
PLANARIZED PASSIVATION LAYER FOR SEMICONDUCTOR DEVICES FIELD OF THE
INVENTION [00011The present invention relates generally to semiconductor devices and methods of
fabrication thereof More particularly, the present invention relates to planarized passivation layers for
semiconductor devices, BACKGROUND OF THE INVENTION [0002]Liquid-etystal-onsilicon (LCOS)
has gained considerable attention due to recent innovations in reflection projection technologies. Fig. I
shows a cross-sectional view of a conventional LCOS structure 100. The LC-OS structure comprises a
substrate 105. Variety of devices such as transistors (not shown) can be formed on the substrate. A
dielectric layer, for example, an trite:metal dielectric (IMD) layer 120 is formed on top of the substrate.
A patterned adhesive layer 130, such as Ti or TiN, and a patterned metal layer 160 are firmed over the
substrate. An opening, such as a recess or trench, is founed in the adhesive and metal layers,
exposing portion of the IMD layer. A passivation oxide layer 170 and a passivation nitride layer 180 are
deposited over the substrate and the opening. Non-planar passivation layers are thus formed. Liquid
crystals (not shown) are then applied directly to the surface of the semiconductor device coated with
metal layer and non-planar passivation layers. As such, high reflectance of the metal layer is
compromised. [0003]Flatness of the metal layer is one of the major factors affecting the reflectivity
LEOS devices, To obtain optimal performance, besides requiring high reflectivity of the metal layer,
planarization of the passivation layers over the metal layer is Empoltant too, 100041From the
foregoing discussion, it is desirable to provide plan.arized passivation layer for I.:COS devices, 



SUMMARY OF THE INVENTION [00051The present invention relates to planarized passivation
layerconductor         In one aspect of the invention, a semiconductor device is provided. The
semiconductor device comprises a substrate having a dielectric layer and a device layer on the
substrate. The device layer co .nses an opening. The semiconductor device further includes first and
second sublayers disposed on the device layer and lining the opening, the second sublayer is cm top
of the first sublayer. The second sublayer serves as a stop layer for planarization such that a
substantially planarized top surface is obtained for the semiconductor device. 100061In another aspect
of the invention, a method of fabricating a semiconductor device is presented. The method includes
providing a substrate having a dielectric layer and a device layer formed thereon. The device layer is
on top of the dieLectric layer. An opening is formed through the device layer. The method further
includes forming first and second sublayers on top of the device layer and lining the opening. A fill
layer is deposited on top of the first and second sublayers and fills the opening. The fill layer is
planarized until it reaches a top surface of the second suhlayer, forming a substantially pianarized top
surface for the semiconductor device. [00071In another embodiment of the invention, a method of
fabricating a semiconductor device comprises providing a substrate. The substrate includes a base
substrate with a dielectric layer formed thereon, a device layer formed on top of the dielectric layer and
first and second sublayers on top of the device layer. The method includes forming an opening through
the second sublayer. A fill layer is provided on top of the second sublayer and fills the opening. The fill
layer is planarized until it reaches a top surface of the second sublayer. The second sublayer serves
as a stop layer such that a substantially planarized top surface is formed for the semiconductor device.
10008]These and other objects, along with advantages and features of the present invention herein
disclosed, will become apparent through reference to the following description and the  



accompanying drawings. Furthermore, it is to he understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations and
pe mutations. BRIEF DESCRIPTION Ofii THE DRAWINGS [00091In the drawings. like reference
characters generally refer to the same parts throughout the different views. Also, the drawings are not
necessarily to scale, emphasis instead, generally being placed upon illustrating the principles of the
invention. Various embodiments of the present invention are described with reference to the following
drawingswhich: [00101Fla. 1 shows a cross-section of a conventional LCOS device; 19011]Fig. 2
illustrate a planarize.d passivation layer in a semiconductor structure in accordance with one
enihodimcnt of the invention; [0012]Figs. 3a-h show a planarized passivation layer in a semiconductor
stmcture in accordance with various embodiments of the invention; and 10013]Figs. 4a-e, 5a-b, 6a-f,
7a-c and 8a-b show process of forming a device structure with planarized passivation layer in
accordance with various embodiments of the invention. 



DETAILED DESCRIPTION OF THE INVENTION [0014]The present invention relates to
semiconductor devices. More particularly, the present invention relates to semiconductor devices with
p ed planar top surfaces. [0015]Fig. 2 shows a cross-sectional view of a device structure in
accordance with one embodiment of the invention, In one embodiment, the device structure comprises
a LCOS device structure. Other types of devices may also be useful. As shown, the device includes a
substrate 405. Typically, the substrate comprises a semiconductor material such as silicon. Other
types of substrates, thr example, SiGe, SiGe,C or SiC, are also useful. Providing substrates which
include an insulation or buffer layer, such as silicon-en-insulators (SOls), SiGe-cminsulators (SGOIs),
silicon-on-nothing (SON), is also useful.  100161Various circuit components (not shown), such as
transistors, capacitors arid/or resistors, can be provided on the substrate. Covering the components
and substrate is a dielectric layer 420. The dielectric layer, for example, comprises silicon oxide Other
types of dielectric materials are also useful. The dielectric layer serves as, for example, an interlevei
dielectric (MD) layer. Typical thickness of the dielectric layer is about 500 --- 20000 A, Other
thicknesses are also useful. IL is further understood that there may be additional metal, intermetai
dielectric and/or other device layers below the dielectric layer. [0017]A device layer 460 is provided on
the dielectric layer. In one embodiment, the device layer comprises a reflective layer formed from a
first material. For example, the reflective layer comprises a conductive material, such as Al, AlCuSi or
AlCti. Other types of reflective materials or device layers are also usethl. A liner layer 430 can be
optionally provided between the device layer and dielectric layer to promote adhesion. The liner layer
can comprise, for 



example. Ti or TiN. Providing other types of liner materials can also be useful. The thickness of the
liner layer is about less than 1000 A. Providing liner layer with other thicknesses is also useful.
[00181In one embodiment, the device layer comprises a patterned device layer having portions 460a-b
separated by a space or trench 464. To ensure separation between the device layer portions, the
trench comprises a depth which is greater than the bottom, of the device andlor liner layer, which
results in the dielectric layer being exposed. The trench, for example, is about less than 2000 A. below
the bottom of the device and/or hner layer. Other depths are also -useful. [0019]In one embodiment, a
passivation liner is disposed on the device layer. The passivation line  covers the top of the device
layer and lines the trench. The passivation liner, in one embodiment, comprises a plurality of
sublayers. As shown,the passivation liner layer comprises a dual passivation liner layer with first and
second sublayers 470 and 480. Providing   passiyation liner layer with other number of sublayers is
also useful. The trench is filled with a second material 465. 100201In one embodiment the second
material comprises a dielectric material. Preferably,  the second material comprises high density
plasma (HDP) oxide. Other types of fill materials are also useful. A top surface 468 of the fill material
and liner forms a planar or substantially planar surface. For example, the top surface of the fill material
can be coplanar with or slightly below the liner surface. The top surface of the fill material, in one
embodiment, is about less than 1000 A below the liner surface. 100211The first suhlayer, as shown
covers the device layer. The first sublayer serves as, for example, a passwation layer to protect the
device laver from erosion by moisture in the air and to avoid scratch during processing. In one
embodiment, the first sublayer comprises silicon oxide. The thickness of the first sublayer is, for
example, about 50 -2000 A. Other thicknesses are also useful. As for the second subiayer, it
comprises a material which the fill material can be removed selectively thereto. For example the
second suhlayer serves as a polish stop for the fill material. In one embodiment, the second sublayer
comprises silicon nitride. Other types of materials which can serve as a polish or etch stop are also
useful. The second sublayer also protects the passivation layer, preventing it from being removed
durin.g processing. Additionally, the second sublayer protects the device layer from sputtering during
filling of the trench. The thickness of the second sublayer is about 50 - 2000 A. Preferably, the total
thickness of the first and second sublayer is about 100 4000 A. 



00221Figs. 3a-b show alternative embodiments  of the invention. As shown, the device structures are
similar to that described in Fig. 2. In accordance with the embodiments shown, the second sublayer
480 serves as a sacrificial sublayer. The portions of the second suhlayer over the device layer are
removed, leaving portions lining the trench. Referring to Fig. 3a, the top surface 468 of the fill is
coplanar with the top surface of the first sublayer. A surface passivation  layer 485 is provided on the
surface of the substrate, covering the first sublayt.r and trench till. The surface passivation layer forms
a planar fop surface 488. In one embodiment, the surface passivation layer comprises silicon nitride.
Other types of surface passivation materials are also useful, For example, silicon oxynitrid.e can also
be used as the surface passivation layer. The thickness of the surface passivation layer is about 50 -
2000 A. 100231Referring to Fig. 3b, the top surface 468 of the trench fill is above the top surface of
the first sublayer. Additionally, the second sublayer in the trench is recessed below the surface of the
first sublayer and the top surface of trench fill. The recess, for example, is about less than 1000 A. Like
Fig. 3a, a surface passivation layer 485 is provided on the surface of the substrate, covering the first s
-hlayer, recessed second sublayer and trench fill. The surface passivation layer, due to the recess and
raised top surface, forms a substantially planar top surface 488. Providing surface passivation layer
with more than one layer is also useful. 10024jFigs. 4a-e show a method of forming a device structure
with planarized passivation layer in accordance with one embodiment of the invention. Referring to
Fig, 4a, a substrate 405 is provided. In one embodiment, the substrate comprises silicon. Other types
of semiconductor materials or substrates, for example, SiGe, SiGeC or SiC, are also useful. Providing,
substrates which include an insulation or buffer layer, such as silicon-on-insulators (SOIs),
SiGe-oninsulators (SGOIs), silicon-on-nothing (SON), is also usefill. The substrate, for example, can
be prepared with various circuit components (not show such s transistors, capacitors and/or resistors.
Other circuit components are also useful, [00251in one embodiment, a dielectric layer 420 is deposited
on top of the substrate. The dielectric layer, for example, comprises silicon oxide. The dielectric layer
serves as an inter! (el dielectric (ILO) layer. Various techniques, such as chemical vapor deposition
(CVD), can be used to deposit the dielectric layer. Typically, the dielectric layer is about 500 -20,000 A
thick. Other deposition techniques, materials or thicknesses are also useful. It is understood that there



may be additional metal, intermentl dielectric and/or other device layers below the dielectric lay-er.
[00261Above the dielectric layer is formed a liner layer 430. The liner layer promotes adhesion
between the dielectric layer and a subsequently formed layer above. In one embodiment, the liner
layer comprises Ti or TiN. Typically, the liner layer is about less than 1000 A. Conventional techniques,
such as sputtering, can be used to form the liner layer. Other techniques, materials as well as
thicknesses are also useful. 100271A device layer 460 is formed over the liner layer. In one
embodiment, the device layer comprises a reflective layer. The reflective layer comprises, thr example,
a conductive layer such as Al, AiCuSi or Alen. Other types of conductive materials are also useful, The
device layer is typically about 100 - 20000 A firmed by sputtering or electroplating. Other techniques or
thicknesses are also useful. [00281hi one embodiment,the device and liner layers are patterned to
form a trench opening 465. Conventional mask iind etch techniques can be used to form the trench
opening. For example, a photoresist mask layer is formed over the device layer and patterned to expo'
portions of the dielectric layer. An anisotropie, etch, such as reactive ion etch (RIB) is performed to
removed the device and liner layers. To ensure separation., an over etch can he performed, recessing
the opening below the bottom of the liner layer. 10029]Referring to Fig. 4b, a First suhlayer 470 of a
passivation liner is formed on the  substrate, covering the device layer and lining the trench opening. In
one embodiment, the first sublayer comprises silicon oxide having a thickness of about 50 - 2000 A.
Other thicknesses are also useful. The first sublayer serves as a first pa.ssivation layer protecting the
first material of the device layer from erosion due to environment and subsequent processing
chemistry. In one embodiment, the first sublayer is thrmed by CVD. Forming the first sublayer using
other techniques are also usehal,  100301A second sublayer 480 of the passivation liner is deposited
on the first -ublayer, as 



shown in Fig. 4c, The second sublayer comprises a material different from the first sublayer as well as
the material used to fill the trench opening. In one embodiment, the second sublayer has a higher etch
rate, hardness and resistance relative to the first sublayer. The second sublayer, thr example,
comprises silicon nitride. The thickness of the second. sublayer is about 50 - 2000 A. Other
thicknesses are also useful. The second sublayer SCPVCS as a stop layer for phmarization. Various
techniques, such as CVD, can be used to form the second sublayer. [0031]In Fig. 4d, a fill layer 467 is
deposited over the surface of the second sublayer, The fill layer tills the trench and covers the surface
of the second sublayer. In one embodiment, the Rh layer should sufficiently fill the trench Opening.
The till layer comprises a dielectric material which can be removed selective to the second suhlayer. In
one embodiment, the first sublayer and fill layer comprises the same material, such as silicon oxide.
Providing the first sublayer and till layer with different materials is also useful. Preferably, the Ell layer
comprises silicon oxide thtmed by IMP CVD. Other types of materials or deposition techniques are
also useful. [0032jThe substrate is uolished to remove excess material of the fill layer, as shown in Fig.
4e. For example, the substrate is polished by chemical mechanical polishing (CMP). Preferably, the
CMP employs a highly selective slurry or a combination of high and low selective slurry. which
removes excess fill material using the second sublayer as a polish stop. This reduces or        es loss of
the second sublayer whileoving the fill layer. The selectivity of the fill material to the second sublayer,
in one embodiment, is about 1:2 --- 1:1000. Other selectively ratios are also useful, depending on the
wafer surface option ratio. The CMP stops on the second sublayer, forming a planar or substantially
planar surface 468 between the top of the fill material in the trench and. surface of the second
sublayer. An over-polish can be performed to slightly recess the top surface of the fill layer in the
trench, as indicated by the dotted line. The recess should be about less than 1 000 A.  [00331The
process continues by depositing liquid crystal materials on top of the second passi /anon and isolation
layers (not shown). By not removing the second sublayer, it can also serve as a passivation layer.
Additional passivation layers can also be formed on top of the second and isolation layers before the
deposition of the liquid crystal material. A top substrate can be disposed on top of the liquid crystal
layer. 100341Figs. 5a-b show a process of forming a device structure with planarized passivation 



layer in accordance with another embodiment of the invention. As shown, the process continues from
Fig. 4e, Preferably, the top surface 468 of the fill layer in the trench is recessed to a level near to that
of the top surface of the first sublayer. The recess is about less than. 1000 A. Illustratively, the top
surface of the fill is above the top surface of the first sublayer. [0035]in accordance with the one
embodiment, the second subtayer serves as a sacrificial second sublayer wherein horizontal portions
over the device layer are removed. Removal of the horizontal portions of the second sublayer can be
achieved by, for example, an Isotropic etch, such as a wet etch using chemistry which is selective to
the first sublayer and till layer, .Aiternatively, an an isotropic etch, such as dry etch can also be used.
Other techniques are also useful. The etch, for example, employs chemistry which removes the
second sublayer selective to the first suhlayer. An overetch is performed which recesses the surface of
the portion of the second sublayer lining the trench. This results in a substantially planar surface with
elevations and recesses corresponding to the first and second sublayers and fill. in one embodiment,
the total difference in height between the elevations and recesses is less than about 1000 A.
[0036]Referring to Fig. 5b, a top layer 588, serving as a surface passivation layer, is deposited on the
surface of the substrate., covering the first and second sublayers as well as the fill. The surface
passivatiort layer, for example, comprises a transparent material, such as silicon nitride silicon
oxynitride. Typically, the surface passivation layer is deposited by CND. Providing the surface
passivation layer using other techniques as well as materials is also use-fill,  In one embodiment, the
thickness of the surface passivation layer is about 100- 2000 A. The surface passivation layer is
substantially planar, tracking the topography of the surface below. Alternatively, the first and second
sublayers and top of the fill are coplanar, resulting in a planar surth.ce, as indicated by the dotted lines
in Fig. 5b. Such contigiration improves the passivation integrity of the semiconductor de .e [00371Figs.
6a-f show a process of funning a device structure in accordance with an alternative embodiment of the
invention. Referring to Fig. 6a. as in Fig. 4a, a substrate 405 is provided prepared with a dielectric
layer 420, liner layer 430 and device layer 460. First and second sublayers 670 and 680 of a
passivation liner are formed on the surface of the device Layer. The first and second sublayers are
similar to those described in Fig. 4a. For example, the first sublayer comprises silicon oxide and the
second sublayer comprises silicon nitride. Typically, the first sublayer is about 50 - 2000 A while the
second suhlayer is about 50 -2000 A. The first sublayer serves as a first passi ation layer to prevent
erosion of a device layer from external environment The second suhlayer serves as a stop layer for
planarization. The thickness of the first and second sublayers, preferably, is about 100 - 4000 A.
[00381As shown in Fig, 6b, an opening or trench 665 is formed in the substrate. The opening,in one
embodiment, is sufficiently deep to expose the dielectric layer beneath the liner layer, separating
portions oldie device layer. Various conventional techniques can he employed to form the opening. in
one embodiment, the opening is formed using conventional patterning processes, such as masking
and a isotropic etching. 



[0039]As shown in Fig, 6c, the process continues by depositing a fill layer 667 on the  substrate. The
fill layer, for example, is similar to the fill layer of Fig. 4d, The fill layer sufficiently fills the trench
opening and covers the surface ofthe device layer. The fill layer, in one embodiment, comprises silicon
oxide. Preferably, the fill layer is deposited by EDP CVD. Other techniques and materials are also
usethi.  100401The surface of the substrate is polished, as shown in Fig. 6d. For example, a cmp is
performed to remove excess materials of the fill layer. The COP removes excess materials of the fill
layer selective to the second suhiayer, The CNIP stops on the second sublayer, forming a planar or
substantially planar surface 668 between the top of the fill material in the trench and surface of the
second sublayer. For example, an over-polish can be performed to slightly recess the top surface of
the fill layer in the trench, as indicated by the dotted line, The recess should be less than about 1000
A. 100411In Fig. 6e, the second suhlaver which serves as sacrificial second sublayer in this
embodiment is removed, exposing top surface of the first sublayer. The removal of the second
sublaycr can be achieved by, for example, an isotropic etch, such as a wet etch. Alternatively,
amsotropic etch, such as dry etch can also be used. Other techniques are also useful. The etch, for
example, employs a chemistry which removes the second sublayer selective to the first suhlayer and
fill layer. [00421A surface passwation layer 688, is deposited on the surface of the substrate, covering
the first sublayer and the till layer in the trench. The surface passivation layer, for example. comprises
a transparent material, such as silicon nitride or silicon 0x:outride, in one embodiment, the thickness of
the surface passivation layer is about 100 - 2000 A. The surface passivation layer is substantially
planar, tracking the topography of the surface below. Alternatively, the first sublayer and top of the fill
are coplanar, resulting in a planar surface, as indicated by the dotted lines in Fig. of Such configuration
improves the passivation integrity of the semiconductor device. 100431Figs. 7a-e show a process of
forming a device structure in accordance with another 



embodiment of the invention. Referring to Fig, 7a, the layers formed for the device structure are similar
to those recited in Fig. 6a. The first 770 and second 780 sublayers, for example, comprises silicon
oxide and silicon nitride respectively. In accordance with the current  embodiment, the first sublayer is
about 50 - 2000 A while the second sublayer is about 50 - 2000 A. The total thickness of the First and
second sublayers, in one embodiment, is about 100 --- 4000 A. Preferably, the first sublayer is thinner
than the cond sublayer. Such configuration reduces the stress induced by the second sublayer.
[00441The process continues as those described for Figs. 6b-d. The second sublayer is removed, for
example,by anisotropic etch, exposing top surface of the first sublayer and fill layer in the trench. In
accordance with the CUrreIlt embodiment, the first sublayer and fill layer comprises the same material,
such as silicon oxide, The first suhlayer, in this embodiment, serves as a sacrificial first sublayer. As
illustrated in Fig. 7b, a. t MP is performed to remove the first sublayer and por. ion of the fill layer, The
CMP removes the first and excess materials of the fill layer selective to the device layer. The CMP
stops on the device layer, forming a planar or substantially planar surface 768 between the top of the
fill material the trench and surface of the device layer. 100451in one embodiment, a surface
passivation liner is disposed on the substrate covering the device and fill layers as illustrated in Fig,
7e. The surface passivation liner, in one embodiment, comprises a plurality of sub-layers. As shown,
the surface passivation Liner comprises a dual passivation liner layer with first and second surface
sublayers 790 and 795. Providing a surface passivation liner with other lumber of surface salayers is
also useful. [00461In one embodiment, the first surface sublayer comprises silicon oxide, The
thickness of the first surface sublayer is typically about 50 - 2000 A.. Other thicknesses are also useful,
As Mr the second surface sublayer, it comprises silicon nitride. Other types of materials are also
useful. The first and second surface sublayers protect the device layer from erosion by moisture in the
air and to avoid scratch during subsequent processing. The thickness of the second surface sublayer
is about 50 -2000 A. The total thickness of the first and second surface sublayers is about 100 -4000
A.  100471in an alternative embodiment, a method of forming a device structure with substantially
planarized passivation layer is presented in Figs. 8ab. The process steps are similar to those
described for Figs. 6a-d. An overtelish can be performed to slightly recess the top surface of the fill
layer in the trench: The recess should be less than about 1000 A. A surface passivation liner that
comprises a first 890 and second 895 surface sublayer is provided on the surface of the substrate,
covering the second sublayer and the recessed trench fill. in one embodiment, the first surface
sublayer comprises silicon oxide and the second surface suhlayer comprises silicon nitride. Providing
a surface passivation liner with other number of sublayers is also useful. ritiQ surface passivation
liner,due to the recess and raised top surface, forms a substantial!y planar top surface 898. The first
and second sublayers 670 and 680 which remain in the device structure provides additional
passvatjon layers to the device structure. Thus, reflectance of the first material of the device layer is
enhanced. 



l00481Although the passivation liner is described having a plurality of sublayers. it is also useful to
provide the passivation liner with a single layer. The single layer, for example,can be an oxide or
nitride layer. The thickness of the single layer, in accordance with one embodiment, is about 100 ----
4000 A. Such configuration improves passivation integrity and still provides a substantially planarized
top surface for the semiconductor device, [00491The invention may be embodied in other specific
forms without departing from the spirit or essential characteristics thereof. The foregoing
embodiments, therefore, are to be considered in all respects illustrative rather than limiting the
invention described herein. Scope of the invention is thus indicated by the appended claims, rather
than by the Mregoing description, and all changes that come within the meaning and range of
equivalency of the claims are atended to be embraced therein,  What is claimed is: CLAIMS  1. A
method of fabricating a semiconductor device comprising:       providing a substrate having a dielectric
layer and a device layer formed thereon, the device layer is on top of the dielectric layer, the device
layer having a top surface; forming an opening through the device layer; forming first and second
sublayers on the device layer and lining the opening; depositing a fill layer to fill the opening; 



removing excess fill material of the fill layer, wherein removing the excess fill material includes
removing portions of the second sublayer over the top surface, to expose the first sublayer over the
top surface of the device layer to form a substantially planar top surface of the semiconductor device.
2. The method of claim 1 wherein the device layer comprises a reflective layer. 3. The method of claim
2 wherein the reflective layer comprises a conductive material.  4. The method of claim 1 wherein the
first sublayer comprises oxide and the second sublayer comprises nitride.  5. The method of claim 1
wherein the first sublayer serves as a passivation layer to protect the device layer. 6. The method of
claim 1 wherein the fill layer comprises a dielectric material. 14 mechanical polishing.  8. The method
of claim 1 further comprising depositing liquid crystal materials on top of the second sublayer and fill
layer.  9. The method of claim 1 further comprising removing the second sublayer on top of the device
layer.  10. The method of claim 1 further comprising forming a surface passivation layer on the surface
of the substrate, covering the first, second sublayers and the fill.  11. A method of fabricating a
semiconductor device comprising: 
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What is claimed is: 

CLAIMS 

1. A method of fabricating a semiconductor device comprising: 

 providing a substrate having a dielectric layer and a device layer formed thereon, the 

device layer is on top of the dielectric layer, the device layer having a top surface; 

 forming an opening through the device layer; 

 forming first and second sublayers on  the device layer and lining the opening; 

 depositing a fill layer to fill the opening; 

 removing excess fill material of the fill layer, wherein removing the excess fill material 

includes removing portions of the second sublayer over the top surface, to expose the first 

sublayer over the top surface of the device layer to form a substantially planar top surface of the 

semiconductor device.  

 

2. The method of claim 1 wherein the device layer comprises a reflective layer. 

 

3. The method of claim 2 wherein the reflective layer comprises a conductive material. 

 

4. The method of claim 1 wherein the first sublayer comprises oxide and the second 

sublayer comprises nitride. 

 

5. The method of claim 1 wherein the first sublayer serves as a passivation layer to protect 

the device layer. 

 

6. The method of claim 1 wherein the fill layer comprises a dielectric material. 

 

providing a substrate comprising a base substrate with a dielectric layer formed thereon, a device layer
on top of the dielectric layer, and first and second sublayers on top of the device layer; forming an
opening through the second sublayer; providing a fill layer on top of the second sublayer and fill the
opening;      planarizing the fill layer until it reaches a top surface of the second sublayer, the second
sublayer serves as a stop layer such that a substantially planarized top surface is formed for the
semiconductor device.  12. The method of claim 11 further comprising removing the second sublayer
to expose top surface of the first sublayer.  the first sublayer and the fill layer.  14. The method of claim
11 further comprising forming a surface passivation liner on the surface of the substrate, covering the
second sublayer and the fill. 
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7. The method of claim 1 wherein removing the fill layer is achieved using chemical 

mechanical polishing. 

 

8. The method of claim 1 further comprising depositing liquid crystal materials on top of 

the second sublayer and fill layer. 

 

9. The method of claim 1 further comprising removing the second sublayer on top of the 

device layer. 

 

10. The method of claim 1 further comprising forming a surface passivation layer on the 

surface of the substrate, covering the first, second sublayers and the fill. 

  

11. A method of fabricating a semiconductor device comprising: 

 providing a substrate comprising  

a base substrate with a dielectric layer formed thereon, 

a device layer on top of the dielectric layer, and 

first and second sublayers on top of the device layer;  

 forming an opening through the second sublayer;  

providing a fill layer on top of the second sublayer and fill the opening; 

 planarizing the fill layer until it reaches a top surface of the second sublayer, the second 

sublayer serves as a stop layer such that a substantially planarized top surface is formed for the 

semiconductor device. 

 

12. The method of claim 11 further comprising removing the second sublayer to expose top 

surface of the first sublayer. 

15. The method of claim 11 wherein: the device layer comprises a reflective layer; the first sublayer
comprises a first dielectric material; and the second sublayer comprises a second dielectric material.
16. The method of claim 15 wherein the reflective layer comprises a conductive material.  17. The
method of claim 15 wherein the reflective layer comprises a conductive material selected from Al,
AlCuSi or AlCu.  18. The method of claim 15 wherein the second dielectric material can be removed
selective to the first dielectric material.  19. The method of claim 15 wherein: the first dielectric material
comprises silicon oxide; and the second dielectric material comprises silicon nitride. 20.The method of
claim 11 comprises further processing to form a liquid crystal device.  21. A method of fabricating a
semiconductor device comprising:       providing a substrate prepared with a device layer, first and
second sublayers on the device layer and an opening in the device layer, the device layer having a top
surface; 
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13. The method of claim 12 further comprising forming a surface passivation layer to cover 

the first sublayer and the fill layer. 

 

14. The method of claim 11 further comprising forming a surface passivation liner on the 

surface of the substrate, covering the second sublayer and the fill. 

 

15. The method of claim 11 wherein:  

the device layer comprises a reflective layer; 

the first sublayer comprises a first dielectric material; and  

the second sublayer comprises a second dielectric material. 

 

16. The method of claim 15 wherein the reflective layer comprises a conductive material.  

 

17. The method of claim 15 wherein the reflective layer comprises a conductive material 

selected from Al, AlCuSi or AlCu.  

 

18. The method of claim 15 wherein the second dielectric material can be removed selective 

to the first dielectric material. 

 

19. The method of claim 15 wherein: 

the first dielectric material comprises silicon oxide; and  

the second dielectric material comprises silicon nitride.  

 

20. The method of claim 11 comprises further processing to form a liquid crystal device.

depositing a fill material to form a fill layer, the fill material filling the opening;       removing excess fill
material of the fill layer, wherein removing the excess fill material includes removing portions of the
second sublayer over the top surface, to expose the first sublayer over the top surface of the device
layer to form a substantially planar top surface of the semiconductor device.  22. The method of claim
21 wherein the first and second sublayers are formed on the device layer with the opening, the first
and second sublayers are disposed on the device layer and line the opening.  23. The method of claim
22 wherein: the device layer comprises a reflective layer; the first sublayer comprises a first dielectric
material; and the second sublayer comprises a second dielectric material.  24. The method of claim 23
wherein the reflective layer comprises a conductive material.  25. The method of claim 23 wherein the
reflective layer comprises a conductive material selected from Al, AlCuSi or AlCu.  to the first dielectric
material.  27. A method of fabricating a semiconductor device comprising: 
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21. A method of fabricating a semiconductor device comprising: 

 providing a substrate prepared with a device layer, first and second sublayers on the 

device layer and an opening in the device layer, the device layer having a top surface; 

 depositing a fill material to form a fill layer, the fill material filling the opening; 

 removing excess fill material of the fill layer, wherein removing the excess fill material 

includes removing portions of the second sublayer over the top surface, to expose the first 

sublayer over the top surface of the device layer to form a substantially planar top surface of the 

semiconductor device. 

 

22. The method of claim 21 wherein the first and second sublayers are formed on the device 

layer with the opening, the first and second sublayers are disposed on the device layer and line 

the opening. 

 

23. The method of claim 22 wherein:  

the device layer comprises a reflective layer; 

the first sublayer comprises a first dielectric material; and  

the second sublayer comprises a second dielectric material. 

 

24. The method of claim 23 wherein the reflective layer comprises a conductive material.  

 

25. The method of claim 23 wherein the reflective layer comprises a conductive material 

selected from Al, AlCuSi or AlCu.

providing a substrate prepared with a device layer, first and second sublayers on the device layer and
an opening in the device layer, wherein the first and second sublayers are formed on the device layer
prior to forming the opening in the device layer; depositing a fill material to form a fill layer, the fill
material filling the opening;       removing excess fill material of the fill layer, wherein removing the
excess fill material includes removing portions of the second sublayer to expose the first sublayer over
the device layer and to form a substantially planar top surface of the semiconductor device. 28. The
method of claim 27 wherein: the device layer comprises a reflective layer; the first sublayer comprises
a first dielectric material; and the second sublayer comprises a second dielectric material. 29. The
method of claim 28 wherein the reflective layer comprises a conductive material.  30. The method of
claim 28 wherein the reflective layer comprises a conductive material selected from Al, AlCuSi or AlCu.
31. The method of claim 28 wherein the second dielectric material can be removed selective to the first
dielectric material.   32. The method of claim 22 comprises: 
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26. The method of claim 23 wherein the second dielectric material can be removed selective 

to the first dielectric material. 

 

27. A method of fabricating a semiconductor device comprising: 

 providing a substrate prepared with a device layer, first and second sublayers on the 

device layer and an opening in the device layer, wherein the first and second sublayers are 

formed on the device layer prior to forming the opening in the device layer; 

 depositing a fill material to form a fill layer, the fill material filling the opening; 

 removing excess fill material of the fill layer, wherein removing the excess fill material 

includes removing portions of the second sublayer to expose the first sublayer over the device 

layer and to form a substantially planar top surface of the semiconductor device. 

 

28. The method of claim 27 wherein:  

the device layer comprises a reflective layer; 

the first sublayer comprises a first dielectric material; and  

the second sublayer comprises a second dielectric material. 

 

29. The method of claim 28 wherein the reflective layer comprises a conductive material.  

 

30. The method of claim 28 wherein the reflective layer comprises a conductive material 

selected from Al, AlCuSi or AlCu.  

 

31. The method of claim 28 wherein the second dielectric material can be removed selective 

to the first dielectric material.

an intermediate layer below the device layer, the intermediate layer comprises a dielectric material.
33. The method of claim 22 wherein depositing the fill material comprises a high density plasma (HDP)
deposition process.  34. The method of claim 22 comprises further processing to form a liquid crystal
device.  35. The method of claim 22 wherein removing the excess fill material comprises chemical
mechanical polishing. 
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32. The method of claim 22 comprises: 

an intermediate layer below the device layer, the intermediate layer comprises a dielectric 

material. 

 

33. The method of claim 22 wherein depositing the fill material comprises a high density 

plasma (HDP) deposition process.  

 

34. The method of claim 22 comprises further processing to form a liquid crystal device.   

 

35. The method of claim 22 wherein removing the excess fill material comprises chemical 

mechanical polishing. 

 


