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(57) Abstract: Methods and apparatus for wafer temperature measurement and calibration of temperature measurement devices
& may be based on determining the absorption of a layer in a semiconductor wafer. The absorption may be determined by directing
& light towards the wafer and measuring light reflected from the wafer from below the surface upon which the incident light impinges.
Calibration wafers and measurement systems may be arranged and configured so that light reflected at predetermined angles to the
wafer surface is measured and other light is not. Measurements may also be based on evaluating the degree of contrast in an image
of a pattern in or on the wafer. Other measurements may utilize a determination of an optical path length within the wafer alongside
a temperature determination based on reflected or transmitted light.
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

---see extra sheet-—

—

. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. )

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
" restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-32

Remark on Protest I:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee. -

D The additional search fees were accompanied by the applicant’s protest but the applicaﬁle protest
fee was not paid within the time limit specified in the invitation.

[:I No protest accompanied the payment of additional search fees.
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Box No. lli: Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: claim(s) 1-32, drawn to a method of calibrating a temperature measurement device, including:

directing an incident ray of light towards a first side of a calibration wafer, detecting light energy reflected, determining the absorption of
the wafer based on the detected energy, determining the temperature of the wafer based on the absorption; and calibrating a
temperature measurement device based on the determined temperature.

Group |I: claim(s) 33-36, drawn to a system for calibrating a temperature measurement device, including: a chamber adapted to receive
a semiconductor wafer; a calibration wafer; a heating device in communication with the chamber and configured to heat the wafer; a
temperature measuring device configured to monitor the temperature of the wafer; a calibrating light source configured to emit energy
comprising at least one selected wavelength towards the wafer; and a light detector to detect reflected light energy.

Group l1I: claim(s) 37-42, drawn to a method of calibrating a temperature measurement device, the method comprising: determining, for
a first selected temperature range, the absolute temperature of an object based upon measurement of the energy transmitted through
the object from a calibration light source; determining, for a second selected temperature range, the absolute temperature of the object
based upon light reflected from the object after light has traversed a path comprising at least one reflection inside the object; and
calibrating at least one temperature measurement device to account for variation from the absolute temperature in the first and second
selected temperature ranges.

Group IV: claim(s) 43-48, drawn to a method for determining the temperature of an object, including:

directing coherent energy towards an object; directing incoherent energy towards the object; performing a first measurement of the
coherent energy after interaction with the object; changing the temperature of the object to a second temperature; performing a second
measurement of the coherent energy after interaction with the object at the second temperature; determining a change in an optical path
length within the object based on the first and second optical measurements; and determining the temperature change based on the
difference in the optical path length. :

Group V: claim(s) 49-53, drawn to a method of determining the temperature of a semiconductor wafer, including: positioning a
semiconductor wafer in view of an imaging system, the wafer comprising a pattern; using the imaging system to obtain an image of the
pattern; and determining the absolute temperature of the wafer based on the degree of contrast in the image.

The inventions listed as Groups | - V do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Groups Il to V do not include the inventive concept of a method of calibrating a temperature measurement device, including directing an
incident ray of light towards a wafer, detecting light energy reflected, determining the absorption , determining the temperature of the
wafer based on the absorption; and calibrating based on that temperature, as required by Group |.

Groups | and IlI-V do not include the inventive concept of a system for calibrating a temperature measurement device, the device
having a chamber adapted for a semiconductor wafer; ; a heating device to heat the wafer; a temperature measuring device configured
to monitor the temperature of the wafer; a calibrating light source ; and a light detector to detect reflected light energy, as required by
Group Il.

Groups I-ll and IV-V do not include the inventive concept of a method of calibrating a temperature measurement device, including
determining, aabsolute temperature of an object based on first and second selected temperature ranges, as required by Group IIl.

Groups I-Ill and V do not include the inventive concept of a method for determining the temperature of an object, including the use of
coherent and incoherent energies and measuring the changes in those energies and determining optical path lengths, as required by
Group V.

Groups I-IV do not include the inventive concept of a method of determining the temperature of a semiconductor wafer with the use of
an imaging system and obtaining an image of the wafer pattern; and determining the absolute temperature of the wafer based on the
degree of contrast in the image, as required by Group V.

Even though Groups I-l1l all include generic calibration of a temperature measurement device and a light source, and all groups, |-V,
include a generic temperature measurement of a wafer, generic calibration and temperature measurement methods are well known as
evidenced by US 2003/0236642 A1 to Timans, published December 25, 2003, entitled "System and process for calibrating pyrometers
in thermal processing chambers.” Timans discloses calibration of a temperature measurement device and temperature measurement
of a wafer including a light source (abstract and para. [0007]-{0011]). Additionally the calibration and temperature measurement of each
individual claim group is distinct and not required by the other.

Groups | to V therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

.
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