a2z United States Patent
Aspnes et al.

US006411385B2

(10) Patent No.:
5) Date of Patent:

US 6,411,385 B2
*Jun. 25, 2002

(549 THIN FILM OPTICAL MEASUREMENT

SYSTEM AND METHOD WITH

CALIBRATING ELLIPSOMETER

(75) Inventors: David E. Aspnes, Apex, NC (US); Jon
Opsal, Livermore; Jeffrey T. Fanton,

Los Altos, both of CA (US)
(73
*)

Assignee: Therma-Wave, Inc., Fremont, CA (US)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

This patent is subject to a terminal dis-
claimer.

@D
(22

Appl. No.:
Filed:

09/886,514
Jun. 21, 2001

Related U.S. Application Data
(63)

Continuation of application No. 09/247,121, filed on Feb. 8,
1999, now Pat. No. 6,304,326, which is a continuation of
application No. 09/098,880, filed on Jun. 17, 1998, now Pat.
No. 5,900,939, which is a continuation of application No.
08/890,697, filed on Jul. 11, 1997, now Pat. No. 5,798,837.

Int. CL7 oo G01J 4/00
US. Cle o 356/369

Field of Search ................................. 356/364, 365,
356/366, 367, 368, 369, 630, 631; 250/225

D
(52)
(58)

References Cited
U.S. PATENT DOCUMENTS

3,824,017 A
3,926,524 A
3,085,447 A

(56)

7/1974 Galyon ......ccceeevnennnn. 356/108
12/1975 Margulies et al. .......... 356/114
10/1976  Aspnes .........ccccceeeeen. 356/118

(List continued on next page.)
FOREIGN PATENT DOCUMENTS

DE G 9300 956.9
EP 0 396 409
EP 0503 874 A2

5/1993
11/1990
9/1992

.......... GOIN/21/21
... GO1IN/21/21
GOIN/21/21

(List continued on next page.)

86
34 %

OTHER PUBLICATIONS

A. Ambirajan et al., “Optimum Angles For a Polarimeter:
Part 1,” Oprical Engineering, vol. 34, No. 6, pp. 1651-1655,
Jun. 1995.

A. Ambirajan et al., “Optimum Angles For A Polarimeter:
Part I1,” Optical Engineering, vol. 34, No. 6, pp. 1656—1658,
Jun. 1995.

(List continued on next page.)

Primary Examiner—Hoa Q. Pham
(74) Attorney, Agent, or Firm—Stallman & Pollock LLP

(7) ABSTRACT

An optical measurement system for evaluating a reference
sample that has at least a partially known composition. The
optical measurement system includes a reference ellipsom-
eter and at least one non-contact optical measurement
device. The reference ellipsometer includes a light
generator, an analyzer and a detector. The light generator
generates a beam of quasi-monochromatic light having a
known wavelength and a known polarization for interacting
with the reference sample. The beam is directed at a non-
normal angle of incidence relative to the reference sample to
interact with the reference sample. The analyzer creates
interference between the S and P polarized components in
the light beam after the light beam has interacted with
reference sample. The detector measures the intensity of the
light beam after it has passed through the analyzer. A
processor determines the polarization state of the light beam
entering the analyzer from the intensity measured by the
detector, and determines an optical property of the reference
sample based upon the determined polarization state, the
known wavelength of light from the light generator and the
composition of the reference sample. The processor also
operates the optical measurement device to measure an
optical parameter of the reference sample. The processor
calibrates the optical measurement device by comparing the
measured optical parameter from the optical measurement
device to the determined optical property from the reference
ellipsometer.
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