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(57) ABSTRACT 

A method for protecting an alignment mark area during a 
CMP process including forming at least a ?rst material layer 
over a process surface of a semiconductor Wafer including 
active areas and alignment mark trenches formed in the at 
least one alignment mark area; forming at least a second 
material layer over the ?rst material layer including the 
active areas and the at least one alignment mark area; 
lithographically patterning and etching the at least a second 
material layer to form at least a plurality lines of the at least 
a second material layer adjacent to the alignment mark 
trenches; and, carrying out a CMP process to remove at least 
a portion of the at least a second material layer. 
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PROVIDE A PROCESS WAFER INCLUDING 
UPPER MOST HARDMASK LAYER OVER 

ACTIVE AREAS AND ALIGNMENT MARK AREAS 

DEPOSIT OXIDE CONTAINING LAYER OVER 
HARDMASK LAYER 

FORM ALIGNMENT MARK DUMMY LINES AND 
GUARD RINGS 

PERFORM CMP PROCESS ON OXIDE 
CONTAINING LAYER 
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METHOD TO PRESERVE ALIGNMENT MARK 
OPTICAL INTEGRITY 

FIELD OF THE INVENTION 

[0001] This invention generally relates to semiconductor 
processing methods including photolithographic patterning 
and more particularly to a method for replicating alignment 
marks and preserving the optical signal integrity of align 
ment marks folloWing an oxide CMP process. 

BACKGROUND OF THE INVENTION 

[0002] In the integrated circuit industry today, hundreds of 
thousands of semiconductor devices are built on a single 
chip. Every device on the chip must be electrically isolated 
to ensure that it operates independently Without interfering 
With another. With the high integration of the semiconductor 
devices, the accuracy of formation of feature patterns over 
lying a previously de?ned semiconductor device level is 
increasingly dif?cult as critical dimensions shrink. Overlay 
accuracy, also referred to as registration is critical to proper 
functioning of a semiconductor device. To successfully 
pattern an overlying feature level on the Wafer, the Wafer 
feature pattern must be accurately aligned With a neWly 
applied pattern image included in a reticle for proper transfer 
of the image to the photoresist layer on the Wafer. 

[0003] In forming the various levels of a multi-level 
semiconductor device including shalloW trench isolation 
features, semiconductor Wafer alignment for positioning the 
semiconductor Wafer for subsequent device feature pattern 
ing is critical. In a typical photolithographic patterning 
procedure, an automated stepper, for example, an ASM 
Lithography photo system sequentially positions the Wafer 
beneath a photoimaging system for transferring a patterned 
photoimage of device features formed a reticle to expose a 
photoresist material overlying the semiconductor Wafer sur 
face. As positioning of the process Wafer is critical for 
forming semiconductor features, methods for forming and 
preserving alignment marks to provide the necessary optical 
contrast have evolved to reduce optical alignment errors 
during the optical signal sensing and alignment process 
during photolithography. 
[0004] Several Wafer alignment strategies exist for using 
different patterns and locations to achieve the alignment of 
a semiconductor Wafer to a reticle containing an image to be 
transferred to the Wafer. These strategies vary from align 
ment marks located betWeen shot sites (also knoWn as chip 
sites) to global alignment marks located in tWo shot sites at 
the periphery of the Wafer. There are also global strategies in 
Which the alignment marks are located betWeen shot sites in 
the more peripheral regions of the Wafer. The overlay 
accuracy required for proper alignment, frequently referred 
to as an overlay budget is about one-third of the critical 
dimension. As device technologies scale to about 0.10 
microns and beloW, conventional method for forming and 
replicating alignment marks are no longer suf?ciently accu 
rate. 

[0005] In one approach for global alignment, at least tWo 
areas at the Wafer periphery are selected, typically located on 
opposite sides of the Wafer diameter and include a series of 
parallel trenches covering a rectangular or square area of 
about 50 square microns to about 400 square microns 
referred to as Zero-level alignment marks that are etched into 
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the silicon Wafer before other processing steps. The global 
alignment marks are subsequently replicated in each subse 
quent level of manufacturing a multi-level semiconductor 
device. 

[0006] ShalloW trench isolation (STI) is a preferred elec 
trical isolation technique especially for a semiconductor chip 
With high integration. STI features can be made using a 
variety of methods including, for example, the Buried Oxide 
(BOX) isolation method for shalloW trenches. The BOX 
method involves ?lling the trenches With a chemical vapor 
deposition (CVD) silicon oxide (SiOZ), also referred to as an 
STI oxide Which is then chemically mechanically polished 
(CMP) to remove the overlying layer of STI oxide to yield 
a planar surface. The shalloW trenches etched for the BOX 
process are anisotropically plasma etched into the substrate, 
for example, silicon, and are typically betWeen 0.3 and 1.0 
microns deep. 

[0007] Broadly speaking, conventional methods of pro 
ducing a shalloW trench isolation feature include forming a 
hard mask, for example silicon nitride, over a semiconductor 
substrate folloWed by photolithographically patterning and 
anisotropically etching STI trench features into the semi 
conductor substrate. Subsequently, the STI trenches are 
back?lled With SiO2 also referred to as an STI oxide by a 
CVD process folloWed by a chemical mechanical polish 
(CMP) process to polish back the STI oxide to de?ne oxide 
?lled STI trenches. Alignment mark areas on the Wafer 
process surface undergo parallel processing including depo 
sition of an STI oxide layer and are replicated for subsequent 
Wafer alignment according to prior art processes by clearing 
out the STI oxide over the alignment mark areas prior to 
CMP. For example, the relative contrast of the alignment 
marks Which are detected by an auto-imaging system using 
for example, a Helium-Neon laser having a Wavelength 
betWeen about 500 nm to about 630 nm is generally unaf 
fected by dielectric ?lms transparent in this Wavelength 
range Which present little interference With re?ections from 
an underlying alignment mark area, typically having a 
higher extinction coef?cient material to provide contrast 
producing re?ections. During the processing of several 
levels in a multi-level semiconductor device, the alignment 
mark areas frequently are covered With high extinction 
coef?cient materials such as SiGe, silicon carbide (e.g., 
SiC), silicon oxynitride (e.g. SiON), metal salicides, poly 
silicon, and metallic layers. While the alignment mark 
trenches are frequently not completely covered thereby 
losing their de?nition, the sharpness of the de?nition is 
decreased. As overlay budgets approach 20 to 30 nanom 
eters for 0.10 micron critical dimensions and loWer, a small 
decrease in the de?nition of the alignment marks by over 
layers of high extinction coef?cient materials is increasingly 
detrimental to overlay accuracy. In many cases an additional 
step to photolithographically pattern and etch the alignment 
mark area is economically prohibitive in terms of process 
cycle time and material cost. 

[0008] For example referring to FIG. 1A are shoWn STI 
trenches e.g., 12A, 12B, and 12C formed through the 
thickness of a hard mask layer 14, for example silicon nitride 
(e.g., Si3N4), and underlying pad oxide layer (not shoWn), 
and into a silicon substrate 10. Adjacent the STI trenches is 
shoWn a portion of an alignment mark area including 
alignment mark trenches e.g., 16A and a portion of align 
ment mark trench 16B, the trenches formed by etching the 
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silicon substrate 10 prior to other processing steps including 
forming the overlying silicon nitride layer 14. It Will be 
appreciated that although the structures are depicted as 
adjacent one another, that the STI trenches and alignment 
mark trenches are typically separated on the Wafer process 
surface as indicated by lines e.g., 13. 

[0009] Referring to FIG. 1B, an STI oxide layer 18 is 
deposited over the process surface folloWed by a photolitho 
graphic patterning process to form a protective photoresist 
layer e. g., 20 to cover active areas including STI trench areas 
overlying the STI trenches e.g., 12A, 12B, and 12C and 
exposing areas of the STI oxide layer on the process surface 
including the Wafer alignment mark areas. For example, 
frequently a reverse mask etch process is carried out to 
remove a portion of the STI oxide layer 18 overlying 
relatively featureless areas of the process surface to improve 
a subsequent CMP polishing uniformity. Referring to FIG. 
1C, the STI oxide overlying the alignment mark areas 
including trenches 16A and 16B is frequently removed in the 
reverse mask etch process While leaving the STI oxide layer 
18 and protective photoresist layer eg 20 overlying the STI 
trench area. 

[0010] Referring to FIG. 1D, after removing the protec 
tive photoresist layer e.g., 20, an oxide CMP process is then 
carried out to remove the STI oxide layer 18 overlying the 
STI trench areas. During the oxide CMP process, hoWever, 
the silicon nitride layer 14 is either thinned or completely 
polished through in areas around the alignment trenches, for 
example at corner portions, e.g., 16C of the alignment 
trenches, undesirably degrading the optical contrast of the 
alignment marks. Further, a subsequent hot phosphoric acid 
etching process to remove the silicon nitride layer 14 may 
result in undesired etching of an underlying material, for 
example a silicon substrate or other etching susceptible 
layer, for example if an underlying pad oxide layer overlying 
a silicon substrate is partially removed in the CMP process. 
For example, designs of various memory and logic devices, 
for example ?ash memory, incorporate an etching suscep 
tible layer underlying a relatively thinner silicon nitride to 
maintain an STI trench aspect ratio. To prevent the STI oxide 
CMP process from polishing through or unacceptably thin 
ning the corner portions of the alignment trenches, hard 
mask layers such as silicon nitride are required to be thick 
enough to survive the STI oxide CMP process. For example, 
the thicker the oxide layer and the longer the oxide polishing 
process required, the greater the potential of preferential 
polishing over the alignment mark area requiring a thicker 
hard mask layer. As a result, methods of the prior art for 
preserving and replicating alignment marks limits the design 
thickness of layers, for example both hard mask layers and 
oxide layers in the design of various logic and memory 
devices in order to prevent degrading the alignment mark 
area optical contrast during and folloWing a CMP process. 

[0011] Therefore, there is a need in the semiconductor 
processing art to develop an improved method for replicat 
ing alignment marks to preserve optical contrast integrity 
thereby improving overlay accuracy in semiconductor Wafer 
photolithography and alloWing a greater degree of freedom 
in design of ?lm stacks in a semiconductor device design 
process. 

[0012] It is therefore an object of the invention to an 
improved method for replicating alignment marks to pre 
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serve optical contrast integrity thereby improving overlay 
accuracy in semiconductor Wafer photolithography and 
alloWing a greater degree of freedom in design of ?lm stacks 
in a semiconductor device design process including over 
coming other shortcomings of the prior art. 

SUMMARY OF THE INVENTION 

[0013] To achieve the foregoing and other objects, and in 
accordance With the purposes of the present invention, as 
embodied and broadly described herein, the present inven 
tion provides a method for protecting an alignment mark 
area during a CMP process. 

[0014] In a ?rst embodiment, the method includes forming 
at least a ?rst material layer over a process surface of a 
semiconductor Wafer including active areas and alignment 
mark trenches formed in the at least one alignment mark 
area; forming at least a second material layer over the ?rst 
material layer including the active areas and the at least one 
alignment mark area; lithographically patterning and etching 
the at least a second material layer to form at least a plurality 
lines of the at least a second material layer adjacent to the 
alignment mark trenches; and, carrying out a CMP process 
to remove at least a portion of the at least a second material 
layer. 
[0015] These and other embodiments, aspects and features 
of the invention Will be better understood from a detailed 
description of the preferred embodiments of the invention 
Which are further described beloW in conjunction With the 
accompanying Figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIGS. 1A-1D are side vieW representations of an 
STI trench area and an alignment mark area undergoing an 
STI trench formation process according to the prior art. 

[0017] FIG. 2A is a top planar vieW of an exemplary 
semiconductor Wafer alignment mark area according to an 
embodiment of the present invention. 

[0018] FIG. 2B is an expanded to planar vieW of an 
exemplary semiconductor Wafer alignment mark area 
according to an embodiment of the present invention. 

[0019] FIG. 2C is an expanded cross sectional side vieW 
of an exemplary semiconductor Wafer alignment mark area 
according to an embodiment of the present invention. 

[0020] FIGS. 3A-3D are cross sectional side vieWs of an 
exemplary alignment mark area shoWn in juxtaposition to an 
active device area at different stages of an exemplary semi 
conductor device manufacture process according to an 
embodiment to the present invention. 

[0021] FIG. 4 is an exemplary process How diagram 
including several embodiments of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0022] Although the method of the present invention is 
explained in exemplary implementation With respect to a 
process for forming ?ash memory devices, it Will be appre 
ciated that the method of forming protective dummy lines 
Within and around alignment mark areas according to 
embodiments of the present invention may be used in any 
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semiconductor manufacturing process Where the alignment 
marks are advantageously protected from preferential pol 
ishing in a CMP process. For example, the method of the 
present invention of forming at least one of guard rings and 
dummy alignment mark lines, preferably at least one guard 
ring and dummy alignment mark lines may advantageously 
be used in the formation of for example, CMOS image 
sensors and DRAM/MIM stacked capacitor packages Where 
a relatively thick oxide layer is at least partially removed, 
preferably substantially removed over at least the alignment 
mark area prior to a CMP process. 

[0023] The method of the present invention is explained 
by illustrating the parallel effect of exemplary processing 
steps of active areas of a semiconductor process Wafer on 
alignment mark areas, for example global alignment mark 
areas (?elds) disposed at peripheral portions of the semi 
conductor process Wafer. For example, the method of the 
present invention is explained With reference to the parallel 
effects of active area processing on alignment mark areas in 
connection With the formation of shalloW trench isolation 
(STI) features and subsequent processing steps used for 
forming CMOS semiconductor features. The term ‘active 
areas’ as used herein refers to areas of the semiconductor 
process surface Where electrically active areas are formed 
for forming integrated circuit components of a semiconduc 
tor device. The term ‘anisotropic etching’ refers to plasma 
enhanced etching, for example reactive ion etching (RIE). 

[0024] For example, referring to FIG. 2A is shoWn a top 
planar vieW an exemplary alignment mark area, 24, having 
four quadrants of parallel trenches e.g., 24A, 24B, 24C, 24D 
the trenches in each quadrant formed at right angles With 
respect to adjacent trenches Within the alignment mark area. 
For example, the alignment mark area 24 comprises a 
rectangular area having a dimension of about 0.4 mm by 0.4 
mm located in non-active areas of the process Wafer surface, 
for example global alignment mark areas disposed at the 
process Wafer periphery. It Will be appreciated that the 
quadrants of the alignment mark area e.g., 24A, 24B, 24C, 
24D may contain varying numbers of parallel trenches 
depending on the lithographic stepper and optical sensing 
method used. It Will also be appreciated that the lineWidth 
(trench Width) and the pitch (spacing betWeen individual 
lines) of the lines (trenches) e.g., 26A, 26B may vary 
depending on the optical sensing and illuminating Wave 
length used. It Will further be appreciated that an alignment 
mark area siZe may vary depending on the optical stepper or 
optical sensing method in use over an area of about 50 
square microns to about 400 square microns and may 
formed in con?gurations other than four quadrants, for 
example adjacently disposed segments of trenches prefer 
ably having the parallel trenches in each segment oriented at 
right angles With respect to the trenches in an adjacent 
segment. The alignment mark area 24 may optionally 
include intersecting trenches e.g., 26C and 26D separating 
the four alignment mark quadrants e.g., 24A, 24B, 24C, 
24D. 

[0025] Preferably, a Michelson laser heterodyne interfer 
ometer method using a He—Ne laser as the light source is 
used for Wafer alignment. For example, the lineWidths and 
pitch of lines (trenches) e. g., 26A, 26B, are about 10 microns 
to about 20 microns, for example having a lineWidth of 
about 16 microns and a pitch of about 17.6 microns. The 
alignment mark trenches e.g., 26A, 26B, making up the 
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alignment marks, are preferably Zero level alignment marks, 
formed by a photolithographic patterning and anisotropic 
etching process carried out on the semiconductor Wafer 
process surface prior to other processes, for example the 
deposition of hardmask or polysilicon layers overlying the 
semiconductor substrate. Preferably, at least one guard ring, 
according to an embodiment of the invention, more prefer 
ably at least tWo guard rings e.g., 28A and 28B are formed 
in an overlying oxide layer surrounding the alignment mark 
area 24 to surround e.g., alignment mark quadrants 24A, 
24B, 24C, 24D, as detailed in an exemplary formation 
process beloW. Alignment mark dummy lines are alterna 
tively, more preferably formed in addition to the guard rings 
e.g., 28A and 28B in an overlying oxide layer adjacent to the 
alignment mark trenches e.g., 26A, 26B as detailed in an 
exemplary formation process beloW. 

[0026] For example, referring to FIG. 2B, is shoWn a top 
planar vieW of an expanded portion of the exemplary 
alignment mark area 24 shoWing e.g., alignment mark 
trenches e.g., 26A and 26B, and a plurality of alignment 
mark dummy lines e.g., 27A and 27B formed adjacent to 
alignment mark trenches 26A and 26B. The alignment mark 
dummy lines and the guard rings e.g., 28A an 28B are 
photolithographically patterned and formed in an oxide 
layer, for example an STI oxide layer, overlying the align 
ment mark area prior to an oxide CMP process to remove at 
least a portion of the oxide layer. For example, the line Width 
of the guard ring lines and the alignment mark dummy lines 
are preferably formed having a lineWidth of from about 0.2 
microns to about 0.6 microns, more preferably about 0.4 
microns With a pitch having a factor of about 2 to about 4 
times the lineWidth, for example about 1.2 microns. It Will 
be appreciated that the lineWidth of the dummy lines may be 
varied depending on the line Width of the alignment mark 
trenches. Preferably, the lineWidths and pitch of the align 
ment mark dummy lines are siZed to alloW the formation of 
from about 2 to 8 of the alignment dummy marks betWeen 
and adjacent to each alignment mark trench. The guard rings 
e.g., 28A and 28B may be formed With the same lineWidth 
and pitch or a different lineWidth and pitch as the alignment 
mark dummy lines e.g., 27A and 27B. 

[0027] The alignment mark dummy lines may are prefer 
ably formed as a single set of parallel lines but may be 
formed as multiple segments of parallel lines formed adja 
cent to one another and adjacent to the alignment trenches. 
Preferably, the alignment mark dummy lines are formed as 
a single segment of parallel lines extending adjacent the 
alignment trenches along least one-half of the length of the 
alignment trenches, more preferably at least three-quarters 
of the length of the alignment mark trenches. Preferably, the 
alignment mark dummy lines are formed by a conventional 
photolithographic process by patterning a photoresist layer 
and anisotropically etching an underlying material layer, for 
example, an oxide layer overlying the alignment mark area 
prior to a subsequent CMP planariZation process to remove 
at least a portion of the underlying material layer. For 
example, the patterns for the alignment dummy marks and 
guard rings may be formed in a photomask (reticle) by 
conventional means, for example direct Writing of the pat 
terns onto pre-existing or neWly developed photomasks. 

[0028] Referring to FIG. 2C, is shoWn an expanded cross 
sectional side vieW representation of a portion of the align 
ment mark area 24 shoWing e.g., alignment mark trenches 
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26A and 26B formed in substrate 29 and showing alignment 
mark dummy lines, e.g., 27A, 27B, formed adjacent to the 
alignment mark trenches and guard rings e.g., 28A and 28B 
surrounding the alignment mark area 24 and formed in an 
overlying layer, for example an oxide layer overlying the 
alignment mark area according to a photolithographic pat 
terning and anisotropic etching process prior to carrying out 
a CMP process to remove at least a portion of the oxide 
layer. 

[0029] In an exemplary implementation of an embodiment 
of the present invention, referring to FIG. 3A, is shoWn an 
exemplary process for forming STI features in connection 
With the formation of a ?ash memory device, referred to as 
self-aligned ?oating gate ?ash device. ShoWn is a shalloW 
trench isolation (STI) area 30A having an anisotropically 
etched trenches e.g., 32A, 32B, and 32C formed in an active 
area of the Wafer process surface, for example formed by a 
conventional photolithographic and anisotropic etching pro 
cess to form trenches extending through the thickness of 
silicon nitride layer 36B (e.g., Si3N4) and underlying poly 
silicon layer 36A into semiconductor substrate, e.g., silicon 
Wafer 38. A pad oxide layer (not shoWn) is preferably 
formed over the silicon substrate 38 prior to forming the 
polysilicon layer 36A. It Will further be appreciated that a 
silicon oxynitride (e.g., SiON) layer (not shoWn) is option 
ally formed over the silicon nitride layer 36B. For example 
the thickness of the polysilicon layer 36A is preferably 
formed at a thickness of about 500 Angstroms to about 800 
Angstroms and the silicon nitride layer 36B including an 
optional overlying silicon oxynitride layer is formed at a 
thickness of from about 1500 Angstroms to about 2500 
Angstroms. For example, the thickness of the silicon nitride 
layer 36B is thinner in the formation of a ?ash memory 
device according to an embodiment of the invention, for 
example about 1600 Angstroms, compared to a conventional 
logic device due to the formation of underlying polysilicon 
layer 36A Which limits the thickness of the silicon nitride 
layer 36B in order to achieve a desired aspect ratio of the 
subsequently etched STI trenches e.g., 32A, 32B, and 32C. 

[0030] Still referring to FIG. 3A, shoWn adjacent to the 
STI area 30A is shoWn a portion of an alignment mark area 
30B shoWing an exemplary alignment mark trench 34A and 
a portion of an adjacent alignment mark trench 34B. The 
lines e.g., 31 indicate that the STI trench area 30A and the 
alignment mark area 30B are separated in space on the Wafer 
surface although shoWn juxtaposed to one another other to 
illustrate parallel processing effects. 

[0031] Referring to FIG. 3B, 3 layer 40 of CVD silicon 
oxide (e.g., SiO2) also referred to as an STI oxide is 
deposited by a plasma enhanced CVD process, for example 
HDP-CVD, to a thickness of about 5000 Angstroms to about 
8000 Angstroms over the silicon nitride layer 36A ?lling the 
STI trenches and the alignment mark trenches. It Will be 
appreciated that other deposition methods such as spin on 
methods or APCVD processes may be used as Well to form 
the STI oxide layer. 

[0032] Referring to FIG. 3C, in an embodiment of the 
method according to the present invention a photolitho 
graphic patterning process is carried out to form a protective 
photolithographic layer 42 patterned to cover the STI trench 
area 30B and cover alignment mark dummy line areas e.g., 
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42A and guard ring areas e.g., 43A adjacent to the alignment 
trenches e.g., 34A and 34B, according to preferred embodi 
ments. 

[0033] Referring to FIG. 3D, 3 Wet or dry etching process, 
preferably a dry etching process is carried out to anisotro 
pically etch the STI oxide layer 40 according to the patterned 
photoresist layer 42 to form alignment mark dummy lines 
e.g., 42B and guard rings, e.g., 43B over the alignment mark 
area 30B. Preferably, the dry etching process is carried out 
in parallel With a reverse mask process carried out to remove 
at least a portion of the STI oxide layer over non-active areas 
of the process Wafer to speed a subsequent oxide CMP 
process and to improve a polishing uniformity over active 
regions of the Wafer. 

[0034] Referring to FIG. 3E, the photoresist layer 42 is 
subsequently removed and an oxide CMP process is carried 
out to remove excess STI oxide overlying the STI trenches 
to de?ne the STI trenches and to planariZe the Wafer process 
surface for further processing. During the oxide CMP pro 
cess, the alignment mark dummy lines e.g., 42B and the 
guard rings e.g., 43B serve to protect the alignment mark 
areas e.g., 30B from preferential polishing due to a loading 
effect as is knoWn in the art Where, Where relatively dense 
feature regions polish at a relatively sloWer rate compared to 
relatively less dense feature regions thereby resulting in 
preferential polishing of the relatively less dense feature 
region, for example the alignment mark areas. 

[0035] According to the present invention, such preferen 
tial polishing over alignment mark areas is avoided, thereby 
preserving the de?nition and consequently optical contrast, 
including signal intensity, and phase, of the alignment mark 
trenches and preventing damage to underlying layers sus 
ceptible to a subsequent Wet etching process, for example a 
hot phosphoric acid etching process to remove the silicon 
nitride hardmask layer 36B. In a further advantage of the 
present invention, the thickness of a hardmask layer such as 
a silicon nitride or silicon oxynitride layer may be varied in 
design considerations, for example made thinner Without 
being limited in design by the necessity of avoiding damage 
to the alignment mark areas due to preferential CMP pol 
ishing considerations over the alignment mark area. For 
example, as shoWn in the illustrated embodiment of a 
portion of a ?ash memory device design, the silicon nitride 
layer 36B may be made thinner to preserve an aspect ratio 
of the STI trenches thereby alloWing a greater degree of 
freedom in semiconductor device design. For example, the 
guard rings and alignment mark dummy lines according to 
preferred embodiments of the invention may be applied to a 
variety of semiconductor device manufacturing processes 
Where an relatively thick deposited layer is at least partially 
removed in a CMP planariZation process over non-active 
areas of a Wafer process surface including alignment mark 
areas prior to the CMP planariZation process. For example, 
the formation of CMOS image sensors and DRAM/MIM 
stacked capacitor formation employ a relatively thick oxide 
layer that must be at least partially removed in a CMP 
planariZation process Whereby the guard rings and alignment 
mark dummy lines may be advantageously used according 
to preferred embodiments to protect alignment mark areas 
from undesired removal of a layer underlying the oxide 
layer, for example a hardmask layer, during the oxide CMP 
planariZation process. 
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[0036] Referring to FIG. 4 is an exemplary process How 
diagram including several embodiments of the present 
invention. In process 401, a semiconductor Wafer is pro 
vided comprising an uppermost hardmask layer or CMP 
polishing stop layer overlying active areas and alignment 
mark areas. In process 403 a material layer, for example an 
oxide containing layer is deposited over the hardmask layer 
including the active areas and alignment mark areas. In 
process 405, a photolithographic patterning and anisotropic 
etching process is carried out form at least alignment mark 
dummy lines in the oxide containing layer in the alignment 
mark areas, preferably both guard rings and alignment mark 
dummy lines are formed according to preferred embodi 
ments. Preferably, the anisotropic etching process to form 
the alignment mark dummy lines is carried out in parallel 
With an etching process to remove at least a portion of the 
oxide containing layer over non-active regions of the Wafer, 
for example in a reverse mask etch process. In process 407, 
a CMP process is carried out to remove at least a portion of 
the oxide containing layer to planariZe the active areas of the 
Wafer. 

[0037] The preferred embodiments, aspects, and features 
of the invention having been described, it Will be apparent 
to those skilled in the art that numerous variations, modi? 
cations, and substitutions may be made Without departing 
from the spirit of the invention as disclosed and further 
claimed beloW. 

What is claimed is: 
1. Amethod for protecting an alignment mark area during 

a CMP process comprising the steps of: 

forming at least a ?rst material layer over a process 
surface of a semiconductor Wafer comprising active 
areas and alignment mark trenches formed in the at 
least one alignment mark area; 

forming at least a second material layer over the ?rst 
material layer including the active areas and the at least 
one alignment mark area; 

lithographically patterning and etching the at least a 
second material layer to form at least a plurality lines 
of the at least a second material layer adjacent to the 
alignment mark trenches; and, 

carrying out a CMP process to remove at least a portion 
of the at least a second material layer. 

2. The method of claim 1, Wherein the step of lithographi 
cally patterning and etching further comprises forming at 
least one guard ring surrounding the at least one alignment 
mark area. 

3. The method of claim 1, Wherein the at least a ?rst 
material layer comprises a nitride containing layer and the at 
least a second material layer comprises an oxide containing 
layer. 

4. The method of claim 3, Wherein the nitride containing 
material is selected from the group of silicon nitride and 
silicon oxynitride and the oxide containing layer comprises 
silicon oxide. 

5. The method of claim 1, Wherein the plurality of lines 
are formed parallel to the alignment mark trenches extend 
ing at least one-half of the length of the alignment mark 
trenches. 
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6. The method of claim 1, Wherein the plurality of lines 
comprises from about 2 to about 8 lines formed betWeen 
alignment mark trenches. 

7. The method of claim 2, Wherein the plurality of lines 
and the at least one guard ring are formed having a line Width 
of from about 0.2 microns to about 0.6 microns and a pitch 
of about 0.4 microns to about 1.8 microns. 

8. The method of claim 1, Wherein the step of lithographi 
cally patterning is carried out in parallel With a reverse mask 
etch process to remove at least a portion of the at least a 

second material layer over active device areas. 

9. The method of claim 1, Wherein the active areas 
comprise integrated circuit portions of devices selected from 
the group consisting of self-aligned ?oating gate ?ash 
memory, CMOS image sensors, and DRAM/MIM devices. 

10. The method of claim 1, Wherein the at least a ?rst 
material layer comprises a nitride layer overlying a poly 
silicon layer. 

11. The method of claim 1, Wherein the step of carrying 
out a CMP process comprises removing an STI oxide layer 
over STI trenches to de?ne oxide ?lled STI trenches. 

12. Amethod for protecting an alignment mark area from 
optical degradation during a CMP process comprising the 
steps of: 

forming at least a ?rst material layer comprising a hard 
mask layer over a semiconductor Wafer process surface 
comprising active areas and at least one alignment 
mark area comprising alignment mark trenches formed 
parallel to one another; 

forming an oxide containing layer over the hardmask 
layer including the active areas and the at least one 
alignment mark area; 

lithographically patterning and etching the oxide contain 
ing layer to form a plurality lines in the oxide contain 
ing layer disposed at least adj acently and parallel to the 
alignment mark trenches; and, 

carrying out a CMP process to remove at least a portion 
of the oxide containing layer. 

13. The method of claim 12, Wherein the step of litho 
graphically patterning and etching further comprises form 
ing at least one guard ring surrounding the at least one 
alignment mark area. 

14. The method of claim 12, Wherein the hardmask layer 
comprises a silicon nitride containing layer. 

15. The method of claim 14, Wherein the at least a ?rst 
material layer comprises a polysilicon layer underlying the 
silicon nitride containing layer. 

16. The method of claim 12, Wherein at least a portion of 
the plurality of lines are formed parallel to the alignment 
mark trenches extending at least one-half of the length of the 
alignment mark trenches. 

17. The method of claim 12, Wherein at least a portion of 
the plurality of lines comprises from about 2 to about 8 lines 
formed betWeen the alignment mark trenches. 

18. The method of claim 12, Wherein the plurality of lines 
and are formed having a line Width of from about 0.2 
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microns to about 0.6 microns and a pitch of about 0.4 
microns to about 1.8 microns. 

19. The method of claim 12, Wherein the step of litho 
graphically patterning is carried out in parallel With an 
etching process to remove at least a portion of the oxide 
containing layer over active areas. 
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20. The method of claim 12, Wherein the active areas 
comprise integrated circuit portions of devices selected from 
the group consisting of self-aligned ?oating gate ?ash 
memory, CMOS image sensors, and DPAM/MIM devices. 

* * * * * 


