O 0 A0 0 0 0 0
US005763767A

United States Patent v (1] Patent Number: 5,763,767
Jung et al. 451 Date of Patent: Jun. 9, 1998
[54] ATOMIC FORCE MICROSCOPE OTHER PUBLICATIONS

EMPLOYING BEAM-TRACKING

[75] Inventors: Pan S. Jung, Gilbert; Daphna R.
Yaniv, Scottsdale, both of Ariz.
[73] Assignee: Molecular Imaging Corp., Tempe,
Ariz.
[21] Appl. No.: 717,767
[22] Filed: Sep. 23, 1996
Related U.S. Application Data
[63]1 Continuation of Ser. No. 427,353, Feb. 15, 1995, Pat. No.
5,587,523, which is a continuation of Ser. No. 190,948, Feb.
3, 1994, Pat. No. 5,440,920.
[511 t CL® GO1B 5/22
[52] US. ClL 73/105
[581 Field of Search ........oveicrerreenncen 73/105; 250/306
[56] References Cited
U.S. PATENT DOCUMENTS
Re. 33,387 10/1990 Binnig 250/306
Re. 34,331  8/1993 Elings et al. ..ccvecuvesieenessreansenns 250/306
Re. 34,489 12/1993 Hansma et al. .. . 250/560
4,343,993 8/1982 Binnig et al. . ... 250/306
4,422,002 12/1983 Binnig et al. ... .. 310/328
4,520,570 6/1985 Bednorz et al. .....ceceerreeareenecr 33/180
4,668,865 5/1987 Gimzewski et al. . .. 250/306
4,700,075 10/1987 Kurz et al. .cvvermeeseeseennieseenss 250/368
4,724,318 2/1988 Binnig 250/306
4,785,177 11/1988 Bo0eCKe wwmereericoercenrsasesnsnsanses 250/442.1
4,800,274 1/1989 Hansma et al. .. ... 250/306
4,806,755 2/1989 Duerig et al. ... e 250/306
4,823,004 4/1989 Kaiser et al. ... . 250/306
4,837,435 6/1989 Sakuhara et al. wee 250/306
4,866,271 971989 Ono et al. . 250/306
4,868,396 9/1989 Lindsay ........ . 250/440.1
4,871,938 10/1989 Elings et al. . .. 310/328
4,877,957 1071989 Okada et al. ... . 250/306
4,889,088 12/1989 Elings et al. ..... . 250/306
4,902,892 2/1990 Okayama et al. ... 250/307
4,914,293  4/1990 Hayashi et al. .. .. 250/306

(List continned on next page.)

Jung, P.S., et al., “Novel Stationary~Sample Atomic Force
Microscope with Beam-Tracking Lens”, Electronics Let-
ters, Feb. 4. 1993, vol. 29, No. 3, pp. 264-265.

Joyce, Stephen A., et al., “Mechanical Relaxation of Organic
Monolayer Films Measure by Force Microscopy”, Physical
Review Letters, May 4, 1992, vol. 68, No. 18, pp.
2790-2793.

Binnig, G.. et al., “Single~tube three-dimensional scanner
for scanning tunneling microscopy”, Review of Scientific
Instruments, Aug. 1986, vol. 57, No. 8. pp. 1688-1689.
Drake, B., et al., “Imaging Crystals, Polymers, and Pro-
cesses in Water with the Atomic Force Microscope™, Sci-
ence, vol. 243, pp. 1586-1589.

Sonnenfeld, Richard, et al., “Atomic—Resolution Micros-
copy in Water”, Science, Apr. 11, 1986, vol. 232, pp.
211-213.

(List continued on next page.)

Primary Examiner—Hezron E. Williams

Assistant Examiner—Daniel 8. Larkin

Attorney, Agent, or Firm—Killworth, Gottman, Hagan &
Schaeff, L.L.P.

[57] ABSTRACT

A scanning probe microscope such as an atomic force
microscope for measuring a feature of a sample surface with
a sharp probe over an area of interest by means of a
collimated light beam reflected from a reflective surface
responsive to movement of the sharp probe relative to the
sample surface, the movement detected by a position sen-
sitive photodetector, includes a scanner having one end fixed
and another end free and attached to the sharp probe for
moving the sharp probe. Also fixed to the free end of the
scanner is a mount for a beam tracking lens which is
interposed into the collimated light beam to cause a focus
spot of the light beam to track translational movement of the
reflective surface caused by the scanner. In this way, a wide
range of scanning ranges up to about 100x100 square
micrometers is accommodated as is scanner head and scan-
ner mode switching without the need to disturb the sample.
Preferably the beam tracking lens is bi-convex and the
source of the collimated light beam is a diode laser.
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