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COMBINATION THIN-FILM STRESS AND 
THICKNESS MEASUREMENT DEVICE 

RELATED APPLICATIONS 

0001. This application claims priority to provisional 
application No. 60/098,485 filed Aug. 31, 1998; to provi 
sional application No. 60/103,084 filed Oct. 5, 1998; and to 
provisional application No. 60/098,420 filed Aug. 31, 
1998-all of which are incorporated herein by reference in 
their entirety. 

TECHNICAL FIELD 

0002 The present invention relates to measuring stress 
and thin film parameters and, in particular, to a method and 
apparatus that combines initial StreSS and thickness mea 
Surements and optimizes the calculations for both. 

BACKGROUND 

0003. There are a number of conventional metrology 
tools for measuring the characteristics of thin films on 
Semiconductor wafers. Typical parameters of interest are the 
thickness (t), index of refraction (n), and extinction coeffi 
cient (k). The conventional tools employ a variety of 
approaches for measuring these parameters, including Spec 
trophotometry and ellipsometry. The most advanced and 
complex tools actually combine a number of these 
approaches to measure these parameters. 
0004. During the fabrication of wafers, thin films are 
deposited on the wafer. These thin films are typically formed 
from dielectric or metallic materials. The deposition proceSS 
often produces residual stresses in the wafer. These stresses 
can affect the device manufacture and performance. Accord 
ingly, there is an interest in measuring the StreSS after Such 
a deposition as a means of monitoring or controlling the 
manufacturing process. 

0005 One way to measure stress is to measure the 
deflection (bow or warp) of the stressed wafer. Typically, 
one measures the wafer both before and after the stress 
inducing manufacturing Step. Knowing the wafer thickness, 
size, Stiffness and thickness of the thin film, one can calcu 
late the residual StreSS from the change in shape. There is 
already at least one tool on the market which performs StreSS 
measurements in this way. Descriptions of this tool can be 
found in U.S. Pat. Nos. 5,134,303 and 5,248,889, incorpo 
rated herein by reference. 
0006 Briefly, devices of the type described in the above 
cited patents operate by directing a probe beam onto the 
Surface of the wafer. A position Sensitive photodetector is 
then used to measure the location of the reflected probe 
beam. During calibration, the central portion of the position 
Sensitive photodetector is arranged to coincide with the 
location where the reflected probe beam would fall (based 
on Snell's Law) if the wafer surface was flat. Any bow or tilt 
in the, wafer Surface will change the direction of the beam, 
causing a displacement of the reflected probe beam on the 
photodetector. The amount and direction of the displacement 
of the reflected probe beam on the detector provides a 
measure of the direction and extent of the bow or warp of the 
wafer. 

0007 As noted above, in order to determine the amount 
of StreSS based on the measurement of wafer warp, other 
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parameters of the wafer, including wafer size, StiffneSS and 
the thickness of the thin film must be known. In the prior 
Systems, a value for thickness used in determining the StreSS 
value is Selected based on the presumed or desired thickneSS 
of the film. However, if the thickness presumption is in error, 
the calculation of StreSS based on the measurement of the 
curvature of the wafer will be inaccurate. 

0008 Accordingly, it would be preferable to obtain an 
accurate measurement of the film thickness before calculat 
ing the StreSS levels in the film. Unfortunately, just as the 
StreSS calculation is dependent on the film thickness, con 
versely, the measurement of the thickness of the film is 
dependent on the level of StreSS in the film. For example, 
stresses in the film can directly affect the index of refraction 
of the material. While the coefficient of stress induced index 
change is typically Small, the large Stresses induced in films 
during the deposition process (approaching a billion Pascals) 
can lead to indeX changes as large as even a few tenths of a 
percent. If Such changes occur and are not accounted for in 
analysis of the data on thin film measurement, relatively 
large errors will arise in the computation of thickneSS and 
extinction coefficients. AS noted above, if the thickness of 
the film cannot be accurately determined, a determination of 
the StreSS cannot be accurately obtained Since the level of 
measured warp can only be accurately converted into StreSS 
measurements if the thickness of the thin film is accurately 
known. 

0009. Another parameter which is of interest to semicon 
ductor manufacturers is the birefringent effects of certain 
films. Many films, such as paralyne, have a natural birefrin 
gence. These films (as well as other films) also generate 
birefringence under StreSS. It is desired to have a System 
which distinguishes between the inherent birefringence and 
the birefringence effect due to stress in the films. 

SUMMARY 

0010. The Subject invention which utilizes a composite 
metrology tool, which measures the basic parameters of thin 
films (e.g., t, n and k and birefringence) and wafer displace 
ments. These measurements are combined (e.g. in a proces 
Sor) using optimization techniques to yield accurate overall 
information of the wafer parameters. 

BRIEF DESCRIPTION OF FIGURES 

0011 FIG. 1 illustrates a composite optical measurement 
System in which the present invention may be embodied. 
0012 FIG. 2 illustrates a prior art method for determin 
ing the local tilt of a wafer. 
0013 FIG. 3 illustrates a method in accordance with the 
present invention whereby initial StreSS and thin film calcu 
lated values are combined using optimization techniques. 

0014 FIGS. 4a and 4b illustrate how to use a spherical 
mirror to determine a tilt detection System calibration factor. 
0.015 FIG. 5a illustrates the tilt detection system cali 
bration factors determined using the system of FIGS. 4a and 
4b, while FIG. 5b illustrates how using the calibration factor 
yields highly accurate tilt measurement results. 

0016 FIGS. 6a and 6b illustrate how to use a flat mirror 
to determine a stage tilt calibration factor. 
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0017 FIG. 7 illustrates a method for supporting a wafer 
in a gravity-neutral manner. 
0018 FIG. 8a illustrates the effect of supporting the 
wafer too close to the center; FIG. 8b illustrates the effect of 
supporting the wafer too close to the edge; and FIG. 8c 
illustrates how supporting the wafer 2/3 of the way from the 
center minimizes gravity-induced change in the shape of the 
wafer. 

0019 FIG. 9a illustrates stress measurements of three 
differently-Stressed waferS Supported on a conventional Sup 
port, and FIG. 9b illustrates stress measurements on the 
Same three differently-stressed wafers, Supported in a grav 
ity-neutral manner. 

DETAILED DESCRIPTION 

0020. In one embodiment, the subject system is imple 
mented in a tool of the type described in published PCT 
application WO 99/02970 (published Jan. 21, 1999 and 
claiming priority from U.S. patent application Ser. No. 
09/015,839, filed Jan. 29, 1998) entitled “AN APPARATUS 
FOR ANALYZING MULTI-LAYER THIN FILMSTACKS 
ON SEMICONDUCTORS" and incorporated herein by 
reference in its entirety. AS described therein, this tool 
includes multiple measurement Systems, including a Spec 
trophotometer, Spectroscopic ellipsometer, as well as Some 
multiple angle of incidence measurement devices. The out 
puts from each of the measurement modules are can be 
combined using appropriate algorithms to more accurately 
and less ambiguously analyze the thin film parameters. An 
embodiment of the tool described in published PCT appli 
cation WO 99/O2970 is shown in FIG. 1. 

0021 Briefly, the FIG. 1 apparatus is a composite optical 
measurement system 1 that which includes five different 
non-contact optical measurement devices and the reference 
ellipsometer 2 of the present invention. Composite optical 
measurement system 1 includes a Beam Profile Ellipsometer 
(BPE) 10, a Beam Profile Reflectometer (BPR) 12, a Broad 
band Reflective Spectrometer (BRS) 14, a Deep UltraViolet 
Reflective Spectrometer (DUV) 16, and a Broadband Spec 
troscopic Ellipsometer (BSE) 18. These five optical mea 
Surement devices utilize as few as two optical Sources: laser 
20 and white light source 22. Laser 20 generates a probe 
beam 24, and white light Source 22 generates probe beam 26 
(which is collimated by lens 28 and directed along the same 
path as probe beam 24 by mirror 29). Laser 20 ideally is a 
solid state laser diode from Toshiba Corp. which emits a 
linearly polarized 3 mW beam at 673 nm. White light source 
22 is ideally a deuterium-tungsten lamp that produces a 200 
mW polychromatic beam that covers a spectrum of 200 nm 
to 800 nm. The probe beams 24/26 are reflected by mirror 
30, and pass through mirror 42 to sample 4. 
0022. A fundamental difference between the apparatus 
described in WO 99/O2970 and an embodiment of the 
present invention is the way in which the processor 48 
processes the data from the various measurement Systems of 
the FIG. 1 apparatus. (In addition, as will be evident from 
the foregoing description, in its broadest form, the embodi 
ment of the invention need not utilize all of the Subsystems 
of the FIG. 1 apparatus.) That is, the present invention 
extends the concept described in published PCT application 
WO99/02970 a step further by utilizing a determination of 
stress (in a preferred embodiment, from a measurement of 
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angular displacement of the wafer) to optimize the calcula 
tions for both stress and thin film parameters (n, k and t). 
0023. An initial measurement of stress, through measure 
ment of wafer tilt (bow or warp) can be obtained using the 
FIG. 1 system. More specifically, in order to maximize the 
accuracy of the ellipSometer portion of this device, it is 
important to know with precision the angle between the 
probe beam and the Sample Surface. Accordingly, the pre 
ferred embodiment is provided with a subsystem such as the 
StreSS measurement calibration Systems disclosed in U.S. 
Pat. Nos. 5,134.303 and 5,248,889 which measures the local 
tilt of the wafer. 

0024. Referring to FIG. 1 and as described in published 
PCT application WO 99/02970, the detector/camera 86 is 
positioned above the mirror 46 to view reflected beams off 
the Sample 4 for alignment and focus purposes. AS illustrated 
more particularly in FIG. 2, the calibration system directs a 
probe beam 103 via a beam splitter 104 (which is equivalent 
to the beam splitter 30 in FIG. 1) and lens 105 nominally 
normal to the surface 106 of the sample. Deviations in the 
position of the reflected beam 110, due to local sample tilt, 
are monitored using a position-Sensitive photodetector 112 
(Such as a quad-cell photodetector) as the detector 86 in 
FIG. 1. Position-sensitive photodetectors are well-known in 
the art. See, e.g., U.S. Pat. No. 5,134.303 referenced above. 
Referring still to FIG. 2, the amount “X” the reflected beam 
110 is displaced on the photodetector 112 from the location 
108 at which the reflected beam would hit the photodetector 
112 in the absence of tilt of the sample surface 106 provides 
information about the tilt of the sample, which is usable to 
make fine corrections to the ellipsometer System. 
0025 Referring to FIG. 3, in accordance with an embodi 
ment of the present invention, the local tilt information 
available from Such a stress measurement System as shown 
in FIG. 2 is used to make an initial determination of stress 
in the thin film of the wafer. See block 202 of FIG. 3. For 
example, the amount and direction of the displacement of 
the probe beam on the detector provides a measure of the 
wafer surface local slope 0. The wafer curvature 1/R may be 
derived from the first derivative of the slope 

0026. The film stress a can be determined from the 
curvature through the following relationship: 

0027 where 

0028 t-wafer thickness 

0029 t-film thickness 
0030 E=Young's modulus of the wafer 

0031 v=Poisson's ratio of the wafer. 
0032. The accuracy of the stress calculation highly 
depends on the accuracy of the calculated curvature value. 
0033. In order to obtain accurate calculations of the 
curvature, it is preferred to calibrate/correct the following: 

0034) 1) the tilt detection; 
0035) 2) the tilt variation introduced by the motion 
of the X-y Stage carrying the wafer; 
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0036 3) the nonflatness of the chuck surface if the 
wafer is Supported by a chuck. 

0037 Referring to FIGS. 4A and 4B, to accurately 
calibrate the tilt detection System in one embodiment, a 
spherical mirror 402 made of a relatively large blank with a 
flat bottom is used. The focal length “f” of such a mirror 402 
can be measured with a high degree of accuracy by using 
conventional approaches. For example, a collimated beam 
can be directed into the lens and the location of the focal 
point identified. The distance between the lens and the focal 
point gives the focal length of the lens. Once the focal length 
is known, then the radius of curvature R of the mirror can be 
determined with an equal accuracy Since R=2f. 
0.038. By scanning this mirror 402 along x- or y-direction 
using the Stage 404, a linear relationship is obtained between 
the tilt Sensor Signal S and the Scan distance d to determine 
the calibration figure k. For example, referring to FIGS. 4A 
and 4B, and taking the X direction first, positions S and S 
on the photodetector 112 are determined for respective 
mirror/stage positions X and X. Then, the x-direction 
calibration factor k is calculated as 

So -S k = R 2 - 31 
X2 - X1 

0.039 a similar calculation is made for the y direction 
calibration factor ky. 
0040. Due to the high quality of the spherical mirror (in 
one embodiment, surface quality /4, ÖR<1%R) and the 
high precision of the stage motion (in one embodiment, 
Ödks um), the calibration factor k is precisely determined. 
The result of the calibration for one experiment is plotted in 
FIG. 5a, while FIG. 5b illustrates how an experimental 
accuracy was achieved within 0.1% (Residual=0.99961) 
against an R=200 mm mirror. 
0041) Referring to FIGS. 6A and 6B, calibration of stage 

tilt variation in one embodiment is performed using a flat 
mirror whose dimension is comparable to the wafer. Given 
the flatness of the mirror in the range of 2/4, any tilt variation 
observed during an X- ory-Scan is attributed only to the Stage 
wobbling. In particular, as shown in FIG. 6A, the position 
of the beam incident to the photodetector 112 is determined 
for a first “X” position 502 of the stage 404. This position is 
treated as the “Zero displacement'. As shown in FIG. 6B, 
the stage is then shifted in the “X” direction and the position 
504 of the beam incident to the photodetector 112 is deter 
mined again. The distance between position 502 and posi 
tion 504 is due to wobbling of the stage 404 and, thus, this 
displacement is Subtracted from any Sample tilt “X” direction 
measurements to compensate for the Stage tilt that would 
otherwise “pollute” the sample tilt “X” direction measure 
ments. A similar Stage tilt calibration and compensation 
procedure is carried out for the “y” direction. 
0042. In addition to calibration as just discussed, 
improper Support of the wafer can also impair measurement 
of wafer tilt, especially for the new, larger 300 mm diameter 
wafers. Particularly for such 300 mm wafers, gravitational 
deflection causes bending of the wafer under its own weight. 
This bending caused by gravity adds to the natural StreSS 
induced bow (or Subtracts from a stress-induced warp), 
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introducing artifacts into the StreSS determination from wafer 
deflection. For more severely bowed wafers, setting the 
wafer on a flat chuck top for measurement tends to flatten the 
shape, reducing the curvature and thus resulting in an 
under-calculation of the stress. For weakly bowed wafers, 
the gravity will cause the wafer to conform to the chuck 
surface, which itself may not even be flat. 

0043. In accordance with an embodiment of the inven 
tion, the wafer is Supported in a way Such that the effects of 
gravity on wafer shape are minimized. As shown in FIG. 7, 
rather than place the wafer 302 on a flat chuck top, the wafer 
302 is supported at three points 304a, 304b and 304c. By 
proper placement of the three Support points, gravity-in 
duced change in the shape of the wafer 302 is minimized, at 
least to first order. See FIG. 8c. If the support points are 
placed too close to the center of the wafer 302, the edge of 
the wafer 302 will tend to sag under its own weight. See 
FIG. 8a. If the Support points are placed too far from the 
center of the wafer 302, the center of the wafer 302 will sag 
under its own weight. See FIG. 8b. 

0044 Calculation of the optimal location for the wafer 
Support points is now discussed. From Simple Symmetry 
arguments, it can be inferred that the pins should be evenly 
distributed in circumference by 120. The optimum radial 
location comes from balancing the bending moments inside 
and outside the Support radius. ASSuming the wafer is a 
circular plate of uniform thickness, t, and density, p, then 

R 

M(r a ro) = 2p | (r-ro)r dr 
0 

and 

004.5 The equilibrium condition requires M (re-ro)=M 
(r-ro), which gives ro=(%)R. Other configurations may be 
possible as long as the Support achieves the result of 
minimizing the effect of gravity inducing changes in curva 
ture of the wafer during a measurement of the inherent 
curvature of the wafer. In this manner, more accurate mea 
Surements of StreSS can be obtained. 

0046 FIGS. 9a and 9b illustrate the measured bow of 
three differently-stressed 300 mm wafers. The plots in FIG. 
9a show measurements of wafer bow obtained for three 
wafers supported by a conventional support, while FIG.9b 
shows measurements of wafer bow obtained for the same 
three waferS Supported by a gravity-neutral wafer Support. 
As can be seen from FIG. 9a, without the gravity neutral 
wafer Support, the measurements for the three differently 
stressed wafers are nearly indistinguishable, while FIG. 9b 
shows the differences in wafer bow measurement obtained 
with the gravity-neutral wafer Support. 

0047 The gravity-neutral wafer support has particular 
utility for large size wafers. Wafers that are 200 mm in 
diameter are far stiffer than 300 mm wafers as the diameter 
of 200 mm wafers is far Smaller than that of 300 mm wafers, 
but the thickness of the 200 mm wafers is comparable. For 
200 mm wafers which are moderately stressed, one could 
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generally Still distinguish bow and warp even without the 
gravity-neutral Support System, but the measured values 
would be slightly inaccurate. 

0.048. It should be noted that the effects of gravity 
induced stress on Silicon wafers is known in the art. (For 
example, see “Scaling Wafer Stresses and Thermal Pro 
cesses to Large Wafers,” Nilson and Griffiths, Thin Solid 
Films, V. 315, pages 286-293, 1998, incorporated herein by 
reference.) In this article, it is Suggested that wafer Supports 
be used to minimize gravity induced Stresses in wafers 
during processing. In the present disclosure, Similar wafer 
Supports are proposed for use when measuring Stresses in 
thin films so that the measurement will not be affected by 
Stresses induced by gravity. 

0049 Turning again to FIG.3, in addition to the step 202 
for determining an initial StreSS measurement from probe 
beam displacement information, at Step 204 information 
about local measurements of thin film parameters is deter 
mined using one or more of the various measurement 
modules described in the WO 99/02970 publication. As 
discussed, the tilt measurements are used to determine a 
likely level of stress in the film and the effect of that stress 
on the index of refraction and/or birefringence. The mea 
surements from the thin film monitor modules (which can 
include the spectrophotometer, ellipSometer, and multiple 
angle of incidence devices) provide initial information about 
the parameters t, n, k and birefringence. 

0050. There are a number of possible approaches for 
combining the data at Step 206. For example, once all the 
data is collected, the processor can use the data from the 
optical measurement modules to determine the characteris 
tics of the thin film (i.e. thickness, index of refraction and 
extinction coefficient) in the conventional manner. Thereaf 
ter, the processor can calculate StreSS based on the bow and 
warp measurements. However, in this calculation, the 
“thickness' used in the stress calculation will be based on 
the calculated thickness, rather than on an assumed thick 
neSS. In this way, errors in the StreSS calculation which might 
arise if the thickness was simply assumed to be a known 
quantity can be minimized. 

0051 Alternatively, the processor can first use the bow 
and warp measurement module to determine the level of 
stress in the film. The results of this measurement can be 
Supplied as a known parameter (i.e. level of birefringence) 
to the Subsequent determination of the characteristics of the 
thin film based on the data obtained from the optical 
measurements. In this way, optical artifacts Such a birefrin 
gence can be considered. 

0.052 In a preferred embodiment, at step 206, all of the 
data is combined in a Single algorithm which seeks the best 
fit of the data to both stress measurements and thin film 
parameters (t, k & n), Such as an optimization algorithm. 
Such optimization routines utilize Fresnel equations in an 
iterative process (Such as a least Squares fitting routine) to 
provide an optimal solution for both stress and thin film 
parameters. One example of this type of optimization rou 
tine is described in “Multiparameter Measurements of Thin 
Films Using Beam-Profile Reflectivity,” Fanton, et. al., 
Journal of Applied Physics, Vol. 73, No. 11, p.7035, 1993. 
Another example appears in “Simultaneous Measurement of 
Six Layers in a Silicon on Insulator Film Stack Using 
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Spectrophotometry and Beam Profile Reflectometry,” Leng, 
et. al., Journal of Applied Physics, Vol. 81, No. 8, page 3570, 
1997. 

0053. The subject invention is not limited to the particu 
lar algorithm used to derive the characteristics of the thin 
film. In addition to the more conventional least Square fitting 
routines, alternative approaches can be used. For example, 
the high level of computing power now available permits 
approaches to be utilized which include genetic algorithms. 
One example of the use of genetic algorithms to determine 
the thickness of thin film layers can be found in “Using 
Genetic Algorithms with Local Search for Thin Film Metrol 
ogy,” Land, et. al., Proceeding of the Seventh International 
Conference on Genetic Algorithms, Jul. 19-23, 1997, page 
537. These routines can be expanded to include a concurrent 
optimization of the determination of the level of stress in the 
thin film as well as the parameters t, n and k based on the 
multiple measurements. 
0054 The subject invention is not limited to the combi 
nation measurement device described in WO 99/02970. 
Rather, the Subject invention can be implemented in any 
combination device which calculates stress value (based on 
a measurement of wafer deformation or otherwise) and 
which also determines optical parameterS Such as t, n and k 
through optical measurements of a type that would be 
affected by stress. By combining measurements from both 
Systems, a more accurate analysis of the Sample can be 
obtained. 

0055. The combination of the optical measurement mod 
ules and a StreSS measurement module in a Single tool, in 
addition to providing more accurate results, provides eco 
nomic benefits as well. For example, a Single tool has a 
Smaller footprint and therefore takes up leSS Space in the 
Semiconductor fab. By combining technologies in a Single 
tool, costs can be reduced by eliminating duplicate Sub 
Systems. Such as wafer handlers and computers. Furthermore, 
the combination can Simplify and Streamline decision mak 
ing Since the information from the two measurement modali 
ties can be coordinated instead of producing conflicting 
results as in the prior art when two separate devices might 
be used. It should be noted, however, that while the preferred 
embodiment coordinates the data from the optical measure 
ment module and the StreSS measurement module in the 
Single tool, the invention is not So limited. Furthermore, in 
embodiments where the optical measurement data and the 
StreSS data are coordinated, the processor or other circuitry 
that coordinates the measurements may be "on-board’ as 
shown in FIG. 1, the processor may be networked, or the 
processor may even be off-line. 

What is claimed is: 
1. A method of analyzing a wafer having a thin film 

thereon, comprising: 
obtaining at least one optical property measurement of the 

thin film that is nominally indicative of the thickness of 
the thin film; 

measuring a deformation of the thin film that is nominally 
indicative of an amount of StreSS on the thin film; and 

combining the at least one optical property measurement 
with the deformation measurement to determine the 
thickness of the thin film and the stress on the thin film. 
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2. The method of claim 2, wherein the combining Step 
utilizes an optimization algorithm. 

3. The method of claim 1, wherein the step of measuring 
the deformation of the thin film includes: 

directing a probe beam to the thin film; 
determining an angle between the probe beam and a 

reflection of the probe beam from the thin film; and 
determining the deformation based on the angle. 
4. The method of claim 3, wherein the deformation 

determining Step includes accounting for a tilt detection 
System calibration factor. 

5. The method of claim 4, wherein the wafer rests on a 
movable Stage, and wherein the tilt detection System cali 
bration factor has been determined by: 

resting a spherical mirror on the Stage in place of the 
wafer; 

directing the probe beam to the Spherical mirror; 
moving the Stage and, at a plurality of positions of the 

Stage, determining the angle between the probe beam 
and the reflection of the probe beam; and 

determining a relationship between the positions and the 
determined angles, whereby the relationship is the tilt 
detection System calibration factor. 

6. The method of claim 3, wherein the wafer is resting on 
a stage, and wherein the deformation determining Step 
includes accounting for a Stage tilt calibration factor. 

7. The method of claim 6, wherein the stage tilt calibration 
factor has been determined by: 

resting a flat mirror on the Stage in place of the wafer; 
directing the probe beam to the flat mirror; 
moving the Stage and, at a plurality of positions of the 

Stage, determining the angle between the probe beam 
and the reflection of the probe beam; and 

determining a relationship between the positions and the 
determined angles, whereby the relationship is the 
Stage tilt calibration factor. 

8. The method of claim 3, wherein the step of determining 
the angle between the probe beam and the reflection of the 
probe beam includes: 

directing the probe beam to be nominally normal to the 
thin film; 

detecting a deviation of the probe beam after reflection 
from the thin film; and 

determining the angle based on the deviation. 
9. The method of claim 8, wherein the step of detecting 

the position of the probe beam after reflection from the thin 
film includes determining relative intensities of the portions 
of the reflected probe beam on a plurality of cells of a 
photodetector. 

10. The method of claim 1, wherein the at least one optical 
property measurement is obtained using at least one of a 
Spectrophotometer, an ellipSometer and a multiple angle of 
incidence device. 

11. The method of claim 1, wherein the combining step 
includes applying optimization routines used to Solve 
Fresnel equations in an iterative process. 
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12. The method of claim 11, wherein the iterative process 
includes a least Squares fitting routine. 

13. The method of claim 1, wherein the combining step 
includes applying a genetic algorithm to concurrently opti 
mize the determination of the StreSS as well as the thickness. 

14. The method of claim 1, wherein the at least one optical 
property measurement is affected by the StreSS on the thin 
film. 

15. The method of claim 1, wherein the result of the 
combining Step also includes index of refraction and extinc 
tion coefficient. 

16. The method of claim 1, wherein the method further 
comprises: 

Supporting the wafer only at points Substantially two 
thirds of the distance from the center of the wafer. 

17. A method of analyzing the characteristics of a thin film 
on a Semiconductor wafer comprising the Steps of: 

directing a first probe beam of radiation to reflect off the 
wafer Surface; 

measuring the change in magnitude or polarization of the 
reflected probe beam induced by the interaction with 
the wafer and generating first Signals responsive 
thereto; 

directing a Second probe beam of radiation to reflect of the 
wafer; 

measuring the angular deviation of the reflected probe 
induced by the interaction with the wafer and generat 
ing Second signals responsive thereto; 

analyzing the first and Second Signals in order to deter 
mine characteristics of the wafer including the thick 
ness of the film and the stress in the film. 

18. The method of claim 17, wherein the first probe beam 
and the Second probe beam are generated by the same 
SOCC. 

19. The method of claim 17, wherein the analyzing step 
utilizes an optimization algorithm to combine the first and 
Second Signals. 

20. The method of claim 17, wherein the angular devia 
tion measuring Step includes accounting for a tilt detection 
System calibration factor. 

21. The method of claim 20, wherein the wafer rests on a 
movable Stage, and wherein the tilt detection System cali 
bration factor has been determined by: 

resting a spherical mirror on the Stage in place of the 
wafer; 

directing a probe beam to the Spherical mirror; 

moving the Stage and, at a plurality of positions of the 
Stage, determining the angle between the probe beam 
and the reflection of the probe beam; and 

determining a relationship between the positions and the 
determined angles, whereby the relationship is the tilt 
detection System calibration factor. 

22. The method of claim 17, wherein the wafer is resting 
on a stage, and wherein the angular deviation measuring Step 
includes accounting for a Stage tilt calibration factor. 

23. The method of claim 22, wherein the stage tilt 
calibration factor has been determined by: 



US 2003/0210394A1 

resting a flat mirror on the Stage in place of the wafer; 
directing the probe beam to the flat mirror; 
moving the Stage and, at a plurality of positions of the 

Stage, determining the angle between the probe beam 
and the reflection of the probe beam; and 

determining a relationship between the positions and the 
determined angles, whereby the relationship is the 
Stage tilt calibration factor. 

24. The method of claim 17, wherein the step of deter 
mining the angular deviation of the reflection of the Second 
probe beam includes: 

directing the Second probe beam to be nominally normal 
to the thin film; 

detecting a deviation of the reflection of the Second probe 
beam; and 

determining the angle based on the deviation. 
25. The method of claim 24, wherein the step of detecting 

the position of the reflection of the second probe beam 
includes determining relative intensities of the portions of 
the reflected Second probe beam on a plurality of cells of a 
photodetector. 

26. The method of claim 18, wherein the analyzing step 
includes applying optimization routines used to Solve 
Fresnel equations in an iterative process. 

27. The method of claim 26, wherein the iterative process 
includes a least Squares fitting routine. 

28. The method of claim 17, wherein the analyzing step 
includes applying a genetic algorithm to concurrently opti 
mize the determination of the StreSS as well as the thickness. 

29. The method of claim 17, wherein the method further 
comprises: 

initially Supporting the wafer only at points Substantially 
two-thirds of the distance from the center of the wafer. 

30. A method of measuring parameters of a Substantially 
planar wafer, comprising: 

Supporting the wafer only at points Substantially two 
thirds of the distance from the center of the wafer; 

directing a probe beam of radiation onto the wafer; and 
determining at least one parameter based on an observa 

tion of the interaction of the probe beam with the wafer. 
31. The method of claim 29, wherein the points at which 

the wafer is Supported in the Supporting Step includes at least 
three points. 

32. The method of claim 29, wherein the parameter 
determining Step includes: 

determining an angle between the probe beam and a 
reflection of the probe beam from the wafer; and 

determining the deformation based on the determined 
angle, wherein the determined parameter is the deter 
mined deformation. 

33. The method of claim 29, wherein the parameter 
determining Step includes: 

measuring the change in magnitude or polarization of the 
reflected probe beam induced by the interaction with 
the wafer; and 

determining optical properties of the wafer based on the 
measured change in magnitude or polarization. 
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34. A method of calibrating a wafer tilt detection system 
for use in correcting a measured tilt of a wafer resting on a 
movable Stage, comprising: 

resting a spherical mirror on the Stage in place of the 
wafer; 

directing the probe beam to the Spherical mirror; 

moving the Stage and, at a plurality of positions of the 
Stage, determining the angle between the probe beam 
and the reflection of the probe beam; and 

determining a relationship between the positions and the 
determined angles, whereby the relationship is a tilt 
detection System calibration factor by which an actual 
tilt measurement of the wafer may be adjusted. 

35. The method of claim 34, wherein the relationship is a 
linear relationship. 

36. The method of claim 34, wherein the spherical mirror 
has a surface quality characterized by 2/4 and ÖR<1%R) and 
wherein the Stage motion is characterized by Öd-5 um), 
whereby the tilt detection system calibration factor may be 
precisely determined. 

37. A method of determining a stage tilt calibration factor 
for use in correcting a measured tilt of a wafer resting on a 
movable Stage, comprising: 

resting a flat mirror on the Stage in place of the wafer; 

directing the probe beam to the flat mirror; 
moving the Stage and, at a plurality of positions of the 

Stage, determining the angle between the probe beam 
and the reflection of the probe beam; and 

determining a relationship between the positions and the 
determined angles, whereby the relationship is the 
Stage tilt calibration factor. 

38. An apparatus for analyzing a wafer having a thin film 
thereon, comprising: 

a first light generator that directs a first probe beam of 
radiation to reflect off the wafer Surface; 

an analyzer that measures the change in magnitude or 
polarization of the reflected probe beam induced by the 
interaction with the wafer and generates first signals 
responsive thereto; 

a Second light generator that directs a Second probe beam 
of radiation to reflect of the wafer; 

a detector that detects the angular deviation of the 
reflected probe induced by the interaction with the 
wafer and generates Second Signals responsive thereto, 

wherein the first light generator, the analyzer, the Second 
light generator and the detector are provided in a Single 
tool. 

39. The wafer analyzing apparatus of claim 38, and 
further comprising: 

a processor in the Single tool programmed to analyze the 
first and Second Signals in order to determine charac 
teristics of the wafer including the thickness of the film 
and the stress in the film. 
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40. The wafer analyzing apparatus of claim 38, and 
further comprising: 

an interface via which the first and Second Signals may be 
provided to a processor in order to determine charac 
teristics of the wafer including the thickness of the film 
and the stress in the film. 
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41. The wafer analyzing apparatus of claim 38, wherein 
the light generator and the Second light generator are the 
Same light generator. 


