2 7 APR 2006 A NOVEL LI GHT SH ELD CUM GAP FI LL SCHEME FOR M CRODI SPLAY

BACKPLANE FABRI CATION 5 FI ELD OF, THE | NVENTI ON The present cl ai ned

invention relates to the field of display device technol og%.-/v MPRG 006 -

particularly, the present clained invention relates to a 10 di spl%yg device

formati on net hod and apparatus for reducing anbient |ight penetration into

" a display device. BACKGROUND ART Liquid crystal display devices (LCDs) are

wel | known A NoVEelaLIGHD SHEPRrCUMIGAT Hilds SGHEpMAYy EHt e the fi nest

~panel displ ays i RODI$RLANOBAQBEIELANGE FABRICAMION and greater

fauncti onal integration. Common to many m crodi splay concepts is the use of
(compl enentary netal oxide silicon) backpl ane upon which a |ight

nodul ating | ayer is placed. Typically in mcrodisplays, the topnost |evel

f abr pegt edOINTHIR INMRNTI@N substrate (sonetines referred to as the

"backpl'ane™) 1s an array of metal pixels which are coupled to underlying

transi st ompe phebayiecladhetiiguedtionysiaties trdherdicdd of disfilapdsEiteover the netal

pi xel s. By selectively controlling the underlying transistors, an electric

fiel tbobavoldmy. ghheegiaticalatlyethe pagsest clasped prf@(&ﬁ(g! repRtes B 8ctric field,

in turn, causes the liquid crystal materjal 25 to sel ec&)lvetl ﬁ | ow for the

10 andispdsy devige forgratiaharethnd angh apParaigsdor 1§AUcge2 gPLsh alég control | ed

to produce an image,. For m crodi spl ay based on liquid crystal on silicon

( LCOBynelaakingl 949 2 di5BlayadkpCéne i s subjected to

BACKGROUND ART
Liquid erystal display devices (LCDs) are well known in the art. In

15 particular, microdisplays are the finest panel displays which offer low
power, high resolution and greater functional integration. Common to
many microdisplay concepts is the use of CMOS (complementary metal
oxide silicon) backplane upon which a light modulating layer 1s 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
metal pixels. This electric field, in turn, causes the liqud crystal material

%  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 baékplane is subjected to

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




strong incident light in order to project a produced inage onto a focal
plane..1 2 7 APR 2006 Unfortunately, subjecting a LCOS m chd?smb@yzg?tp
strong incident light can have del eterious consequences. Specificallly,
such strong incident |ight poses a potential threat to device operation
due to phoppghrahatdly, gebRitinicon [AWSimieblapdageo sThatg iscident some
conventional displays 5 incident |ight can penetrate through the upper

por t i Bghotat eveaddptanenandnsaffeces t peoplecaty,omadf sinvderingidentactive
devi ces. As yet another drawback to sone conventional mcrodisplay devices,
a t hi iglpapsiesat poteritmidhrist tedevicedporatiop doe tonehafeelictifiikel to achi eve
10 optinmal reflectance and a reduced voltage drop ac 833 t he passivation

| ayergeneradidgi andnantertamnsey slBlels, HRiyme orTerdarasdbRlagan pi xel s can

occur. Such step height differences are caused, for .ex l e, by a,need to
ovor einghde HER AN PAQEIAL6BrT SEhAhE MPRST iy ISP et DTSRt agith 15
excessjve step height coupled. with.a thi.n passivation |layer can result in
poor %%f@%tv\%iel REFGELR %@erﬁwg&l’&i“fﬁaflalﬁe%omrom se passivation
integrity. In all LC devices, the LC optic axis needs to be uniformy '
aligned to deliver desired optical performance. This is usually

acconpl i sheg i tJhca0: ALLERLER (314 HTERky LAY St fribroRBbMy M ERLes ! Nl

aligns LC cessive gougi ng between the pixel cases

di 111 ¢ 4hly odUsiBdoh 18y4:Gs ALFARIPEh 1B) GPERS rdbtal ifaopuabifieval Ly of the

spin coated polyrm hus,” a need exists for a display device formation
"R hogyﬁﬂfél r%ﬂ@@ﬂa@fcﬂ%ﬂ@ hGR 3R HE R tagRaliepnedrbat ithe pissivitisie Myanbi ent
e

1T ght Tnto t
Tn addition, excessive step height differences between pixels can

occur. Such step height differences are caused, for example, by a need to
overetch the metal layer comprising the array of metal pixels. Such

15  excessive step height coupled with a thin passivation layer can result in
poor sidewall coverage and may ultimately compromise passivation
integrity. In all LC devices, the LC optic axis needs to be uniformly aligned
to deliver desired optical performance. This is usually accomplished with
an oriented alignment layer (e.g. polyimide) that aligns LC after fill.

20 Excessive gouging between the pixel cases difficulty during the LC

alignment process due to nonuniformity of the spin coated polyimide.

Thus, a need exists for a display device formation method and
apparatus which reduces the penetration of incident ambient light into the
95  backplane. Still another need exists for a display device formation method

and apparatus which meets the above need and reduces the excessive step




25 backplane. Still another need exists for a display device formation

met hod, and apparatus which neets the above need and redu%? 5@5&@ essi ve
step 22 7 APR 2006 hei ght between pixels thus reducing | Zu @gtal
alignment difficulty and inproving passivation integrity. 3 2 7 APR 2006
SUMARY. 1O et wlIMENKE QN T rpd esient liqnidentystal pligvindes diffoidpy apddevi ce

- formation nethod ~ and apparatus whi ch reduces the penetration of incident
anmbi giprotiabt padtivatibhdnbeghipt.ane. The present invention further provides a
di spl ay device 5 formati on nethod and apparatus whi ch achi eves the above
acconpl i shnment and reduces the excessive step height between pixels thus
reducing liquid crystal alignnment difficulty and inproving passivation
integrity. 10 In one enbodi nent, the present invention recites formng a
plurality of netal pixels wherein adjacent ones of the plurality of netal
pi xel s have a gap region disposed therebetween. The present enbodi nent
then recites depositing a |light absorbing antireflective coating (ARC
material within the gap region to forma light shield such that

transm ssion of incident 15 |light through the gap regi on towards underlying
active devices is reduced. Next, the present enbodi nent deposits a

passi vation | ayer above the plurality of nmetal pixels and the ARC nateri al
to passivate the backpl ane.




As a result, the ARC material disposed in the gap region reduces the
transnt ssion of incident |Iight between the netal pixels and tovvards the 20
active devices of the display. in yet another enbodi ment, fHhe ARRe2elf

i nvention includes the steps of the above-described errbodl ment and further
conprEFesMIERESOT Y VENTEPEr of |iner material prior to depositi ng a
conductive layer of antireflective 25 coating materi al 7 APR 2006
These and Bhhgresbjtectventing prdvaitrsagskispipytde g E@é‘?ﬁtl‘i’fh\%%mogn will no
doubt becone obvious to those_ of ordinary skill in the. artﬁfter havi ng

read ame apprraiusnyhidt arr:dWSd@@c@&?rﬁ%ﬁr%ﬁOBfoftlﬁéldﬁfléfaé?‘i”é*&té Ydint s whi ch
DESCRITTR s R - AR RSB T H e At iRy Y dhest RSP e N ar 0

b odioREtien Pt b AP PaHE ¢ I SUTRERS Gt HEBRE "descr i pti on. —serve to
sent ?%«?pgrm@esﬁwgﬁ G ghl p8 chOUERL ik BB ATh EHGREIL k2 o1 o
formed, AGeoL Hiqidd c9ys€a?wgqmleﬂehlﬂﬁhwgnd%anmmg passivation

integrity.

10 In one embodiment, the present invention recites forming a plurahty
of metal pixels wherein adjacent ones of the plurality of metal pixels have a
gap region disposed therebetween. The present embodiment then recites
depositing a light absorbing antireflective coating (ARC) material within
the gap region to form a light shield such that transmission of incident

15 light through the gap region towards underlying active devices is reduced.
Next, the present embodiment deposits a passivation layer above the
plurality of metal pixels and the ARC material to passivate the backplane.
As a result, the ARC material disposed in the gap region reduces the

transmission of incident light between the metal pixels and towards the

20 active devices of the display.

In yet another embodiment, the present invention includes the steps
of the above-described embodiment and further comprises depositing a
layer of liner material prior to depositing a conductive layer of antireflective

25 coating material.




FIGURE 2A is a side sectional view of a portion of a CMOS backpl ane of a
m crodi splay having a netal pixels fornmed thereon in accor dfg&@? ﬁh@ﬁh one
enbodi ment of the present clained invention. 15 FI GURE 2B izs

sectional view of the structure of FIGURE 2A having a Si3N4 |iner |ayer
deposi ted ere [ ] r@b&@ns' winesent

cl ai med i nventy %%8 0&%&@%3??@8%&3?&&2&%5%%%' V?E{/]vi%\%fntdhdgﬁstructure of
Fl GURE, ﬁ@ub@ 8L BhDicRsCRNGMSE oY 8rdin@hY RIS 9k Bhoeranfter dhlvagt i ve coating
material IS deposited thereover in accordance with one enbodi ment of the
Presentg ﬂi@fdﬁ%i%&%ﬁftﬁil@ﬂ-déﬂc%@& ilse prefeiedsenbbdiménts widf the
structure of FIGURE 2C 25 wherein a |ayer of photosensitive material is
depositeediidtesRaver the vaekeisddnoeing fijunne embodi ment of the present
clainmed invention. 6 2 7 APR 2006 FIGJURE 2E is a side sectional view of the
structure of FIGURE 2D wherein the |ayer of photosensitive material has
been patterned in accordance with one enbodi nent of the present clained
invention. 5 FIGURE 2F is a side sectional view of the structure of FlIGURE
2E wherein the antireflective coating material has been patterned in
accordance wi th one enbodi ment of the present clained invention. FIGURE 2G
is a side sectional view of the structure of FIGURE 2F 10 wherein the
remai ni ng portions of the |ayer of photosensitive material have been
renoved in accordance with one enbodi nent of the present




clainmed invention. FIGURE 2H is a side sectional view of the structure of
FIGURE 2G 15 wherein a thin conposite passivation |ayer &Ctl) g’[ﬁfen
deposited thereover in accordance with one enbodi nent of th %{@2
claimed invention. FIGURE 3A is a side sectional view of portion of

baCkmgﬁE%&%ﬁm@Eﬁ‘”gfﬁRme@@‘ metal pixels fornmed thereon in

acco Wt One empodr e of the present clained invention. FIGJRE 3B

i i d t] i e 6l
is a si ec?ﬁg dcg%g)ﬁp%gfrakbﬁgs% WHEdH B Be QhediigeRfeBin aeferm &

non- conductive, orbing, ‘antireflective coating material 25 is

de"?’i%ﬁ%f{ﬂ?ﬂé epV¥AtichfoACHRIIALE dvhbidignenerdfadiennvientiort hadpr esent
cl ai invention. 7 2 7 APR 2006 FIGAJURE 3C is a side sectional view of the

St I UCgdketh&f wiHAREdS&ripthat, alefive tb @yplainfthehmtineiphes of Ve material is
deposited thereover in accordance with one enbodi nent of the present

clsal merein4ention. 5 FIGURE 3D is a side sectional view of the structure of
FI GQURE 3C wherein the | ayer of photosensitive material has been patterned
in accordance with one enbodi nent of the present clainmed invention. FlGJRE
3E is a side sectional view of the structure, of FIGJRE, 3D .10 wherein the
antiref | ecPRIORCAR REGRERE i 1512 pisle $5sbi90phviesy 0@ PH UL S dance with one

enbodi nent of " the presen(tJ | ai, meg,i nve tion. FI 3F is a side sectional
vi ew oMOhbakplenrupbads e%@}NE"O isplay formed according to

conventional methods.

10
FIGURE 2A is a side sectional view of a portion of a CMOS
backplane of a microdisplay having a metal pixels formed thereon in
accordance with one embodiment of the present claimed invention.
15 FIGURE 2B is a side sectional view of the structure of FIGURE 2A

having a SigN4 liner layer deposited thereover in accordance with one

embodiment of the present claimed invention.

FIGURE 2C is a side sectional view of the structure of FIGURE 2B
2  wherein a conductive light absorbing antireflective coating material is

deposited thereover in accordance with one embodiment of the present

claimed invention.

FIGURE 2D is a side sectional view of the structure of FIGURE 2C
95  wherein a layer of photosensitive material is deposited thereover in

accordance with one embodiment of the present claimed invention.




wherein the remaining portions of the |ayer of photosensitive material 15
have been renpved in accordance with one enbodi nent of th r % cl ai ned
invention. FIGURE 3G is a side sectional view of the struitﬂrgﬁ[gf 951' GURE 3F
wherein a thin conposite nitride/oxide/nitride (NON) passivation |ayer 20

has been deaostheth INES0Y Shcddh ACHRKIANGR WrhéheBeEIUIIEDD of the

- present c i'nvention. is a flowchart of steps perforned in

acc%%%?gﬁ, mg{]ihr‘,%eofﬁfﬂ%@géﬂ@ﬁwe%até}ealph%be@nq)laatermédi imventi on. 25 FI GURE
a oW chart

5is of 'steps perfornmed in accordance with another enbodi nent

of tEﬁcd}ggﬁ@é‘twi@h%iri@éimibﬂﬁﬁﬂtehomf tBeprésdnRc2Ob@dTheedtimi.ngs referred to
in thrs description should be understood as not being drawn to scale
except if specifically noted. 9 2 7 APR 2996 DESCRI PTI ON OF THE PREFERRED
EMBCDI MENTS Reference will now be made in detail to the ]ﬁgﬁgﬁr ed
egbodi MENFIGEIREI2IR i$ nvade soctiomxlanmsivesf e stneivrsred G ed in the
acconpanying drawngs. Wile the invention will be described in

conj wigtreom the kintite8ebtipe spatingimatedal hantbsenRaEINehE under st ood t hat

they are not intended to |imt th inventjcop .todthese enbodi ments. On the
cont macordanise Withentd gmbogdiment of the present claimed inventiomn.

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

claimed invention.

FIGURE 2H is a side sectional view of the structure of FIGURE 2G
15  wherein a thin composite passivation layer (ON) has been deposited
thereover in accordance with one embodiment of the present claimed

invention.

FIGURE 3A is a side sectional view of portion of backplane of a
20 display device having a metal pixels formed thereon in accordance with

one embodiment of the present claimed invention.

FIGURE 3B is a side sectional view of the structure of FIGURE 3A
wherein a non-conductive, light absorbing, antireflective coating material
9% is deposited thereover in accordance with one embodiment of the present

claimed invention,




intended to cover alternatives, nodifications and equival ents, which may be
included within the spirit and scope of the invention asdzj?f IAF %Uﬁﬁ t he
appended cl ainms. Furthernore, in the follow ng detail ed descr gt of the
10 present invention, nunmerous specific details are set forth in order to

provide a. el E DB 10F e b 6E theBeRtturB VERICGIR BHBRever , it
w il be ommgﬁpgﬁg %gégg‘%ﬂgarly lgki [ ien theuart that the present

i nventi on. | caditnd houtrinhes deppatdd tigerdotar irs. | n ot her
i nst é‘ﬂbeeré‘?fn ﬁggﬁVQFﬁﬁg\%ﬁ{dn%ﬁﬁBds, pr of:ledur esl,5 conponents, and circuits have

not heen 15 desthi Hrdeibod@haht ofshagiretenticnémedsarvienyioshscure aspects of
the present invention. Figures 2A-2H and 3A-3G provi de side sectional

views of the structure created according to enbodi nents of the nmethod of
the present 20 invention as set forth in the flow ch}r‘\t&? %f g ures 4 and
55 For purpIEsEREDSD ielasidesectineal vievoof the sirsebws G WPEESH | ze the side
sectional views of Figures 2A-2H and 3A-3G in conjunction with the flow
char tehefeifitharegertof phatoSensitivecaaterigbhas PN (A ER58dPment s of the
present invention. As wll_ be des%ri bed i fiﬂei\t ai . bel 3%’1 t he present
enbodicrertanereithdena embpsiment af fhesprasenk ClAIAIVERIB ng 't he

transm ssion of incident light through a gap region |ocated between

adj acent ones of a plurality of netal pixels such that transm ssion of

inci dent 1ight through t. ion t ' 7 APR 2006
active dev BURI SRl ede SKapREP VB hENR Spk e o REuIR BT

ni%t er\;vglaréig thle rgt?I\'/eeﬂetcrt]f-v% c[%)%%lsnigvg}aitgﬁai a8 YdehYpaRerddd at | gnment  probl em

accordance with one embodiment of the present claimed invention.

FIGURE 3F is a side sectional view of the structure of FIGURE 3E
wherein the remaining portions of the layer of photosensitive material

15  have been removed in accordance with one embediment of the present

claimed invention.

FIGURE 3G is a side sectional view of the structure of FIGURE 3F
wherein a thin composite nitride/oxide/nitride (NON) passivation layer
20 has been deposited thereover in accordance with one embodiment of the

present claimed invention.

FIGURE 4 is a flow chart of steps performed in accordance with one

embodiment of the present claimed invention.

FIGURE 5 is a flow chart of steps performed in accordance with

another embodiment of the present claimed invention.




First, referring briefly to Prior Art Figure 1 for background 5
information, a side sectional view of a portion of a conventional CMOS
backpl ane structure for a mcrodisplay is shown. The strugﬁugﬁRoﬂQ rior
Art Figure 1 is presented here for purposes of illustrati t el ement s
of certain conventional display devices. The enbodi nents of the present
invention are not limted to use solely with such a structure and such 10
el ement s. ecificall t i . 1h } don are wel |
Suited 1o TReSvit i?f?é%%d‘g%ghg@%%{ Rhidkd &vﬁlgﬁﬁgﬂﬁﬁgﬁi sed of a

| essor_or, gr.eat f - ' ' contai n additional

el eméiit 2ot @?lr‘%ﬁ]ﬁah‘ﬁgg??g?% ?%?%‘%@%ﬁ%%ﬂﬂaﬁer nore, although portions
of the follow ng discussion may specifically recite the use of 15 various
enbodi ments of the present invention in conjunction with a mcrodisplay,
the present invention is well suited to use with various types of display
devi ces other than mcrodisplays. Referring again to Prior Art Figure 1,
there is shown a sem conductor substrate 10, preferably conposed of
nonocrystalline silicon. Sem conductor device structures which may 20

i nclude polysilicon gate el ectrodes 14 and source and drain regions 16 are
shown which in conbination conprise the active devices of the display
device. An insulating layer 18 is formed overlying the sem conductor
device structures. Between the polysilicon gate el ectrodes and the top
mrror |ayer, there can be one or nore (up to five) nmetal layers for 25

i nterconnection purposes having internetal dielectric |ayers therebetween.
11 2 7 APR 2006




A barrier/glue | ayer '20 conprising titaniuntitani itri i i

umnitride is depos
over a contact hole and tungsten (W is deposited and etched back olro ted
pol i shed away so that a Wplug is forned. Another barrief/GlIARR d8liferi al
such as Ti/TiN, is then deposited before a Iayer of conducting material,
such as_ alumnlu . - rEgRasi ted over the

par . ng ; Ia § i nes 22. An anti-reflective
pa][ t erni ngR%iﬁnF g{} Ia‘?‘?vﬁ 9 d%eg%&l' d‘h gf%}ggﬁ% g;:ng?%%féngﬁggggd
st £he o %@é?n,te}ggl%n%]te% &f%h?&} Bg&;yﬁhgﬁa%ea TE@RY: avtbdepargringhe |ike, is

depo§ | 1 nes. enings are etched through the insulating

| ayer, 26.t0 t
Ay e AR ines. {?\gn tigd n‘ﬂr on 0 Be BRE&HBED FRenjwhcticn deppsheed into th
vi a Sﬁeh % ?%ngsten ayer i s deposited over the i I’ISUF]:’;DI'[I ng | ayer ang

th' Qo Peed oRpal {}Heﬁﬂod n€ {an 1Rt ehesrshenk that flonmatengsintengedde 28. Anot her

rri‘er Tayer an netal |ayer is deposited over the insulating | ayer 26.

The t
1%:91% t'PE% ﬁbeh%ﬁ oithetdy pirdaldisneattsiniOn the contmarsl the MNEHIMDIE  such
Al Cu Si, with a TECS hardnmask | ayer 34. Wth reference ygt|II toas

Pri Ormf‘errideﬁl @UER et al anposies enpakiStatacnand ivakentss winch g
stack oxide (can be as many as six |ayers) ?Ezmée 0si t r ?ﬁeﬁ!t E)[)I (rjrgt al
glx xgll?u@%ﬁ@ﬁ Jvmhin mliq epliritoand 6%1@@051’?1@:%111‘{*@ g’ﬁ%‘é’&%ﬁ@hf\{ﬁ t he

ide/nitride stack is conprised of o 0 r xidelnitr
oxi dea{p]jemﬂedeﬂmmsjef‘(t@@)rmmf‘ﬁ éﬁotth‘?efo PFBBé"fiﬁ@ﬁﬁed CHT N };\?}t?”((?;') st g(r:k
is conprised of nitride (N), inltrld/omd N% E,lge/omde/nltrlde
(Mprehmbmwmdmemqshﬂ’@l N{:S % |'ayers will have a

total thickness of between ahout
provide a thorough understan Png o %)e %In‘gserit 1%Qrent10n However, it

will be obvious to one of ordinary skill in the art that the present invention
may be practiced without these specific details. In other instances, well
known methods, procedures, components, and circuits have not been

15  described in detail as not to unnecessarily obscure aspects of the present

invention.

Figures 2A-2H and 3A-3G provide side sectional views of the

structure created according to embodiments of the method of the present

% invention as set forth in the flow charts of Figures 4 and 5. For purposes of
clarity, the following discussion will utilize the side sectional views of
Figures 2A-2H and 3A-3G in conjunction with the flow charts of Figures 4
and 5 to clearly describe the embodiments of the present invention. As will
be described in detail below, the present embodiments provide a light shield

95  structure for reducing the transmission of incident light through a gap
region located between adjacent ones of a plurality of metal pixels such that

transmission of incident light through the gap region towards underlying

10




Angstrons. The thinner top nmetal stack (approxi mately 2000- 3000 Angstrons)

including the TECS cap 34 is patterned to formthe refl i
. . ecti 1

iOQG netal pixels 32. As nentioned above, the structure of Zez dlfpgzngg F:DgRure
. !s;I apr e;g\r/lit gcei Eﬁre f;)r purposes of illustration of certain conventional
( . . char act.er , : emhqdi f i
i p\e/ﬁﬁt%/"lc?n QeSS Wo‘fe({l‘?‘cﬁc’ld f e%ﬁégf%l (i/tﬂ?%%és]gs Wi t hdéa EI E)Zfl‘ﬂg;n %ﬁ:f;{@ﬁ:c} ng
\B\i’ t hl| rx?ﬁxf (}(J{et "2’ nsﬁéﬁifaﬁ{z_.ﬁqmégr@t Rdd gl @mBipsnemoproblentrior Art Figure 1.
A erence Now to Figure 2A, a side sectional view of a portion of a

ackpl ane of an LCD structure is shown. The structure of Figure 2A shows a
p: urality of metal pixels formed above a substrate. For purposes of 10
icnalr::r;[g’r MA” ’Ffiqgfgf’ﬁ{;ﬂgﬁ%;&;}d@ﬂjz)tb?@iﬁii areiigufesiidhr hsckgrunskanpl e, those shown

_ _ are not shown in Figure 2A. Furthermpre, alth

Qﬁt sheMRationFiagide s2Atiohal virw pbsepordioncolar cogventionl ¢MeS under st Ogggh
Lt?bggfé}gla ‘g’lm.);eiljs Zogfgdand .20(!%3 g}{ae electri C%‘lblgy t%ou?I ed?)ftee . under | yi ng

Up# nehitetictexteiod & ntioralibgleyasesipom. (.08, SEEETWRE
Additionally, the present enbodi nent is ( suj.t ed 58 15 14).

. . - - - | u e W h
Pl ur Akt Bgufe ires girepéxt@xdshens oF BIEOFST lages t%t‘)&}tﬁ?a??/%‘l“e‘c%ﬁ%gf than the
netal |ayer of Figure 2A That is, the present enbogimenis are not limted
'ltgygfesrtﬁasne gomrﬁoﬁlx@ﬁ@lﬂlb ﬁﬁ’d?eﬁsi’ﬁﬁf" %%@HPPP@S %ﬁ@%ﬁ %%él many et al
r ed in e_formgti on of ,conventional i
8%2:11;5&310%@: ﬁrfta ok é11§‘1tg=g_2*é’_ ams%%bwaﬁé Sgﬂb\%‘n&t?ﬁ‘:@ébﬁg SA, |S? ’ wua: |t hgggh 20
10  elements. pe(:slﬂggllﬁ, L mted AUIBEL oPindphaledt iSbitios &eowsllf or

suited to use with display device structures: which are comprised of a

lessor or greater number of metal layers; which contain additional
elements; or which contain fewer elements. Furthermore, although
portions of the following discussion may specifically recite the use of

15  various embodiments of the present invention in conjunction with a
microdisplay, the present invention is well suited to use with various types
of display devices other than microdisplays. Referring again to Prior Art
Figure 1, there is shown a semiconductor substrate 10, preferably composed
of monocrystalline silicon. Semiconductor device structures which may

20 include polysilicon gate electrodes 14 and source and drain regions 16 are
shown which in combination comprise the active devices of the display
device. An insulating layer 18 is formed overlying the semiconductor
device structures. Between the polysilicon gate electrodes and the top
mirror layer, there can be one or more (up to five) metal layers for

95  interconnection purposes having intermetal dielectric layers therebetween.

11




purposes of clarity. Referring still to Figure 2A and now to step 402 of
Figure 4, in the 25 present enbodi nent, the plurality of netal pixels 202a
and 202b are forned having a gap region 204 di sposed therebetween. In sone
i nstances, the depth of gap region 204 may be exacerbated by ARRr#ghi ng
of the nmetal layer 13 2 7 APR 2006 from whi ch netal pixels 202a and 202b
are fornmed. As nentioned above, this gap depth (also referred to a step

D) S, e A P SN RN, o
nci cent WP Tg! Esbi Bl vBIFERY bbbV tep RIS FE hed BHC PG 20a
acti e dQyPebs g R R PR I TRt Rl b TRl B M o

several gth agtIiONN, Siéh HEPONGRNBEOrbY 106! Rind gl maRaidloses a thr eat
p

to device operation due to ot oel ectron 10 generation/interference. As

wi Il be diskusstgnbguavor thelpmésient alloyentdepositpd oviedédse a sol ution to the
af orenentioned problem In one enbodinent, a |ayer 34 (TECS cap) is forned
above nebalrigi/gkieslagorand pdttearid. toviorm metdrlarese hékn ant-reflegtin04 and

Figure 2B, the present 15 enbodi nent deposits a |ayer of |iner material 206

above netcaptipgXARCropgr 2dnmay deodepnsitedtayegdbe megalaysohetarg one
mat or 1 Al PaligH g, AoisuBingRYST SbaTuCh PTG SHeSEi UBHBOEH ment . | ayer of
1 ner nmsz Eéa%flz g%aos% (USG), a tetraethoxysilane (TEOS) oxide, or the like, is

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

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

ot 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
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,
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 34 is patterned to form the reflective
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provi des an insulating barrier between a subsequently deposited conductive
20 ARC material such as TiN (to be discussed in detail bel @@ 006
electrically conductive elenents such as, for exanple, netal 2\ e?g 202a
and 202b. However, the present invention is also well suited to an

enbodi nent. J i dtfrRd Slovkl fes sfrRicBiteadf Peiodepasiigedeeven t hough
mat emeﬁ?f]éggegseﬁgﬁg%uent 'y deoposi ted is not conductive. Additionally, in

one g{l%)s%g&@mfer@%lo b PesRr IS BRbtrianioantd @mtainayarvestidialedisatver i al 206 is
Ite

- depo wth a thickness of approxinmately 500 Angstrons. Although such a
thi ng@ﬁé deraéesisted, had thayenbalindmernf thearieatnRoeaHiPhEr esent
enbodiment, the 14 2 7 APR 2006 present invgantion_is1 Il suited to the use
Wi t hpat lisyesd ebldly nemsentiehizadispity device hass Predsey @egiifer or | esser
depth. Referring nowto Figure 2C, and to step 406, the present enbodi nent
55t hgprutepashhd demayés sbown ghPraBsditpi igyT8nti ref | ecti ve coating nateri al
208 above | ayer of liner material 206, above plurality of netal pixels 202a
and 202b and into gap region 204. In one enbodinment, antireflective

o L bS5t RTEIGTIE F pisan i ckres
%ﬁéﬁ%&%ﬁ%? Eﬁ%ﬁgﬁgﬁ%ﬁﬁ oy e Re PR %;“’*Fﬁé’“ﬁ‘gé’m@ t LfZS fL §tﬁt: :“
L g
anti r g Lective Coatngn aBSHsRhcAMAt s6arRs] feckeimely, dhoaei c

shown in Prior Art Figure 1) are not shown in Figure 2A. Furthermore,

although not shown in Figure 24, for purposes of clarity, it will be

understood that metal pixels 202a and 202b are electrically coupled to

underlying structures which extend into substrate 200 (e.g. active devices
15  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 of Figure 2A. 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 the formation of conventional LCD devices. Also, although

2  only two metal pixels 202a and 202b are shown in Figure 24, it will be

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

purposes of clarity.

Referring still to Figure 2A and now to step 402 of Figure 4, in the
95  present embodiment, the plurality of metal pixels 202a and 202b are formed
having a gap region 204 disposed therebetween. In some instances, the

depth of gap region 204 may be exacerbated by overetching of the metal layer
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- 20 vari ous ot her a

15 coating material such as, for exanple, organic bottomantireflective
coating (BARC) material. In yet another enbodi nent, anti rzaf7l %ﬁ i;@ coati ng
material 208 is conprised of an inorganic antireflective coati § Perial
such as, for exanple, Ti N or Si ON. Al though such naterials are recited in
the BLSSenticAThodiMRals 0 PRERND ArbpAhmEn! Absnestibnedidedel o the use of
tireflective coating materials. Referring still to step
406 @f[;lg Oé]yiyvdgﬁh}j:@g% P8foRR 06l a2fepilvighe caenbeiltrempoof sidvevalt esent |
i nventioh,” a layer of photosensitive material 210 such as, for exanple,
phot gg@ia%b Al Aepositiedtelyaenpnihisef thecritegritp af argipsanentlyi al 208. As
shown in Figure 2E, |ayer of photosensitive material 210 is then patterned
usi naegogieycetisiel iyet hé peepivatton. melditsen & lgads bylénalignoyntis 2 7 APR
2906 210h, and 210c) so that the underlying antirefle \tﬁve coating materi al
288 Hsfﬁcpﬂ@ceﬂsmﬁoyvrabm\l?egvh%Q@apnﬁﬁgﬁéﬁlg F@P?‘?ﬁ?&t?\‘i Y51 8ep 408 and now
to Figure 2F, using the mask 5 forgsfg by re ‘iiagns 1%%@ 21{9&)2 Qﬂd 210c of
| aye206f nphopasdisbugh @apetegiomp04 Wefﬂﬂén% PRV S eS8t hefit “Subst anti al |y

bor € ol Wt pRUNAITIINGY Al BT S A 2 e h T har The o
porti 1] 2 such that the
“antireflecti ' terial ..g. ' d 208
el AF BT b EHER SRR TearBhe T To REmp T bt ALY 8 et

t he pl | it f tal, pixel . ' th ti f th
e, Rt chet sl i Rl BV R e B (RRAD T € Pose, por i of the
plr(}ot Ogse%ggé’gibr\{ﬁn{@%a{eh%. L £ W ANRY Ahculbed bRy N pPefehnit s ertida,

provides a solution to the aforementioned problem. In one embodiment, a

layer 34 (TEOS cap) is formed above metal pixels 202a and 202b.

With reference next to step 404 and Figure 2B, the present

15  embodiment deposits a layer of liner material 206 above metal pixels 202a
and 202b and into gap region 204. In one embodiment, layer of liner
material 206 is comprised of a non-conductive material such as, for
example, SigN4. In the present embodiment, layer of liner material 206
provides an insulating barrier between a subsequently deposited conductive

20 ARC material such as TilN (to be discussed in detail below) and electrically
conductive elements such as, for example, metal pixels 202a and 202b.
However, the present invention is also well suited to an embodiment in
which a layer of liner material is deposited even though material to be
subsequently deposited is not conductive. Additionally, in one embodiment

95  of the present invention, layer of liner material 206 is deposited with a
thickness of approximately 500 Angstroms. Although such a thickness is

recited for layer of liner material 206 in the present embodiment, the

14




208b, and 208c of the antireflective coating material serve as a barrier to
the incident |ight shown in Figure 2A. Thus, remaining porgjgna ﬁo%
208b, 15 and 208c of the antireflective coating material re e APReZUTb
transm ssion of incident |ight 205 through gap region 204 and towards

?(r:]t/ie\é??%% iriggég 1§n01:§s r\rfvp@i Lol AN éﬁegﬁge?\g%th afer G er nifteripl esent

i'ngenent by i ncident li'ght 205 and all eviates the

t hr ea’g}ilhgggﬁ\é%g%egggraage%gefgyz OePYi_eBHQt oel ectron

gene?”V erence: wn in Figure 2F, in one enbodi nent of the
present invention, remaining portions 208a, 208b, and 208c of the
antireflective coating material are nade to extend sli ghtc:% over the edges

of nmetal piefelsndQRa eNEigRQ2PChyna Itb gbép y0BNder pravest egnlvdienreaber se t op
metal mask. That "is, in one 25 enbodi nent of the present invention,

r eMaikRbAdePoLith ensy20 84 lig08bsodidg R08wflettivheohtpgrmeaterank 2§01 | ecti ve
coating material "wap around" gap region 204 to provide a effective

bar r ixbbvedayerst! limei oieterinl 8§66, ah®eplpraivly opstRpisels #Paerfll (o step 408
and now to Figure 2G remining portions 208a, .208b,. and %08C of the layer
of amOPbeindintiogarvegivn@Ofat Bt pRe earkodiment, 2RISR FIRHE porti ons
210a, 210b, and 210c of the |ayer of, phfélf%eni?ltive 5 rfrateri al have been

r enowestertadr 3G Braerusded YR 8aRtregie @8 ?%SB)? the present

KN R Y B R R
%88(: fgrf' t}tlet] ?igh%%%rso%in%ngriltrix%cde%%itvievc%a 1%%%1%9@1{@1'[ Sh8 &l thd rﬂﬁ"ésérft’ renai ni ng
‘embodiment, the present invention is well suited to the use with a light
absorbing antireflective coating material which is deposited to a greater or
lesser depth. Furthermore, in one embodiment, the light absorbing
antireflective coating material 208 is comprised of an organic antireflective
15 coating material such as, for example, organic bottom antireflective coating
(BARC) material. In yet another embodiment, antireflective coating
material 208 is comprised of an inorganic antireflective coating material
such as, for example, TiN or SiON. Although such materials are recited in
the present embodiment, the present embodiment is well suited to the use of

2  various other antireflective coating materials.

Referring still to step 406 and now to Figures 2D and 2E, in one
embodiment of the present invention, a layer of photosensitive material 210
such as, for example, photoresist is deposited above antireflective coating

95  material 208. As shown in Figure 2E, layer of photosensitive material 210 is

then patterned using a reverse of the top metal mask (see e.g. regions 210a,
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portions 208a, 208b, and 208c of the layer of antireflective coating
material 10 serve to inprove the topography of the structure B%QQ%E any
subsequently deposited overlying passivation |ayer is not 2u j&? o the
exceSS|ve step height found in conventional backplane structures. The

Pr esep ' ”Vgﬁ% (R;Ego ﬁgétﬁ%ggLzhyﬁ!rr%agggéf?ec\tﬁreyedmutgtﬁla&@hgkB@gss of

rema c of the layer of antireflective

coat i gﬁgg@%gfs}; %430%(3,%}9%%%?%% for 15 step height differences between

adj ack one ty of metal pixels and such that adherence of
the passivation layer is inproved. As a result, the present enbodi nent
inproves the integrity of a subsequently dep05|ted thin conposite

passi vat i oRetoddiaE niP tietes 0BG oW doignrd 20, awsing dh&imanke 2H, t he
present invention then deposits a thin cogPOS|te passi vation Iayer 210

abkpv efol-hdsts Jf patione200a, F Gy rad (eofdayehet phetoapneiyiveimatarsl pi xel s 202a
and 202b and remaining portions 208a, 208b, and 208c of hhe | ayer of

ant i refo atiimesewiacinbgditaeet sabstanttahlymén@md@iyﬁ‘éﬁf anpﬁp e‘itb‘fﬁ)om t e
passwatlonla er 210 is conprised, for ZQN%? 91

oxi dedaaitirrg chentedn 208>fr<de/&h0tvﬁ|aje}189 ipgeti P: utﬁhty K mla pixels

oxi de/ nitride/oxide/nitride | ayer ar the | Q. k %can o Jmany as Si X
| ayer202a epti20Zbesioboth Ettetﬂeeftﬁ ctiyRicoatingdPalT! @\f(ts ea%/eégg)jl (TECS and

on 1 HAD TGN PR DR AT REIPT PRk BHBLUI ek L CFRS B 2R om0, or OO
) BB&&%?{)#L@% oo teorel DR Wb AP SRS SR PR aRARL ol ad i n
the p{heoss% portion of the antireflective coating material which were not covered

by the photosensitive material are removed. The remaining portions 208a,

208b, and 208¢ of the antireflective coating material serve as a barrier to the

incident light shown in Figure 2A. Thus, remaining portions 208a, 208b,

15  and 208c of the antireflective coating material reduce the transmission of
incident light 205 through gap region 204 and towards active devices 14 of
Prior Art Figure 1. As a result, the present invention reduces

impingement by incident light 205 and alleviates the threat to device

operation caused by photoelectron generation/interference.

As shown in Figure 2F, in one embodiment of the present invention,
remaining portions 208a, 208b, and 208c¢ of the antireflective coating
material are made to extend slightly over the edges of metal pixels 202a and
202b by slightly underexposing the reverse top metal mask. That 1s, in one

95  embodiment of the present invention, remaining portions 208a, 208b, and
208c¢ of the layer of antireflective coating material "wrap around” gap

region 204 to provide a effective barrier against incident light.
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5 enbodi nent, the present enbodinent is well suited to the use of various
other materials having various other respective thicknesses. Wth reference
nowto Figure 5, a flow chart 500 is shown of steps perfor A

accordance wth anot her enbodi nent of the present clained 1 in\mlzp@n.
Wth reference nowto Figure 3A, a side sectional view of a portion of a
backpl ane of a m crodisplay structure is shown. The structure of Figure 3A

shous a PlLa@rl -tygos;%hg PELAl, BOX SR Q0 TBdiphoy och eubshiak portifas purposes

of clarit e "u ying el enen (such as, for exanple, those

s ho\r']\ﬂol%%gga, Dol ﬁﬁatzo!éicg)grtﬁe uy%kq Db reSROVReicBafingunatdtal 4% Suswher mor e,

al t not” shown 1n Figure for purposes of clarity, it wll be

U“der;?ﬂQPPe&lQﬁ{in atioRk ¥abs, 208 ANt PORbF Bielagkeof photidepsitdvl ed to
underTying structures which extend into substrate 200 (e.g. active devices

14) . AdditihPRalé Yeeh henpvedeicrefibodi Gretsigsifivait hewiefiédeabzeddiith a
a

plurality of netal pixels which are formed at a netal |ayer other than the

20 megiad ptayer intemtiguy m 3Aditidmto slsielding preéeditneABHEPHMEFE are not

limted to use with nmetal pixels formed using a spec'f'cm of dthe many

et al indidyter ghis ésl the gabdifiograspiesh obremeHviBEt PRSI Y e£RCA so,

al though only two netal pixels 202a and 202b are shown i.n. Figure 3A, it

wi |l pesc ofther Hysoof amdtrefleetive cpating dpatiiider Lott FefEPPPKE s i s shown for

25 purposes of clarity. 18 2 7 APR 2006, Referri stil.]l t |.gure 3A and

now t postiasp 3RBR, 308k} gudetfc qfﬁﬁ? E@@rerﬁ:ﬁ' }ﬁeﬂgﬁﬁgaic% pe Iﬁﬁgé plurality of

nf(;[ 2 sgllv)éetlosinggr%ge% g tggggbra%rh% Jf%linges%ructure such that any subsequently
deposited overlying passivation layer is not subjected to the excessive step
height found in conventional backplane structures. The present invention
is also well suited to varying the thickness of remaining portions 208a, 208b,
and 208¢ of the layer of antireflective coating material to compensate for

15  step height differences between adjacent ones of the plurality of metal pixels

and such that adherence of the passivation layer is improved. As a result,
the present embodiment improves the integrity of a subsequently deposited

thin composite passivation layer.

2 Referring now to step 410 and to Figure 2H, the present invention
then deposits a thin composite passivation layer 210 above the structure of
Figure 2G (e.g. the plurality of metal pixels 202a and 202b and remaining
portions 208a, 208b, and 208c of the layer of antireflective coating material).
In one embodiment, thin composite passivation layer 210 is comprised, for

95  example, of an oxide (O), oxide/nitride (ON), oxide/mitride/oxide (ONO), or
oxide/nitride/oxide/nitride (ONON) layer or the like {can be as many as six

layers), optimized for reflectance. This together with layer 34 (TEOS and
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havi ng a gap region 204 di sposed therebetween. In some instances, the

depth of gap region 204 may be exacerbated by overetching of2 yhﬁ m@%
| ayer 5 from which nmetal pixels 202a and 202b are forned. AsS ne t?i
above, this gap depth (also referred to a step height) can result in poor

si deyaly i1F 05hH 3L o BEaIB edldceMHRIE by sSioaPbaNger bhethientadlpctivg of a
subseduently deposited |ayer of thin passivation. As shown in Figure 3A,

i nci gl bixeht In diRpe@Sedi@dnbytids (VBN ER Oymy GHEN irtdedHgap regi on 204
bet ween netal 10 pixels 202a and 202b and ul ti mately i npinge underlying

act i yfedeniicesvd a.total t&dtkmmsd@%e:tmaeh@hﬁutm(bwml@,%EWS@PW%ch

i npi ngenment by incident |ight 205 poses a threat to device operation due
to photineidctndn maenelatamhthivkaeseeeate reqisedid ItheeP$8Rhssed bel ow, the
present invention provides a solution fo the afqgrenenti.oned problem 15
Ref eenitngimewt rerpraacat smbedignen sy wpllspated oty BS_ A VBROYE nent  then
deposits a layer of antireflective coatin nﬁt rial 208 above | ayer of

| i nepthrat mﬂtél"lai@@,a"&!ﬁ)\?’érw%r%qhaﬁ‘feéijeﬁté\g%lt B?‘%@FEG%oza and 202b and into

gap region 204. In one enbodiment, antireflective coating naterial 208 is
20 deposited within gap region 204 to a thickness of approxi mately

000- 8000 o AMGSLLOME.. L 10490 PUSD AP CAEPEBR0 15 s hl kit

antirefle n the present enbodi nent, the present

i nvention is, well it LR i {tvdafgadi n
mat ePCH OrWﬁschl figc‘%@égg ?S@gﬂ %%&g%gfeeﬁg?é‘?“@gn?gi g&eblég%ﬂgv Furt h:ar ?mr e, in

e enbodi ieniy; N g efdcBilonaD8idvs ofanpri sed of an
3 g ah{l\éerf;}l%e Ee‘}’}tﬂSre‘"f&térfc% hGE b B g6PaBiNG sl na08idvs o

ntir ective coating naterial such as, for exanple, organic

BARC, ok flod S #BREKSIane of a microdisplay structure is shown. The structure
of Figure 3A shows a plurality of metal pixels formed abové a substrate.
For purposes of clarity, many of the underlying elements (such as, for
example, those shown in Prior Art Figure 1) are not shown in Figure 3A.

15 Furthermore, although not shown in Figure 3A, for purposes of clarity, it
will be understood that metal pixels 202a and 202b are electrically coupled to
underlying structures which extend 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

20 metal layer of Figure 3A. That is, the present embodiments are not Iimite_d
to use with métal pixels formed using a specific one of the many metal
layers used in the formation of conventional LCD devices. Also, although
only two metal pixels 202a and 202b are shown in Figure 34, it will be
understood that such a limited number of metal pixels is shown for

95  purposes of clarity.

18




enbodi nent, antireflective coating material 208 is co

: : _ _ nmprised, of an 19 2 7
APR 2006 inorganic antireflective coating naterial such as,ZﬁoﬂPExﬁm@Ie
Si ON. Al though such materials are recited in the present enbodi ment, the’
present enbodinent is well suited to the use of various other

antirefl eg{é;égﬁgg%ﬁﬂ &gpyjrg%%gﬁd Rovreh &Ldy HO2 SF Flikutos sireph®04 and now to

Figures 3 n on I ment of the present invention, a |ayer of

P Bgtv gﬁag%ﬁ éerg.l%oaﬁ{l@ﬁ't,%e@agraﬁwf Atall GikeRX20m andpidbomesfsindds deposi t ed

ireflective coating nraterial 208. As shown in Figure 3D, |ayer of
phot 93&Rs Eigﬁ?qﬁgﬁﬁiQ@4&%ﬁxﬁ@d%ﬁehﬁ&ﬁw@&htdmnadnaéhm@uamseﬂerse of the top
metal mask t orma mask (see e.g. regions 210a, 210b, and 210c) so that
the ypgenlofighg apion ebkenty be exaoathated batcereichpagof thometablayery above
the gap region. Referring now to step 506 and now to Fi gﬁrei)BE, usi ng the
mask frd waidechdiyl pegile 8622 ¥0ul 2020bre drned-0SsonepiPBLAGP Piiot osensi ti ve
material 210, the present enbodi ment substantially renoves |ayer of
ant i rbfis gapidepthdado rfgfermdeﬁﬂi@Bt%helgbémaa‘béwlélﬂ&@@ﬁb&?‘?’ of plurality
of nmetal pixels 202a and 202b such,th?ﬁ the antireflective ¢pating

the, Frt

mat erdoakrggeend. mayrdgimonely soBPToDHEh eghs )t AR SUSP Har i 1y wi t hin

e il ek thediRe LA, s IR AR I Btneld i el
T e, e SR DU DGR O FSETA 20 e ER
10 pixels 202a and 202b and ultimately impinge underlying active devices (e.g.
active devices 14 of Prior Art Figure 1). Such impingement by incident light
905 poses a threat to device operation due to photoelectron |
generation/interference. As will be discussed below, the present invention
provides a solution to the aforementioned problem.
15
Referring now to Figure 3B, and to step 504, the present embodiment
then deposits a layer of antireflective coating material 208 above layer of
liner material 206, above plurality of metal pixels 202a and 202b and into
gap region 204. In one embodiment, antireflective coating material 208 is
9 deposited within gap region 204 to a thickness of approximately 6000-8000
Angstroms. Although such a thickness is recited for antireflective coating
material 208 in the present embodiment, the present invention is well
suited to the use with an antireflective coating material Which is deposited
to a greater or lesser depth. Furthermore, in one embodiment,
95  antireflective coating material 208 is comprised of an organic antireflective
coating material such as, for example, organic BARC. In yet another

embodiment, antireflective coating material 208 is comprised of an
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208b, and 208c of the antireflective coating material serve as a barrier to

the incident |ight shown in Figure 3A. Thus, remaining poréi @2& lﬁ%ﬁ‘ﬁ
208b, 25 and 208c of the antireflective coating material redu I?
transm ssion of incident |ight 205 through gap region 204 and towards

active devi.ce fotivBldoQUi Y fnaFb B4l Qudh AS fér eRarile, BI@Npr esent
i nveﬂfllo’é%ar}lg u%ctirgbf%ﬁt?g?d()%&{’@rzo& i npi ﬁgement by incident Iight 205 and

al | evAfﬁlSﬁ L hechnhgadriie gdevicetedopetiad posscsauaatodimantttbel ect ron
generationfinterference. Al though such a nmethod for formng remnaining

port iﬁ%%g@@@ﬁyboa%bnt aneeNORdtaf td Hee vaabf vefibestdthier epsrpfectiet erial is
reciteed in the present enbodinent, the 5 present invention is also well
sui t egyathtiseateiridlsan embodi ment in which remaining portions 208a, 208b,
and 208c of the antireflective coating nmaterial are formed using a
dif ferent nmethod. As shown in Figure 3E, in one enbodi ment of the present
invention, 10 remaining portions 208a, 208b, acgd ﬁ?ﬁﬁ of the
ant i r ef | ecRefeeringattilhto seepe?(hpndmovheEigyes e A oMt Y3° over the edges
of nmetal pixels 202a and 202b by sljghtl nder exposi : verse top
net al emhedimaniaef the Pﬁ%eﬁhé‘“"’éﬁ%ﬂi%kg’ter# p?lﬁgOS&pg)gté‘ﬁ? n?%\?{él%? ?gﬁ remai ni ng
portions 208a, 208b, ang 208c, of .the.| aye | : i M oating
mat er sath 26¢ f9p expERlEy PRALYTEESH é%figﬂoszgeﬁ fi%mggr %@ﬁg%ﬂgétgﬁ[é%ét@] © barrier
agai nst i ncj t light. Referrin ' GvandafemltaoFi gure 3F,
r enai m&’?@“ﬁwggoﬁ? gm}nfggg{e g%ﬁ%%c&gq&%tﬁgeﬁygr of “antireflective
coating . material are sHo L L AGT RRAdK BNfordd Gamadd ee and 210c
o0t e pepe b foeit ey o OF thETBh Phd

e.g. regions 210a, 210b, and 210c) so that the underlying antireflective

coating material 208 is placed only above the gap region.

Referring now to step 506 and now to Figure 3E, using the mask

15 formed by regions 210a, 210b, and 210c¢ of layer of photosensitive material
210, the present embodiment substantially removes layer of antireflective
coating material 208 from above a huge portion of plurality of metal pixels
902a and 202b such that the antireflective coating material (see e.g. regions
208a, 208b, and 208c) remains primarily within the gap regions (e.g. gap

20 region 204) between the plurality of metal pixels 202a and 202b. That is,
those portion of the antireflective coating material which were not covered
by the photosensitive material are removed. The remaining portions 208a,
208b, and 208c of the antireflective coating material serve as a barrier to the
incident light shown in Figure 3A. Thus, remaining portions 208a, 208b,

95  and 208c¢ of the antireflective coating material reduce the transmission of
incident light 205 through gap region 204 and towards active devices 14 of

Prior Art Figure 1. As a result, the present invention reduces

20




20 material have been renoved therefrom One significant benefit realized

by the present invention, in addition to shielding underly?ggéﬂﬁ%g@ﬁs from
incident light, is the gap filling aspect of remaining portfadn Y 208D,
and 208c of the layer of antireflective coating material. That is,

remai ning. ort 1035 20RR1icA090s AndaROBGLSS tideubaver doticantiref | ect i ve

coat ?Wé’ ria serve“to I nprove the topography of the structure such

t hat o@?}e[%ﬁfg'xg%gqgg@tﬂyyphmp&tﬁﬁﬂ cONeFdtydDithteafsenat i ddthaysr sishnot

subj e the excessive step - height found in conventional backpl ane
St 1 UGt MeRod TiefoPRRAEFenidiMant poridis 208, ABRb2008 A0Bcalfdbenel | suited to
varying the thickness of remalning portions 208a, 208b, and 208c of the
| ayer, @freflBtiiveichetinpwaatadtl mgrevitedrinahet presonpemdadanesl. & ep hei ght

di fferences between adjacent ones of the plurality of netal P xels and
sgch grhgéntaidiveneinceisodlso reelpased dpivse Wégeﬁm pEhGRmERE AR VARICH Fesult, 5
the present enbodi ment inproves the integrit ﬁf a subseguently deposi ted
| ay errenfaihigpecipus?ga, , vadi gc g rar‘iti/f& fEWE 5°4¢PEB 508 and to
Figure 3G the present inveniipon then deposits a thin conposite
passimatdroml fesy ErTID UEHY @ (ilﬁfgr%ft}trﬁ@[th?‘g‘ of 10 Figure 3F (e.g. the
plurality of netal pixels 202a and 202b and remai ning portions 208a, 208b,
and 208c of the layer of antireflective coating material). In one

T e o RO SRS B RE PP gh e et arpl e,
T Fotbiel P IR et o e nee.
material are made to extend slightly over the edges of metal pixels 202a and
202b by slightly under exposing the reverse top metal mask. That is, in one
embodiment of the present invention, remaining portions 208a, 208b, and
208c of the layer of antireflective coating material "wrap around"” gap

15 region 204 to provide a effective barrier against incident light.

Referring still to step 506 and now to Figure 3F, remaining portions
208a, 208b, and 208c of the layer of antireflective coating material are shown
after remaining portions 210a, 210b, and 210c of the layer of photosensitive

20 material have been removed therefrom. One significant benefit realized by
the present invention, in addition to shielding underlying devices from
incidént light, is the gap filling aspect of remaining portions 208a, 208b, and
208¢ of the layer of antireflective coating material. That is, remaining
portions 208a, 208b, and 208¢c of the layer of antireflective coating material

95 serve to improve the topography of the structure such that any subsequently
deposited overlying passivation layer is not subjected to the excessive step

height found in conventional backplane structures. The present invention

21



and passivation layer. In one enbodinent, this N, NO or NON or the like

| ayer will have a total thickness of between about 500 and g 2018%9%65”0“'
Al t hough such materials and thicknesses are recited in the pres

enbodi ment, the present enbodinent is well suited to the use of various 20

ot herjg %@éoeﬁrbﬂlsilit@/iMaxz/fahgq%% b fatessagpeaidineng pockiors 968a, ThEs, the
present i1nvention provides a display device formation nethod and appar at us

whi chdEgugest tHielfyeneif maitireflcofive nohtiegtmatdiighto cdnghnsatet ort he

backpl ane. The present invention further provides a display 25 device

f or maftep heimithdidfeaancapbarvatausadfziceht anhs of ke tﬁll@r%lﬁé'v@fp mgéebrelshnent and
reduces the excessive step height between pixels thus 22 2 7 APR 2006

r educimpstilgthat sdirsteaicealf grempatsidilion dayes isamarTanscovPig pasdtvati on
integrity. The foregoing descriptions of. sp?ci fi.c errbogli rr(&nts.of t he

pies dhe [FresenermbeRiMmank ippsny ¢ dxertiearity of gurihrsasently (erEites: i on and
description. . They are not jntended to be exhaustive or to limt the

i nverneyenof BhitheoIpPedie #aSEiyandi scl osed, and obvi ously many nodificati ons
and variations are possible in light of the above teaching. The

enbodi nents were chosen and described in order to best explain the

or it P e 0 LG ST NLN00 & B! AL pRBRERSAL BN t0 hrety
cont SRR Tal b & M B b R L B e b et i ned by
the q‘"l%'u'i@ sFPREPAed Nerslity 8nthdtAbixels 202a and 202b and remaining

portions 208a, 208b, and 208¢ of the layer of antireflective coating material).

In one embodiment the composite passivation layer 210 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), optimized for reflectance.
15  This together with layer 35 (TEOS cap) will form an optical interface layer

and passivation layer. In one embodiment, this N, NO, or NON or the like

layer will have a total thickness of between about 500 and 4,000 Angstroms.

Although such materials and thicknesses are recited in the present

embodiment, the present embodiment is well suited to the use of various

20 other materials having various other respective thicknesses.

Thus, the present invention provides a display device formation
method and apparatus which reduces the penetration of incident ambient
light into the backplane. The present invention further provides a display

95  device formation method and apparatus which achieves the above

accomplishment and reduces the excessive step height between pixels thus




equi val ents. 23 2 7 APR 2006 CLAIM5 1. A nethod of forming a light shield
for a mcrodi splay backplane, said nmethod conprising the sersAFg:{ 2069
formng a plurality of nmetal pixels wherein adjacent ones of sai 5
plurality of metal pixels have a gap region di sposed therebetween; b)

depOS}etauf&%gliqaﬁarcr%ta!uﬂ%mheﬂhmc@@nuﬁdsmmpwg gaiskiwatformet al  pixels
and into sa gap region; c) depositing a layer of antireflective coating
mat erjab ve said plurality of nmetal pixels and into said gap region; 10
d) substantially renoving said | ayer of said antireflective coating
material from above at least a portion of said plurality of metal pixels
such that said antireflective coati n% material remains primarily within
sai d gap Thg|foregoong@ieﬁtlaptllogﬁtOfﬂneéi 3% ¢1@b0§sm@n?ﬁ ek b §613%?)¥1tv\/ner ein said
i ght shield reduces transm ssion of inci ﬂ? ght t$ (g_h sai d gap

r égi mnvteommbaiﬁbaﬂﬁdmefj@h@da@r iREPRESS £k %téﬁ‘aoﬁrﬁl? SEFEEPYOR coati ng

{hi cfbss aronobdn fﬂ Yigusitysooefa bt Pat EMETBERDE BBl o acen
cubsciquen fipeldisfodndedb Goes ty%%a?f'pxe&%% o Flg PRl RE e s ovea: and
oi xol BOTHACoz: BBl ?%? ABRYY i dug VR 2}?‘)?&?1%95 Wt 2hbbin hde! &
deseribed in order to best explain the principles of the invention and its
10  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

of the invention be defined by the Claims appended hereto and their

equivalents.




2. The method of formng a light shield for a m crodi splay backbone 25 as
recited in Caim1l wherein said step ¢c) conprises: cl) depos?tﬁ niPRa 2808y er
of said antireflective coating material above said plurality of netal

pi xel s and into said gap region; 24 2 7 APR 2006 c2) patterning and
renoving said antireflective codiaidMBaterial from above said plurality of
met al pixels because said plurality of netal pixels are neant to be
extrenel y Ir eAlmethotepf fovthicg)a pightt ethaeldgfos s ehistashsplay kagkiplanat sai d
antireflective coating 5 material remains primarily within said gap

regi eaid 3nethod armtposingf tifeosteipagfa 1i ght shield for a mcrodisplay backbone
as recited in Caim1l wherein said st efo c}l co_rrpr(i,ses de osi}i ng said
antiref | e@i {wrvegtad plurditaralanetglimiralssuparg B dagtin®te & tHlickness of 10

appr oxi mat el y 6000- 8000 Angstronms. 4. The net.hod of forming a |ight shield
for dlnralitorispess paelobae afan BEPR I?Wséflaq%rﬁr%bmere&’n said step c)

_ P&y S B PR R _ d step
o gap Mghameiits: (byae SREkReanait Brrg v IR PRy

m cr odi spl ay, backbone as recited in Caim4 wherein said step c) conprises
depoﬁlﬁgﬁga "gl]pg%?ﬁacgapan?‘%]glgf | ective coating material conprised of organic

BARC wi t hic@ 3&@0%&85 a lra?gir 3P antleflective coating material above said
plurality of metal pixels and into said gap region;

10 d) substantially removing said layer of said antireflective coating
material from above at least a portion of said plurality of metal pixels such
that said antireflective coating material remains primarily within said gap
region to form a light shield for said microdisplay wherein said light shield
reduces transmission of incident light through said gap region towards

15 underlying active devices, said antireflective coating material remaining
primarily within said gap region having a sufficient thickness to
compensate for step height differences between said adjacent ones of said
plurality of metal pixels and such that adherence of a subsequently
deposited overlying passivation layer will be improved; and

20 e) depositing said passivation layer above said plurality of metal

pixels and said antireflective coating material.

2. The method of forming a light shield for a microdisplay backbone
95  as recited in Claim 1 wherein said step ¢} comprises:

c1) depositing a layer of said antireflective coating material above

said pfurality of metal pixels and into said gap region;

24




6. The method of formng a light shield for a m crodi splay backbone as
recited in Claim1 wherein said step ¢c) conprises depositin%%n hm ani c
antireflective coating naterial within said gap region. 25 7: T}‘%g od of
formng a light shield for a mcrodisplay backbone as recited in Claimé6

wherei n sabd \ﬁét%@nﬁhg%ﬁ{@%ﬁ@%rﬁ,ﬁﬁﬂﬂ ihtigefrtRe oatitPR12366al nor gani c
antireflective coating material conprised of TiNor SIONwthin said gap

r egi ¢ym &holBea@pheehli dfansidigpinelsilghtusaiseidphoraldymionstilspl ay backbone
as recited in Caim1l further conprising, prior to performng said step c):
depogiitdl8Gra theyetr toobe SikBMNdndlyneflentiveramd above said plurality of netal

pi xel's and into said gap region, provided said anfireflective coating
material t8) heerdeposig saidattes H2d sycbphey spid aphigaldesiee c@Uf8e net hod of
formng a light shield for a mcrodisplay backbone as recited in Claim8
cbnpmigtaripl aThains: prisess br i Wy ssid SRR depositing a |ayer of |iner
material selected fromthe group consisting of : Si3Nd4 above said
plurality of metal pixels and into said gap region. 10. The method of

f ' | i hi.el i c{.odji spl . ' Ln Caiml

wnerein odh dibeapetsrbanfrried GUghk i BEAARRnRTay BBl 1 0"
erein sat dfSeeBELPLUnisFTYES s | t t

For - svapchrg Ol & Reiat Al ke oD Mgl EE depootRhgeam 2, GO aral i Ly

of metal PXELE 3R6nEUGtENA wAIRA'EAE G Lgith 881 thickness of
10  approximately 6000-8000 Angstroms.

4. The method of forming a light shield for a microdisplay backbone
as recited in Claim 1 wherein said step ¢) comprises depositing an organic
antireflective coating material within said gap region.

15
5. The method of forming a light shield for a microdisplay backbone

as recited in Claim 4 wherein said step ¢) comprises depositing an organic

antireflective coating material comprised of organic BARC within said gap

region.

6. The method of forming a light shield for a microdisplay backbone
as recited in Claim 1 wherein said step ¢) comprises depositing an

inorganic antireflective coating material within said gap region.

25 7. The method of forming a light shield for a microdisplay backbone

as recited in Claim 6 wherein said step ¢) comprises depositing an




of said thin passivation layer is inproved. 11. In a display device, a

| ight shield structure for reducing the transm ssion of incident |ight

t hrough a gap region | ocated between adjacent ones of a plurgl ity of netal
pixels, said light shield structure conprised of: 26 2 7 APR ZBOKP%ﬁMUB
antireflective coating material deposited primarily within said gap region
to forma light shield such that transm ssion of incident |ight through
said gap region towards underlying active devices is reduced; and a

conposi t engassivattiwdldctiyercodiisgonermb coenpaed @ Tidhbr S§O0F withial  pi xel s
and said antireflective coating material; and a | ayer of liner material
deposi t edabgaeregipt. plurality of netal pixels and into said gap region
wherein said antireflective coating material is deposited within said gap
region with sufficient thickness to conpensate for step height differences

?ﬁgrﬁiz adner andDeanyoR Sbfirey e Bt arEuPisoRikBas R de?;"' ayer
Feduc; ng “one FeEHL ST S REREF S med indy it bt SELNREEEE, Mocar oo
between aqj acﬁg?oé’i’ﬂi Dlaydr 0'?'8‘?{1‘%1 lih r%ﬁ%éﬁi%‘boﬂ%’éﬁl@pﬂraﬂﬁfﬂ 11 wherein

said antireflective Coatrng nateria I'n said gap regi has a

thi cknessnoth] pPRINO¥hARAR) 34i6QAP-18R1YA, phoviietioyaid adBreflBeeivei @hatinghi el d

structure for reducing the transm ssion of _
material to be deposited at said step ¢) is conductive.

9. The method of forming a light shield for a microdisplay backbone
as recited in Claim 8 comprising, prior to performing said step c):

depositing a layer of liner material selected from the group
consisting of : Si;N, above said plurality of metal pixels and into said gap

region.

10. The method of forming a light shield for a microdisplay backbone
as recited in Claim 1 wherein said step ¢) comprises depositing said
antireflective coating material within said gap region at a sufficient
thickness to compensate for step height differences between said adjacent
ones of said plurality of metal pixels and such that adherence and integrity

of said thin passivation layer is improved.

11, In a display device, a light shield structure for reducing the
transmission of incident light through a gap region located between
adjacent ones of a plurality of metal pixels, said light shield structure

comprised of:

26




incident [ight through a gap region | ocated between adjacent ones of a
plurality of netal pixels of daiml 1 wherein said antireflective coating
material is conprised of an organic material. 14. The light shield
structure for reducing the transm ssion of incident |ight t rpu@? p
region | ocated between adjacent ones of a plurality of neta i 28@3
Claim1ll wherein said antireflective coating material is conprised of an
inorganic material. 27 2 7 APR 2006 15. The light shield structure for
reduci ng the unamsimefsctove obating aiadenal dl@}gjrsutetimmughlyavxgdpmseg:l gmp | ocat ed
bet ween adj acent ones of a E)I urality of metal pixels of Caim 13 wherein

sai d ant iregitndotfoven  bight slyicldraaeh ﬂmt traslsnumwnﬁdn@udeat Yaht bepgl. 16. The
light shield structure for the t nsm ssi inhcident |ight
t hr ough éalﬁa.%a P &RF16A tPW@éﬁlfeHn‘g@i ﬁ@asolﬁe@a%?e‘{a a“[SiI urality of metal

I's of O 14 wh fI
Conpr i sed of a%r?wqrapoﬁeh%s%@a? Ytr:'r SR E LR F Bl ng e

transm ssj. o SglgSHﬁE‘%q Cttggo(foa Qteq*laqaﬁ’né egi on | ocated between

adj acent pé}ﬁ pixel s of O aim1ll wherein said

| ayer of Iiner &%fﬂhef ﬁataﬁé eﬁ@@ tgag%w%amgmg fictd1pifbis Si 3N4.

18. A nethod of orm ng or amc spl ay device, said
met hod coppringd Badtd @;gw \Qhere@ﬂ shier dritheflacal-ecobiiby nefterit &  pi xel s
sai d

wher ei n adj acent ones
deposited within said gap region with sufficient thickness to compensate for
step height differences between said adjacent ones of said plurality of metal
pixels and to improve adherence and integrity of said thin composite

passivation layer and ease an LC alignment process.

12. The light shield structure for reducing the transmission of
incident light through a gap region located between adjacent ones of a
plurality of metal pixels of Claim 11 wherein said antireflective coating
material within said gap region has a thickness of approximately 6000-8000

Angstroms.

13. The light shield structure for reducing the transmission of
incident light through a gap region located between adjacent ones of a
plurality of metal pixels of Claim 11 wherein said antireflective coating

material is comprised of an organic material.

14. The light shield structure for reducing the transmission of
incident light through a gap region located between adjacent ones of a
plurality of metal pixels of Claim 11 wherein said antireflective coating

material is comprised of an inorganic material.
27




plurality of metal pixels have a gap region di sposed therebetween; b)
depositing a layer of liner material above said plurality of netal pixels
and into said gap region; c) depositing a |layer of I|ight absoFbjrwpa 2008
antireflective coating material above said plurality of netal pixels and
into said gap region; 28 2 7 APR 2006 d) substantially renoving said | ayer
of said antireflective coating material fromabove at |east a portion of
said plurality of metal pixels such that said antireflective coating
material remains primarily within said gap region to forma light shield
for said mcrodi splay wherein said |jght shield reduces transm ssion of

i nci dent IighﬂStﬁ%@ﬁgﬁ“§§ﬁﬂdégﬁcﬁéﬁﬁ%ﬁf@@mﬁﬂﬁéheQﬁ&é?ﬂ?ﬂ%@ogctive devi ces,

said anti.refl ective.coating material r {nin imarily within said gap
"ot on haVTHETG Bl HreTEhe bR R odaltT el &SR Otdl el gnt
di fferences t i | : - Sl I: -netal pixels
and such R L dnarnceikeRibf EFm Togttei ikl Bb b s8itF o
overlyin Js i i | : i e inproved; and e) depositing said
conposi tg“%tg*s‘g} va§| oﬁﬁF%(ﬁngg%%&g\%%P&bpl urality of netal pixels and said
antireflective coating material. 19. The nethod of formng a light shield
for a mcrodisplay device as recited in Claim18 wherein step b) conprises
deposi ting a llay@hedightishésld simiceureaior sedweihgdhé tamstiissign ofip consi sting
of : Si 3Nd above said plurality of nmetal Bi xels and into said gap region.
incident light through a gap region located between adjacent ones of a
plurality of metal pixels of Claim 14 wherein said antireflective coating

material is comprised of TiN or SION.

17. The light shield structure for reducing the transmission of
incident light through a gap region located between adjacent ones of a
plurality of metal pixels of Claim 11 wherein said layer of liner material is

selected from the group consisting of; SizNj.

18. A method of forming a light shield for a microdisplay device, said
method comprising the steps of:
a) forming a plurality of metal pixels wherein adjacent ones of said
plurality of metal pixels have a gap region disposed therebetween;
b) depositing a layer of liner material above said plurality of metal
pixels and into said gap region;
¢) depositing a layer of light absorbing antireflective coating material

above said plurality of metal pixels and into said gap region;

28




20. The nethod of formng a light shield for a mcrodisplay device as
recited in Caim18 wherein said step c) conprises depositing said |ayer

of antireflective coating material above said plurality of nmetal pixels and
into said gap region to a thickness of approxi mately 60002 §00PRAHIFEt r ons.
21. The nmethod of formng a light shield for a mcrodisplay device as
recited in Claim18 wherein said step c) conprises depositing an organic
antireflective coating material within said gap region. 29 2 7 APR 2006 22.
The nethod of dj substagtially irgimovetg edid lager af sildraodireecljvalevitong as recited
in Caim2l1 wherein step c) conprises depositing an _organi.c antjreflective
coat i ng mt@nahfromabw@éaff@st dNGEHPR OéAEad p\huwlgﬁy %’féﬁn@?@gébxehségp%n. 23. The

L A AT A A S O ™ 1
Form ng Sc#iolre TorMet Aehbr e i apie g Selp S B Raid Wb el o 25
coating neveruFRBlsFRERY BRRAERET SRR\ R PR BV 0 50°

underlying active devices, said antireflective coating material remaining

primarily within said gap region having a sufficient thickness to

compensate for step height differences between said adjacent ones of said

plurality of metal pixels and such that adherence and integrity of a

subsequently deposited overlying thin passivation layer will be improved;

and

e) depositing said composite passivation layer above said plurality of

metal pixels and said antireflective coating material.

19. The method of forming a light shield for a microdisplay device as
recited in Claim 18 wherein step b) comprises depositing a layer of liner
material selected from the group consisting of: Si;Ny4 above said plurality of

metal pixels and into said gap region.

20. The method of forming a light shield for a microdisplay device as
recited in Claim 18 wherein said step ¢) comprises depositing said layer
of antireflective coating material above said plurality of metal pixels and

into said gap region to a thickness of approximately 6000-8000 Angstroms.

21. The method of forming a light shield for a microdisplay device as
recited in Claim 18 wherein said step ¢) comprises depositing an organic

antireflective coating material within said gap region.
29
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22. The method of forming a light shield for a microdisplay device as
recited in Claim 21 wherein step ¢) comprises depositing an organic
antireflective coating material comprised of organic BARC within said gap

region.

23. The method of forming a light shield for a microdisplay device as
recited in Claim 18 wherein said step ¢) comprises depositing an inorganic

antireflective coating material within said gap region.

24. The method of forming a light shield for a microdisplay device as
recited in Claim 23 wherein said step ¢) comprises depositing an inorganic
antireflective coating material comprised of TiN or SiON within said gap

region.
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