
(54) Title: METHOD AND APPARATUS FOR DETERMINING PROCESS LAYER CONFORMALITY
222 400 410 220 (57) Abstract: A method for determining  conformality of a
process layer (410) includes  providing a wafer (205) having a grating
structure (400) and a process layer (410)  formed over the grating
structure (400);  illuminating at least a portion of the process  layer
(410) overlying the grating structure  (400) with a light source (222);
measuring  light reflected from the illuminated portion  of the grating
structure (400) and the process  layer (410) to generate a reflection
profile;  and determining conformality of the process  layer (410) based on
the reflection profile.  A metrology tool (220) adapted to receive a  



wafer (205) having a grating structure (400)  and a process layer (410)
formed over the  grating structure (400) includes a light source  (222), a
detector (224), and a data processing  unit (225). The light source (222)
is adapted to  illuminate at least a portion of the process layer  (410)
overlying the grating structure (400).  The detector (224) is adapted to
measure light  reflected from the illuminated portion of the  grating
structure (400) and the process layer  (410) to generate a reflection
profile. The data  processing unit (225) is adapted to determine
conformality of the process layer (410) based  on the generated reflection
profile. 2 0 APR 2004 1 METHOD AND APPARATUS FOR DETERMINING PROCESS LAYER
CONFORMALITY TECHNICAL FIELD 5 This invention relates generally to the
field. of semiconductor device,  manufacturing and, more particularly, to a
method and apparatus for. determining  process layer conformality .
BACKGROUND ART  10 US-A-5.867 276 discloses a method and apparatus for
broad wavelength scatterometry. The described technique involves
illuminating a sample comprising  lines of photoresist, metal, insulator or
semiconductor material, having. an underlying  thin- film, and using a
spectrometer to analyse the diffracted beam from the sample.  The
diffraction characteristics can be used to determine parameters such as the
width,  15 height and sidewall angles of the lines.. US-A-4.600 597
discloses a mod and apparatus for determining. the contour  of a
spin-coated thin film on a semiconductor substrate. The method involves
forming a plurality of raised, isolated, .parallel Imes on a at portion of
the: surface.of  a substrate, and measuring the thus ford fines. '
Thereafter, a spin-coated film of 20 = viscous material is formed over the
lines and the substrate, and the step height is then measured with a
profilometer. The step heigh is measured at the respective lines to  



determine the planarization contour of the spin-coated fiim. US-A-5 393 624
discloses a method of manufacturing a semiconductor device  with ultra
micropattern electrodes. Light is projected on a resist film, and reflected
light .from a flat region is detected to measure the thickness of the
resist film.  Subsequent - processing steps are controlled based on the
measured thickness, so that  the electrodes have a desired width.
Semiconductor integrated circuit devices are employed in . numerous
applications, including microprocessors. Generally, the performance of a 30
semiconductor device is dependent on both the density and the speed of the
devices  formed therein. A common element of a semiconductor device that
has a great impact 2 0 APR 2004 la on its performance is a transistor.
Design features, such as gate. length and channel  length, are being
steadily decreased in order to achieve higher package densities and  to
improve device performance. The rapid advance of field effect transistor
design has  affected a large variety of activities in the field of
electronics in which the transistors 5 - ' are operated in a binary
switching made. In particular, complex digital circuits, . such  as
microprocessors and the like, -demand fast switching transistors.
Accordingly, the  distance between the drain region and "the. source region
of a field effect transistor,  commonly referred to as the channel length
or gate length dimension, has been  reduced to accelerate the formation of
a conductive channel between a source and a 10 - drain electrode as soon as
a switching gate voltage is applied and, moreover, to reduce  the
electrical resistance of the channel A transistor structure has been
created where the longitudinal dimension of the  transistor, commonly
referred to as the width dimension; extends up to 20m, .  whereas. the
distance -between the drain and- source regions, Le., the channel length,
15 may be reduced down to 0.21im or less. As the channel length is reduced
to obtain the  desired switching. characteristic of the source=drain line,
the length of the gate  electrode is also reduced. Transistors are formed
through a series of steps. An exemplary transistor  structure 100 is
described in reference to Figures IA and 1B. Initially, shallow trench  20
isolation regions -105 are formed in a substrate 110 by etching trenches
into the substrate 110 and, thereafter, flung the trenches with -an
appropriate insulating  material (e.g., silicon dioxide). Next;,. a gate
insulation layer 115 is formed over the  substrate 110 between the trench
isolation regions 105. This gate insulation layer 115  



may be comprised of a variety of materials, but it is typically. comprised
of a 25 thermally grown layer of silicon dioxide.-Thereafter, a gate
electrode 120 for the  transistor 100 is formed by forming a layer of gate
electrode material, typically  polysilicon, above the gate insulation layer
115, and patterning the layer of gate  electrode material using known
photolithography and etching techniques to thereby  define the gate
electrode 120. Of course, millions of such gate electrodes 120 are 30 being
formed across the entire surface of the substrate 110 during this
patterning  process. 2 0 APR 2004 lb To form active regions of the
transistor 100 a series of implants are. performed,  whereby a variety
dopant atoms may be implanted into the substrate. Typically, a halo
implant is performed to- reduce short channel effects arising from the
small  dimensions of the transistor and a lightly doped' dram (LDD) or
extension implant is  performed to reduce the junction capacitance -of the
"transistor 100. There after, a  relatively high concentration of dopant
atoms may be implanted into, the substrate to  complete the information of
the source/drain regions. This latter implant is sometimes referred to as a
source/drain implant.  To control the location of some of the implant
regions, spacers 125 .axe formed about the gate electrode 120. To form the
2 0 APR 2004 WO 02/097878 PCT/US02/12827 spacers 125 a layer 130 of
insulating material (e.g., silicon dioxide) is formed over the substrate
110 and gate  electrode 120. The insulting layer 130 is anisotropically
etched until the substrate 110 is exposed, leaving a  portion of the
insulating layer 130 adjacent the gate electrode 120 intact to form the
spacers 125. Subsequently,  a second set of spacers (not shown) may be
formed over the spacers 125 to define the boundaries for the 5 source/drain
implant. Typically, the second set of spacers (not shown) are formed using
a layer of silicon  nitride in the same manner. The eventual width of the
spacers 125 is determined, at least in part, by the thickness of the
portion of  the insulating layer 130 disposed over the sidewalls 135 of the
gate electrode 120. The time required to  complete the etch process to form
the spacers 125 depends on the thickness of the portion of the insulating
layer  10 130 disposed over the substrate 110 and top surface 140 of the
gate electrode. The conformality of a layer, such as the insulating layer
130 is defined as the ratio between the  sidewall deposition thickness "X"
(i.e., perpendicular to the substrate 110) to the flat area deposition
thickness  "Y" (i.e., parallel to the substrate 110). The conformality of a
deposited layer varies with respect to the  particular material being
deposited and the density of the underlying features. A process layer
deposited over a 



15 low density topography typically exhibits a higher degree of
conformality. The conformality of the layer  ultimately affects the width
of the spacers 125. Typically, conformality is studied during the process
characterization phase, not during actual production runs of the device
being manufactured. Commonly used  examination techniques to determine
deposited film conformality are destructive, cross-section techniques.
Normal variation in the deposition process during production runs can
affect the conformality of the  20 deposited layer. Because no in-line
conformality monitoring is available, the variation propagates through the
other processing steps. For example, a variation in the conformality of the
insulating layer 130 can cause a  variation in the width of the spacers 125
and a corresponding variation in the size and spacing of the implant
regions. Variations in the implant regions can induce variations in the
performance of the completed devices.  Generally, increased variation
reduces throughput, yield, and profitability. 25 The present invention is
directed to overcoming, or at least reducing the effects of, one or more of
the  problems set forth above. DISCLOSURE OF INVENTION One aspect of the
present invention is seen in a method for determining conformality of a
process  layer. The method includes providing a wafer having a grating
structure and a process layer formed over the  30 grating structure;
illuminating at least a portion of the process layer overlying the grating
structure with a light source; measuring light reflected from the
illuminated portion of the grating structure and the process layer to
generate a reflection profile; and determining conformality of the process
layer based on the reflection profile.  Another aspect of the present
invention is seen in a metrology tool adapted to receive a wafer having a
grating structure and a process layer formed over the grating structure.
The metrology tool includes a light  35 source, a detector, and a data
processing unit. The light source is adapted to illuminate at least a
portion of the  process layer overlying the grating structure. The detector
is adapted to measure light reflected from the  illuminated portion of the
grating structure and the process layer to generate a reflection profile.
The data  processing unit is adapted to determine conformality of the
process layer based on the generated reflection  profile. 40 -2 2 0 APR
2004 WO 02/097878 PCT/US02/12827 BRIEF DESCRIPTION OF THE DRAWINGS The
invention may be understood by reference to the following description taken
in conjunction with  the accompanying drawings, in which like reference
numerals identify like elements, and in which: Figures IA and 113 are cross
sections of an exemplary semiconductor device on which a process layer  5
is deposited over a grating structure; Figure 2 is a simplified diagram of
an illustrative processing line for processing wafers in accordance  



with one illustrative embodiment of the present invention; Figure 3 is a
cross section of an exemplary semiconductor device including a test grating
structure for  measuring the conformality of a process layer; 10 Figure 4
is a simplified view of the scatterometry tool of Figure 2 loaded with a
wafer including a  grating structure; Figures 5A, 513, and 5C illustrate a
library of exemplary scatterometry curves used to characterize the  wafer
measured in the scatterometry tool of Figure 4; and Figure 6 is a
simplified flow diagram of a method for determining conformality in a
process layer in  15 accordance with another illustrative embodiment of the
present invention. While the invention is susceptible to various
modifications and alternative forms, specific  embodiments thereof have
been shown by way of example in the drawings and are herein described in
detail. It  should be understood, however, that the description herein of
specific embodiments is not intended to limit the  invention to the
particular forms disclosed, but on the contrary, the intention is to cover
all modifications, 20 equivalents, and alternatives failing within the
spirit and scope of the invention as defined by the appended  claims.
MODE(S) FOR CARRYING OUT THE INVENTION Illustrative embodiments of the
invention are described below. In the interest of clarity, not all features
of an actual implementation are described in this specification. It will of
course be appreciated that in the  25 development of any such actual
embodiment, numerous implementation-specific decisions must be made to
achieve the developers' specific goals, such as compliance with
system-related and business-related constraints,  which will vary from one
implementation to another. Moreover, it will be appreciated that such a
development  effort might be complex and time-consuming, but would
nevertheless be a routine undertaking for those of  ordinary skill in the
art having the benefit of this disclosure. 30 Referring to Figure 2, a
simplified diagram of an illustrative processing line 200 for processing
wafers  205 in accordance with one illustrative embodiment of the present
invention is provided. The processing line  200 includes a deposition tool
210 for depositing a process layer on the wafer 205. In the illustrated
embodiment, the process layer may be an insulting layer, (e.g., silicon
dioxide or silicon nitride) that is formed  over a grating structure (e.g.,
gate electrode). Particular techniques for depositing process layers of
various 35 composition are well known to those of ordinary skill in the
art. An exemplary tool suitable for use as the  deposition tool 210 is a
plasma-enhanced chemical vapor deposition (PE-CVD) tool, such as a Concept
2  offered by Novellus Systems, Inc. Corporation of San Jose, CA.
Variations in the deposition operations of the  deposition tool 210 and the
geometry of the features formed on the wafer 205 underlying the process
layer may  cause variations in the conformality of the process layer as
previously described. -3. 2 0 APR 2004 



WO 02/097878 PCT/US02/12827 The processing line 200 includes a
scatterometry tool 220 adapted to measure conformality of the  process
layer formed on the wafer 205. In general, the scatterometry tool 220
includes optical hardware, such  as an ellipsometer or reflectometer, and a
data processing unit loaded with a scatterometry software application  for
processing data collected by the optical hardware. For example, the optical
hardware may include a model 5 OP5230 or OP5240 with a spectroscopic
ellipsometer offered by Thermawave, Inc. of Freemont CA. The data
processing unit may comprise a profile application server manufactured by
Timbre Technologies, a fully owned  subsidiary of Tokyo Electron America,
Inc. of Austin, TX and distributed by Thermawave, Inc. The scatterometry
tool 220 may be external to the deposition tool 210 or, alternatively, the
scatterometry tool 220 may be installed in an in-situ arrangement. A
process controller 230 is provided for  10 controlling the operations of
other tools in the processing line based on the measured conformality of
the deposited process layer. The processing line also includes an etch tool
240 for performing additional processing  steps on the process layer, such
as a spacer etch process. An exemplary tool suitable for use as the etch
tool 240  is a Rainbow etch system offered by Lam Research Corporation of
Freemont, CA. The process controller 230 may provide feedback information
to the deposition tool 210 and adjust its  15 operating recipe to improve
the conformality of the deposition process subsequently processed wafers
205. The  process controller may also provide feedforward information to
the etch tool 240 for controlling etch operations  on the current wafer 205
being measured by the scatterometry tool 220. These feedback and
feedforward  control techniques will be described in greater detail below.
In the illustrated embodiment, the process controller 230 is a computer
programmed with software to  20 implement the functions described. However,
as will be appreciated by those of ordinary skill in the art, a  hardware
controller designed to implement the particular functions may also be used.
Moreover, the functions  performed by the process controller 230, as
described herein, may be performed by multiple controller devices
distributed throughout a system. Additionally, the process controller 230
may be a stand-alone controller, it  may be integrated into a tool, such as
the deposition tool 210 or the scatterometry tool 220, or it may be part of
a  25 system controlling operations in an integrated circuit manufacturing
facility. Portions of the invention and corresponding detailed description
are presented in terms of software, or  algorithms and symbolic
representations of operations on data bits within a computer memory. These
descriptions and representations are the ones by which those of ordinary
skill in the art effectively convey the  substance of their work to others
of ordinary skill in the art. An algorithm, as the term is used here, and
as it is 30 used generally, is conceived to be a self-consistent sequence
of steps leading to a desired result. The steps are  those requiring
physical manipulations of physical quantities. Usually, though not
necessarily, these quantities  take the form of optical, electrical, or
magnetic signals capable of being stored, transferred, combined,  compared,
and otherwise manipulated. It has proven convenient at times, principally
for reasons of common  usage, to refer to these signals as bits, values,
elements, symbols, characters, terms, numbers, or the like. 



35 It should be borne in mind, however, that all of these and similar terms
are to be associated with the  appropriate physical quantities and are
merely convenient labels applied to these quantities. Unless specifically
stated otherwise, or as is apparent from the discussion, terms such as
"processing" or "computing" or  "calculating" or "determining" or
"displaying" or the like, refer to the action and processes of a computer
system, or similar electronic computing device, that manipulates and
transforms data represented as physical, 40 electronic quantities within
the computer system's registers and memories into other data similarly
represented -4 2 0 APR 2004 WO 02/097878 PCT/US02/12827 as physical
quantities within the computer system memories or registers or other such
information storage,  transmission or display devices. An exemplary
software system capable of being adapted to perform the functions of the
process  controller 230, as described, is the Catalyst system offered by
KLA-Tencor, Inc. The Catalyst system uses  5 Semiconductor Equipment and
Materials International (SEMI) Computer Integrated Manufacturing (CIM)
Framework compliant system technologies and is based on the Advanced
Process Control (APC) Framework.  CIM (SEMI E81-0699 - Provisional
Specification for CIM Framework Domain Architecture) and APC (SEMI
E93-0999 - Provisional Specification for CIM Framework Advanced Process
Control Component)  specifications are publicly available from SEMI. 10 In
one embodiment, the scatterometry tool 220 measures conformality of the
process layer as found on  features formed in the production devices. For
example, the scatterometry tool 220 may measure the  conformality of an
insulating layer (e.g., silicon dioxide or silicon nitride) deposited over
a gate electrode for  purposes of forming an insulative spacer around the
gate electrode. In some cases, the geometry of the features  or the
presence of underlying structures may inhibit scatterometry measurements.
Accordingly, test structures 15 having the same general configuration as
features (e.g., gate electrodes) formed on the wafer 205 may be  employed.
The test structures may be formed in a region of the wafer 205 not normally
used for forming  devices (e.g., in the periphery region where
identification codes are typically scribed or in the scribe lines  between
production die). Referring briefly to Figure 3, an exemplary grating
structure 300 that may used as a test structure on  20 the wafer 205 is
shown. The grating structure 300 has the same general construction (e.g.,
geometry, materials,  pitch, etc.) as features included in the production
devices formed on the wafer 205. A process layer 310 is  formed over the
grating structure 300. In the illustrated embodiment, the grating structure
300 include stacks  320 formed on a substrate 330. The stacks 320 include a
gate insulation layer 340 and a polysilicon gate  electrode 350 that are
formed by patterning the same process layers used to form the gate
electrodes of actual  25 transistors in the devices on the wafer 205.
Turning now to Figure 4, a simplified view of the scatterometry tool 220
loaded with a wafer 205  



having a grating structure 400 and a process layer 410 overlying the
grating structure is provided. The grating  structure 400 may be a feature
formed in a production device on the wafer 205 (i.e., STI structures are
not  shown in Figure 4), or alternatively, the grating structure 400 may be
a test structure similar to the grating 30 structure 300 discussed above in
reference to Figure 3. The scatterometry tool 220, includes a light source
222  and a detector 224 positioned proximate the grating structure 400 and
process layer 410. The light source 222  of the scatterometry tool 220
illuminates at least a portion of the process layer 410 overlying the
grating  structure 400, and the detector 224 takes optical measurements,
such as intensity or phase, of the reflected light.  A data processing unit
225 receives the optical measurements from the detector 224 and processes
the data to  35 determine the conformality of the process layer 300. The
scatterometry tool 220 may use monochromatic light, white light, or some
other wavelength or  combinations of wavelengths, depending on the specific
implementation. The angle of incidence of the light  may also vary,
depending on the specific implementation. The light analyzed by the
scatterometry tool 220  typically includes a reflected component (i.e.,
incident angle equals reflected angle) and a refracted component -5 2 0 APR
2004 WO 02/097878 PCT/US02/12827 (i.e., incident angle does not equal the
reflected angle). For purposes of discussion here, the term "reflected"
light is meant to encompass both components. Variations in the conformality
of the process layer 410 causes changes in the reflection profile (e.g.,
intensity vs. wavelength - tan(s), phase vs. wavelength - sin(w), where 8
and %y are common scatterometry  5 , outputs known to those of ordinary
skill in the art) measured by the scatterometry tool 220 as compared to the
light scattering profile that would be present in a completely conformal
process layer 410, or at least a process  layer 410 having an acceptable
conformality. Figures 5A, 5B, and 5C illustrate exemplary reflection
profiles 500, 510, 520 that may be included in a  reference reflection
profile library 232 (see Figure 2) used by the data processing unit 225 to
characterize the  10 conformality of the process layer 410 based on the
measured reflection profiles. The particular reflection profile expected
for any structure depends on the specific geometry of the grating structure
400, the  conformality of the process layer 410, and the parameters of the
measurement technique employed by the  scatterometry tool 220 (e.g., light
bandwidth, angle of incidence, etc.). The profiles in the reference
reflection  profile library 232 are typically calculated theoretically by
employing Maxwell's equations based on the 15 characteristics of the
process layer 410 and the topology and geometry of the grating structure
400.  Scatterometry libraries are commercially available from Timbre
Technologies, Inc. The profiles in the  reference reflection profile
library 232 may also be generated empirically by measuring reflection
profiles of  sample wafers and subsequently characterizing conformality of
the measured wafers by destructive or non- destructive examination
techniques. 



20 The reflection profile 500 of Figure 5A represents an expected profile
for a process layer 410 with  essentially perfect conformality (i.e., equal
sidewall and flat surface thicknesses). The reflection profile 510 of
Figure 5B represents an expected profile for a process layer 410 that has a
slightly reduced sidewall thickness  (i.e., lower conformality), and
reflection profile 520 of Figure 5C represents an expected profile for a
process  layer 410 that has a significant reduction in conformality. The
reflection profiles of process layers 410 with  25 varying conformality
values may be included in the reference reflection profile library 232. The
data processing unit 225 compares the measured reflection profile to the
reference reflection  profile library 232. Each reference profile has an
associated conformality metric, which may be represented by  separate
sidewall and flat surface actual thicknesses or by the ratio between
sidewall thickness and flat surface  thickness, for example. The data
processing unit 225 determines the reference reflection profile having the
30 closest match to the measured reflection profile. Techniques for
matching the measured reflection profile to the  closest reference
reflection profile are well known to those of ordinary skill in the art, so
they are not described  in greater detail herein. In another embodiment,
the process controller 230 or other external controller (not shown) may be
adapted to compare the measured reflection profile tb the reference
reflection profile library 232. In such a  35 case, the scatterometry tool
220 would output the matching reference reflection profile, and the process
controller 230 may link that reference reflection profile to an associated
conformality metric. In another embodiment, the measured reflection profile
may be compared to a target reflection profile  selected from the reference
reflection profile library 232 for a process layer 410 having a known and
desired  conformality characteristic (e.g., conformality of 1). For
example, a target reflection profile may be calculated 40 for a process
layer 410 having an ideal or acceptable conformality profile using
Maxwell's equations, and that -6 2 0 APR 2004 WO 02/097878 PCT/US02/12827
target reflection profile may be stored in the reference reflection profile
library 232. Thereafter, the measured  reflection profile of a process
layer 410 having an unknown degree of conformality is compared to the
target  reflection profile. Based upon this comparison, a relatively rough
approximation of the conformality may be  determined. That is, by comparing
the measured reflection profile to the target reflection profile,
conformality 5 of the process layer 410 may be approximated, such that
further matching of the measured reflection profile  with additional
reference reflection profiles from the reference reflection profile library
232 is unwarranted.  Using this technique, an initial determination may be
made as to the conformality of the process layer 410. Of  course, this step
may be performed in addition to the matching or correlating of a measured
reflection profile to  a reference reflection profile from the reference
reflection profile library 232 as described above. 10 After receiving the
conformality metric from the scatterometry tool 220, the process controller
230  may take a variety of autonomous actions. In one embodiment of the
present invention, the process controller  



230 is adapted to modify the operating recipe of the deposition tool 210
based on the conformality metric to  control deposition operations on
subsequent wafers processed by the deposition tool 210. In another
embodiment of the present invention, the process controller 230 is adapted
to modify the operating recipe of the 15 etch tool 240 to control the
etching of the process layer 410 based on the conformality metric. Of
course, both  embodiments may be combined and the process controller 230
may control the operating recipes of both the  deposition tool 210 and the
etch tool 240 simultaneously. Various operating recipe parameters of the
deposition tool 210 may be controlled to affect the  conformality of the
deposited process layer 410. For example, commonly known recipe parameters
that affect  20 conformality are the RF-bias of the plasma generator, the
pressure under which the deposition process is conducted, and the time and
temperature used to normalize the wafer 205 prior to deposition (i.e.,
commonly  referred to as soak time and soak temperature). The process
controller 230 may use a control model of the deposition tool 210 for
changing its  operating recipe. For example, the process controller 230 may
use a control model relating the measured  25 conformality to a particular
operating recipe parameter in the deposition tool 210 to control the RF
bias, pressure, or soak parameters to correct for conformality deviations.
The control model may be developed  empirically using commonly known linear
or non-linear techniques. The control model may be a relatively  simple
equation based model (e.g., linear, exponential, weighted average, etc.) or
a more complex model, such  as a neural network model, principal component
analysis (PCA) model, or a projection to latent structures (PLS) 30 model.
The specific implementation of the model may vary depending on the modeling
technique selected. A conformality model may be generated by the process
controller 230, or alternatively, it may be  generated by a different
processing resource (not shown) and stored on the process controller 230
after being  developed. The conformality model may be developed using the
deposition tool 210 or using a different tool  (not shown) having similar
operating characteristics. For purposes of illustration, it is assumed that
the 35 conformality model is generated and updated by the process
controller 230 or other processing resource based  on the actual
performance of the deposition tool 210 as measured by the scatterometry
tool 220. The  conformality model may be trained based on historical data
collected from numerous processing runs of the  deposition tool 210. Based
on the measured conformality of the process layer 410, the process
controller 230 may modify  40 the operating recipe of the etch tool 240 to
control subsequent etch processes. The width of a spacer formed -7 2 0 APR
2004 WO 02/097878 PCT/US02/12827 around a gate electrode is determined to a
large extant by the sidewall thickness of the process layer 410.  However,
the post-etch spacer width can also be controlled by controlling the etch
time of the etch tool 240.  For example, if the sidewall thickness of the
process layer 410 is thicker than a desired target spacer width, the  



etch process can be continued for a period of time after the silicon
substrate has been exposed to reduce the 5 spacer width such that it is
closer to the target spacer width. Similar to the conformality model
described above  for controlling the deposition tool 210, a spacer width
model may be generated to control the etch time of the  etch tool 240 based
on the conformality measurement. The spacer etch model may be a simple,
equation-based  control model or a more advanced predictive model, as
described above. In another embodiment of the present invention, the
process controller 230 may access previously  10 stored metrology
information regarding the profile of the underlying grating structure 400
prior to formation of  the process layer 410 for use in determining the
conformality of the process layer 410. For example, the profile  of the
grating structure 400 may have an effect on the apparent conformality. If
the profile of the grating  structure 400 is re-entrant, it may appear that
the sidewall thickness is less than actual. Likewise, if the profile  of
the grating structure 400 is positive, the sidewall thickness may appear
greater than actual. By factoring in 15 the profile of the grating
structure 400, the process controller 230 may correct the conformality
measurement.  Referring now to Figure 6, a simplified flow diagram of a
method for determining conformality in a  process layer in accordance with
another illustrative embodiment of the present invention is provided. In
block  600, a wafer having a grating structure 400 and a process layer 410
formed over the grating structure 400 is  provided. In block 610, at least
a portion of the process layer 410 overlying the grating structure 400 is
20 illuminated with a light source. In block 620, light reflected from the
illuminated portion of the grating  structure 400 and process layer 410 is
measured to generate a reflection profile. In block 630, the conformality
of the process layer 410 is determined based on the reflection profile.
Monitoring conformality based on feedback from the scatterometry tool 220,
as described above, has  numerous advantages. The deposition tool 210 may
be controlled to increase the conformality of the process  25 layer 410.
The etch tool 240 may be controlled to reduce the post etch spacer width
variation. Decreased variation increases both the quality of the devices
produced on the processing line 200 and the efficiency of the  processing
line 200. The particular embodiments disclosed above are illustrative only,
as the invention may be modified  and practiced in different but equivalent
manners apparent to those skilled in the art having the benefit of the  30
teachings herein. Furthermore, no limitations are intended to the details
of construction or design herein shown, other than as described in the
claims below. It is therefore evident that the particular embodiments
disclosed  above may be altered or modified and all such variations are
considered within the scope and spirit of the  invention. Accordingly, the
protection sought herein is as set forth in the claims below. -8 P-'-
cement page  19 APR 2004 9 2 0 APR 2004 CLAIMS: 



1. A method for determining conformality of a process layer (410),
comprising:  providing a wafer (205) having a grating structure (400)
including first and 5 second surfaces, and a process layer (410) formed
over the grating structure (400);  Ming at .least a portion of the process
layer (410) overlying the grating structure (400) with a light source
measuring light reflected from the illuminated portion of the grating
structure (400) and the process layer (410) to generate a reflection
profile; and 10 detaining conformality. of the process layer (410) based.
on the reflection  profile- by determining a relationship between a
thickness of the process layer (410)  over the first surface and a
thickness- of the process layer (410} over -the second surface.  15 .2. A
method as claimed in claim 1, wherein determining conformality of the
process Layer (410) farther comprises: comparing the generated reflection
profile to a library (232) of reference  reflection profiles, each
reference reflection profile having an associated conformality 20.
selecting a reference reflection profile closest to the generated
reflection  Profile; and determining conformlity of the process layer (410)
based on the conformality  metric associated with the selected reference
reflection profile. 25 3: A method as" claimed in claim 1 or claim -2;
wherein generating the reflection  profile comprises generating the
reflection profile based on at least one of intensity  and phase-of the
reflected light 4. A method as claimed in claim 1, wherein determining
conformality of the  30 process layer (410) further comprises: comparing
the generated ref lection profile to a target reflection profile; and
Replacement page  1 9 APR 2004 10 determining conformality of the process
layer (410) based on the comparison  of the generated reflection profile
and the target ref lection profile. 5. A method as claimed in any one of
claims I to 4, further comprising  5 determining at least one parameter of
an operating recipe of a processing tool (210,  240) based on the
determined conformality. 6. A method as claimed in any one of the preceding
claims, wherein the first  surface comprises a substrate and the second
surface comprises a sidewall of a stack 10 disposed on the substrate, and
determining the conformality farther comprises  



determining at least one of a tress of the process layer (410) disposed
over the  sidewall and a ratio between a thickness the process. layer (410)
disposed over the  sidewall and a thickness of the process layer (410)
-disposed over the -substrate . 15 7. A metrology tool (220) adapted to
receive a wafer (205) having a grating  structure (,my. including first
and. second surfaces, and a process layer (410) formed,  over the grating
structure (400), comprising: source (222) adapted to to at least a portion
of the process layer  (410) overlying the grating structure (400); 20 a
detector (224) adapted " to measure light -reflected from the Illuminated
-portion of the grating structure (400) and the process layer (410) to
generate a  reflection profile; and a data processing unit (225) adapted to
determine conformality of the process  layer (410) based on the generated
reflection profile by determining a relationship 25 ._between = Laic of the
process layer (410) over the first surface and a thickness of  the process
layer (410) .over the second surface. 8. A metrology tool as claimed in
claim 7, wherein the data processing unit (225)  is further adapted to
compare the generated reflection profile to a library (232) of 30 reference
reflection profiles, each reference reflection profile having an associated
conformality metric, select a reference reflection profile closest to the
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reflection profile, and determine the conformality of the process layer
(410) based on  the conformality metric associated. with the selected
reference reflection profile. 9. A metrology tool as claimed in claim 7,
wherein the detector (225) is further  adapted to generate the refection
profile based on at least one of intensity. and phase .  of the reflected
light. 10. A metrology tool as claimed in claim 7, wherein the data
processing unit (225)  is further adapted to compare the generated
reflection prole to a target reflection 10 profile and determine..
conformality of the process layer (410) based on the  comparison of the
generated reflection profile and the target reflection profile...  


