk BPTP34R 100 liters
15 removes the excess phosphor material from the
chamber 202.

While at least one.gun nozzle 238 is
~required for the triboelectric gun assembly 236,
. two nozzles spaced about 127mm (Sin) apart and |
20 lying in a plane about 178mm (7in) below the seal
' edge i.e., the lower edge, of the panel 12 are
preferred. As shown in Fig. 5, the nozzles 238 are
secured to opposite ends of a rotatable tubular arm
256, which is attached to the top end of the rigid
25 nozzle support tube 244 and feeds phosphor material
to the nozzles. Preferably, the output spray of
each of the nozzles is directed at an angle of
about 60° from the radial extension of the arm 256,
to provide more complete coverage of the entire
30 latent image as the arm 256 rotates about the
longitudinal axis of the developer in response to
the rotation drive motor 248. Typically, ten
revolutions of the arm 256 are required for the
development cycle, and the air flow, as regulated
35 by the pressure regulator 234, is about 100 liters
per minute.
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per mnute. . 13 To further

assi st in the deaggl oneration of the phosphor partlcl %Héﬂlng t rough
258 and -a sieve 260 having openings appropriate to th he phosphor
particles, e.g., 100 nesh, nay be provided, as shown in Flg. 6, between the

feeder hopper 224 and the ’I‘Snﬁﬁ'{'}éh{ aég){istz%.% the deaggloﬁqugﬁgﬂper for

depositing matrix material on 't
above- descr.i bed phoSPRPRITRAIDRATL IgdwEver, VbéEéHéégthéoﬁﬁbr2§8screen

Ztru?:ture mat eri ghdi & Hé‘b@?éwthﬁaﬁai % agat;s\ésb%srsﬁaweé w{%ﬁéretct |
evel opnment onto_a tively c e conductive e materia
corrpos:ot ion of tfd% Jr=g|"'rlf‘|‘°g I%/rtﬁ?eoq’r?%stpaﬁé &SFPersn? frﬁhﬁtﬂﬁé%t'&ﬂ al's
dedcri bed above. bé’oppomi/ddt, as egaiwry dnt Fiigoelbecbeteeehatlie feedére matri x
material, the chﬁg,g%gg sabe, 241 Y eGQ L %ﬁaﬂXEQ%ZBOI yur et hane,

pIeX|gIas epoxy f ani nosi T oxane, bor 0si1rcat8-grass and ot her
materials with a positive brﬁgﬁélQnﬂ#|ﬁ9qxﬂ3nﬂﬁxﬂlngnyhﬁm15elng preferred.

The exterior surhacerpdltdie hargiviht lmﬁgal §9 b%mEQQEeﬁloV‘tﬁQ conductive
pai nt, such as gr ghlte as, descri bed above. A second enbodi ment

of the novel devaPSPETIEsEhRed RhQSPhoroAEVEACREE: howeHerdevel opi ng
arlfihr St us I300 Id nbégalese athé I‘!ﬁaﬁ:l’r.*:.g{ s(&*égg}o'BItEch@ﬁQﬁbﬂétﬁggﬁlV\bs ChI I 3 .
cylindrical an met er, .about o l,arger t t he .di agonal di nension
of the panel 12. Qﬁﬁ% %ﬂ%ﬁ%ﬁﬁc |Q99ﬂ g&YagESnggnE°5ydé %8ﬁduct|ve
bot t om support 306ve¢mpmenthanuihemoedﬁlbyla paaegedupport 304 nade of
sui tabl e i nsul at X| a nipg 305
t her et hr ough Mhl% 'S s?ﬁﬁéﬂﬁVéH#%}ﬁ b% gghgﬁgag ¥b@%o§9¥ﬁ8§ facepl ate
panel 12 which i%&h %uEEEﬁQ%RHtWRQQaﬂﬂstAbe different from the

15 materials described above. To provide a negative

triboelectric charge to the matrix material, the
charging tube 240 may comprise nyldn, polyurethane,
plexiglas, epoxy resin, aminosiloxane, borosilicate
glass and other materials with a positive

20 triboelectric potential, nylon being preferred.

The exterior surface of the charging tube also is
coated with conductive paint, such as graphite, as
described above. '

A second embodiment of the novel _

25 . developing apparatus is shown in Fig. 7. The
developing apparatus 300 includes an interior
developing chamber 302, which is cylindrical and
has a diameter about 50% larger than the diagonal
dimension of the panel 12. The chamber 302 is

30 closed at one end by a conductive bottom support
303 and at the other end by a panel support 304
made of suitable insulatin§ material, such as
plexiglas, having an opening 305 therethrough which

-is slightly smaller in dimensions than the CRT

35 faceplate panel 12 which is supported thereon. A
conducting sidewall 306 extends from the bottom 303
to a plane A-A adjacent to the panel support 304

- 13 - —
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conducti ng sidewal | 306 extends from the bottom 303 to a pl ane A- A adj acent

to the panel support 304 and attracts exce p%gnggr out of the
powder cloud; preventing a buildup of space charge w |n the chanmber or of
a high electrostatlc potential on the chanber wall. Under these conditions,
(L 0s not Necessd ded atlsldgcdsg! blobBfibRdoditos NI Iguddy the panel 12,
to control the e ectrlc field in th VICInIt¥ panel surface. An
exterior chanberc& oSEEVeERs 1pat Foﬁ‘r’ééguﬁnﬂ s‘T’%‘%\%I‘F as’f%e MR i nterior

chanber. The extiaid WhabRFOT bmchueleghaeﬁédemé&atsﬁa pédert ad esrds from an
outer bottom support ?%qg)to ﬁgg d ugﬁort 304 {“‘?ﬂ% 3.’1%1 n%ocated at
the top perlpheB};}1 chambed, ¥3ddr aHBBEt GBERS t R hr 271 o er and the
exderior chanbeuunpm@mekaany p@thnb@udenavergdcéselsgr@hﬂlzn&qniqne

material that %Tf;%redga%‘?@%t 99,08 o ESni:%?”Ehé”?ﬂé’

phot oconducti ve e iNterior surface o %{P¥acep ate panel 12 or
col | ected on th&hehatisdmidiviefatthespenel purfase supporexBEBiomhe | ocation

of the exhaust gafumblel %tnélfb%etsoanaebbehsﬁysoﬁ Lhe shadherl RdR s@uses

screen structure material, to be drawn outward toward the corners of the
panel 12, thereB?“?ﬁEF%ﬁ@Fﬁchﬁ§b6§n5|F?eo?xFﬁﬁlﬂEpGE?Tb?ﬁ the corners and
ehPanci ng screemnﬁmdcmsnat md@wae&haost wRich 8k¥ends cormecirechitters punp

(not shown) mhl S EIpves ess I fro

An el ectri cal ? t9n 9§%ﬁ§ﬁ§ t Ong ngé%c$u€%% ?Q?respé%%pto t he

first enbodinent3lhﬁ knaanawb@ttathMDacperhpheDndGCtth% chambewy (not shown)

Of Lne phot of Scepi eyl Y UalteRd FP8RERbSr SEAGTBAL CokLyr Shoun as an
omever thisis

el ectroneter 312 mer el K ustrative of a neans for
det er i ni ng t he GHARRRT OPIVACGGS RFaPathakodEpBeVe c8X6RSE heCERRRI . and

15 structure material that is not deposited on the
' - latent image formed on the photoconductive layer on
the interior surface of the faceplate panel 12 or
collected on the chamber sidewall 306 or bottom
‘support 303. The location of the exhaust gap 311
20 at the top periphery of the chamber 302 causes
screen structure material to be drawn outward
toward the corners of the panel 12, thereby
increasing the density of the deposit in the
corners and enhancing screen uniformity. An
25 exhaust port 354 is connected to a pump (not shown)
which removes the excess material from the chamber.
_ An electrical contact 308, similar to
- that described with respect to the first
embodiment, is provided to contact the conductive
30 coating (not shown) of the photoreceptor. The
monitoring means is schematically shown as an
electrometer 312; however, this is merely
illustrative of a means for determining the amount
of charge material deposited on the panel, and
35 monitoring means including a controller, similar to
controller 214 and its control circuitry, may be
used. The developing apparatus 300 differs from

- 14 -
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nmoni toring nmeans including a controller,. simlar to controller 214 and its
control circuitry, may be used. The devel opi ng apparatus 300 differs from
15 the apparatus 200 in that the second embodi ment i i >
triboelectric gun 336 made of suitable material to directly provide a
triboelectric charge on the teri,al s passing between an. exterior surface

337 of the gun amf ARRAFGIHT A% é&‘a&ef:hgc??ﬁan 0P RIFT™ The particles
are charged by chmthedésnoa dititerel@ctidichgoh 886 madecofipswiralklg37 and 339,

whi ch ey be Torgeek 0fa POy REGRLARE o ROLYE! BV L EBoe POLY XL AVLEAESE T de.

fluorinated siloxang, pol ytluorin Inet hacryl ate an F , to provide a
posi tive charge o» the paopihs Raasindedetyeens aRyEEREL BBF yur et hane,

pl §xi gl as, epoxysi£phde afish RoF a3id il Andl 8Stent PaRlpVideatedegat i ve charge
to matrix particles. Inasmuch as the triboel ectr,lg C arglrg of rEhe Screen
eSS

structure materi8¢E1eceing %@ 13390 The BART3S6eSt AR need for an
external chargi ngytebgtadtithdg hei tidpuir eoth242 ehet henveanponectanber,

d i bed with t .t i g.. A4 f ' t ' | t |
330 The gun 336357 £h8 TAbUIH o b0 s TOTEpPD BobuRgcRY emer 11"
Lri boel ecgzilc_ gmo%@%g¥e@%@ljﬁnmlphhmi€h$§z1zasgnaF;§;£f ro: a: i on f
§3 i ngs 'S Q%?Xﬁ BFo Mﬁl ¥R hactyY1ate LAG! TEFBOR, rOtation o
and fhe panel 1 th 80

the entire suppor 1, rough at least 1 err].
Alternatively, the papeideupmeiitor mhpandendiontieaPPBABRRYT in which case

the tribo?'eCFri§a995c§§§'i@rr6¥Eﬁ§¥5ﬁ¥“§81ﬁdf&th@ﬁ§btpdéﬂ&blaxiS to provide
-ynlfornldlstrlbueéggyoie;bg ggﬁeﬁgkégffggg#éegqgggtl%Espggvggg Latent char ge
I mage. ,
negative charge to matrix particles. Inasmuch as
15 the triboelectric charging of the screen structure
| materials occurs directly in the gun 336, there is
no need for an external charging tube, and the
output end 242 of the venturi chamber, described
' with respect to Fig. 4, may be fed directly into
20 the input line 340. The gun 336 or the input line
340 is suitably grounded. The triboelect:ic gun
336 may be stationary, in which case a set of
rotation bearings 341 is provided on the panel
support 304 to facilitate rotation of the entire
25 . support and the panel 12 through at least 180°.
. Alternatively, the panel support 304 may remain
stationafy, in which case the triboelectric gun 336
is rotated about its longitudinal axis to provide
uniform distribution of the screen structure
30 materials on the latent charge image.
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16 | CLAINB mwmm:. An apparatus for devel opin
W th suitably triboelectricall tructypg gatespal, an 5
el ectrostatic |atent image forﬂmunmﬂmmmlmmgpt or which i1s di sposed o}

an interior surface of an out put* windéw bf % di spl ay device, characterized

by a devel opi ng chanmber (202, 33AIMsavi ng a support surface
(204 304) for supporting said qutput w ndow screen

structure material reservdir (@?2?996F3§P8rfgﬁ Aﬁ%%b@?bﬁ%YéY%?R}aand f eedi ng
said screen’ Str&ﬂhuablyateﬁbaélééQﬁicaE&&Fcharged scredn istaelctalrei C gun

asserbl y (235, 3361 SOUIUNLEALE 00 W LD SAL AL LESHT Rldoe SR MIN agoerDl y

havi ng tri boel eCtric g ar g sire harge polarity
td said screen thuourspeptrarewhach sau@m@s%mw imbenigrat | east one

mat erial di sper %luwa%ae% 6838uB3N PRGSH df AN BRI SMRRAYIcesUr face for
di stributing.said charged screen structure material for dep05|t|on onto

said | atent ,naggaracterlzed by2  An apparatus for devel opi'ng, with
suitably triboel ectrical |l \ clealegopingr ;thamséer €202 SBOREMm&tingtar e

material, an electrostatic_|late phot o pt or WhIChIS
di sposed on an |SHP8|°%1 sEﬁFFSEng?‘;gg&@ce ‘P’étseuFffaor%lriﬂ‘ fldc?T
ch@racterized byutput windoa d2gg} opi ng chanber (202, 302) having an

i nsul ati ve support surfac%&@%géegogkrggEu§ RQEEk?Ql @é%iéﬁgfglate panel

(12), a screen ructure mater a reservolr r storing,
deaggl oner at i ng @2&)f fedi s§orhadsceeaagbeneratuing madkriggdimgperid and

a triboel ectric JyiaedsserRbYutd3RaBeblan {4y saigh chaber, communicating
with said " a triboelectric gun assembly (236,336)
15 . 'communicating with said reservoir, said gun
assembly having triboelectric charging means for
imparting a desired charge polarity to said screen
structure material, said gun assembly having at
least one material dispersing means (238,339)
20 spaced from said support surface for distributing
said charged screen structure material for

deposition onto said latent image.

2. An appafatus for developing, with
25 suitably triboelecﬁrically—charged, dry-powdered,
screen structure material, an electrostatic latent
image.formed on a photoieceptor which is disposed
on an interior surface of a faceplate panel of a
CRT, characterized by '
30 a developing chamber (202,302) having an
insulative support surface (204,304) for supporting
said faceplate panel (12),
a screen structure material reservoir
(222) for storing, deagglomerating and feeding the
35 screen structure material (226), and
a triboelectric gun assembly (236,336)
within said chamber, communicating with said

"',16"
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reservoir and having triboelectric charging neans for inparting a desired

charge polarity to said scr ] erial, saig;g gggenbly having
at | east one‘nozzle (238, 33$ﬂmﬁmm”mmIJa| d support Asgrgf ace, for

di stributing said charged screeh strdttdre*material for deposition onto

said | atent |inmageservoir and ha%ing tRELEOPSEEE LS @fallfSy imMRGs N claim 2,
further characteri zed b¥ an e%egtrLcal cont act 08d30§%>%gfsald support
act

surface (204, 304PTwAERTESRE S8AFR9 AR EF R RPIF LY id 4 The
appar at us- as descrielead struckairm faténtabpersahdrqot exs sesb lyy hariinigor | ng

~means (212, 312) _¢o Lcat.i.n ' } tr] t..(:208,308) to
measure the arml?(r%t T%%gghgbbeggg%%g g%gﬁlgégf' pér#%é%%%}tﬁtsgrﬁ%oi mage by said
chrged screen SUPROrtr sumiieee afor2g@bytributing said sthargmee apparat us as

described in cl ackedn kUkbiehreNARBEL AL ZEGr e Sd 18 113 IdHE RN (214),
responsi ve to said nonitoring neans (212,312), for term nating the

deposi tion of sdPtOhart§édescreen structure material (226) at a
predet erm ned charge corresponding to a desired thickness of said nmaterial.

6. The apparatus as descyibed.in claim?2, further characterjzed by a
cabi net (203, 206, 303, 306) C3(r-:fncl gr&enﬁpﬁﬁaﬁu&eaﬁn&eﬁ‘éff Aot st Bevel opi ng
dnnber (202, 302),, furéheospchheacvérbeedgont ah esbéctpairddlaldoptalatsed by sai d

insulative (208,308) on said support surface (204,304) which
contacts said photoreceptor.

4. The apparatus as described in claim
15 3, further characterized by monitoring means
(212,312) communicating with said electrical
contact (208,308) to measure the amount of charge
being deposited onto said latent image by said
charged screen structure material (226).
20 |
5. The apparatus as described in claim
4, further characterized by terminating means
(214), responsive to said monitoring means
(212,312), for terminating the deposition of said
25 charged screen structure material (226) at a
predetermined Charge corresponding to a desired

thickness of said material.

6.' The apparatus as described in claim
30 2, further characterized by a cabinet :
(203,206,303,306) enclosing the side and bottom of
said developing chamber (202,302), the top thereof
being at least partially closed by said insulative

support surface (204,304).
35 | |
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support.surface (204, 304). The apparatus as

descritbed in claim 6: char actH"IH#ﬂl""l,Uﬂﬂ(,M| d cabi nrta (89)%406) is nade

of an insulating material. apparatus as described in
claim6, characterized in that said cabinet (303,306) is made of a
conductive material, is cyli.ndrTbal hppashapsdeaniedasikediiametleimabout 50%

|arger than the gi agﬁg,@gcgég%a ofh AlnA2idh {pcaplate R209) 2682 1s

9. The apparatus as descri In clam8§, aracterized at said

cabi net (303, 3067‘a¢GrPﬁe¢n|m$1ﬂ:H%rslftS<Hmrlﬁéans (354) to renpve excess

screen structure material (226) not deposited onto said | atent inmage.
The apparatus as descrlbed

claim?2, furth ch terized by a grid
(2250) |l ocated in proxinmity®to SQRG PHPEF?B?SS%'?f eég f‘é@é‘ﬂ\ ate panel
(12) to control ®Bheckhheattéecited! th fultes tdedid a:‘abliheit:erGS 306) is 11.

The apparatus as cribed j i charact er.i h aid screen
structure reservlglgrsg 552§ ?#é?é%é%ﬁgz%aterléa % % E Qil§224) for
storing said scrébﬁpsdr@c@uhesnmt%#&mﬂtQEEKQQUt 50% largeanthggeth¢230)

attached to a NMOlQRgERA2) difdilsion of saléiféﬂgﬂﬁékecgaﬂgﬁr(12?8) for m xing
Saidj material with alr andtransportlngthe m Xture (o |
9. The apparatus as described in claim
8, characterizéd in that said cabinet (303,306)
further includes exhaust means (354) to remove
excess sCreen structure material (226) not
15 deposited onto said latent image.

10. The apparatus as described in claim
2, further characterized by a grid (220) located in
proximity to said interior surface of said
20 faceplate panel (12) to control the electric field
from the latent image.

11. The apparatus as described in claim
2, characterized in that said screen structure
25 : reservoir (222) includes
' a feeder hopper (224) for storing said
screen structure material (226),
an auger (230) attached to a motor (232),
and
30 - a venturi chamber (228) for mixing said
material with air and transporting the mixture to
said triboelectric gun assembly (236,336).

12. The apparatus as described in claim
35 11, further characterized by a vibrating trough
(258) and a sieve (260) disposed between said
feeder hopper (224) and said venturi chamber (228)

-— 1 8 - - - - --_Z'___.'__
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sai d tr| boel ectric gun assenbly (236 : The ‘apparatus as
descri‘bed in claim 11, further HI mllﬂﬁ& Hma Vi br%% g gh (258)
and a si-eve ('260) di sposed bet opper 5}) sai d .
venturi chanber (228) to further

deaggl omer at & saigl ¢hltldAlaceg@ibr@ideL! 090K SAI £ TP A4 Alnd O Sald
%E appar at us as d]éS

venturi chanber |n claim 2,
characteri zed i iFXaRRPA Sadd Basesdati °cﬁaiélﬁgn¢r‘e’ah§h¢@%es a chargl ng
t ube (240). 14. The apparatus as described in claim 13,

characterized in that sai I ng tube I s selected fr m_the gr oup
of materials consisting orglaf) y'%f %ﬂ %ol?e Fér’rg in' cf
p05yqu0r|natedﬁ%ﬂruhaqdaﬂaxlzbhudnlnhaedsaiaoxﬁﬁbcepméwwimyIchIorlde and
TEFLON, to provi fel I 0_S

15. The appar at u%%% 8‘%2 %‘%dg:ﬂ%lgﬁeg 1§hgf€?§ﬁ afég(% Yeri zed by a

triboelectric charge booster (250) utilized in conj unction wth said

charging tube (240). 14, Thé%ppamu%oeer eegeraseeleaﬁr e?sﬂm' n claim
15, characterized in _that sai,d charge booster (250) conprises section of
TEFLON t ubi ng. 13, characterized in that said charglng tube (240)

10 is selected from the group of materials consisting
of polypropylene, polyethylene,
polyfluorinatedmethacrylate, fluorinated siloxane,
polyvinylchloride and TEFLON, to provide a positive
charge to said material (226).

15

15. The apparatus as described in claim
13, further. characterized by a triboelectric charge
booster (250) utilized in conjunction with said
charging tube (240).

20

16. The apparatus'as described in claim
15, characterized in that said charge booster (250)
comprises a section of TEFLON tubing.

25 N . 17. The apparatus as described in claim
13, characterized in that said charging tube (240)
is selected from the group of materials consisting
of nylon, polyurethane, plexiglas, epoxy resin,
aminosiloxane, and borosilicate glass to provide a

30 negative charge to said material. ' '

18. The apparatus as described in claim
2, further characterized by means (248,341) for
. providing relative movement between said panel (12)
35 and said triboelectric gun assembly (236,336).

- 19 - T
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17. The apparat us as described in cI aim 13 characterized in that said

chargi'ng tube (240) is selected unnm nntl f mat eeiaals, gQgsi sting of
nyl on, pol yurethane, plexiglas, Iﬂ Il ﬂw Emn05| | oxane, "and
borosilicate glass to provide a fieghtive "chdrgé to said material .

18. The apparatus as descrished The @lp@laﬂ‘)a%usf ekt aeecehaéacmwz&ﬁnby nmeans

(248, 341) for pryvi dl latiy move ween nel_ (12), and said
triboelectric gu ag@%g ge{ééﬁ 3§%) sal nozzle {£é§3 g
appar at us as des:(xmbl@@delcnr@bagwn18$sem1almc(%36)zeobtwtetdqetto sai d nozzl e (238)

of said triboel Qﬁtsrt'rﬁbgn‘d@ @5§8”§E¥e%33@r£9€@§§%§&ﬂﬁt rijygye said screen
structure material (226) onto sald [atent 1| nage 20. The :
ﬁ%aratus as deSti%&diph etk imageharacteri zed in that said gun assenbl y

(236) includes two nozzles (238) attached to a rot ati ng tube (244) oriented

about a central axis nor he surface of s Ea,g {ﬁe sai d
material (226) is ejected ron1 FPRGFZES PR eag S?I§nr% :
direction. 19, charattetheedpparchats saasmﬂegmr |dnsiamblpl(a3re)20

characterized i tc'l?:tdeﬁakqlanﬂfaﬂﬁés 3’?@) aé@tas apart t%&d t he materi al

(226) is ejecte o a ra an ang of SBodt® élrgr] fromthe
rb@i al directiotube (244) OrleagedThboupp@r@&m&ra&;aX¥§nndnmah reocl ai m

‘the surface of said panel, whereby said material
(226) is ejected from said nozzles in a generally
radial direction.

15 21. The apparatus as described in claim
20, characterized in that said nozzles (238) are
spaced apart and the material (226) is ejected into
a radial plane at an angle of about 60° from the
radial direction.

20

22. The apparatus as described in claim
20, further characterized.by a rotatable couple
(246) disposed between said rotating tube (244) and
said charging tube (240).
25
23. The apparatus as described ip claim
18, characterized in that said insulative support
surface (304) is rotatable relative to said
triboelectric gun assembly (336).
30 .
~24. The apparatus as described in claim
14, characterized in that the exterior surface of .
said charging tube (240) includes a conductive
coating (252) which is grounded.
35
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20, further char act eri zed by a rotat abI e coupl e (246) disposed between said

rotating tube (244) and said m m ﬂ 3. The
apparatus as‘described in cl alcl ”’Milm " mg din that Sssdleé'%l nsul ati ve

support surface (304) is rotatabl € rélalive to said triboelectric gun

asserbl y (336). 25, 2mdipnnnaral us assdesseibed blaghalm 14

characterized in_that the exterior surface of said rgi ng (240)
i ncl udes a condutli V&AL 280 48) thAFcRaid E)?Bﬁ%l"eﬁ"e Coatlng .

21 25(29he eppariaidss aagrdendtiebpdihe. cl aim 24, characterized in
that said conductive coating (252) .conprises a graphite pai nt.
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