26 September 2005 TWO LAYER MIRROR FOR LCD-ON-SILICON PRODUCTS AND METHOD OF
FABRICATION THEREOF FIELD OF THE INVENTION The present invention relates generally to
LCD-on-silicon devices, and specifically to a method of fabricating two layer mirror LCD-an-silicon pixels.
BACKGROUND OF THE INVENTION The top metal layer of a LCD-on-silicdh¥BHEVIsE Rrves both
as a mirror to reflect Iight and as an electrode to control the gray scale of the top LCD material.

Aluminum (Al) is n I%%¥§§Mé%@5fﬁ@%i&ﬁ:%f@§ I'Q/QNSPMBHE iﬁl‘&NHegrated circuit

production. If the aluminum layer is thick (> 2000A), then the grain size is normally big which degrades
reflectivity. If the aluminum layeYIEkRQPR SH0BAPRIEATEHPPEAEIRE QR rough the aluminum layer and

affects the functioning of the transistor below by the photoelectric effect. Also, the via, which serves as
the electrical connection to the top metal pixels, usually produces a dimple on the aluminum layer which
also affects reflectivity. 1

FIELD OF THE INVENTION

The present invention relates generally to LCD-on-silicon devices,
and specifically to a method of fabricating two layer mirror LCD-on-silicon

pixels.

BACKGROUND OF THE INVENTION

The top metal layer of a LCD-on-silicon display pixel serves both as
a mirror to reflect light and as an electrode to control the gray scale of the top
LCD material. Aluminum (Al) is normally used because of its high reflectivity
and its compatibility to integrated circuit production. If the aluminum layer is
thick (> 2000A), then the grain size is normally big which degrades reflectivity. If
the aluminum layer is thin (< 2000A), then light penetrates through the
aluminum layer and affects the functioning of the transistor below by the
photoelectric effect. Also, the via, which serves as the electrical connection to the
top metal pixels, usually produces a dimple on the aluminum layer which also

affects reflectivity.



26 September 2005 U.S. Patent No. 5,486,485 to Kim et al. describes a method of forming a plurality of
SOl (silicon-on-insulator) transistors in a pattern beneath planarized reflective surfaces of a reflective
display. U.S. Patent No. 5,946,547 to Kim et al. describes a method of fabricating LCD devices using
three patterning steps. When reflective-type LCD devices are fabricated, a 181RsRIeEY %?Q:Q)?nprised of
Al, for example, may be formed on the rear surface of the substrate opposite the patterned conductive

layer to prevent loss of light-whichtpehdatey4hrotith thelbikdl dettrodesiespadnetteds 833,182 to

Miyawaki et al. describes a method of manufacturing an image display device wherein the switching
(driving) trafeistongrdphe mibrcnbedtisHikgrrareforatat otromistdth érsarfeatderof leaeitbulating layer
(insulator) which is remote from the liquid crystal layer while the liquid crystal voltage applying electrode
is formed onpghmathedstefretiof thefaceslefingdélyeticlodéstdahe liquid crystal layer. Thus it is possible to
provide a light-blocking layer near the transistor allowing the aperture ratio to be increased, reducing the
cross-talk among the adjacent pixels, and increasing the S/N ratio. U.S. Patent No. 5,471,330 to Sarma
describes a liquid crystal display

U.S. Patent No. 5,946,547 to Kim et al. describes a method of
fabricating LCD devices using three patterning steps. When reflective-type LCD
devices are fabricated, a reflective layer comprised of Al, for example, may be
formed on the rear surface of the substrate opposite the patterned conductive

layer to prevent loss of light which penetrates through the pixel electrode.

U.S. Patent No. 5,633,182 to Miyawaki et al. describes a method of
manufacturing an image display device wherein the switching (driving)
transistor and the interconnection layer are formed on one of the surfaces of the
insulating layer (insulator) which is remote from the liquid crystal layer while
the liquid crystal voltage applying electrode is formed on the other surface of the
insulating layer close to the liquid crystal layer. Thus it is possible to provide a
light-blocking layer near the transistor allowing the aperture ratio to be
increased, reducing the cross-talk among the adjacent pixels, and increasing the

S/N ratio.

U.S. Patent No. 5,471,330 to Sarma describes a liquid crystal display

pixel and a method of forming same, wherein each pixel has a thin film transistor



pixel and a method of forming same, wherein each pixel has a thin film transistor 2 26 September 2005
with a silicon pixel electrode. A doping and recrystallization of the silicon is effected to increase the

electrical conductivity and light transmittance of the silicon adequately for the pixel electrade. An ITO
(indium tin oxide) layer is not required for the pixel electrode. SUMMARY .3 $?FE9N%E‘I@9%N
Accordingly, it is an object of the present invention to provide LCD-on-silicon pixels and a method of
fabricating LEBbA-silieppigr! @asgradtidtaipningrangereastabizatient of #he pidisemt isvention is to
provide LCD-on- silicon pixels and a method of fabricating LCD-on-silicon pixels having a planar upper
surface unafééistets dytanyersiesststhetiedeghdenlyrmndiactivitytrarcbbigbt of ansmidisaeeirmfethion is to
provide LCD-on- silicon pixels and a method of fabricating LCD-on-silicon pixels with increased
reflectivity okthiecalurdigumtalirrioroghdgpgsitiigaar tide. almmiiOn{ilayenwitm siak glayer Yehanother object
of the present invention is to provide LCD-on

required for the pixel electrode.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide
LCD-on-silicon pixels and a method of fabricating LCD-on-silicon pixels using a

thin aluminum layer.

Another object of the present invention is to provide LCD-on-
silicon pixels and a method of fabricating LCD-on-silicon pixels having a planar

upper surface unaffected by any defects in the underlying via.

A further object of the present invention is to provide LCD-on-
silicon pixels and a method of fabricating LCD-on-silicon pixels with increased
reflectivity of the aluminum mirror by depositing a thin aluminum layer with

small grain.

Yet another object of the present invention is to provide LCD-on-

silicon pixels and a method of fabricating LCD-on-silicon pixels that prevent



silicon pixels and a method of fabricating LCD-on-silicon pixels that prevent 3 26 September 2005 light
penetrating the aluminum mirror layer and affecting the underlying transistor junctions by photoelectric
effect. Another object of the present invention is to provide LCD-on- silicon pixels and a method of

fabricating LCD-on-silicon pixels that permit an increase in the permissible ?Bﬁf‘gr%%ﬁan on the

pixels so as to have a larger and / or clearer overall picture / images. Other objects will appear
hereinafter. K& ﬁsmeﬁ@gwaism@m@me@%% dﬁ&%th@@%bféﬁ%@tmghélh%régé#ﬁrh«}egtion may be
accomplished in the following manner. Specifically, a substrate having an upper layer of silicon is
provided. Artipnsistetgudietisuis by plevtiselontiatediast.the silicon layer. A via is formed in the intermetal
dielectric layer. A first opague non-aluminum conducting layer is deposited over the intermetal dielectric
layer, completely filling the via. A second opaque non- aluminum conducting layer is formed over the first
opaque non-aluminum conducting layer. The second opaque non-aluminum conducting layer is
planarized and a reflectiveAayehdés dﬂg@@it@y Quer p}@s@@omaﬂmﬁizgdt@p@ggeide LCD-on-

silicon pixels and a method of fabricating LCD-on-silicon pixels that permit an

increase in the permissible amount of light to fall on the pixels so as to have a

larger and / or clearer overall picture / images.
Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
substrate having an upper layer of silicon is provided. An intermetal dielectric
layer is formed over the silicon layer. A via is formed in the intermetal dielectric
layer. A first opaque non-aluminum conducting layer is deposited over the
intermetal dielectric layer, completely filling the via. A second opaque non-
aluminum conducting layer is formed over the first opaque non-aluminum
conducting layer. The second opaque non-aluminum conducting layer is
planarized and a reflective layer is deposited over the second planarized opaque
non-aluminum conducting layer to form an LCD-on-silicon pixel device.
Alternatively, the via may be formed by a deposition and etch back process with

one metal. A first opaque non-aluminum conducting layer is then deposited with



non-aluminum conducting layer to form an LCD-on-silicon pixel device. Alternatively, the via may be
formed by a deposition and etch back process with one metal. A first opaque non-aluminum conducting
layer is then deposited with 4 26 September 2005 a second opaque non-aluminum conducting layer
deposited over the first opaque non-aluminum conducting layer and the segérﬁfBﬁﬁﬁ%%rr?@H-Saluminum
conductive layer is planarized before deposition of the reflective layer. An LCD- on-silicon P_ixel device,

comprises aXSUISSPRE RRAAY AT GPpRiaNEBH Iy AHRAS AindenesHRd P ve I dhfictiger. The

intermetal dielectric layer has a plug therein comprised of an opaque conducting non-aluminum material.
Over the intepngtal dieteetritiayenanchecbpgdaseromal dhdrmespodnapatng pleig-dwmpramar upper
opague non-aluminum conducting layer and a planar reflective layer is over the planar upper opaque
non-aluminucoedadiictiigyayés. [BakfZodE SeiaiP TN Do HE thRANNGS TdyefeatnreSBAd
advantages of the two layer mirrors for LCD-on- silicon devices, and the method of fabricating same,

according todhepresepievastior valhpneeacieddy drdrssReddronp e lievint deseripHon taken in
conjunction with the accompanying drawings in which like reference

an overlying intermetal dielectric layer. The intermetal dielectric layer has a plug

therein comprised of an opaque conducting non-aluminum material. Over the

intermetal dielectric layer and the opaque non-aluminum conducting plug is a

planar upper opaque non-aluminum conducting layer and a planar reflective

layer is over the planar upper opaque non-aluminum conducting layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the two layer mirrors for LCD-on-
silicon devices, and the method of fabricating same, according to the present
invention will be more clearly understood from the following description taken
in conjunction with the accompanying drawings in which like reference
numerals designate similar or corresponding elements, regions and portions and

in which:

Figs. 1 schematically illustrates in cross-sectional representation a

method of forming an LCD-on-silicon mirror element known to the inventors.



numerals designate similar or corresponding elements, regions and portions and in which: Figs. 1
schematically illustrates in cross-sectional representation a method of forming an LCD-on-silicon mirror
element known to the inventors. 5 26 September 2005 Figs. 2 through 6 schematically illustrate in
cross-sectional representation a preferred embodiment of the present inven%ﬁ)ﬁ?%%ﬁ*ﬁqE%WS
DESCRIPTION OF THE PREFERRED EMBODIMENT Unless otherwise specified, all structures, layers,
etc. may be formed or acEé#plighedHIEhvEntRSREMREIERINS KIBIH Methdprierosrrsprtioedtss
KNOWN TO THE INVENTORS Fig. 1 illustrates a method of forming an LCD-on-silicon mirror element
known to the'¢éprestotstivias poefeietbembo diitheniaof dhperkeget divsitibom.oxide (SiO2) on substrate
200. Vias 202 have depressions or dimples 204 in their upper surface resulting from the formation of vias
202. Dimples 204 are transferred to overlying barrier metal layers 206 formed over substrate 200 and vias
202 as barrier layer dimples 208. Aluminum layers 210 formed over barrier layers 206 similarly have
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Unless otherwise specified, all structures, layers, etc. may be

formed or accomplished by conventional methods known in the prior art.
PROCESS KNOWN TO THE INVENTORS

Fig. 1 illustrates a method of forming an LCD-on-silicon mirror
element known to the inventors. Vias 202 are formed within an upper layer of
silicon oxide (S5iO2) on substrate 200. Vias 202 have depressions or dimples 204 in

their upper surface resulting from the formation of vias 202.

Dimples 204 are transferred to overlying barrier metal layers 206

formed over substrate 200 and vias 202 as barrier layer dimples 208.

Aluminum layers 210 formed over barrier layers 206 similarly have

barrier layer dimples 208 transferred as aluminum layer dimples 212.



barrier layer dimples 208 transferred as aluminum layer dimples 212. 26 September 2005 Optical
interface layers 214 formed over the exposed sides and upper surfaces of aluminum layers again similarly
have aluminum layer dimples 212 transferred as optical interface layer dimples 216. It is desired that all
light rays reflect off the upper surface of the LCD-on-silicon mirror element OLRERINB Sh
LCD-on-silicon mirror element design, if aluminum layers 210 are thin, i.e. less than about 2000A, then
light rays designated "A" pYfitpardasifaffumYayerd 21 dormpfervirathaisomorsreided M thick, i.e.
greater than about 2000A, then light rays designated "B" scatter because of the larger aluminum grain
size. Addition@iperaunfavemabgbrndinsiengers aifesn mfluibulyhave aduheineonbaier stnplge.
PREFERRED EMBODIMENT OF THE PRESENT INVENTION Accordingly as shown in Figs. 2-5,
fabrication o ¥2ptaimatdicddtan-ogiticahitwerfayedayieratipixets adsillustrated. Of course only one such
pixel, or more than two pixels may be fabricated in according with the present invention. Fig. 2 shows a
cross sectional view of an inter-metal dielectric layer 6 and interconnects 8. The inter metal dielectric
layer 6 and interconnects overlie

It is desired that all light rays reflect off the upper surface of the
LCD-on-silicon mirror elements. However, in this LCD-on-silicon mirror element
design, if aluminum layers 210 are thin, i.e. less than about 20004, then light rays
designated “A” penetrate aluminum layers 210. Further, if aluminum layers 210
are thick, i.e. greater than about 20004, then light rays designated “B” scatter
because of the larger aluminum grain size. Additionally, aluminum layer

dimples 212 affect reflectivity due to their concave structure.

PREFERRED EMBODIMENT OF THE PRESENT INVENTION

Accordingly as shown in Figs. 2-5, fabrication of a pair of LCD-on-
silicon two layer mirror pixels are illustrated. Of course only one such pixel, or

more than two pixels may be fabricated in according with the present invention.

Fig. 2 shows a cross sectional view of an inter-metal dielectric layer
6 and interconnects 8. The inter metal dielectric layer 6 and interconnects overlie
a substrate having devices (such as field effect transistor (FETs) and conductive

lines interconnecting the devices).



a substrate having devices (such as field effect transistor (FETs) and conductive lines interconnecting the
devices). 7 26 September 2005 As shown in Fig. 2, an intermetal dielectric (IMD) layer 11 is etched to
form via openings 12. Barrier layer 14 is formed over the surface of the inter metal dielectric (IMD) layer
11 and covers the sidewalls of the via openings 12. Barrier layer 14 is pref@%ﬁf’f&em%ﬁ'ﬂ :FQ)Q r comprised
of titanium/ titanium nitride (Ti/TiN) and may also be comprised of cobalt nitride. Metal barrier layer has a

thickness of from about 20B5t8MBUBDAN &g rhctB Brseniin) flisteelsiutddikdryitobaissihmse

non-aluminum conducting layer (e.g., intermediate conductive layer) 16 is then formed over substrate 10,
filling barriertméamirédopeizings €bnducting layer 16 is an intermediate conductive layer that is hard
enough to be processed by chemical mechanical polishing (CMP), or other planarizing processes, and is
also dense enough to stop light from penetrating therethrough. Opaque non-aluminum conducting layer
16 is deposited from about 5000 to 30,000A above the surface of the IMD layer 11, and more preferably
Barrier layer 14 is formed over the surface of the inter metal

dielectric (IMD) layer 11 and covers the sidewalls of the via openings 12. Barrier

layer 14 is preferably a metal layer comprised of titanium/titanium nitride

(Ti/ TiN) and may also be comprised of cobalt nitride. Metal barrier layer has a

thickness of from about 200 to 2000A, and more preferably from about 600 to

1000A.

Opaque non-aluminum conducting layer (e.g., intermediate
conductive layer) 16 is then formed over substrate 10, filling barrier metal lined
vias 12. Conducting layer 16 is an intermediate conductive layer that is hard
enough to be processed by chemical mechanical polishing (CMP), or other
planarizing processes, and is also dense enough to stop light from penetrating
therethrough. Opaque non-aluminum conducting layer 16 is deposited from
about 5000 to 30,0007 above the surface of the IMD layer 11, and more preferably

from about 8000 to 15,000A above the surface of the IMD layer 11.

Conducting layer 16 may be comprised of tungsten (W), titanium
(Ti), titanium nitride (TiN), chromium (Cr), silver (Ag), cobalt, or cobalt nitride

and is preferably tungsten. Conducting layer 16 is not comprised of Al



from about 8000 to 15,000A above the surface of the IMD layer 11. Conducting layer 16 may be
comprised of tungsten (W), titanium (Ti), titanium nitride (TiN), chromium (Cr), silver (Ag), cobalt, or
cobalt nitride and is preferably tungsten. Conducting layer 16 is not comprised. of Al. %ﬁZG September
2005 Opaque non-aluminum conducting layer 16 may be a single material %(éESEF%B‘ ro‘?'l%ogtep, as
shown in Fig. 2. Alternately, as shown in FIG 6, the opaque non-aluminum conducting layer be
comprised of a lower plug@B2gHE LGPPRUEHUEIR neRdrFHRE N BeHdJ&ing3ydeL e tBlahe lower
plug 15 and the opaque non-aluminum conducting layer can be formed of the same material or two
different matevidégia destdsiped filsoperseplinedhinsn tbigoPm/theplatydyl Bs FhemwardBKoedit in a
second layer to blanket cover intermetal dielectric layer and the plug to the above noted thickness over
inter metal dledectric)layerohlalimditinen evenrtuiniegriadiate borductingddyef addveirdphidimples 18 that
are transferred from dimples (not shown) formed over vias 12 by the process of filling vias 12. As shown
in Fig. 3, in amimpappet sy RrgsenintyeRbducting layer 16a 16B. The lower plug 15

and the opaque non-aluminum conducting layer can be formed of the same

material or two different materials. A first layer fills barrier lined vias 12 to

form the plugs 15. Then we deposit in a second layer to blanket cover intermetal

dielectric layer and the plug to the above noted thickness over inter metal

dielectric layer 11 .

In either event, intermediate conducting layer 16 includes dimples
18 that are transferred from dimples (not shown) formed over vias 12 by the

process of filling vias 12.

As shown in Fig. 3, in an important step in the present invention,
conducting layer 16 is polished back and planarized, preferably by chemical
mechanical polishing, to remove dimples 18 and to form an optically flat upper

surface 20 preferably to a thickness of from about 500 to 2000A.

A thin reflective layer 22 is then deposited over optically flat upper
surface 20 of conducting layer 16 to a thickness of from about 300 to 20004, and

more preferably from about 1000 to 2000A. Reflective layer 22 may be comprised



conducting layer 16 is polished back and planarized, preferably by chemical mechanical polishing, to
remove dimples 18 and to form an optically flat upper surface 20 preferably to a thickness of from about
500 to 2000A. A thin reflective layer 22 is then deposited over optically flat upper surf ce 20 of
conducting layer 16 to a thickness of from about 300 to 2000A, and more p?%f%?g B SFnQQBBut 1000 to
2000A. Reflective layer 22 may be comprised 9 26 September 2005 of aluminum (Al), an aluminum
copper alloyqald H}neamn(rﬁffm%m.c%ﬁ%w@r SHBPPAISIEY) AGEorete AU SIHESH that the
upper surface 24 of reflective layer 22 maintains the optical flatness of upper surface 20 of conducting
layer 16. As abirat i1Pig(AlSHeudevidasppetesaidyl £d.define the top metal layer, i.e. reflective layer 22
and conducting layer 16, as separate mirror pixels 26a, 26b with like portions 14a, 14b; 16a, 16b; 20a,
20b; 22a, 22b; 24a, 24b; respectively. For example, a photoresist layer (not shown) may be deposited
and patterned with the subsequent etching of the device at 30. The photoresist layer is then stripped and
removed. As shown in Figit5e eRjieal {Rtrricaulgyersafaearinenrbiective layer 22 maintains

the optical flatness of upper surface 20 of conducting layer 16.

As shown in Fig. 4, the device is patterned to define the top metal
layer, i.e. reflective layer 22 and conducting layer 16, as separate mirror pixels
26a, 26b with like portions 14a, 14b; 16a, 16b; 20a, 20b; 22a, 22b; 24a, 24b;
respectively. For example, a photoresist layer (not shown) may be deposited and
patterned with the subsequent etching of the device at 30. The photoresist layer

is then stripped and removed.

As shown in Fig. 5, optical interface layers 28 may then be
deposited to enhance the reflected light and to passivate the exposed mirror
surfaces 24a, 24b; 32a, 32b. Optical interface layers 28 may be comprised of ON
(i.e., an oxide layer over a nitride layer), ONON, ONONON, etc., up to five (5)
ON pairs, or other multiple transparent coatings that enhance light reflection.
This completes formation of the two layer mirror LCD-on-silicon products of the

present invention.

10



deposited to enhance the reflected light and to passivate the exposed mirror surfaces 24a, 24b; 32a,
32b. Optical interface layers 28 may be comprised of ON (i.e., an oxide layer over a nitride layer), ONON,
ONONON, etc., up to five (5) ON pairs, or other multiple transparent coatings that enhance light
reflection. This completes formation of the two layer mirror LCD-on-silicon Po%‘?ﬁ'i‘%"ﬁ’?ﬂ’i@oﬂisent
invention. 10 26 September 2005 While particular embodiments of the present invention have been
illustrated and described, 8o OATERHET ©MBRdiReRtrentidhe é%?@éﬁ?génﬂ%‘ﬁﬁea By YSebRiRwing
claims. 11 26 September 2005 Claims 1. A method of fabricating a LCD-on-silicon pixel device,
comprising tHtustepkedf apd\isisgikeslibstrigenedvinteadaspger lupér disiliovantiormiexceptimermetal
dielectric layer over said silicon layer; forming a via in said intermetal dielectric layer;

defined by the following claims.

11



depositing a first opaque non-aluminum conducting layer over said intermetal dielectric layer, completely
filling said via; forming a second opaque non-aluminum conducting layer over said first opaque
non-aluminum conducting layer; planarizing said second opaque non-aluminum conducting layer; and
depositing a reflective layer over said second planarized opaque non- alumAfAs REHRbRE quer. 2. The
method of claim 1, wherein said first opague non-aluminum conducting layer is selected from the group
comprising tungsten, titanium, titanium nitride, chtdAifdh, silver, cobalt, and cobalt nitride. 3. The method
of claim 1, wherein said reflective layer is selected from the group comprising aluminum, an aluminum
copper alloy, and an aluminum silicon copper alloy. 12 26 September 2005 4. The method of claim 1,

wherein said first opaque non-aluminum O conducting layer is from about 500 to 5000A thick. 5. The
method of claim 1, WhereiA saittliost ofptadureaiongaiuntimmon-silicon pixel

device, comprising the steps of:

providing a substrate having an upper layer of silicon;

forming an intermetal dielectric layer over said silicon layer;

forming a via in said intermetal dielectric layer;

depositing a first opaque non-aluminum conducting layer over said
intermetal dielectric layer, completely filling said via;

forming a second opaque non-aluminum conducting layer over said first
opaque non-aluminum conducting layer;

planarizing said second opaque non-aluminum conducting layer; and

depositing a reflective layer over said second planarized opaque non-

aluminum conducting layer.

2. The method of claim 1, wherein said first opaque non-aluminum
conducting layer is selected from the group comprising tungsten, titanium,

titanium nitride, chromium, silver, cobalt, and cobalt nitride.

3. The method of claim 1, wherein said reflective layer is selected
from the group comprising aluminum, an aluminum copper alloy, and an

aluminum silicon copper alloy.

12



0 conducting layer is from about 500 to 2000A thick. 6. The method of claim 1, wherein said first opaque
non-aluminum conducting layer is planarized by chemical mechanical polishing. 7. The method of claim 1,
wherein said reflective layer is from about 0 300 to 2000A thick. 8. The method of clajm 1, wherein said
reflective layer is from about 0 1000 to 2000A thick. 9. The method of clain%,a%@r@i e§€%qut_’s‘flective
layer is comprised of A aluminum and is from about 300 to 2000 A thick. 10. The method of claim 1,
wherein said reflective lay&h® esiHsed stamuibmivisreinhdaich HritapBa Yo ot Ry AUO0R LK. 13 26
September 2005 11. The method of claim 1, including the step of forming a barrier layer over said

intermetal diefeuttictimgloand isrfiransateovibI0Erbede8itNfitkiadpaque

5. The method of claim 1, wherein said first opaque non-aluminum

conducting layer is from about 500 to 2000A thick.

6. The method of claim 1, wherein said first opaque non-aluminum

conducting layer is planarized by chemical mechanical polishing.

7. The method of claim 1, wherein said reflective layer is from about

300 to 2000A thick.

8. The method of claim 1, wherein said reflective layer is from about

1000 to 2000A thick.

9. The method of claim 1, wherein said reflective layer is comprised of

aluminum and is from about 300 to 2000 A thick.

10.  The method of claim 1, wherein said reflective layer is comprised of

aluminum and is from about 1000 to 2000A thick.

13



non-aluminum conducting layer deposition. 12. The method of claim 1, including the step of forming
optical interface layers over said reflective layer. 13. The method of claim 1, including the step of forming
optical interface layers over said reflective layer; said optical interface layers being selected from the
group comprising ON and multiple layers of ON. 14. A method of fabricatind&" ¢! Wé?%ﬁ% pixel
device, comprising the steps of: providing a substrate having an upper layer of silicon; forming an
intermetal dielectrictfayer @@r%‘ﬁ@‘@ﬂ’iéﬁﬁ]é&?@r%&ﬁﬁﬁ’@% iﬁ%ﬁi@ﬁrﬁt}émﬁcﬁ’éﬂ@&ﬁé&l&%r; forming a
first opague non-aluminum conducting layer over said intermetal dielectric layer, completely filling said
via to form aglen sdishositrgetadedsiecopadezenamdllimingreacdndadoefgrarsgstefitslyepasyes said
intermetal dielectric layer and said first opaque non-aluminum conducting layer plug; 14 26 September
2005 plananzingabaidisecondwpactieglayal drjprisiticonducting tungsten

12.  The method of claim 1, including the step of forming optical

interface layers over said reflective layer.

13.  The method of claim 1, including the step of forming optical
interface layers over said reflective layer; said optical interface layers being

selected from the group comprising ON and multiple layers of ON.

14. A method of fabricating an LCD-on-silicon pixel device, comprising
the steps of:

providing a substrate having an upper layer of silicon;

forming an intermetal dielectric layer over said silicon layer;

forming a via in said intermetal dielectric layer;

forming a first opaque non-aluminum conducting layer over said
intermetal dielectric layer, completely filling said via to form a plug;

depositing a second opaque non-aluminum conducting tungsten layer
over said intermetal dielectric layer and said first opaque non-aluminum

conducting layer plug;

14



layer; and depositing a reflective layer over said second opaque non-aluminum conducting tungsten
layer. 15. The method of claim 14, wherein said first opaque non-aluminum conducting layer is selected
from the group comprising tungsten, titanium, titanium nitride, chromium, silver, cobalt, and cobalt nitride.
16. The method of claim 14, wherein said reflective layer is selected from th8 %?Btli‘i%l&‘?ﬁ g
aluminum, an aluminum copper alloy, and an aluminum silicon copper alloy. 17. The method of claim 14,
wherein said planaif}¥pP&EdBad %%@é@%mam%uwm%mr@& dHIERE i msETebout 500 to
5000A thick. 18. The method of claim 14, wherein said planarized second opaque 0 non-aluminum
conducting tlaygstemtyer is from about 500 to 2000A thick. 15 26 September 2005 19. The method of
claim 14, wherein said second opaque non aluminum conducting tungsten layer is planarized by chemical
mechanical depositing a reflective layer over said second opaque non-aluminum

conducting tungsten layer.

15.  The method of claim 14, wherein said first opaque non-aluminum
conducting layer is selected from the group comprising tungsten, titanium,

titanium nitride, chromium, silver, cobalt, and cobalt nitride.
16.  The method of claim 14, wherein said reflective layer is selected
from the group comprising aluminum, an aluminum copper alloy, and an

aluminum silicon copper alloy.

17.  The method of claim 14, wherein said planarized second opaque

non-aluminum conducting tungsten layer is from about 500 to 5000A thick.

18.  The method of claim 14, wherein said planarized second opaque

non-aluminum conducting tungsten layer is from about 500 to 2000A thick.

15



polishing. 20. The method of claim 14, wherein said reflective layer is from about A 300 to 2000 A thick.
21. The method of claim 14, wherein said reflective layer is from about A 1000 to 2000 A thick. 22. The
method of claim 14, wherein said reflective layer is comprised 0 of aluminum and is from about 300 to
2000A thick. 23. The method of claim 14, wherein said reflective layer is coﬁ?p%%@t?@b@frgdgl%num and is
from about 1000 to 2000A thick. 24. The method of claim 14, including the step of forming a barrier layer
over said intermetal Yelecth¢ |apeted lipinglaém i4 bafdrereild $ﬁ‘§¥g $S860€ neREniRGRT conducting
layer deposition. 16 26 September 2005 25. The method of claim 14, including the step of forming optical

interface layergavensaidoefeetive layelgaénThe meiboglahslaiwdl hyinelusinigdherséehaefifaiming optical

polishing.

20.  The method of claim 14, wherein said reflective layer is from about
300 to 2000 A thick.

21.  The method of claim 14, wherein said reflective layer is from about
1000 to 2000 A thick.

22.  The method of claim 14, wherein said reflective layer is comprised

of aluminum and is from about 300 to 2000A thick.

23.  The method of claim 14, wherein said reflective layer is comprised

of aluminum and is from about 1000 to 2000A thick.

24.  The method of claim 14, including the step of forming a barrier

layer over said intermetal dielectric layer and lining said via before said first

opaque non-aluminum conducting layer deposition.
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interface layers over said reflective layer; said optical interface layers being selected from the group
comprising ON and multiple layers of ON. 27. A method of fabricating an LCD-on-silicon pixel device,
comprising the steps of: providing a substrate having an upper layer of silicon; forming an intermetal
dielectric layer over said silicon layer; forming a via in said intermetal diele&?iﬁéﬂ'}%ﬁ‘%@ﬁgﬁ@a first
opaque non-aluminum conducting layer over said intermetal dielectric layer, completely filling said via to

form a plug; depositifg a SEIBBPAGuehshEMhuRBAERBHRY 18yer Rled LRINBERSR) dielectric
layer and said first opaque non-aluminum conducting layer plug; planarizing said second opaque
non-aluminuintetiadadayeriageer satl defbesditiegayeeflective layer over said second opaque
non-aluminum conducting layer; wherein said first and second opaque non-aluminum conducting layers
are comprised of tigsamd&heaterdahd/ 36 SapteriberiR€lobliag. fiee stgthofl 6bataing 2dptidedrein said
reflective layer is selected

interface layers over said reflective layer; said optical interface layers being

selected from the group comprising ON and multiple layers of ON.

27. A method of fabricating an LCD-on-silicon pixel device, comprising
the steps of:

providing a substrate having an upper layer of silicon;

forming an intermetal dielectric layer over said silicon layer;

forming a via in said intermetal dielectric layer;

forming a first opaque non-aluminum conducting layer over said
intermetal dielectric layer, completely filling said via to form a plug;

depositing a second opaque non-aluminum conducting layer over said
intermetal dielectric layer and said first opaque non-aluminum conducting layer
plug;

planarizing said second opaque non-aluminum conducting layer; and

depositing a reflective layer over said second opaque non-aluminum
conducting layer; wherein said first and second opaque non-aluminum

conducting layers are comprised of the same material.
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from the group comprising aluminum, an aluminum copper alloy, and an aluminum silicon copper alloy.
29. The method of claim 27, wherein said planarized second opaque 0 non-aluminum conducting layer
is from about 500 to 5000A thick. 30. The method of claim 27, wherein said planarized second opaque 0
non-aluminum conducting layer is from about 500 to 2000A thick. 31. The nt8tREBEFNEINT L2 wherein

said second opaque non aluminum conducting layer is planarized by chemical mechanicalcgpolishing. 32.

The method of claift27, wHesemeshnsr edaia | ave M isinatbd: Kidesivg JogeraishietedsdThe method

of claim 27, wherein said reflective layer is from about A 1000 to 2000 A thick. 34. The method of claim
27, wherein Saithrdheci@retay arompoisipéseduonoianminuralanins froraogipsut 300yto 2000Anthick. 18 26
September 2005

aluminum silicon copper alloy.

29.  The method of claim 27, wherein said planarized second opaque

non-aluminum conducting layer is from about 500 to 5000A thick.

30.  The method of claim 27, wherein said planarized second opaque

non-aluminum conducting layer is from about 500 to 2000A thick.

31. The method of claim 27, wherein said second opaque non-

aluminum conducting layer is planarized by chemical mechanical polishing.

32.  The method of claim 27, wherein said reflective layer is from about

300 to 2000 A thick.

33.  The method of claim 27, wherein said reflective layer is from about

1000 to 2000 A thick.

34.  The method of claim 27, wherein said reflective layer is comprised

of aluminum and is from about 300 to 2000A thick.
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35. The method of claim 27, wherein said reflective layer is comprised 0 of aluminum and is from about
1000 to 2000A thick. 36. The method of claim 27, including the step of forming a barrier layer over said
intermetal dielectric layer and lining said via before said first opaque non-aluminum conducting layer
deposition. 37. The method of claim 27, including the step of forming optica?%%@ﬁé%@ edver said
reflective layer. 38. The method of claim 27, including&the step of forming optical interface layers over

said reflective layePaid dptaneihashet $aigis2Be g eseinctafl rsHeeE § oy e esN and
multiple layers of ON. 39. An LCD-on-silicon pixel device, comprising: a substrate having an intermetal
dielectric layef aduphigwiitind ddriaterabeat Hdetar20Artlbald plug comprised of an opaque
non-aluminum conducting material; a planar upper opague non-aluminum conducting layer over said
intermetal dielectric layer and said opague non-aluminum conducting plug; and a planar reflective layer
over said planar upper opaque non-aluminum conducting layer;
36.  The method of claim 27, including the step of forming a barrier
layer over said intermetal dielectric layer and lining said via before said first

opaque non-aluminum conducting layer deposition.

37.  The method of claim 27, including the step of forming optical

interface layers over said reflective layer.

38.  The method of claim 27, including the step of forming optical
interface layers over said reflective layer; said optical interface layers being

selected from the group comprising ON and multiple layers of ON.

39.  An LCD-on-silicon pixel device, comprising;:

a substrate having an intermetal dielectric layer;

a plug within said intermetal dielectric layer; said plug comprised of an
opaque non-aluminum conducting material;

a planar upper opaque non-aluminum conducting layer over said
intermetal dielectric layer and said opaque non-aluminum conducting plug; and

a planar reflective layer over said planar upper opaque non-aluminum

conducting layer;
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19 26 September 2005 wherein said opaque non-aluminum conducting plug and said planar upper
opaque non-aluminum conducting layer comprise a unitary structure. 40. The device of claim 39, wherein
said opaque conducting plug and said planar upper opaque non-aluminum conducting layer are each
comprised of tungsten, titanium, titanium nitride, chromium, silver, cobalt, A CcoBRIER WP The device
of claim 39, wherein said reflective layer is aluminum, an aluminum copper alloy, or an aluminum silicon
copper alloyVAEreHE SRidicRRIIUSi Iy alBIBI SaMISAN g PeY & pHfh s dish Blahah U RShducting
layer is from about 500 to 5000A thick. 43. The device of claim 39, wherein said planar upper opaque non
aluminum comeisptiag tayehinfiommatond Going 20 LcpKists Thidads\sbalofuiaim 39, wherein said
planar upper opaque non aluminum conducting layer is planarized by chemical mechanical polishing. 45.
The device of claim 39, wherein said reflective layer is from about 0 300 to 2000A thick. 20

40.  The device of claim 39, wherein said opaque conducting plug and
said planar upper opaque non-aluminum conducting layer are each comprised of

tungsten, titanium, titanium nitride, chromium, silver, cobalt, or cobalt nitride.

41. The device of claim 39, wherein said reflective layer is aluminum,

an aluminum copper alloy, or an aluminum silicon copper alloy.

42.  The device of claim 39, wherein said planar upper opaque non-

aluminum conducting layer is from about 500 to 5000A thick.

43.  The device of claim 39, wherein said planar upper opaque non-

aluminum conducting layer is from about 500 to 2000A thick.

44.  The device of claim 39, wherein said planar upper opaque non-

aluminum conducting layer is planarized by chemical mechanical polishing.

45. The device of claim 39, wherein said reflective layer is from about

300 to 2000A thick.
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26 September 2005 46. The device of claim 39, wherein said reflective layer is from about A 1000 to
2000 A thick. 47. The device of claim 39, wherein said reflective layer is comprised of 0 aluminum and is
from about 300 to 2000A thick. 48. The device of claim 39, wherein said reflective layer is comprised of 0
aluminum and is from about 1000 to 2000A thick. 49. The device of claim Sg?iﬁﬁmaﬁﬁ‘%%lf BaHRer layer
over said intermetal dielectric layer and lining said via. 50. The device of claim 39, including optical
interface layers ovét%aid ?gffaeéiﬁ)’é%ﬁr?@imrﬁ% d\é‘@?&é%ﬁﬂ%@@%&ﬁjéﬁb@%ﬁti@&%@? layers
over said reflective layer; said optical interface layers being ON or multiple layers of ON. 52. The device
of claim 39, WK¥EH&M29814 dltmiskreflective layer is on said planar upper opaque non-aluminum conducting
layer. 21

47.  The device of claim 39, wherein said reflective layer is comprised of

aluminum and is from about 300 to 2000A thick.

48.  The device of claim 39, wherein said reflective layer is comprised of

aluminum and is from about 1000 to 2000A thick.

49.  The device of claim 39, including a barrier layer over said

intermetal dielectric layer and lining said via.

50.  The device of claim 39, including optical interface layers over said

reflective layer.

51.  The device of claim 39, including optical interface layers over said

reflective layer; said optical interface layers being ON or multiple layers of ON.

52. The device of claim 39, wherein said planar reflective layer is on

said planar upper opaque non-aluminum conducting layer.
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