wo 2009/134778 A2 I A IA0KO OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(9) World Intelecua Property Organization /28552 NN AR AR 0
ernational Bureau V,& ‘ ) |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #
5 November 2009 (05.11.2009) WO 2009/134778 A2
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
HO1L 21/66 (2006.01) kind of national protection available). AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ éé’ gg’ 23’ gg’ gg ? ]])31}({, 3\1\}[]’ gg’ gé’
PCT/US2009/041948 EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
28 April 2009 (28.04.2009) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
(25) Filing Language: English NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
(26) Publication Language: English SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,

UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

12/151,054 2 May 2008 (02.05.2008) ys (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): QCEPT GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
TECHNOLOGIES, INC. [US/US]; 75 Fifth Street NW, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Suite 740, Atlanta, GA 30308-1030 (US). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
MR, NE, SN, TD, TG).

(72) Inventors; and

(75) Inventors/Applicants (for US orly): SCHULZE, Mark,
A. [US/US]; 8300 Granada Hills Drive, Austin, TX
78738 (US). USRY, William, R. [US/US]; 7509 Twilight

Shadow Drive, Austin, TX 78749 (US). Published:

(74) Agents: RECHTIN, Michael, D. et al.; Foley & Lardner —  without international search report and to be republished
LLP, 321 N. Clark Street, Ste. 2800, Chicago, IL 60654 upon receipt of that report (Rule 48.2(g))
(US).

(54) Title: CALIBRATION OF NON-VIBRATING CONTACT POTENTIAL DIFFERENCE MEASUREMENTS TO DETECT
SURFACE VARIATIONS THAT ARE PERPENDICULAR TO THE DIRECTION OF SENSOR MOTION

(57) Abstract: A method and system for de-
termining the contact potential difference of
a wafer surface using a non-vibrating con-
tact potential difference probe and a vibrat-
ing contact potential difference probe. The
method and system involves scanning the
wafer surface with a non-vibrating contact
potential difference sensor, integrating and
scaling the resulting data, and applying off-

sets to individual tracks of data to match the
integrated scaled data to measurements
101 made using a vibrating contact potential dif-
\ N ference sensor.
5 | 107
106 ~ 104 /
¢ 02
T ~ 105 FIG 1



WO 2009/134778 PCT/US2009/041948

CALIBRATION OF NON-VIBRATING CONTACT POTENTIAL DIFFERENCE
MEASUREMENTS TO DETECT SURFACE VARIATIONS THAT ARE
PERPENDICULAR TO THE DIRECTION OF SENSOR MOTION

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is related to and claims priority from United States Application No.

12/151,054, filed May 2, 2008 which is hereby incorporated by reference.

The present invention is directed to methods and systems for the inspection of surfaces and
materials, including semiconductor surfaces and semiconductor materials. More particularly,
the present invention is directed to methods for detecting and measuring surface or subsurface
non-uniformities and/or charges using contact potential difference sensors in both vibrating
and non-vibrating modes so as to establish the presence of any non-uniformities with

precision over the entire surface.

BACKGROUND OF THE INVENTION

The function, reliability and performance of semiconductor devices depend on the use of
semiconductor materials and surfaces which are clean and uniform. Billions of dollars and
countless man-hours have been spent developing, characterizing, and optimizing systems and
processes for fabricating and processing semiconductor materials. A primary goal of this
activity has been the fabrication of materials and surfaces that are extremely clean and that
have predetermined and desired properties that are uniform, or vary uniformly, across the
entire wafer. In order to characterize and optimize these processes and the resulting material,
it is necessary to be able to inspect and measure surface or bulk cleanliness and uniformity.
For real-time process control, it is necessary to be able to make many measurements across a
surface at high speed, and to do so in a manner that does not damage or contaminate the

semiconductor surface.

One method of inspecting and measuring surfaces utilizes a non-vibrating contact potential
difference sensor. The non-vibrating contact potential difference sensor consists of a
conductive probe that is positioned close to a surface, and is electrically connected to the

surface. The probe and the surface form a capacitor. An electrical potential is formed



WO 2009/134778 PCT/US2009/041948

between the probe tip and the surface due to the difference in work functions or surface
potentials of the two materials. This electrical potential is called the contact potential
difference, or surface potential difference, between the two surfaces. The probe tip is
translated parallel to the surface, or the surface is translated beneath the probe. Changes in
the work function or surface potential at different points on the surface result in changes in
contact potential difference between the surface and the probe tip. These changes in electrical
potential cause an electrical current to flow in or out of the sensor probe tip. This current is
amplified, converted to a voltage, and sampled to form a continuous stream of data which
represents changes in potential across the measured surface. The non-vibrating contact
potential difference sensor can provide a continuous stream of data at rates greater than
100,000 samples per second. High data acquisition rates permit high-resolution images of

whole semiconductor wafers to be acquired in only a few minutes.

The non-vibrating contact potential difference sensor produces a signal that is a combination
of two characteristics of the measured surface—changes in work function and changes in

surface height. The charge on the probe tip is determined as follows:

o=Cv (1)

Where Q is the charge on the probe tip, C is the capacitance between the probe tip and the
measured surface, and V is the contact potential difference between the probe tip and the

surface.

The current, 1, into the probe tip is the derivative of the charge on the probe tip and is given by

the following formula:

0oy de N
The current, i, is the sum of two terms: the dV/dt term and the dC/dt term. The dV/dt term

represents changes in the voltage between the probe tip and the wafer surface, and the dC/dt
term represents changes in the capacitance between the probe tip and the wafer surface. The
potential of the probe tip is fixed during the scanning operation, so changes in the dV/dt term

arise due to changes in the potential across the measured surface. Changes in the dC/dt term
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result from changes in the distance between the probe tip and the wafer surface, which most
often result from changes in the height of the wafer surface. In most wafer surface scanning
applications, the signal from capacitance changes is minimized by controlling the height of
the probe tip above the wafer surface, minimizing wafer surface height variations, and/or
minimizing the average voltage between the probe tip and the wafer surface through the
application of a DC bias voltage. As a result, the capacitance signal is negligible and can be

disregarded.

An important characteristic of the non-vibrating contact potential difference sensor is that it
produces data that is differential; which means that it generates data that represents
differences, or changes, in surface potential or work function across the measured surface.
The output of the sensor represents changes in surface potential in the direction of travel of
the sensor probe tip relative to the surface. The sensor output does not include any data on the
change in surface potential in the direction perpendicular, or orthogonal, to the direction of
travel of the sensor probe tip. Also, the sensor output does not provide data on the absolute
contact potential difference between the probe tip and measured surface at any point. The

sensor output only contains information on changes in surface potential.

The non-vibrating contact potential difference sensor relies on relative motion between the
probe tip and measured surface to generate a signal. The act of moving the sensor probe tip
parallel to the wafer surface to generate a signal is called scanning. There are numerous
options for generating scanning motion between the probe tip and a wafer surface. For
example, the wafer can be held fixed and the probe tip can be moved back-and-forth above
the wafer surface to generate linear “tracks” of data, where a track is a continuous series of
sequential data samples. Multiple linear tracks can be assembled into an image of the scanned
surface. Alternatively, the probe can be held fixed and the wafer moved back-and-forth
beneath the sensor probe tip. This type of scanning, where cither the sensor or wafer is
moved back-and-forth to produce a series of parallel linear scans, is often called raster
scanning. Another option for generating the scanning motion is to rotate the wafer beneath
the sensor probe tip, and move the sensor or wafer along a radius of the wafer to acquire a
series of concentric circular tracks at different radii from the wafer center. These concentric

tracks can then be assembled into an image of the scanned surface. This type of scanning



WO 2009/134778 PCT/US2009/041948

operation is often called radial scanning because the probe tip is moved along a radius of the

wafer.

With radial scanning, the spinning motion of the wafer provides relative motion between the
probe tip and measured surface without the high accelerations and decelerations required by a
raster scanning operation. Raster scanning requires accelerating the probe or wafer to the
required scanning speed, acquiring a single track of data, and then decelerating and re-
accelerating the probe or wafer in the opposite direction. With radial scanning, the wafer can
be spun at a fixed or slowly varying speed, and the sensor can be moved small distances with
low accelerations from one radial track to the next. As a result, the wafer surface can be
scanned in a much shorter period of time with much less vibration and lower power

consumption than with raster scanning.

The differential nature of the non-vibrating contact potential difference sensor signal means
that a signal is generated only when the probe moves across a portion of the wafer surface
where the surface potential changes from one location to another. If the sensor moves from
an area with one surface potential value to an area with another surface potential value, a
signal is generated only at the transition (edge) between the two regions. The differential
sensor signal is proportional to the change in surface potential along the direction of motion of
the probe. However, this differential signal can be converted to a new signal which is a linear
function of relative surface potential by integrating the sensor signal. Integration is
accomplished by computing the cumulative sum of consecutive samples. The integrated
signal provides information on relative surface potentials in the direction of motion of the
probe, but does not provide any information about surface variations perpendicular to the
direction of motion, nor does it provide a measure of the absolute value of the contact
potential difference. As a result of the scanning motion, any orthogonal variation is
undetectable in the absence of additional measurements for determining that variation. In the
case of raster-scanning, data on orthogonal variations can be acquired by performing the
scanning operation twice: once in each of two perpendicular directions. However, this
operation requires two scans of the surface, which doubles the scanning time. In the case of
radial scanning, the scanning mechanics do not easily lend themselves to scanning each point

on the wafer surface in two orthogonal directions. As a result, the circular motion of the
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probe relative to the wafer surface is not effective in detecting surface non-uniformities that
vary radially. These types of radial variations in contact potential difference can arise from a
variety of wafer processing steps. For example, dielectric charging caused by single wafer
cleans or plasma processing operations can create a radial charge pattern that cannot be
detected by the non-vibrating contact potential difference sensor using the radial scanning

method.

As mentioned above, the non-vibrating contact potential difference sensor produces
differential data that can be integrated to produce data representative of relative contact
potential difference values across the surface. It is also possible to calibrate integrated non-
vibrating contact potential difference data using vibrating contact potential difference
measurements. Vibrating contact potential difference sensors are often called Kelvin probes,
or Kelvin-Zisman probes. This type of sensor produces measurements of the absolute contact
potential difference, in volts, between the probe tip and a particular point on the measured
surface. Vibrating contact potential difference measurements, however, are very slow
compared to non-vibrating contact potential difference measurements, and this technique is
not suited to full-wafer imaging at production speeds. Integrated non-vibrating contact
potential difference measurements can be transformed to provide absolute contact potential
difference values by calculating a linear transformation between Kelvin probe measurements
at multiple points and the integrated non-vibrating contact potential difference values at the
same points on the measured surface. The best-fit linear transformation can be calculated
using a technique such as least-squares line fitting. Once the best-fit linear transformation is
calculated, it is applied to all points in the integrated non-vibrating contact potential
difference image. This technique provides approximations of the absolute contact potential
difference values for all scanned points, and is much faster than measuring the entire wafer
surface using a vibrating contact potential difference sensor. The integrated non-vibrating
data, however, still does not include any information on variations in surface potential
perpendicular to the direction of motion of the probe tip. As a result, the integrated and
transformed data will not include information on variations in surface potential that are
perpendicular to the direction of motion of the scanning probe, and the resulting data will be
incorrect if there are significant surface potential changes in this direction. This type of

orthogonal variation in surface potential is common for radially scanned wafers because, as
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noted above, significant radial variations in surface potential can result from common
semiconductor manufacturing processes. If significant radial variations exist, the correlation
coefficient between the vibrating Kelvin probe measurements and the integrated radially-
scanned non-vibrating contact potential difference data will be low, because the integrated
non-vibrating contact potential difference image will not include this significant radial

variation in surface potential.

SUMMARY OF THE INVENTION

The system and methods described in this invention provide an enhanced application of a
combined vibrating and non-vibrating contact potential difference inspection system that
allows the rapid imaging of surfaces and the detection of surface potential non-uniformities in
both the direction of motion of the non-vibrating (scanning) probe and perpendicular to the
direction of motion of the non-vibrating probe. This capability is particularly useful for the
detection of radial non-uniformities on surfaces scanned with a non-vibrating probe using a
radial scanning system. Hereinafter, material susceptible to inspection by the system herein
described will be denoted generally as a “wafer”. In preferred applications, such as for
evaluation of conventional silicon single crystal wafers, various examples are described
hereinafter for four different wafers subjected to different processing conditions. The
invention includes both a vibrating and a non-vibrating contact potential difference
measurement capability. The vibrating contact potential difference measurement capability
provides data on the absolute contact potential difference between the probe tip and various
points on the wafer surface, while the non-vibrating contact potential difference measurement
capability provides data on changes in the contact potential difference across the wafer
surface. This apparatus consists of a correlated system of a sensor or sensors capable of both
vibrating and non-vibrating contact potential difference measurements, a system for
mechanically fixturing the wafer, a system for positioning the sensor a fixed distance above
the wafer surface and generating relative motion between the probe tip and wafer surface such
that the sensor probe tip moves parallel to the wafer surface, a system for applying a bias
voltage to either the sensor probe tip or the wafer surface, a system for vibrating the sensor
probe tip perpendicular to the wafer surface, and a system for acquiring and processing the

output signal from the sensor or sensors to identify and classify wafer non-uniformities.
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The system further includes the ability to apply a bias voltage to either the sensor probe tip or
the wafer surface to modify the electrical potential between the probe tip and wafer. In this

case the dC/dt term in Equation (2) includes a bias voltage as shown in the following formula:

dV+(

. dC
1= CE VCPD +7, )

e G)

In Equation (3), VCPD is the voltage between the probe tip and wafer surface that results
solely from electrically connecting the probe tip and the wafer surface. This voltage is called
the surface potential difference or contact potential difference, often abbreviated as CPD.
Vbias is an additional voltage that is applied to the probe tip or wafer by the inspection system
to facilitate detection and classification of wafer non-uniformities. If Vbias is constant during

the scanning operation, then it does not affect the dV/dt term because dVbias/dt = 0.

The system also includes a mechanism for positioning the sensor above a point on the wafer
and vibrating the sensor perpendicular to the wafer surface while the bias voltage is adjusted.
Vibrating the probe tip perpendicular to the wafer surface causes changes in the capacitance
between the probe tip and the wafer surface, which results in a signal due to the VdC/dt term
in Equations (2) and (3). This signal is proportional to the contact potential difference (V)
between the probe tip and the wafer surface. The variable bias voltage is added to the contact
potential difference and modifies the voltage between the probe tip and wafer surface. The
bias voltage is adjusted and the bias voltage that causes the vibrating sensor signal to go to
zero is determined. This voltage is the negative of the contact potential difference between
the probe tip and wafer surface. After adjusting the bias voltage and determining the voltage
that results in zero signal from the vibrating probe, the contact potential difference is
calculated from this bias voltage. This type of system for measuring contact potential

difference is known as a vibrating Kelvin probe or Kelvin-Zisman probe.

The invention also includes a system and methods for processing the resulting data to detect
and discriminate between different types of surface non-uniformities based on the data

generated by both vibrating and non-vibrating contact potential difference sensors.
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The non-vibrating contact potential difference sensor can acquire data relatively quickly, so
that whole-wafer images of changes in surface potential can be acquired in only a few
minutes. The vibrating contact potential difference sensor provides a measurement of the
absolute contact potential difference between the probe tip and the wafer, but is relatively
slow. For example, the non-vibrating sensor can acquire over 100,000 samples per second,
while the vibrating probe can acquire only a few samples per second at most. By combining
the high-resolution non-vibrating contact potential difference images with the relatively slow,
low-resolution vibrating sensor data, data on the absolute contact potential difference of the
entire wafer surface can be obtained at speeds that are comparable to that of the non-vibrating

S€Nsor.

In order to convert the non-vibrating data to correspond to the actual contact potential
difference at every point on the wafer surface, the non-vibrating contact potential difference
data is first integrated. The simplest way to do this is to begin at the first sample acquired in
each track and compute the cumulative sum at each succeeding sample in the track. Other
methods for numerical integration may be used as well. The integrated data is proportional to
changes in surface potential along the track. However, each integrated track of data must be
multiplied by a scaling factor and then offset by a constant to obtain the correct absolute
contact potential difference at each point. The appropriate scaling factor (slope) and offset
(constant of integration) between the integrated data and the actual contact potential
difference values at each point are unknown, but can be determined by measuring the actual
contact potential difference at two or more points on the wafer surface using the vibrating
Kelvin probe and then comparing the Kelvin probe values to the integrated non-vibrating

contact potential difference measurements at the same points on the surface.

If the measured wafer has minimal surface potential variation perpendicular to the direction of
motion of the scanning probe, then the integrated non-vibrating contact potential difference
data can be approximated as a linear function of the actual contact potential difference values
for the entire wafer surface. These data can be converted to match multiple vibrating contact

potential difference measurements by mathematical algorithms.
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In one preferred embodiment, vibrating measurements are taken at several locations across the
wafer (a minimum of two locations). The linear function that best fits the vibrating contact
potential difference measurements at multiple points to the integrated non-vibrating data at
the same points on the wafer surface is calculated. This linear transformation is then applied
to all of the integrated non-vibrating measurements. The resulting linear scaling of the
integrated non-vibrating measurements provides an approximation of the contact potential
difference value at each location on the wafer surface. However, the resulting image data
does not include any information on contact potential difference variations that are
perpendicular to the direction of motion of the non-vibrating probe. The resulting linear
transformation consists of a scaling factor and an offset. The offset represents the mean
absolute contact potential difference of the entire wafer surface. The scaling factor converts
integrated non-vibrating contact potential difference sensor values into relative surface
potential values. This scaling factor is characteristic of the sensor and scanning parameters
used to acquire the non-vibrating contact potential difference data. Once this scaling factor
has been determined for a particular sensor and scanning method, it can be applied to
subsequent integrated non-vibrating contact potential difference data acquired using the same
sensor and parameters to convert the integrated data into relative surface potential values. A

scaling factor obtained by this method is used in the methods described below.

In another preferred embodiment of this invention, a wafer is scanned with a non-vibrating
contact potential difference sensor, and the resulting data is integrated and multiplied by an
appropriate scaling factor to convert the integrated data into relative surface potential values.
The scaling factor is determined using the method described above. Multiple vibrating
contact potential difference measurements are then taken along a line which is perpendicular
to the direction of motion of the non-vibrating sensor. The scaled, integrated non-vibrating
contact potential difference value at the point corresponding to each vibrating measurement is
changed by an offset so that the integrated non-vibrating measurement matches the vibrating
contact potential difference measurement at that point. This same offset is then applied to all
data points in the corresponding track of the integrated, scaled non-vibrating data. For tracks
that do not have a corresponding vibrating measurement, the appropriate offset is computed
by interpolating or extrapolating the offsets calculated for the nearest tracks that contain

vibrating measurements. The interpolation or extrapolation is accomplished using polynomial
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fitting, splines, or some other appropriate and conventional mathematical technique. In an
alternative embodiment, vibrating measurements are taken along multiple lines that are
perpendicular to the direction of motion of the scanning probe. Offsets between the vibrating
and non-vibrating measurements at each vibrating measurement point are computed. If more
than one of the vibrating measurements corresponds to the same track in the non-vibrating
data, then the offset for each point on the track that corresponds to a vibrating measurement is
calculated, and then the offsets are combined statistically to calculate a single offset to be
used for that entire track. For example, the offset of the track may be calculated as the mean
or median of the individual point offsets. As before, the tracks that do not have a
corresponding vibrating measurement are given an offset determined by interpolating or
extrapolating the calculated offsets for nearby tracks. Both of these last two embodiments
may also be used in the case where multiple vibrating measurements are taken at various

locations on the wafer that are not necessarily arranged in lines.

In an alternative embodiment, a wafer is scanned with a non-vibrating contact potential
difference sensor to produce tracks of data, and this first set of tracks is integrated and
multiplied by an appropriate scaling factor to convert the integrated data into relative surface
potential values. The scaling factor is determined using the method described above. The
non-vibrating contact potential difference sensor is also used to acquire one or more tracks of
data by moving the sensor perpendicular to the direction of motion during the first scanning
operation. This second scanned track, or tracks, is also integrated and scaled to convert the
integrated data into relative surface potential values. One or more vibrating contact potential
difference measurements are then made on each of the second set of tracks. Offsets are
calculated between the vibrating contact potential difference measurements and the
corresponding points on the second set of tracks, and the resulting offsets are then applied to
all points in each of the second set of tracks. As a result of this operation, the second set of
tracks represents the actual contact potential difference values along each track. The
difference is then calculated between the values on this second set of tracks and the
corresponding points on the first set of tracks. These differences are used to calculate an
offset for each track in the first set of tracks. The calculated offset for each track in the first
set is applied to all points in that track. In this case, vibrating contact potential difference

measurements are used to transform the second set of track data into absolute contact

10
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potential difference values. These absolute contact potential difference values are then used
to calculate offsets for the first set of tracks. In this method, a large number of tracks in the
first set is calibrated using contact potential difference values calculated for a smaller number
of tracks in the second set. The second set of tracks is acquired by moving the non-vibrating
sensor in a direction that is perpendicular to the direction of scanning used to acquire the first
set of tracks. The second set of tracks is calibrated using one or more vibrating contact
potential difference measurements. In one embodiment, the second set of tracks consists of a
single track that is calibrated using a single vibrating contact potential difference

measurement.

In another preferred embodiment, the non-vibrating contact potential difference sensor is
scanned radially to form concentric tracks of data. Each track is integrated and multiplied by
an appropriate scaling factor to convert to relative contact potential difference values along
cach track. Discrete-point vibrating measurements are then made along a radius of the wafer.
The difference between each vibrating measurement and the corresponding integrated, scaled
non-vibrating data point is calculated and applied to the entire circular track containing that
point. Offsets for tracks that do not correspond to vibrating measurements are calculated by
interpolating or extrapolating the offsets of the two or more closest tracks which correspond
to vibrating measurements. This method calculates a unique offset for each track. The offset
provides information on the variation in contact potential difference in the radial direction as
determined by the vibrating contact potential difference measurements. If there is charging or
other surface effects that vary with radius, the computed offset will be different for different
tracks. For example, dielectric charging caused by a single wafer clean or plasma processing
operation often exhibits a radial surface potential pattern. This type of charging will result in
different offsets for different track radii, and can be detected and measured in the resulting

integrated, scaled and transformed image.

In another preferred embodiment, the wafer surface is scanned radially with a non-vibrating
contact potential difference sensor and the resulting data is integrated and scaled to convert it
to relative surface potential values. Vibrating contact potential difference sensor
measurements are then made at several different locations on the wafer surface, where

multiple measurements may be taken at the same radius. If multiple vibrating contact

11
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potential difference measurements are made on the same track, the offset for that track is
calculated from the multiple offsets using a statistic such as the mean or median. As before,
once a single offset value has been computed for each radial track corresponding to a
vibrating contact potential difference measurement, the resulting offset values are interpolated
or extrapolated to calculate offsets for tracks that do not contain vibrating measurements. The
image that results from applying offsets to each track of the integrated, scaled non-vibrating
contact potential difference sensor image represents the contact potential difference at each
point on the scanned surface and includes information on radial variations in surface potential

or contact potential difference.

These and other objects, advantages, and features of the invention, together with the
organization and manner of operation thereof, will become apparent from the following
detailed description when taken in conjunction with the accompanying drawings, wherein like

elements have like numerals throughout the several drawings described below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a diagram of a wafer inspection system with a system for fixturing and rotating
a wafer, a system for positioning a sensor above a wafer, a contact potential difference sensor,
a system for vibrating the contact potential difference sensor perpendicular to the wafer

surface, and a component for processing data from the sensor;
FIG. 2 shows operation of a radial scanning system;

FIG. 3 shows a sample image created by radially scanning a wafer as in FIG. 2 with a non-

vibrating contact potential difference sensor;

FIG. 4A shows a functional block flow diagram of a generic method of the invention; FIG. 4B
shows an alternative method of the invention; and FIG. 4C(i) and FIG. 4C(i1) show a

preferred embodiment for a method of the invention;

FIG. 5 shows an image created by radially scanning a wafer with a non-vibrating contact
potential difference sensor and then performing vibrating Kelvin probe measurements at

selected identified locations on the image;

12
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FIG. 6 shows an image of the same wafer image shown in FIG 5 after integration and
calculation of a least-squared error line fit to the vibrating Kelvin probe measurements such
that the image shows the slope and offset values calculated for the linear transformation that

converts integrated scanned values to absolute contact potential difference values;

FIG. 7 shows a non-vibrating contact potential difference scanned image of a first wafer with

vibrating Kelvin probe measurements identified at data points along a diameter of the wafer;

FIG. 8 shows the image from FIG 7 after integration and scaling(no vibrating probe
measurments included), and minimal radial variation of surface potential or work function is

visible in this image;

FIG. 9 shows the image from FIG 7 after offsetting each track based on the vibrating Kelvin
probe measurements such that an offset is calculated and applied to each track based on the

vibrating Kelvin probe measurement made on the track or on nearby tracks;

FIG. 10 shows a linear plot taken from the image values taken along one radius for the wafer

image data of FIG. §;

FIG. 11 shows a linear plot taken from the image values along a radius in the wafer image

data shown in FIG 9;

FIG. 12 shows a non-vibrating contact potential difference scanned image of a second wafer
(no vibrating probe measurements) after integration and scaling, and minimal radial variation

of surface potential or work function is visible in the image;

FIG. 13 shows the image from FIG. 12 after offsetting each track based on the vibrating
Kelvin probe measurements such that an offset is calculated and applied to each track based

on vibrating Kelvin probe measurement made on the track or on nearby tracks;
FIG. 14 shows a linear plot of image values taken along a radius of FIG. 12;

FIG. 15 shows a linear plot of image values taken along a radius for the image of FIG. 13;

13
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FIG. 16 shows a non-vibrating contact potential difference scanned image of a third wafer (no
vibrating probe measurements) after integration and scaling and minimal radial variation of

surface potential or work function is visible in the image;

FIG. 17 shows the sample image from FIG. 16 after offsetting cach track based on the
vibrating Kelvin probe measurements such that an offset is calculated and applied to each

track based on the vibrating Kelvin probe measurement made on the track or on nearby tracks;
FIG. 18 shows a linear plot of image values taken along a radius of the image data of FIG. 16;

FIG. 19 shows a linear plot of image values taken along a radius of FIG. 17 showing

significant radial variation;

FIG 20 shows a non-vibrating contact potential difference scanned image of fourth sample
wafer with vibrating Kelvin probe measurements identified at data points along a diameter of

the wafer;

FIG 21 shows the image from FIG 20 after integration and scaling (no vibrating probe
measurements included), and minimal radial variation of surface potential or work function is

visible in this image;

FIG 22 shows the image for FIG 20 after offsetting each track based on the vibrating Kelvin
probe measurements such that an offset is calculated and applied to each track based on the

vibrating Kelvin probe measurement made on the track or on nearby tracks;

FIG 23 shows a linear plot from the image values along one radius of the image data of FIG

21; and

FIG 24 shows a linear plot of image values taken from the image values along a radius for the

wafer image data shown in FIG 22.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In accordance with one preferred embodiment, a radial scanning apparatus 100 is shown in
FIG. 1. The apparatus 100 consists of a contact potential difference sensor 101, a system 103

for mechanically fixturing wafer 105 and spinning the wafer 105 to generate relative motion
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between probe tip 102 and wafer surface 106 such that the probe tip 102 moves parallel to the
wafer surface 106, a system 107 for positioning the sensor 101 a fixed distance above the
wafer surface 106, a system 104 for vibrating the probe tip perpendicular to the wafer surface,
and a system 110 for acquiring and processing the output signal from the sensor 101 to
identify and classify wafer 105 non-uniformities. In this preferred embodiment, the contact
potential difference sensor 101 can be operated as a non-vibrating contact potential difference
sensor to scan the wafer surface 106 and generate data on changes in contact potential
difference across the wafer surface 106, or as a vibrating contact potential difference sensor to
generate measurements of the absolute contact potential difference between the sensor probe
tip 102 and one or more points on the wafer surface 106. In an alternative embodiment, two

or more different sensors can be used for non-vibrating and vibrating measurements.

In one preferred embodiment, the semiconductor wafer 105 is placed on the conductive wafer
fixture 103. This may be done manually or using an automated process such as, but not
limited to, a wafer handling robot. The wafer 105 is held in place, such as by using vacuum.
Alternative methods of holding the wafer 105 include, but are not limited to, electrostatic
forces and edge gripping. In one embodiment, the fixture 103 is mounted to a spindle which
can rotate the wafer 105 about its center. The non-vibrating contact potential difference
sensor 101 is attached to a positioning system 107 that can adjust the height of the sensor 101
above the wafer surface 106 and can move the sensor 101 radially from at least the center of
the wafer 105 to one edge of the wafer 105. The contact potential difference sensor 101 is
electrically connected to the wafer surface 106 via the conductive wafer fixture 103. In one
embodiment, a height sensor 109 that has been calibrated to the height of the contact potential
difference sensor probe tip 102 is also mounted on the same positioning system 107 as the

contact potential difference sensor 101.

A system 104 for vibrating the contact potential difference sensor 101 perpendicular to the
wafer surface 106 is attached to the contact potential difference sensor 101. This system 104
is used to make vibrating Kelvin probe measurements of the contact potential difference

between the probe tip 102 and the wafer surface 106.
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After the wafer 105 is secured to the fixture 103, the height sensor 111 is positioned above
one or more points on the wafer surface 106 and the height of the wafer surface 106 is
measured when deemed appropriate. These wafer height measurements are used to calculate
the position of the contact potential difference sensor 101 that will produce the desired
distance between the probe tip 102 and the wafer surface 106. This information is used to
position the probe tip 102 at a fixed height above the wafer surface. The probe tip 102 is then
moved to the desired height at a point above the outside edge of the wafer 105 using the

positioning system 107.

As shown for example in FIG. 1, the probe 101 is held stationary and the wafer 105 is rotated
on the wafer fixture 103 such that the probe tip 102 moves relative to the wafer 105 along a
circular path that is centered at the wafer 105 center. Data is acquired during a single rotation
of the wafer 105. In this case the probe 101 is operating in a non-vibrating contact potential
difference sensing mode, and generates data that is representative of changes in contact
potential difference across the surface of the wafer 105. The sensor 101 is then moved a
programmable distance along the radius of the wafer 105 towards the wafer center. Another
rotation of data is acquired at this new radius. The probe tip 102 continues to step and scan
concentric circular regions of the wafer 105 until the probe reaches the center of the wafer
105. The resulting data is then assembled into an image of the wafer 105 as shown, for
example, in FIG 3. Alternately, each concentric circular region of the wafer 105 could be
scanned multiple times and the resulting data averaged to reduce the effect of random noise.
In one embodiment, this image is processed to identify and classify non-uniformities, this

processing can take many forms.

The differential sensor data is integrated to generate an image which represents regions with
different surface potential values. Integration is performed by calculating the sequential sum
of values in each track of the differential data. The integrated track data is then multiplied by
a scaling factor to convert the integrated data to approximate relative contact potential values.
This scaling factor is calculated for a particular scanning method by performing a least-
squares linear fit between multiple vibrating Kelvin probe measurements and the integrated
non-vibrating contact potential difference data values at the same points on a wafer surface.

Once the scaling factor has been calculated for a particular scanning sensor and method, it can
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be applied to integrated non-vibrating contact potential difference data acquired on
subsequent wafers to convert the data to relative surface potential values. Additional methods
exist for calculating and applying the scaling factor. For example, the scaling factor can be
calculated once using a test or calibration wafer and then applied to all subsequent wafers, or
the scaling factor can be calculated during the inspection of each wafer using the integrated
non-vibrating contact potential difference data and some set of vibrating Kelvin probe

measurements on the surface of the wafer.

In a preferred embodiment illustrated by the flow charts of FIGS. 4A — 4C, multiple vibrating
Kelvin probe measurements are taken at different radii from the wafer center. For each
vibrating Kelvin probe measurement, the difference between the vibrating Kelvin probe value
and the value of the integrated scaled non-vibrating contact potential difference data at the
same point is calculated. This difference, or offset, is then added to each point in that
particular circular track of the integrated scaled data. If more than one vibrating Kelvin probe
point lies on the same track, the offset for that track is calculated as the mean or median of all
of the offsets for all of the vibrating Kelvin probe measurements that lie on that particular
track. If a track does not contain any vibrating Kelvin probe measurements, the offset for that
track is calculated by interpolating the offset values for the two or more closest tracks on
cither side of the track. If the track does not lie between two tracks with vibrating Kelvin
probe measurements, the offset for that track is calculated by extrapolating the offsets for the
two or more closest tracks with vibrating Kelvin probe measurements. Using this method, an
offset is calculated and applied to each circular track of integrated scaled data. The resulting
image represents contact potential difference values for the entire scanned surface. This
image includes radial variations in contact potential difference, because offsets calculated
from vibrating Kelvin probe measurements at different radii result in track offsets that

represent these radial differences.

FIG. 2 shows a diagram of the radial scanning method of one preferred embodiment of the
present invention. The contact potential difference sensor probe tip 102 is positioned at point
“A” near the edge of the wafer 105. The wafer 105 is rotated on the wafer fixture 103 and a
circular track of data is scanned. The probe tip 102 is moved a programmable distance

towards the wafer 105 center to point “B” and a second circular track of data is scanned. This
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process is repeated until the probe tip 102 reaches the center of the wafer 105. The resulting
data is combined into an image representing changes in contact potential difference across the
wafer surface 106. In this case, the sensor is operated as a non-vibrating contact potential
difference sensor. A sample wafer image acquired using this scanning method is shown in
FIG. 3(this and the other samples are off the shelf, commercial grade silicon single crystal
wafers). The light and dark regions represent increases and decreases in contact potential

difference due to material changes on the surface of the wafer.

The differential non-vibrating contact potential difference sensor signal can be integrated and
scaled to form a signal that represents relative surface potential. FIG. 5 and 6 show the
process of calculating an appropriate scaling factor for converting integrated scanned data into
relative surface potential values. FIG. 5 shows the differential data generated by scanning a
wafer with a non-vibrating contact potential difference sensor. FIG. 5 also shows the
locations and values of vibrating contact potential difference measurements. These vibrating
contact potential difference measurements are in millivolts. FIG 6 shows the image which
results from integrating the image in FIG. 5. This image shows regions of relative surface
potential. FIG. 6 also shows the results of calculating a least squares fit between the vibrating
contact potential difference values and the integrated non-vibrating contact potential
difference data at the same points. A scale factor is calculated which can be applied to
subsequent images. This scale factor is shown as a slope of 8.997816¢-2, or approximately
0.09. The correlation coefficient of the integrated non-vibrating contact potential difference
measurements and vibrating contact potential difference measurements is also shown on the
image. In this case, the correlation coefficient is 0.984, indicating a good fit between the two

sets of data.

FIG. 7 shows the differential non-vibrating contact potential difference image of a first wafer
105 along with the locations and results of radial vibrating contact potential difference
measurements. The wafer samples of FIGS. 7-19 were initially prepared by forming a thick
thermal oxide coating of about 1000 Angstroms on the surface. The wafer was then cleaned
and rinsed with deionized water applied to the center of the wafer while it was rotated . This
particular wafer was processed using a first conventional system tool and a first type of

deionized water conductivity, and with a given spin speed and ramp up/down rate. FIG 8
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shows the image in FIG 7 after integration and scaling. FIG 8 shows data which is
representative of relative contact potential difference values, but does not include any
information on radial variations in contact potential difference. FIG. 9 shows the same wafer
image as FIG. 8 after individual track offsets have been calculated and applied to the
integrated and scaled non-vibrating contact potential difference data so that the image data
approximately matches the vibrating contact potential difference data at the same points.
Once these steps have been completed, measurements can be performed at any radius of the
wafer 105 to determine reliable contact potential difference values which can be plotted
and/or analyzed. These integrated, scaled and offset data show significant radial variation in
contact potential difference that is not evident in the differential or integrated images shown

in FIG. 7 and 8.

FIG. 10 shows a plot of image values along one radius of the image shown in FIG 8. No
significant radial variation is evident in this plot. FIG 11 shows a plot of image values along
the same radius of the image shown in FIG 9. In this case, substantial radial variation is
evident in the signal. The use of this invention provides a wafer image that represents the
contact potential difference between the probe tip and the wafer surface at all points, and
includes information on the radial variation in contact potential difference that is not available

from the non-vibrating data alone.

FIG. 12 is another example of an integrated image of a second wafer 105 which has
undergone a radial scan using a non-vibrating contact potential difference probe. This wafer
underwent a same generic treatment as the wafer of FIG. 7 except the conventional tool used
was a different one and under different water conditions (mainly different conductivity) and
tool spin conditions._FIG. 13 shows the sample image from the wafer of FIG. 12 after the
integration and scaling operation and using vibrating probe measurements as described
hereinbefore. Again, detailed measurements and analysis can now be performed as was done
for the first wafer 105 to determine contact potential difference values along any radius of the

second wafer 105.

FIG. 14 shows a linear plot of image values along an exemplary radius of FIG. 12 showing

minimal radial variation. A small amount of radial variation is evident near the edge of the
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wafer, but this is an artifact of the integration process and the large signal values near the edge
of the wafer; and do not accurately represent the radial variation in surface potential. FIG. 15
shows a like linear plot as for FIG. 14 but for image values along a radius of FIG. 13 and

showing the substantial and correct radial variations.

FIG. 16 is a third example of an integrated image of a third wafer 105 which has undergone a
radial scan using a non-vibrating contact potential difference probe. Once again, a different
standard tool, different water conditions and different spin conditions were used to treat the
wafer. FIG. 17 shows the sample image from the wafer of FIG. 16 after the integration and

scaling operation and using vibrating probe measurements as described hereinbefore.

FIG.18 shows a linear plot of image values along an exemplary radius of FIG. 16 showing
minimal radial variations except the different edge portion. FIG. 19 shows a like linear plot

of image values along a radius of FIG. 17 showing substantial radial variation.

FIG. 20 shows the differential non-vibrating contact potential difference image of a fourth
sample wafer 105 along with the locations and results of radial vibrating contact potential
difference measurements (note labeled data values across a diameter of the fourth wafer 105).
FIG 21 shows data which is representative of relative contact potential difference values, but
does not include any information on radial variations in contact potential difference. FIG. 22
shows the same wafer image as FIG. 21 after individual track offsets have been calculated and
applied to the integrated and scaled non-vibrating contact potential difference data so that the
image data approximately matches the vibrating contact potential difference data at the same
points. The integrated, scaled and offset data shows significant radial variation in contact
potential difference that is not evident in the differential or integrated image shown in FIGS.
20 and 21. Once again, after these steps have been performed, contact potential difference
values can be identified, plotted and/or analyzed along any radius of the fourth wafer 105. It
should be noted that the wafer of FIGS 20-24 underwent a different cleaning process than for
the other wafers of FIGS. 7-19. Rather than a single wafer clean and rinse with deonized

water, the wafer was cleaned by a conventional, well known plasma processing method.

FIG. 23 shows a linear plot of image values along an exemplary radius of FIG. 21 showing

minimal radial variations except the different edge portion which are normal artifacts of the
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method. FIG. 24 shows a like linear plot of image values along a radius of FIG. 22 showing

substantial radial variations.

The method of the invention clearly illustrates the dramatic effects that can arise within the
confines of “cleaning” or otherwise treating a semiconductor wafer with ostensibly the
“same” methodology. The basic method of a clean and rinse with deionized water can be
implemented by a number of different conventional cleaning tools which involve the method
of applying deionized water to the center of the wafer, ramping up the spin speed of the tool
supporting the wafer to distribute the water over the wafer and thereby clean the wafer and
then ramping down the spin speed of the support tool. The inspection and analysis method of
the invention has enabled identification of a wide range of characteristic differences for the
quality of the resulting “cleaned” wafer such that a plurality of different undesirable and
desirable cleaning parametric quality states can be identified. For example, given a particular
cleaning tool and/or the type of deionized water (conductivity and the like) conditions for
treatment can be pre-selected to achieve the desired clean wafer surface. Furthermore,
operating conditions of the support tool itself can be optimized, changed or pre-selected to
achieve the desired wafer quality result. The sensitivity of the method of the invention
therefore enables highly particular characterization of the wafer surface and provides a highly
efficient pathway to produce a desired end product wafer for further processing, thereby
insuring the desired and/or highest quality and also greatly improved yield. This
methodology also allows the characterization of any type of chemical or physical treatment to
allow accumulation of correlation data which can be used to reliably produce a predetermined

surface quality for a material such as a semiconductor wafer.

There are many alternative mechanical configurations and scanning operations that would
accomplish the same result as the embodiments described above. For example, the contact
potential difference sensor 101, height sensor 109, and system for vibrating the sensor 104
could all be mounted at fixed locations, and the wafer 105 could be moved and rotated
beneath these stationary elements. Instead of stepping from one radius to the next, the contact
potential difference sensor 101 could be moved continuously along the wafer 105 radius while
the wafer 105 is spinning to create a continuous stream of data that spirals across the whole

surface of the wafer 105. Also, instead of the radial scanning operation described above, the
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non-vibrating contact potential difference sensor 101 could be moved linearly across the
wafer 105 in a back-and-forth manner to scan the entire wafer surface 106, or the wafer 105
could be placed on a rotating fixture where the center of rotation is not the center of the wafer
105. Also, multiple non-vibrating and vibrating contact potential difference sensors could be
used to acquire multiple measurements simultaneously to reduce the time required to measure
a wafer. In addition, some of the steps of the various methods described can readily be
interchanged as one of ordinary skill would understand. For example, all scanned and
vibrating CPD data can be collected before any subsequent data processing such as integration
and scaling. Also, height of the wafer surface can be measured before each vibrating CPD

measurement.

The present invention provides an enhanced inspection system that uses both vibrating and
non-vibrating contact potential difference sensors to detect surface and sub-surface non-
uniformities, including dielectric charging, and a system for processing data from the sensors
to accurately quantify and display the contact potential difference at all points on the wafer.
This invention is not limited to the inspection of semiconductors or semiconductor wafers and

may be used on a wide variety of surfaces.

The foregoing description of embodiments of the present invention have been presented for
purposes of illustration and description. It is not intended to be exhaustive or to limit the
present invention to the precise form disclosed, and modifications and variations are possible
in light of the above teachings or may be acquired from practice of the present invention. The
embodiments were chosen and described in order to explain the principles of the present
invention and its practical application to enable one skilled in the art to utilize the present
invention in various embodiments, and with various modifications, as are suited to the

particular use contemplated.
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WHAT IS CLAIMED IS:

1. A method of determining the contact potential difference of a surface of a material to

characterize properties of the surface, comprising the steps of:
providing a surface of a material;
providing a contact potential difference sensor having a sensor probe tip;
scanning the surface and contact potential difference sensor relative to one another;

generating laterally-scanned sensor data representative of changes in contact potential
difference between the sensor probe tip and the surface of the material as the sensor probe tip

scans laterally relative to the surface of the material;

processing the laterally-scanned sensor data to provide relative contact potential

difference values;

using a vibrating contact potential difference sensor to make at least one measurement

of the absolute contact potential difference of the laterally-scanned surface; and

using the absolute contact potential difference data to calculate offsets which are
added to the relative contact potential values to generate characteristic data which is
representative of the contact potential difference between the sensor probe tip and all points
on the laterally scanned surface, thereby characterizing properties of the surface of the

material.

2. The method as defined in claim 1 wherein the step of processing the laterally scanned

sensor data comprises integrating the laterally-scanned sensor data to produce integrated data.

3. The method as defined in claim 2 wherein the step of processing the laterally-scanned
sensor data comprises multiplying the integrated data by a scaling factor to convert the

laterally-scanned sensor data to the relative contact potential difference values.

4. The method as defined in claim 1 where the lateral scanning motion is generated by

rotating the wafer.
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5. The method as defined in claim 1 where the laterally scanned sensor data is provided

as concentric circular tracks data.

6. The method as defined in claim 1 where the step of making vibrating contact potential

difference measurements comprises accumulating data on different tracks.

7. The method as defined in claim 1 further including the step of analyzing the
characteristic data to determine variation in surface contact potential difference perpendicular

to the direction of travel of the probe tip during scanning.

8. The method as defined in claim 1 further including the step of subjecting the suface of
the material to a plurality of different treatments and characterizing the surface of the material
to accumulate correlation data associated with each of the different treatements to enable

producing predetermined surface qualities for the material.

9. The method as defined in claim 8 wherein the correlation data is further used to pre-
program production of a plurality of types of the material having the predetermined surface

qualities.

10. The method as defined in claim 8 wherein the different treatments are selected from
the group of a cleaning process, a chemical treatment process and a physical treatment

Proccess.

11.  The method as defined in claim 10 wherein the cleaning process is selected from the

group of cleaning by applying a deionized wash and by applying a plasma processing step.

12. A method of determining the contact potential difference of a surface of a material to

characterize properties of the surface, comprising the steps of:
providing a surface of a material;
providing a contact potential difference sensor having a sensor probe tip;

scanning the surface and contact potential difference sensor relative to one another;
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generating a first set of laterally-scanned sensor data representative of changes in
contact potential difference between the sensor probe tip and the surface of the material as the

sensor probe tip scans laterally relative to the surface of the material;

generating a second set of laterally-scanned sensor data representiave of changes in
contact potential difference across the surface of the matereial, the second set of sensor data
being generated by moving the contact potential difference sensor perpendicular to the

direction of the laterally scanning of the first set of sensor data;

processing the first and second set of sensor data to determine relative contact

potential difference values;

using a vibrating contact potential difference sensor to make at least one measurement
of the absolute contact potential difference of the laterally-scanned surface using a vibrating

contact potential difference sensor; and

using the absolute contact potential difference data to calculate offsets which are
added to the integrated, scaled non-vibrating relative contact potential difference data values
to generate characteristic data which is representative of the contact potential difference
between the sensor probe tip and all points on the laterally scanned surface, thereby

characterizing properties of the surface of the material.

13.  The method as defined in claim 12 wherein the step of processing the laterally scanned

sensor data comprises integrating the laterally-scanned sensor data to produce integrated data.

14.  The method as defined in claim 12 wherein the step of processing the laterally-
scanned sensor data comprises multiplying the integrated data by a scaling factor to convert

the laterally-scanned sensor data to the relative contact potential difference values.

15. A semiconductor wafer prepared for use in an electronic component, at least one of the

methods of processing including the steps of:
providing a semiconductor wafer having a surface;

providing a contact potential difference sensor having a sensor probe tip;
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scanning the surface of the semiconductor wafer and contact potential difference

sensor relative to one another;

generating laterally-scanned sensor data representative of changes in contact potential
difference between the sensor probe tip and the surface of the semiconductor wafer as the

sensor probe tip scans laterally relative to the surface of the semiconductor wafer;

processing the laterally-scanned sensor data to provide relative contact potential

difference values;

using a vibrating contact potential difference sensor to make at least one measurement

of the absolute contact potential difference of the laterally-scanned surface; and

using the absolute contact potential difference data to calculate offsets which are
added to the relative contact potential values to generate characteristic data which is
representative of the contact potential difference between the sensor probe tip and all points
on the laterally scanned surface, thereby characterizing properties of the surface of the

semiconductor wafer.

16.  The method as defined in claim 15 wherein the step of processing the laterally scanned

sensor data comprises integrating the laterally-scanned sensor data to produce integrated data.

17.  The method as defined in claim 16 wherein the step of processing the laterally-
scanned sensor data comprises multiplying the integrated data by a scaling factor to convert

the laterally-scanned sensor data to the relative contact potential difference values.

18.  The method as defined in claim 15 further including the step of analyzing the
characteristic data to determine variation in surface contact potential difference perpendicular

to the direction of travel of the probe tip during scanning.

19.  The method as defined in claim 15 further including the step of subjecting the suface
of the semiconductor wafer to a plurality of different treatments and characterizing the surface
of the semiconductor wafer to accumulate correlation data associated with each of the
different treatements to enable producing predetermined surface qualities for the

semiconductor wafer.
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20. The method as defined in claim 19 wherein the correlation data is further used to pre-
program production of a plurality of types of the semiconductor wafer having the

predetermined surface qualities.
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