; e3ec™_<aFd&6ZcTc_j E AN EMBEDDED LI GHT SHI ELD SCHEME FOR M CRO DI SPLAY
BACKPLANE FABRI CATION 5 FI ELD OF THE | NVENTI ON The presﬂﬂwwwmﬂ““
invention relates to the field of display device technoll@gi

particularly, the present clainmed invention relates to a 10 «wspl ay devi ce
formati on net hod and apparatus for reducing anbient |ight penetration into
a di splay device. BACKGROUND ART Liquid crystal display devices (LCDs) are
wel | known in the arAN EMBBDREDIIdGRT SHIE D GCHPEMIS ROR t he finest panel
di spl ays whi ch of f eMIQROpDISPLAY BACKITIANEORABRIGATROS f uncti onal

i ntegr@ation. Cormon to many m crodi splay concepts is the use of CMOS

(compl enentary netal oxide silicon) backplane upon which a |ight nodul ating
| ayer is placed. Typically in mcrodisplays, the topnost |evel fabricated
on the boftibBmIPOISHE: 4tV di i nes referred to as the "backpl ane") is an

! atvau {0
array of netal ﬂg}: xel's which are coupled to underelnéi ng transistors. A |ayer
of liquid crystlhie prgsent elaimed dnyenfsen relases thheneldl ofdigplay degice
selectively controlling the upnderlying transjstors, an electric field can
be gener at@dhnploghe Mgreaarsicupanly the Rrasent ghaimed) igyeptignsyedatgs tp@ ¢ ur n,

causes.the.liquid crystal material . f 25 to selectively.allow for .t

Cr aneld sofpIay derviiel R Matiinmsiad aPa SPRIGENS fo% Het iR aybiett UghE: o | ed
to produce an,.i €. r i.crodi splay based on liquid crystal on silicon
(LOOS) te@ﬁ%?r 313% ’trﬁg%b%%gipgya‘%%wf% subj ected to strong incident light in
order to project a produced inmage onto a focal plane. ct.
Unfortunately, subjecting a LCOS mcrodisplay to strong incident |ight can

have del etgf{tRUSROVISBINRNCES. Specifically, such strong incident |ight
poses a potenirla reat to device operation due to photoel ectron

gener ation and [ijghRY é8/sedicdisplblyadevites (ICDONEreCOBN itiovanah tHe apt.als 5

i ncident light can penetrate through*the upper portion of the backpl ane and
af f ecti5t hgapplenkin, amiceddisples| arentheafihéstepatalidigslay$hukichaoffeelbvwexi sts for
a display device formati on nethod and apparatus whi ch reduces the

penet r at i gowar, high desdlutioghand greatehdutCtiaalkiptegwatich. Common to

many microdisplay concepts is the use of CMOS (complementary metal
oxide silicon) backplane upon which a light modulating layer is placed.
Typically in microdisplays, the topmost level fabricated on the bottom

20 substrate (sometimes referred to as the "backplane”) is an array of metal
pixels which are coupled to underlying transistors. A layer of liquid crystal
material is disposed over the metal pixels. By selectively controlling the
underlying transistors, an electric field can be generated at the array of
me_ta’ll pixels. This electric field, in turn, causes the liquid crystal material

25 to selectively allow for the transmission of light therethrough. In so doing,
the display is controlled to produce an image. For a microdisplay based on
liquid crystal on silicon (LCOS) technology, the backplane is subjected to

strong incident light in order to project a produced image onto a focal plane.

A
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SUMMARY COF I'NVENTI ON The present invention provides a display device
formation nethod and apparatus which reduces the penetration of incident
light into the backplane. 5 In one enbodi nent, the present invention
recites patterning a second netal layer to forma plurality of second netal
structures. Thefgrtesately cdipeitnenta BCOS meciodespldggosittanyyiranidemt er net al
dielectric |ayer above the plurality of second nmetal structures followed by
cheni callighfctamhesie detetesioushiongeqammes. Stpetficalhy. sucht stgopg dpeident

enbodi ment. deposits a |ight absorbing antireflective coating material (ARC
above t HiglHl ResesiazRetentiod theaad todlevicecanaratipaylile toophadpelegtionght shi el d
fol | oned by another. planarized l.ayer such that transm ssion of incident
|ight tcReeg_tigRAE Wtﬁﬁf%éiew‘%/elr%[@?&ilﬁ»e%l pame éaf}z{%'aﬁlngﬂeilﬁP t enbodi ment

al so .15 .perf{or, the step of fgrmn plurality. of tal pixels ahove the
ant Bor 1BEe0E Tt ar e e i Scirtiod) oD e elGpE ABAYy o
metal pi V. i i between. As a result, the
antiref Iée(fgéc?\;ggco S ?ﬁglqr?g?lgﬁ%a}ﬂgg%ﬁgggegg%%t enbodi ment reduces the
transm ssion of incident |ight through the gap region between the plurality
20 of netal pixels and towards the active devices of the display. In

anot her enbodTHRE, nkb& eRIRS TE a'dl!?l’&&r' RVicd fdridifsort BRetheatd#es of the
above-descri bed enbodi ment, and furthér recites patterning the |ayer of the
antiref | gepdraeus it gedatey il penettatibatofanpidenallighy into tiegi ons of the 25
antireflective coating material are forned above the internetal dielectric
| ayel0. |backpdanebodi nent, at | east one of the plurality of regions of the
antireflective coating material is disposed underlying the gap region 3 y
bet ween the adj acent ones of the plurality of metal pixels. In so doing,

i ncident |ight passing through the gap region is prevented, by the at |east
one of the plurality of regions of the antireflective coating material,

from passi ng uni npeded towards the underlying active devices. ' 5 These and
ot her objects and advantages of the present invention will no doubt becone
obvious to those of ordinary skill in the art after having read the

follow ng detail ed description of the preferred enbodi nents which are
illustrated in the various drawing figures. 4



BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs, which are

I ncorporated in and forma part of this specification, illustrates

enbodi ments of the invention and, together with the description, serve to
explain the principles of the 5 invention: FIGURE 1 is a side sectional

vi ew of aSRIMMARYoOR: INMENTEORDI ane of a liquid crystal on siticon (LOOS)
m crodi splay formed according to conventional nethods. 10 FIGURE 2A is a
si de secti onal Theawesentainyen 1i0@np@W1®ESON@$Hi/aE Idpl)va?efoom;aw: mretblods pl ay
device. having netal struyctures (Ti/Ti N Al Cu/ARC) forned thereon in

accor danc@én 'EEHPBSP:@%W%&%P ﬁ%‘iﬂce@gth{emefw&é%t@ﬂ ot ingidewrt lightintoothe 15 FI GURE
2B is a side sectional view of the structure of FIGURE 2A havi ng an

i nternmeta aglfgllaél@tri c layer disposed thereover in accordance with one
enbodigrent of the present clained invention. 20 FIGURE 2C is a side
sectional view of the structure of FIGURE 2B having the internetal

o e eotri o Laves cbanEAcat i BECOLORNSE M R ATHONIEDL, Sty
St ruct ur exgltal | GdRio26rA% BRWaMy rlsbaliid ahaar Hiritnakl rAld grldege coating

mat eri al deposited thereover in accordance W th one enbo t he
present cekaibdémeny @iid fHeited depositing an intermetal dielectric layer above the

plurality of second metal structures followed by chemical mechanical

10 polishing (CMP). Subsequently, the present embodiment deposits a light
absorbing antireflective coating material (ARC) above the planarized
intermetal dielectric layer to form a light shield followed by another
planarized IMD layer such that transmission of incident light towards
underlying active devices is reduced. The present embodiment also

15  performs the step of forming a plurality of metal pixels above the
antireflective coating material wherein adjacent ones of the plurality of
metal pixels have a gap region disposed therebetween. As a result, the
antireflective coating material of the present embodiment reduces the
transmission of incident light through the gap region between the plurality

20  of metal pixels and towards the active devices of the display.

. In another embodiment, the present invention includes the features
of the above-described embodiment, and further recites patterning the layer
of the antireflective coating material such that a plurality of regions of the

25  antireflective coating material are formed above the intermetal dielectric
layer. In one embodiment, at least one of the plurality of regions of the

antireflective coating material is disposed underlying the gap region



FIGURE 2E is a side sectional view of the structure of FIGURE 2D having a

| ayer of 'photosensitive nmaterial disposed thereover in accordance with one
enbodi ment of the present clainmed invention. 5 FIGURE 2F is a side
sectional view of the structure of FIGURE 2E wherein the |ayer of

phot osenkétween thet adjaaénthesehebtheplurelitiedf metak piretisnte soidomgne

enbodi ment of the present clained invention. 10 FIGURE 2G is a side

sect i onalnoideny light pessing sbrangh Hie gappREopRs ey ented; by thstatrlenstect i ve
coating material has _been patterned in accordance with one, ng?ginent

of . t he pPRRehthe PAITHEYiohVERtans T tBe@mtiretiactiye £03f1ng BRI A0 ew of the
structure of. FI GURE %g 15 wherein the remaining portions ef. thé |ayer of
phot 0senBR%31DE YhinRedsd toxardsddie ‘rl%(ﬁ‘ﬂ'\bél&lgi %Cté‘geca?‘él‘ﬁﬁ%e with one embodi nent
of t present clainmed invention. FIGURE 21 is a side sectional view of the
structure of FIGURE 2f1 20 having an internetal dié€lectric |ayer deposited

and pl anar i zegyLheLRaVEhal LRACEOLAINGS ANt RAITHETHALL BRI BliHGiIPT esent

cl ai ned i nventi on. IS a side sectiona the structure of

FI GURE 2}, iRV Betoth@¥8tidis 1hidods 8Ratdin%ey SRIIE Bhe diSpRECHalHRY eover in
25 accordance with one enbodi nent of the present clainmed invention. 6

FI GURE 2Kedd tiae Sollswingcdétaiiel désewphiont dtethst prigbrred sthbbdighdrEsAdhisher ei n
the | ayer of photosensitive material has been patterned in accordance with

one enbodrétldtistehtddin pheserious! dvaveidgi fisaresi on. 5 FIGURE 2L is a side
sectional view of the structure of FlI GQURE 2K



havi ng vias f.ormed therein in accordance wth one enbodi nent of the present
clainmed invention. FIGURE 2Mis a side sectional view of the structure of
FI GURE 2L 10 wherein the remaining portions of the |ayer of photosensitive
material have been renoved in accordance with one enbodi nent of the present
cl ai ned iBREBRFiIRESORIGIBON QF THE DRBWINGSonal view of the structure of
FI GURE 2M 15 ving a | ayer of barrler metal (e.g. Ti/TiN followed by a
conducti ve nat€f¢ &ICC‘(IVPE‘BV%QE@V{%F &gvieh %’ﬁdfﬁcﬁrﬁ(}fét%d as angl fuEwiadance

Sect ongl b4 éfk B enehateed bt %@@%%%”&ﬁq&eem b1 agds of

conducti ve er| been Ianarl zed or hed .ba c orm (W plug in
accordancté) ﬁk‘ trei’r?b% c rti{% Op?’i%‘%m &Eﬁf BIREHP ??1\9&&1 ?on FI GURE 2P
is a 55 de e,%ﬁ {Oglnal vi ew of the structure of FIGURE 20 25 having a top

met al pi xel ayer (conpri sed of Ti/Ti N Al Cu/ TECS har dmask) di sposed

t hereover in accordance with one enbodi nent of the present clained

i nvention. 7 FIGURE 2Q is a side sectional view of the structure of

FI GURE 2P havi RIGHREWEE s0§id @ RedtaseilSiiéw \of a1péreionddf £ CNIOShdkpdaepover in
accordance wth one enbodi nent of the present clainmed invention. 5 FlI GURE
2R i s a softie ligmdd icopsthl vheasiliadn (IHEOS) miicrodieplfy forftdddEadtQraingria n t he | ayer
of photosensitive material has been patterned in accordance with one
enbodi nentorfentivmadrmetndsc| ai ned i nventi on.

10

FIGURE 2A is a side sectional view of a portion of a CMOS
backplane of a microdisplay device.having metal structures
(TYTiN/AICWARC) formed thereon in accordance with one embodiment

of the present claimed invention.

FIGURE 2B is a side sectional view of the structure of FIGURE 2A
having an intermetal dielectric layer disposed thereover in accordance

with one embodiment of the present claimed invention.

20 FIGURE 2C is a side sectional view of the structure of FIGURE 2B
having the intermetal dielectric layer planarized in accordance with one

embodiment of the present claimed invention.

FIGURE 2D is a side sectional view of the structure of FIGURE 2C
25 having a light absorbing antireflective coating material deposited
thereover in accordance with one embodiment of the present claimed

invention.



10 FIGURE 2S i s a side sectional view of the structure of FIGURE 2R wherein
the pixel netal |ayer(conprised of Ti/Ti NN A Cu/ TEQCS) ha$ been patterned in
accordance with one enbodi mrent of the present clained invention. 15 FI GURE
2T is a side sectional view of the structure of FIGURE 2S wherein the
remai ni ng portions of the layer of photosensitive material have been
renoved in accordance with one enbodi nent of the present clained invention.
20 FI GURE 2U FEGHE 88 isacsidesartionalview eftdiesttruciuge of FIGHRERAD 2T wherei n
a conposjte passivation |layer (NON) has_ been deposited thereover in

accor dank@v Bt laes drhnipsansitive materisd ddennsed |taerayerient i on. 25 FI GURE
3is aflowchart of steps e,forng% i n accordance wi.th one enbodi nent of
the pr es%‘i?@r‘gfi‘%‘ien’é’élth Hi}%r%fi‘lgﬁi.rm@nt ﬁbecﬁréﬁf% A BEEIPYANEIRN n thi s

descrd ption shoul d be understood as not being drawn to scale except if
speci‘fically noted. 9 DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Ref erence
wi |l now be I il . I t jgavent i on,
exanpl es of ﬁ?(gg@ g%‘lt %Iauss’l%igas‘iegﬁoﬁé}e%%g%@%%ggéﬁgﬁg O.%.Fq g’r[g&nﬁr?g@ . Wile

the i ”Ve%hlei)éln‘t"ﬂﬂv%: Ha?%g%??%ﬁ%&%@ﬂsftﬂrecﬁi@téﬁﬁf hb¥khA att&‘%nédghef erred

enbodi nent's, | erstood that they are not i1ntended to limt the

i nvent i 0fedo@d4RES &iHTRAL I BB EmMeR? dftiBeGHdsERE Hlaitlad inf¥RBbhON 1S i ntended

to cover alternatives, nodifications and equival ents, which may be i ncl uded
within the spirit and scope of the invention as defined by the appended
clainms. Furthernore, in the follow ng detail ed description of the 10

pr es¥nt i nvenFIGHRE @@ isa sidepesriional diavaof thestrustiref aff FIGURE2Rer to

provide a thorough understanding of the present invention. However, it

wi || be whereinstheoanticefldctivedioading miaterial has heemmattéraedtine present

i nvention r&% be practiced without these specifjc details. In other

i nst ancea¢coRdance ot onetambrdimand i direckresephplapmedsinvansios: r cui t s have

not been

FIGURE 2H is a side sectional view of the structure of FIGURE 2G
15  wherein the remaining portions of the layer of photosensitive material
have been removed in accordance with one embodiment of the present

claimed invention.

FIGURE 21 is a side sectional view of the structure of FIGURE 2H
20 having an intermetal dielectric layer depdsited and planarized thereover
in accordance with one embodiment of the present claimed invention.
FIGURE 2J is a side sectional view of the structure of FIGURE 21
having a layer of photosensitive material disposed thereover in

25  accordance with one embodiment of the present claimed invention.



15 described in detail as not to unnecessarily obscure aspects of the
present invention. Figures 2A-2U provi de side sectional views of the
structure created according to enbodi nents of the nethod of ‘the present
invention as set 20 forth in the flow chart of Figure 3. For purposes of
clarity, the fRIGURIMZKdkscsigeiseotivhhl vidiv of the dthectuird of FECIIRRaAl] Vi ews of
Figures 2A-2U in conjunction with the flow chart of Figure 3 to clearly
descri be wheranithdilapert sf photosengitiveanhterinldms been Aatterhéd e descri bed in
detail below, the present enbodi nents provide a light shield structure for
r educi ng adter@@qerwitélnbrs@'eurbadﬁrﬁen&iodéﬁe presgtt ¢lairoeghngenfdpnr egi on | ocat ed
bet ween adj acent ones of a plurality of top netal pixels such that

transm ssi on of 10 i ncident |ight through the gap regi on towards

under|yi ng act] ices is reduced. First, referring briefly tqQ Prior Art
Figure 1 for bﬁﬁ@?’u%ﬁ 18aiﬂfiérsﬁﬁttl?%ﬁﬁl,Vlﬁwsqf&éesséé‘fthﬁ%PP?i@W%@ 2E{porti on
of a convgent.i onal kpl.ane structure for a mgraqdi splay,is shown. The
ot ruct ur RBYIngrias e fERin T Seopriain i SR daE b behe

illustrat] of certain conventional display devices. The
enbodi rrenélgeggmtcL%%bér%iesen%?or{l\ienti on are not limted to use solely with
such a structure and such 10 elenents. Specifically, the enbodi nents of the
present invention are well suited to use with display device structures:

whi Ch_ are CP”PF'IG@Q{E“ZMHA £S5 s&tidN B NS oPH‘?@@fr&Euf@&@FIGM 91, Which
contain additional elenents; or which contain fewer elenents. Furthernore,

al t hoygh whetéiantheoferh fidih® podtibng ofl e Usrdraf pRotoshedtive eadtaridleci te the
use of 15 various enbodi nents of the present invention in conjunction with
a m cr odi havapeen lrempored éntaccondanice omith Hneadrhbedintett éfothespresentr vari ous
types of display devices other than m crodisplays. Referring again to Prior
Art - Fi gur daimetdhiawventionshown a seni conductor substrate 10, preferably
conposed of nonocrystalline silicon. Sem conductor device structures which
may 20 include polysilicon gate el ectrodes 14 and source and drain regions

16 are shown I ' mbi naji on conprjse e active deyi e

di spl ay devi s\é\?&&béﬁé\fé&?ﬁ q gRFéfonpg View p ah‘éﬁtrb‘\‘ig%rley‘?fr%ﬁfﬁg%{ vap

sem cgndugt or deyi ce ruct ures et . ol ysilicon gate el ectrodes
ond CER  BBVIR § et et amatal d o d IR g TBEd by SO et o

| ayers for i cpnnecti.on purposes. havi ng it | dielectric |ayers
t her ebet V\E%ar?%.gmﬂkﬁf),&ﬁ %%Ors(ré?et(r%/ea %"e"%%{vﬂz%" %e Vg‘iosrrlﬁlr ?éci%%%g’f‘? ‘évr]‘ﬁhuﬁlitl?i tani um
nitride i i ‘&;ﬁ tungsten (W is deposited and
et ched ba%ﬁl%graﬁ%g%‘?gﬁg%gg\ﬁ%&ggafgﬁg?&]gﬁ plug is forned. Another
barrier/glue material such as Ti/TiN, is then deposited before a |ayer of
conducting material, 5 such as alum numor an alum numalloy, is deposited
over the barri @IGIRIEE 2AC e sidwsqusional pigy bDtHostruotirel of| FIGHSRE22NAN
anti-reflective coating (ARC) |ayer 24 may be deposited over the netal

| ayer 2bef eriherpat tler lyeg.of Aondnstivamatgriahyes en slachresdsir étcbed di oxi de,
undoped silicate glass (USG, a tetraethoxysilane (TECS) oxide, or the
like, is backiépdeimdW)opleg inhaccardaricel witbsoneGpuhodigsent of gtecpeasenbr ough t he
insulating layer 26 to the netal lines, and a barrier material is deposited
into the GlaanW@em‘fﬂj{twﬂ-tungsten | ayer is deposited over the insulating

| ayer and within the opening and then etched back to form tungsten plugs
28. Anot her barrier layer and netal |ayer is deposited over the insulating

| ayer 26. The | Layer is_typical al.um num qr, hnum

al l oy, such as %if%ﬁ@%;ﬁ; A}%&Jgﬁé W ’fﬁ’ng}/%‘? oﬁé}ed%g&tqrgyogf @Jﬁ@'

reference E ta Pri I Qur . i i han | ayer 36 of an
oXi de%i t rhlﬁgﬁerllé?atgl? %E%eﬁ%%la%y%g (g%‘ﬁﬁgﬁé)@ggq's‘@w&éer s; dl)g deposited 20
over the tepdiRisk) dMpeakd ltA¥RdovePRhi dBcéRTANCEIWitBfdIRCEMPERIMERL BNEhe

enbodi ment, the oxide/nitride stack is conprised of oxide (O, or

oxi de%i t piréger(thimed iaxestdénj tri de/ oxi de (ONO). I n anot her enbodi nent,

the oxide/nitride stack is conprised of nitride (N), or nitride/oxide (NO,
nitride/oxide/nitride (NON). In one enbodinent, the O ON, ONO N, NO

7



25 or NON | ayers will have a total thickness of between about 500 and 4, 000
Angstrons. The thinner top netal stack (approxinmately 2000-3000 Angstrons)
including the TECS cap is patterned to formthe reflective 12 net al

pi xel s 32. As nentioned above, the structure of Prior Art Figure 1 is
presented here for purposes of illustration of certain conventional display
devi ce characteristics, and the enbodi nents of the present invention are
not |imted sBIeMRE 8Qisea gidersegtighsbrigyv abtheeirneturap{gtl&dVBEI 3Pt he same 5
structure and el enments shown in Prior Art Figure 1. Wth reference nowto
Fi gure 2Revingss dyeredinhatasensigye srateripd dispnbedithgrenyergnane of an LCD
structure is,shown. The strucjure of, Figure 2 hows .a plurality of netal
structur%§m§6%%93?@§b9n96§%P0‘8?%@d#3£8¢@*§e§€E§W@§ rBVENYLEy purposes of
clarigy, many of the underlying elenents (such as, for exanple, those shown
in Fi‘gure 1) are not shown in Figure 2A. Furthernore, although not shown in

Fi 2A . Fi f i i i b
inder st ood « nrC Y 2B isct e o bRl SR ar B SruGndeldnt IR 28, Foai 1y
coupl ed mey&%eflﬂgraergﬁg}vp&a%weﬁitv\ﬁ]ﬁmsﬁapﬂgs %gg% E)Fa@te%ﬂgﬁtihat e 200 (e.g.

active devices I onal e present e iment 1s well suited to
use w t hag@oPlahad With 8he hBddiRietR! 6f thal Sresahe cl@mbdndengionet al | ayer

ot her than the netal |ayer shown in the present Figures. That is, the
present enbodi nents are not limted to use with netal pixels formed using a
specific one of the many netal |ayers used in 20 the formation of

convEht i onal FIBURN25eks. a gidegecibhabuigiw ofithe stroctmere aff FIGIERE 2R 6a and

216b will be shown in Figure 2U, for exanple, it w |l be understood that
such a | ivhiereih thevpixtel ohetadtlayepicrpiprisesd ehSudiNG]CoiT Bé¥Dshag be¢rmrity.” 25
Referring still to Figure 2A, . as will_ be discussed in detail below, in

convent i BatlerR@bin gergrdamse svith ongresbodimaenfeol: the praserbylaimed pet ween
metal structures 202a, 202b, and 202c and ultinmately inpinge underlying 13
active dBW&¥iO-e g. active devices 14 of Figure 1). Such inpingenent by
incident |ight poses a threat to device operation due to photoel ectron
generationlinterference. As will be discussed below, the present invention
provigdes a so i t oreprent i A ce stil
to Fliégjur e 2A, hgﬁ nov%(af afg;% Sfci)e gset%g%ﬂ%g&g?"ﬁf}g%%ﬂ?&? \tgyef IJ‘|oerreI§fe{§{%lerrbodi ment

Cecond miiaredt Bl PpRBREERng RERneaCFbEsh Bt A BER3aP 107w ' Li g

second netal structures t 2c. 10 At step
304, andhage PrEWTehibvielddW SocdBlahdewihesed bbb ne of tlﬁé‘%ﬁeﬁﬂos' ts an
internetal dielectric |ayer 204 above the plurality of second netal

struct ur emig{ddainvion.and 202c. I n one enbodi nent, internetal dielectric -
| ayer 204 is conprised of a non-conductive material such as, for 15
exanpl e, tetraethoxysilane (TECS), high density plasma deposited oxide
(HDP), and the like. In the present enbodi nent, |ayer of dielectric

mat el al 204 FAGURELWns aridde aestimpad aiew e thesiwhure elBEeHh 2Ty
deposited material which can_be,copduct' e Sto be di scussed in detali

bel ow) aMteSrHEArcoBMsytechRtgiatione layes IPN) sgspean depgpitedanpl e, et al
structur 20 202a, 202D, and.ﬁOZc. .. Referring.now to Figure 2C, in one
erbodi meACEHIYPRE REELEANCE A TS e PAisRtR: OF UG BTSERF CEIMEG 204 | o
subjecteg éghﬁoglanarization process. I n one enbodi nent, a chem ca

mechani cal pol'fshing (CWMP) 25 process is used to performthe planarization
process. Although such a planarization process is used in on enbodi nent,
the present invention is 14

25 FIGURE 3 is a flow chart of steps performed in accordance with one

embodiment of the present claimed invention.



also well suited to an enbodinent in which internetal dielectric |ayer 204
is planarized using a nethod other than CMP. Wth reference now to Figure
2D, and to step 306 of Figure 3, the 5 present enbodi nent then deposits a

| i ght absorbing antireflective coating material 206 above internetal

di el ectric | ayBte d0d4wingsf mafarredl tiogiht tidkidekerigtioh shivald beansddrstiodn of

i ncident light towards underlying active devices is reduced. Mre

speci fi cadd ot beingrdrasvmh belsealntexcepit ifspecificallysodedt i ng naterial 20& i s
deposited to a thickness on the order of a fewto several 10 thousand
Angstronms. Al though such a thickness is recited for antireflective coating
material 206 in the present enbodi nent, the present invention is well
suited to the use with an antireflective coating nmaterial which is
deposited to a greater or |esser depth. Furthernore, in one enbodinent,
antireflective coating material 206 is conprised of an organic 1.5
antireflective coating material such as, for exanple, organic BARC In yet
anot her enbodi nent, antireflective coating material 208 is conprised of an
inorganic antireflective coating material such as, for exanple, TiN or

Si ON. Al though such materials are recited in the present enbodi nent, the
present enbodinment is well suited to the use of various other
antireflective 20 coating materials. Referring still to step 306 and now to
Figures 2E, 2F, and 2G in one enbodi nent of the present invention, a |ayer
of photosensitive material 208 such as, for exanple, photoresist is

deposi ted above antireflective coating 25 material 206. As shown in Figure
2F, layer of photosensitive material 208 is then patterned to forma mask
(see e.g. regions 208a, 208b, and 208c) for the underlying anti.reflective
coating material 206. That is, layer of |~ phot osensitive material 208 is
renmoved fromregions 209a and 209b of Figure 2G Referring still to step
306 and to Figure 2G wusing the via nask 5 formed by regions 208a, 208b,
and 208c of |ayer of photosensitive material 208, the present enbodi nment
substantially renoves portions of |ayer of antireflective coating nmateri al
206 from above at |l east a portion of internmetal dielectric |layer such that
portions of antireflective coating material (see e.g. regions 206a, 206b,
and 206c) renain above intermetal 10 dielectric |ayer 204. That is, those
portions of the |ayer of antireflective coating material 206 which were not
covered by photosensitive material 208 are renoved. Renaining portions
206a, 206b, and 206c of the antireflective coating naterial serve as a
barrier to incident light. Thus, as will be described and illustrated in
further detail below, remaining portions 206a, 15 206b, and 206c of the

| i ght absorbing antireflective coating naterial reduce the transm ssion of
incident light towards, for exanple, active devices 14 of Figure 1. As a
result, the present invention reduces inpingenment by incident |ight and
alleviates the threat to device operation caused by photoel ectron
generation/interference. Referring still to step 306 and now to Figure 2H,
remai ni ng portions 206a, .206b, and 206c of the |layer of antireflective
coating material are shown after remaining portions 208a, 208b, and 208c of
the | ayer of photosensitive material have been renoved therefrom 25 Wth
reference now to step 308, and as shown in Figure 21, the present

enbodi ment then deposits another internetal dielectric |ayer 210 16 above
remai ni ng portions 206a, 206b, and 206c of the |ayer of antireflective
coating material. In one enbodinment, internmetal dielectric layer 210 is
conpri sed of a non-conductive material such as, for exanple,

t etraet hoxysilane (TEGCS), high density plasna deposited oxide (HDP), and 5
the like. In one enbodi nent of the present invention, internmetal dielectric



| ayer 210 is subjected to a planarization process. In one enbodinent, a
cheni cal ' nechani cal polishing (CVW) process is used to performthe

pl anari zation process. Although such a planarization process is used in on
enbodi ment, the present invention is also well suited to an enbodinent in
10 whi chDERGRABTIONDE(THERPREFERRBED HMBORIMENTS ed using a met hod ot her
than CWP. Referring still to,step.308 and_now to Fjgures 2J and 2K [ n one
enbodi ment  of ?‘teﬁ%regp%g‘e tD9¥HPErmadR In defal &p ¢ fﬂpﬁﬁ%ﬁb@ﬁﬁgﬁ%prlveeﬁmdi al 212
15 such .for exanple, photoresist is,d si,t.ed ,above i nter.net al

di el ect r P¢ FRYRIIO G BRA Fiheans, flissate D e ReOmaEaRg ¢ ve

mat eri al 1St .1 0_f@n [ Kk . i ons 212a,
L ort ol aRSGgs L OB EAGA LR TD AN BIRS dSR o yipPRREnS 22

Ref er 81 ngrsfetdg LASERRAS PRI b8 Wl diERod that thiatdBoFRRkNkEN BB DY

regi ons ayer of photosensitive materia 12, the

present ¢RRAhERAVedP6 B0 thése &hbBdaREntR1Dn the oMyl thdifdheiodlis | N the
present enbodi nent, vias 213a and 213b extend through”internmetal dielectric

| ayer 21@ntdalede®rtoleraliRirngtines,modificatidas s2@6bquieatbri206ehidh hiie BS
antireflective coating material, and through internetal dielectric |ayer
204 to mihcduded mithinr @ SiiPd anbs@p2af the invéefien as mefined| by the st ep 308 and
now to Figure 2M renmining portions of the internetal dielectric |ayer 210
are showapapended chaimisni Ryr 1oasin e folluwing detaileddesofiption ofather of
photosensitive material have been renoved _therefrom 5 Referring nowto

Fi gul@s Presant ipgentignopumarpysispesificstetaile ape ssbfarthipardenko a | ayer of
barrier nmetal, (e.g. Ti[Ti f ol Ié)wed by a a conductive terial .214 (e.qg.
W is depdeyidsc SEFoushnderstan 1&géﬁfé§?rﬂrés¢f§y’é’r"e§‘i’@na OVRY® W as 214a

RSN R SRIRE T AL S N A
recited ot e MLEAEN! AR GRAL SpbARRIERANT ThMERE 00ah0e 250y ve! |

sui ted thé vari ous ot her nateéeri a o Ti VI as a_ an 14bh. As

shown i niEj @n&god§,hﬁr&gsggét§é ctglﬁgmeﬁegztaﬁ&%ﬁcﬁ&w&% hbepbayer of

conductive material fromsu n |y everywhere 15 except wthin vias
214a18nd d2idhpedReh Eetdines MW thUrsiRBssttly MRButOashRBs dPthd Predengsent
enbodi ment then recites formng a plurality of top netal piXxels above
antirefl gatréndonoati ng material 206a, 206b, and 206c wherei n adj acent ones
of the plurality 20 of netal pixels have a gap region disposed

t her ebet ween. More specifically, in one enbodi mrent of the present

i nvention, the present enbodi nent deposits a top netal pixel |ayer 216
(conpri si ng ofFigumiéy ZANTApCay MEGSd & aectmarsi)viatyswé thatsérunbtind cxliagedct ri c

| ayer 210 and filled vias 214a and 214b. . i
according to embodiments of the method of the present invention as set

NP\

20 forth in the flow chart of Figure 3. For purposes of clarity, the following
discussion will utilize the side sectional views of Figures 2A-2U in
conjunction with the flow chart of Figure 3 to clearly describe the
embodiments of the present invention. As will be described in detail below,
the present embodiments provide a light shield structure for reducing the

25 transmission of incident light through a gap region located between

adjacent ones of a plurality of top metal pixels such that transmission of

10



25 Referring still to step 310 and now to Figures 2Q and 2R in one

enbodi nent of the present invention, a |layer of photosensitive material 218
18 such as, for exanple, photoresist is deposited above netal |ayer 216.
As shown in Figure 2R, |ayer of photosensitive material 218 is then

pat t er nedirtoddéror higlat tmslughstde gapy regiegi tonar2d 8amdanlyiag Sk}ivieadeviimisals | ayer
216. 5 Referring still to step 310 and to Figure 2S, using the mask forned
by regi onse@u®al.and 218b of |ayer of photosensitive material 218, the
present enbodi nent renoves exposed portions of exposed netal |ayer 216 to
ultimately formnetal pixels 216a and 216b. In Figure 2S, a gap region 219

is shown forned, between . netal pixels 216a and 216b. ,As shown in Figure 10
2S, in the pregyﬁ? el me,fﬁ’t@eﬁbuoa#wti@um rﬁéféaacggm%d 216a and 216b
are forme

dihspos d ; ng\égiﬁw %glﬁqgég(lft%/‘g{ Lvig%ri anlﬁgéﬁrrhg %?G\émng'%]%ﬁggggég)[(%cglllgy in
2060 of & RECKARS sFFlnrdds b 3fl Rbaithlay P ACHF GBI, 0 PHE°S1 ep 308
and now t%fg'gggurﬂlxge %I%B?%e%{tﬁg'lﬁé% ?o@%??ppcﬁgg o?ﬁﬁ?st?éﬁoﬁ'b?%e%ﬁ%rﬁhnﬁseW' ning

portions ayer osensitive material have been
renoved t Rgigi edhvedllidiell hispIag &dvidds, 'Phé bRibodiBeAtHoNONE pPedengure 2U, the
present invention then depositS a thin conposite passivation |ayer 220
above t heistdrtidriiaee abt hingusd t@ hise lsbledpavicirbach restrucaepasd seclpassi vati on
| ayer 220 is conprised, for exanple, of a nitride (N), nitride/oxide (NO,
or .ni 10 i delememts/ dpedifieal{y\Ehp dnalyedinemts of the peeferdnnventionrasyweld si x

|l ayers), 25 optimzed for reflectance. This together with layer 34 (TECS
and cap) weaultedftoruseawithpdispldy deniee Stnetares: pdach aae icompragesk ofpm t he
reflective nmetal pixel. In one enbodinment, this N, NO or NON or the like
| ayer wi | lessayor greater number phingetad dayess; whice eontaisladditionahd 4, 000
Angstrons. Al t hough such materi ?,I s and thi cknﬁss S are refi ted.in the
present efBERPRENOr Whichysantam fewen aleraents; sl'upthermgreealthoughe use of

vari ous ot her. nater, al havi ng vari.ous ot her .re Pecti. et hi cknesses.

| mpor t ant PYUeRE of S Sllovang dlsiission ruat see iRty Erals 565 SR 8 anbi ent
19Nt 151t QakRAGK R AN s W ile 'SHLELA R Bbioh!inl Qeffhfltign SHmas Ment | oned
above; in fhe present enbodi nent’, ‘gap region Y or hed’ abdve renai ni ng

portion Z%lerﬁi;ﬁfséﬁémé ?g@%eln‘%cm{ngﬁti&g%m fRt& t@hse l\@tﬁ Qa‘i’ﬂfu@%ygie@d dent

light, typica y arrows , I's prevented by portion”206b of
ant i ref | egFigyshlap@ldvit@sBrheF kRhn 2R rbdiePla3as RetartfL MREs 4ol PMEY ASt
underlying active devices. That is, the present enbodimnment reduces the
transm ssiFgufd 1i figdrdeRtshboivghh sewtit6hd A6 e6bithatiih, grdferfdl @ndbled
towards underlying active devices. 15 Thus, the present invention provides
a di spl ay oflenomerfstaiihe cilicret. hSdndnchdygiar deuevdtirottured ueleicht ey
penetration of incident light into the backplane. The foregoin

descr 2Pt i anelude pobpsilitor gatbheliictnades 1df andeoprcesand dp@in regrons gﬁ drave been
presented for purpases of illustration and description. They are not

i nt ended SHOFE Whkeh it combiration compriserde; aabbis: dFceHof Hee BisPdase forns.

di scl d, d i, . jfi [ d iatio ible i
0oL oot B s o L o s Sl s el gpoest e
d t t lain th i ncipl f..the i ti d,i 25 tical
orcer 10, 367 P 8o OFLBL S el SR e P e oL
e B ISR P R 4 S pchions e o1t

25 interconnection purposes having intermetal dielectric layers therebetween.

1



of the invention be defined by the O ains appended hereto and their

equi valents. 21 CLAIMS 1. A nmethod of forming a light shield fox a

m crodi spl ay backpl ane, said nethod conprising the steps of: a) patterning
a second netal layer to forma plurality of second nmetal 5 structures; b)
deposi ti ng arAibaretariglak ldjet €01 compriyeg tibovensaiahiphunirideyiof second
metal structures; c) depositing a_|light absorbing antireflective coating
mat er i al defwsitedsaied & enrdpekehele andlergsten (Wayiedeposited and ditlygd baek el d such
that 10 transni ssion of incident |ight towards underlying active devices is
r educed; oTapelighed awayriy hgd aMhinlag 19 formed) Asokhes bapdorskig material

antl el bl Yeqegal] g TaL el uter et ofl poct ones,of Sl fl Urali Ly of
wner dl n Suy A8 LR, b P Calle i R T RERS DAk W Cai 0 gt
absor’ ngeRLl R S5 KRR Sihehetloess 257 ol ol il f o
coct1 0 kst chrey sl gosplonsbadtetp smbansora s |11 L6t e
c3) depoghttbRSimNoARehshineng Phydn2Er sRhehs dilRboACdiokidd, Alopbal | owed by
silicate glass (USQG), a tetraethoxysilane (TEOS) oxide, or the like, is
10 deposited over the metal lines. Openings are etched through the insulating
layer 26 to the metal lines, and a barrier material is deposited.into the via
opening. A tungsten layer is deposited over the insulating layer and within
the opening and then etched back to form tungsten plugs 28. Another
barrier layer and metal layer is deposited over the insulating layer 26. The

15 top metal layer is typically aluminum or an aluminum alloy, such as AlCu

or AlCuSi, with a TEOS hardmask layer 34.

With reference still to Prior Art Figure 1, composite passivation layer
36 of an oxide/nitride stack oxide (can be as many as six layers) is deposited
20 over the top metal pixel layer, optimized for reflectance. In one
embodiment, the oxide/nitride stack is comprised of oxide (O), or
oxide/nitride (ON), or oxide/nitride/oxide (ONO). In another embodiment,
the oxide/nitride stack is comprised of nitride (N), or nitride/oxide (NO),
nitride/oxide/nitride (NON). In one embodiment, the O, ON, ONO, N, NO,
25 or NON layers will have a total thickness of between about 500 and 4,000
Angstroms. The thinner top metal stack (approximately 2000-3000

Angstroms) including the TEOS cap is patterned to form the reflective



pl anaroi zation. 25 3. The nethod of formng a light shield for a

m.cr odi spl ay backplane as recited in Caim1l wherein said step d)

conpri ses: formng said plurality of said nmetal pixels above said
antireflective coating material with said gap region di sposed above said
ant i r ef | enetal pixelati2ngAsmentianed abdve, the ssmiaduraef Beior Aitghigupadsisng

t hrough said gap region is prevented by said antireflective coatjng

Zat % i al Hrﬁs)ﬂ;mt@fds}?@n@gfos pwrpaprsdeldillustratinn shrertaimernyanipradtdiselagevi ces.

: e method of formng a light shield for m cr odi spl ay backpl ane as
recited idevigeasharaciirastessy ang; @%@@bo@)m%‘btrwe}i @@sp%ﬁ%gm‘%/%l%gb‘? gani ¢
antireflective.c atilrig mat er i %}n aﬁov said internetal .dielectric |ayer. .
10 5. 'Cli'h_emﬁéirﬁbt@ SP§1E UG B g lSpi‘ﬁY gF'EIlCF Vén%p(f?%ﬂ‘?lé'dﬁ%ﬁfaﬁ%%kpl ane as
recit | aim4 wherein said step ¢ Fises, depositing an organic
ant i r &f | SETHCHETE ARG ﬁﬁ%r{grsl ity ﬂgge%&ggl%?rgaln'i chAR, C gbove sgi d
intermetal dielectric layer. 15 6. The nethod of formng a light shield for
a mcrodi splay backplane as recited in aim1l wherein said step ¢)

conpri ses depo?iﬁigi oPehdeYWRD gt 2AChHISEd s¥QidiRAkiag TRl §6itadn above
said internetal dielectric layer.- 7. The nethod of formng a |ight shield

for a m cq pdcRplat¥ dTaaKPOINStARtERCIs! Gbwh Thei dtréctireofHigaee dAst ep c)
conpri ses depositing an
shows a plurality of metal structures 202a, 202b, 202¢c, formed above a
10 substrate. For purposes of clarity, many of the underlying elements (such
as, for example, those shown in Figure 1) are not shown in Figure 2A.
Furthermore, although not shown in Figure 2A or subsequent Figures, for
.purposes of clarity, it will be understood that the subsequently formed metal
pixels will be electrically coupled to underlying structures which extend
15 into substrate 200 (e.g. active devices 14). Additionally, the present
embodiment is well suited to use with a plurality of metal pixels which are
formed at a metal layer other than the metal layer shown in the present
Figures. That is, the present embodiments are not limited to use with
metal pixels formed using a specific one of the many metal layers used in
2  the formation of conventional LCD devices. Also, although only two metal
pixels 216a and 216b will be shown in Figure 2U, for example, it will be

understood that such a limited number of metal pixels is shown for

purposes of clarity.

25 Referring still to Figure 2A, as will be discussed in detail below, in
conventional LCD backplane structures, incident light may pass between

metal structures 202a, 202b, and 202¢ and ultimately impinge underlying

13



inorganic antireflective coating material conprised of TiN or Si ON above
said internetal dielectric layer. 25 8. In a display device, a |ight shield
structure for reducing the transm ssion of incident |ight through a gap
region | ocated between ~i adj acent ones of a plurality of netal pixels
and t oweadsveudeiaces/ieng ativevdeviensi beef Figimd 1)i dhuclsimpingestantctyur e
conprised of: a |light absorbing antireflective coating material di sposed
bet ween i@cileniililhy paseala thapat tadevisaionepatiomdue yio photegdectzoml pi xel s, said
5 antireflective coatjng material di (siposed to prevent said incident |ight
whi ch pageneyatinpboderieranseqahs valikendmscuasgst befé&aithg RFeseRt IRVandidy ds sai d

underlying active devices.. 9. .-The light shield structure for reducing the
transm sBY%N ‘?ﬁafﬁﬂfqﬁ@? g%ﬁ]pe Iaf(t}‘ﬁfnecqu?%?éip%?%%' regi on | ocated between
adj a%ent ones of a plurality of netal pixels of Caim8 wherein said
antireflective coating material is conprised of an organic .material. 10.

The, 1ot shi stk SLENEHI 818 90 EQUCHRIAARGAT B8 TH39L0808Tor Highfich dent

| i ght through a“gap region acen urality of

ght ¢! . cat®d hetud . . i
Comr | SeloPr &ny ST AR thef S e B O o B ™ or

reduci ngjgviae th &AM pRIrAMNtP of 36cdndC@eal sthri8itres @&ﬁi%gny%hg% 589098, | ocat ed
bet ween adj acent ones of a plurality of netal pixels of daim9 wherein

sai d ant 2024, lagdt202e. coating material is conprised of organic BARC. 12. The
i gh{0 shield structure far reducing the transm ssion of
At step 304}, and as shown in Figure 2B, the present embodiment then
deposits .an intermetal dielectric layer 204 above the plurality of second
metal structures 202a, 202b, and 202¢. In one embodiment, intermetal
dielectric layer 204 is comprised of a non-conductive material such as, for
15 example, tetraethoxysilane (TEOS), high density plasma deposited oxide
(HDP), and the like. In the present embodiment, layer of dielectric material
204 provides an insulating barrier between a subsequently deposited

material which can be conductive (to be discussed in detail below) and

electrically conductive elements such as, for example, metal structures

20 202a, 202b, and 202c.

- +Referring now to Figure 2C, in one embodiment of the present
invention, intermetal dielectric layer 204 is subjected to a planarization
process. In one embodiment, a chemical mechanical polishing (CMP)

25  process is used to perform the planarization process. Although such a

planarization process is used in on embodiment, the present invention is

14



25 incident light through a gap region | ocated between adjacent ones of a
plurality of metal pixels of ClaimlO0 wherein said antireflective coating
material is conprised of TiN ar ~i4N. 13. A nethod of fog ngallght
shi,el d for a display device, said nethod CO(@; él@&,ﬂ(lhmygf b

patterning a second netal |ayer, tohf aripternp? |ty of second rret aI 5
structures; b) deﬁgo& \9@31mentﬁf‘ev?rret al dielectric |ayer above said

pl ura\ ¢welpéu1§%¢:6 g™ et al structurg CM:])’ depositing a |ight absorbing
ant i#&f l'ect i ve coag elmmelﬁ BgT tél ove said internetal diel ectric | ayer to
formﬁa {dygirizedh such that 10 transm ssion of incident,light towards
undet 9| ng active devices is reduced sai d SLRYE &fF@elp%) rm hg said
antireflective coating nat eﬁl aI tmt‘bﬁﬁﬁrl sing the, st ingf @ cl)
depositing a | a% o yeW 0 ref l'ective ?Eg_?échﬂgraﬁ‘t“éh % “above said

plurality BHtRE W Reht abRP 2) pat 1&each | ayer of
said antirefl eg{) 1\ﬁeerg;dm€mn‘ge tsr| al such Rab faxml%ilgfxp%@%of regi ons of
sakd Fresenf $ECT T ve coatlamg 1@\recaﬁc F‘or med above glided e ernet al
dielectric Iﬁ# abevd owe §/another agag \mga ye and d) form ng
a pIurﬂialt@S) rret al plxels g e WPt Skt re Iectlve g@@glng mat eri al
wher ei n ad;ﬁ esb%mgl@as:’ dﬂc‘é:% uralj tX é tnghaireﬂPS’(‘éYs %ave a gap region
di sposeha'@ et ween gﬁ sposed ag(s)ﬁ/ ederzdnt ireflective
coating nat gé ﬁals‘ﬁrﬂq‘ sal d i nci dent Wg through said gap

region n‘eéi vented by s mcbnﬁ,ﬁc‘% | ve coat| n gotal from passing
uni rrpeded t%\gaggqa 1séﬁﬂosdﬁdlerl yi ng acﬁl v&lgayesee@ ‘%Eggg cesent
nt, the p

oms. Although su¢ e
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| 4. The nethod of forning a |ight shield for a display device as recited in
Claim 13 wherein said step c) conprises deposi ting an organic
antireflective coating naterial above said internmetal dielectric layer. 5
15. The method of formng a light shield for a display device as recited in
G ai m 14 phiotosennitsed thasexipl 208 ¢orpmosed fdaposgibhe@08a amdy209lc of Figure
antireflective coating material conprised of organi c BARC above said
internet&G-.di el ectric layer. 10 16. The method of forming a |ight shield
for a display device as recited in Caim1l3 wherein said step c) conprises
depositing an inorganic anti ref | ective coating material above said

i nternet al dl?L ctric |layer The method of formng a . light shield for a
di spl ay devi ce*@as™%e st tt"e‘ﬁepngoél andrtq Eigier nu%lﬁg&?@t"éﬁ ”&?Sl‘&onprl ses

OO0 oo AR JhBPLERS bUEe SO B SE LB R R S5gy o TN
A ( AI 688 %%&Jen@%ﬁbﬁ%nﬁ%t@%rﬁlﬁ@ AémAé‘eéA‘portgons ofAIayer of

A A A3
d

o o] cal e e B T BP0 T o o o ol ¢
a] ca] ca] gafamdtal q@dl@@drﬁaia%}%@]cﬁaeh@@]p@aﬂléﬁé ephagirefiadteal 6Htedd cal cal ca] ca]
ca] ca] ca] ca]ca! H _$h, vZchi . q} xsni d_Z] ca]] ca] ca]ca] ca] ca] ca] ca]ca]ca]ca]ca]c
a] ca] ca] Qﬁ&tbalaia(ls@@]a regbns]206ke 206k o] 20be)Aevtdinadinakaaleaheral [ <
SETEE] X" " 2 AR #SISSS" % %98&B&} xsni d_Z] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cd])ca]d:el]ecta]ichjyea]ﬁﬂd] CBhataisc these patioak of thal sydradf]oalreflectiyeal cal ca! B&&
&&' ' J' (I*+Q W . 019344<67H9<<{ =@BBDDD| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca:pea}lgapamr 1204 whlicajvent m} ca\}em]id)y] pltosensitije ahatertd 208 ca] ca] ¢
a! DDAFGCGHI y1 oKL#NQOOG6 P2RSTTUU? VEVWS YZ
111117} xrederjavap] é%qmaamagm@ap&&?@a,] 204k Anca04q efdbeagntigedlertinpca) ca) ca
] ca] ca] ca] ca.] cal ca] c cal ca] ca] ca cag 8' AhANAA g’é ahaAbDbbbbceej f nf 0g~
i i1 np$pPAPRSIRRIS Ea'ﬂsc%}’@méfﬁ g eapdentclighh] dapsape il a) ca] cal caj ¢

o ol Eof ol cl ol cof ) Al ol e o co ol el ol cal cal pooayadtasyior o Sobu

sss'tqttt

foa) i) AN el s T
ca) cal 22}%*31 R R R RS Bk e S TR

a] ] ca] ca]fc@h?@hcaAs%] fé%h@@]tﬁ@];%l;@ﬁd ﬁﬁkﬁ%ﬁ%&%@@lﬁﬂ&@éxﬁ@ﬁ%}w] ca] ca] ca]

caJ ca] ca] ca] ca]ca]ca] ca]ca! 2u

d8. G 7WZ ihyhieind I@ﬁaa]d&ﬁm@ﬁht:@s] tir] thabenicadwial 6 Kglaﬁétl&al;&@de@awa] ca] ca] caj ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal KbbCG 10%@& () - 10%a&' () -

10%@& () -pletoekaiton gan8@hi(ry/interference.
'10%& ()-="o0aBmlO%@& ()-"!10%a& ()-yl0%a& ()-Z' ClL0%& ()-Yz10%a&' () -ySH#H10%@&
'() - 129~dE33s! 10%@& ()-3 110%@& ()-3@ 10%@& ()-s- TH10%@& ()
& 1 10%@& () - &$nt 109%@& ()-r P3! 3S#10%Iu& ()-Z LT  10%iu& ()-:10% u& ()-
Referring still to step 306 and now to Figure 2H, remaining portions
206a,.206b, and 206¢ of the layer of antireflective coating material are shown
after remaining portions 208a, 208b, and 208c¢ of the layer of photosensitive

material have been removed therefrom.

With reference now to step 308, and as shown in Figure 2I, the

present embodiment then deposits another intermetal dielectric layer 210

16



10 10 10!'F 710%& ()-p {\=10% ()-& 10%& ()-s 10-u 10-u 10-u9s10% u& ()-!&
10% u- u& ()-!3S#10%uu& ()-2Z

+qzX9{\ =1 109%&' ()-z!1110%& ()-z!. f$10%h& ()-!s f$109%& ()-10%& ()-!109%&' () -
qz[ PE: 10 10 10&89s10%& ()-!S@#10%& ()-3 ! N@ #10%& () -3

I #10%& () apbed #OA@®ii0g-portERE2088SIEWRnd) 208c161%Re Lyl 0&n fipefR3tive

109& ()-910%& ()- L10%& ()-LHIYNC 10 10 10

10910%&' ( poatingygateriadl Zn0se enbodimmens intetrBdadali¢leetnic BYNE 21D is

109 ()-" " 109%& ()-1_ -10%& ()- GLOY%&' ()- s910% ()-10%& () - Rhk$dEYNC 10 9

109& () - Yoamggisey-of a non-conductive material such as, for example,
tetraethoxysilane (TEOS), high density plasma deposited oxide (HDP), and

5 the like. In one embodiment of the present invention, intermetal dielectric

layer 210 is subjected to a planarization process. In one embodiment, a
chemical mechanical polishing (CMP) process is used to perform the
planarization process. Although such a planarization process is used in on
embodiment, the present invention is also well suited to an embodiment in

10  which intermetal dielectric layer 210 is planarized using a method other

than CMP,

Referring still to step 308 and now to Figures 2J and 2K in one
embodiment of the present invention, a layer of photosensitive material 212
15  such as, for example, photoresist is deposited above intermetal dielectric
layer 210. As shown in Figure 2K, layer of photosensitive material 212 is
then patterned to form a via mask (see e.g. regions 212a, 212b, and 212¢) for

the underlying intermetal dielectric layer 210.

20 Referring still to step 308 and to Figure 2L, using the mask formed by
regions 212a, 212b, and 212¢ of layer of photosensitive material 212, the
present embodiment forms vias 213a and 213b. As shown in Figure 2L, in
the present embodiment, vias 213a and 213b extend through intermetal
dielectric layer 210, between remaining portions 206a, 206b, and 206¢ of the

25  antireflective coating material, and through intermetal dielectric layer 204

to metal structures 202a and 202c.
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Referring now to Figures 2N and 20, in one embodiment of the

present invention, a layer of barrier metal (e.g. Ti/TiN) followed by a a
conductive material 214 (e.g. W) is deposited above intermetal dielectric
layer 210 and into vias 214a and 214b. In one embodiment of the present

10 invention, the layer of conductive material is comprised of tungsten.
Although such a material is recited in the present err{bodiment, the present
invention is also'well suited the use of various oth;er m;ltérials to fill vias
214a and 214b. As shown in Figure 20, the present embodiment then

removes the layer of conductive material from substantially everywhere

15  except within vias 214a and 214b.

Referring now to step 310, and to step 2P, the present embodiment
then recites forming a plurality of top metal pixels above antireflective
coating material 206a, 206b, and 206c wherein adjacent ones of the plurality

2  of metal pixels have a gap region disposed therebetween. More specifically,
in one embodiment of the present invention, the present embodiment
deposits a top metal pixel layer 216 (comprising of a Ti/TiN/AICWTEOS
hardmask) above intermetal dielectric layer 210 and filled vias 214a and

214b.

Referring still to step 310 and now to Figures 2Q and 2R in one

embodiment of the present invention, a layer of photosensitive material 218
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1078100 & () - | ReeSbeih saiep. Usbaad tn Figpes- S, using the mask formed by
regions 218a and 218b of layer of photosensitive material 218, the present
embodiment removes exposed portions of exposed metal layer 216 to
ultimately form metal pixels 216a and 216b. In Figure 25, a gap region 219
is shown formed between metal pixels 216a and 216b. As shown in Figure

10 28, in the present embodiment, the plurality of metal pixels 216a and 216b
are formed above intermetal dielectric layer 210 with gap region 219
disposed above antireflective coating material 206. More specifically, in the

present embodiment, gap region 219 is formed above remaining portion

206b of the antireflective coating material.

15
Referring still to step 308 and now to Figure 2T, metal pixels 216a and
216b are shown after remaining portions 218a and 218b of the layer of
photosensitive material have been removed therefrom.
20 Referring still to step 310 and now to Figure 2U, the present invention

then deposits a thin composite passivation layer 220 above the structure of
Figure 2T. In one embodiment, composite passivation layer 220 is
comprised, for example, of a nitride (N), nitride/oxide (NO), or
nitride/oxide/nitride (NON) layer or the like (can be as many as six layers),
25  optimized for reflectance. This together with layer 34 (TEOS and cap) will
form an optical interface and passivation layer on the reflective metal pixel.

In one embodiment, this N, NO, or NON or the like layer will have a total
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y 5 cinver%tlon reduces the penetration of ambient light into the backplane.

With reference still to Figure 2U, as mentioned above, in the present
embodiment, gap region 219 is formed above remaining portion 206b of the
antireflective coating material. In so doing, incident light, typically shown

- 10 by arrows 221, is prevented by portion 206b of antireflective coating material
206 from passing unimpeded towards underlying active devices. That is,
the present embodiment reduces the transmission of incident light, which

passes through gap region 219, towards underlying active devices.

15 Thus, the present invention provides a display device formation
method and apparatus which reduces the penetration of incident light into

the backplane.

The foregoing descriptions of specific embodiments of the present

20 invention have been presented for purposes of illustration and description.
They are not intended to be exhaustive or to limit the invention to the precise
forms-disclosed, and obviously many modifications and variations are
possible in light of the above teaching. The embodiments were chosen and
described in order to best explain the principles of the invention and its

25  practical application, to thereby enable others skilled in the art to best
utilize the invention and various embodiments with various modifications

are suited to the particular use contemplated. It is intended that the scope
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5 structures,
b) depositing an intermetal dielectric layer above said plurality of
second metal structures;
c) depositing a light absorbing antireflective coating material above
said intermetal dielectric layer to form a light shield such that
10 transmission of incident light towards underlying active devices is reduced;
and
| d) forming a plurality of metal pixels above said antireflective
coating material wherein adjacent ones of said plurality of metal pixels
have a gap region disposed therebetween.
15
2. The method of forming a light shield for a microdisplay device as
recited in Claim 1 wherein said step ¢) comprises:
cl) depositing a layer of said light absorbing antireflective coating
material above said plurality of first metal structures;
2 c2) patterning said layer of said antireflective coating material such
that a plurality of regions of said antireflective coating material are formed
above, said intermetal dielectric layer; and

c3) depositing another layer of intermetal dielectric layer followed by

planarization.

3. The method of forming a light shield for a microdisplay backplane

as recited in Claim 1 wherein said step d) comprises:
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5 unimpeded towards said underlying active devices.

4. The method of forming a light shield for a microdisplay backplane
as recited in Claim 1 wherein said step ¢) comprises depositing an organic
antireflective coating material above said intermetal dielectric layer.

10

5. The method of forming a light shield for a microdisplay backplane
as recited in Claim 4 wherein said step ¢) comprises depositing an organic
antireflective coating material comprised of organic BARC above said

intermetal dielectric layer.

6. The method of forming a light shield for a microdisplay backplane
as recited in Claim 1 wherein said step ¢) comprises depositing an
inorganic antireflective coating material above said intermetal dielectric

layer.

7. The method of forming a light shield for a microdisplay backplane -
as recited in Claim 6 wherein said step ¢) comprises depositing an

inorganic antireflective coating material comprised of TiN or SiON above

said intermetal dielectric layer.

8. In a display device, a light shield structure for reducing the

transmission of incident light through a gap region located between

PA]
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5 structures; '
b) depositing an intermetal dielectric layer above said plurality of
second metal structures;
¢) depositing a light absorbing antireflective coating material above
said intermetal dielectric layer to form a light shield such that
10 transmission of incident light towards underlying active devices is reduced,
said step of depositing said antireflective coating material further
comprising the steps of: .
cl) depositing a layer of said antireflective coating material
above said plurality of second metal structures; and
15 c2) patterning said layer of said antireflective coating material
such that a plurality of regions of said antireflective coating material
are formed above said intermetal dielectric layer followed ny another
palanarized IMD layer; and
d) forming a plurality of metal pixels above said antireflective
20 coating material wherein adjacent ones of said plurality of metal pixels
have a gap region disposed therebetween, said gap region disposed above
said antireflective coating material such that said incident light passing
through said gap region is prevented by said antireflective coating material

from passing unimpeded towards said underlying active devices.
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5 15. The method of forming a light shield for a display device as
recited in Claim 14 wherein said step c) comprises depositing an organic

antireflective coating material comprised of organic BARC above said

intermetal dielectric layer.

- 10 16. The method of forming a light shield for a display device as
recited in Claim 13 wherein said step ¢) comprises depositing an inorganic

antireflective coating material above said intermetal dielectric layer.

17. The method of forming a light shield for a display device as
15 recited in Claim 16 wherein said step c) comprises depositing an inorganic
antireflective coating material comprised of TiN or SiON above said

intermetal dielectric layer.



