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transmitted to and reflected from the cantilever for measur 
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ATOMC FORCE MCROSCOPY 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

This reissue application is a continuation of reissue 
application No. 08/692,653, filed On Aug. 6, 1996, now 
abandoned, which is a continuation of reissue application 
No. 08/601,487, filed on Feb. 14, 1996, now abandoned, 
which is a continuation of reissue application No. 08/301, 
856, filed Sep. 7, 1994, now abandoned, which is a reissue 
application for the reissue of U.S. Pat. No. 5, 144,833 
granted Sep. 8, 1992 upon U.S. patent application No. 
07/588,795, filed Sep. 27, 1990. 

BACKGROUND OF THE INVENTION 

The present invention relates to atomic force microscopy 
and Specifically to an atomic force microscope which 
employs a micromachined cantilever beam in order to 
achieve atomic resolution. In addition, the atomic force 
microScope is capable of operation in vacuum, air or liquid 
environments, of Scanning a large Surface area and of 
providing common mode rejection for improved operation. 
Atomic force microScopy is based upon the principle of 

Sensing the forces between a sharp Stylus or tip and the 
Surface to be investigated. The interatomic forces induce the 
displacement of the Stylus mounted on the end of a canti 
lever beam. In its original implementation, a tunneling 
junction was used to detect the motion of the Stylus attached 
to an electrically conductive cantilever beam. Subsequently, 
optical interferometry was used to detect cantilever beam 
deflection. 

As described by G. Binnig et al., in Phys. Rev. Lett., vol. 
56, No. 9, March 1986, pp. 930-933, a sharply pointed tip 
is attached to a Spring-like cantilever beam to Scan the 
profile of a Surface to be investigated. The attractive or 
repulsive forces occurring between the atoms at the apex of 
the tip and those of the surface result in tiny deflections of 
the cantilever beam. The deflection is measured by means of 
a tunneling microscope. That is, an electrically conductive 
tunnel tip is disposed within the tunnel distance from the 
back of the cantilever beam, and the variations of the 
tunneling current are indicative of the beam deflection. The 
forces occurring between the tip and the Surface under 
investigation are determined from the measured beam 
deflection and the characteristics of the cantilever beam. 

In articles by G. McClelland et al., entitled “Atomic Force 
Microscopy: General Principles and a New 
Implementation”, Rev. Progr. Quart. Non-destr. Eval., vol. 6, 
1987, p. 1307 and Y. Martin et al, entitled “Atomic force 
microScope-force mapping and profiling on a Sub 100- A 
scale”, J. Appl. Phys., vol. 61, no. 10, May 15, 1987, pp 
4723-4729, there is described the use of a laser interferom 
eter to measure tip displacement. The advantages of optical 
detection over tunneling detection of the cantilever beam 
deflection are increased reliability and ease of 
implementation, insensitivity to the roughness of the beam, 
and a smaller sensitivity to thermal drift. 
The atomic force microScope has a promising future in 

research and development and in manufacturing environ 
ments because of its unique capabilities of imaging insula 
tors and measuring minute forces. In order to fulfill the 
promise, the atomic force microscope should be versatile, 
i.e., operate in vacuum, air or aqueous environments and be 
reliable, Simple, and compact. Moreover, for certain appli 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
cations atomic resolution and the ability to Scanlarger areas 
are additional requirements. 

SUMMARY OF THE INVENTION 

According to the present invention, a piezoelectric tube is 
used for Scanning a Surface and a micromachined cantilever 
beam is used for Supporting the tip. The micromachined 
cantilever beam orientation is Sensed by reflecting a laser 
beam from the back of the cantilever beam and detecting the 
reflected laser beam with a position-Sensitive detector, pref 
erably a bicell. The laser beam source is preferably, but not 
necessarily, a Single-mode diode laser operating in the 
Visible range. The laser output is coupled into a single-mode 
optical fiber whose output is focussed onto the back of the 
cantilever beam. In an alternative embodiment where the tip 
is Supported by one or more arms extending from the end of 
the cantilever, the laser beam is focussed onto the arm or 
arms in the region of the tip. The term focussed onto the 
back of the cantilever will be understood to encompass both 
focussed onto the back of the cantilever beam itself or onto 
the arm or arms in the region of the tip. The angle of 
deflection of the reflected beam is detected with the bicell. 
Common mode rejection of intensity fluctuations is achieved 
by Symmetrically positioning the bicell with respect to the 
incoming beam. In the present invention, the positioning is 
achieved, remotely, by means of an inertial mover as will be 
described below. Remote positioning of the bicell in ultra 
high vacuum environments is essential. Alternatively, in 
cases where deviation from the center position on the bicell 
are Small compared to the laser beam diameter, common 
mode rejection can be achieved electronically, e.g., by 
attaching a variable resistance, in Series, to each Segment of 
the bicell to equalize the Voltage drop across the resistances, 
thus providing an electronic equivalent of centering the 
reflected laser beam on the face of the bicell. The output of 
the bicell is provided to a computer for processing the data 
for providing an image of the Surface to be investigated with 
atomic resolution. 
The present invention relies upon the measurement of the 

cantilever beam orientation rather than displacement. A 
change in position is transformed into an angular change 
which is inversely proportional to the length of the cantile 
Ver. In prior art atomic force microscopes the length of the 
cantilever beam has been on the order of 1 mm. The 
micromachined cantilever beam employed in the present 
invention is on the order of 100 microns in length thereby 
enabling atomic resolution of the Surface to be investigated. 
When practicing the invention in an environment not requir 
ing a vacuum, Simplifications to the arrangement are pos 
Sible. For example, the optical fiber can be eliminated, 
resulting in a more compact design. Also, the inertial mover 
is not required since the microScope components are acces 
sible. 

Preferably, the output of the visible diode laser is an 
elliptical beam with an aspect ratio in the range of approxi 
mately 5 to 7:1. While such ellipiticity is generally consid 
ered undesirable requiring optical correction, the asymmet 
ric beam Shape is advantageously used in practicing the 
present invention. By appropriately focussing the laser beam 
on a rectangular cantilever beam, increased Sensitivity of the 
laser beam deflection measurement and a simplified align 
ment procedure are achieved. An additional advantage of the 
elliptical beam resides in the ability to use a laser with higher 
laser power, without exceeding the Saturation limit of the 
bicell, and thereby achieve higher measurement Sensitivity. 
It is also possible to reduce the distance between the 
cantilever beam and the bicell, thus making the atomic force 
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microScope even more compact. In cases where the beam is 
not inherently elliptical, as in the case of the light output 
from an optical fiber, a cylindrical lens can be used to 
achieve the advantageous elliptical shape. 
A principal object of the present invention is, therefore, 

the provision of Sensing the orientation of a micromachined 
cantilever beam of an atomic force microScope with optical 
beam-deflection. 

An object of the present invention is the provision of an 
atomic force microscope employing an inertial mover 
coupled to a position-Sensitive detector. 

Another object of the present invention is the provision of 
a method for combining the use of optical-beam-deflection 
techniques with the use of microfabricated cantilever beams, 
including the use of optical fibers to implement the optical 
beam-deflection technique. 

Further and still other objects of the present invention will 
become more clearly apparent when the following descrip 
tion is read in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a Schematic representation of a portion of an 
atomic force microscope; 

FIG. 2 is a Schematic diagram of a portion of an atomic 
force microScope comprising the present invention; 

FIG. 3 is a Schematic diagram of a preferred position 
Sensitive detector useful for practicing the present invention; 

FIG. 4 is an illustration of an elliptical laser beam spot 
focussed on a micromachined cantilever beam forming a 
part of an atomic force microscope; and 

FIG. 5 is an illustration of an elliptical laser beam spot 
received at a position-Sensitive detector. 

DETAILED DESCRIPTION 

Atomic force microscopes are known in the art as 
described, for example, in U.S. Pat. No. 4,724,318 issued to 
G. Binnig and assigned to the same assignee or the present 
invention, which patent is incorporated herein by reference. 
While the Binnig patent describes a method of measuring 
the tip to Surface distance by means of monitoring the 
tunneling current, the present invention measures the tip 
orientation by optical-beam-deflection, as will be described 
hereinafter. The present invention is most advantageous for 
operation in an inaccessible environment, Such as in a 
Vacuum or an ultrahigh vacuum, due to the provision of a 
remotely positionable position-Sensitive detector. 

Referring now to the figures and to FIG. 1 in particular, 
there is shown a Schematic representation of a cantilever 
beam deflection detection Scheme. A Stylus-cantilever SyS 
tem includes a cantilever beam 10 made of, e.g., Silicon or 
Silicon nitride, having a tip 12 of a length in the range 
between 1 and 10 microns, and preferably 5 micrometers in 
length disposed at the end of a pair of Supporting arms 14. 
Alternatively, the tip 12 can be disposed at the end of Single 
Supporting arm extending from end of cantilever beam 10. 
A laser 18 transmits a laser beam through lens 20 where the 
beam is focussed directly onto the back of the arms 14 in the 
region of the tip. In an alternative embodiment (not shown) 
where the tip extends directly from the cantilever beam, the 
laser beam is focussed onto the back of the cantilever beam; 
or, alternatively, onto a reflector 16 attached to the back of 
the cantilever beam for the purpose of enhancing reflective 
properties. AS used herein, the term “onto the back of the 
cantilever will be understood to mean a laser beam trans 
mitted onto the back of the cantilever beam itself, onto the 
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4 
back of a reflector coupled to the back of the cantilever 
beam, or onto one or more tip Supporting arms in the region 
of the tip. The laser beam is reflected onto a position 
sensitive detector 22. The output of the detector 22 is 
provided as one input to a general purpose computer. The 
X-axis and y-axis positions of the tip as the tip is Scanned 
over the workpiece Surface are also provided as inputs to the 
computer as is known in the art. The computer, in turn, 
processes the data in a known manner for providing a 
topographical image of the Surface at atomic resolution. The 
image can be displayed on a Screen or on a Strip chart, be in 
tabular form or otherwise provided in a visual format. 

In a preferred embodiment, the laser 18 is a compact 
Single-mode diode laser operating preferably in the Visible 
light spectrum, preferably at 670 nm, for ease of alignment. 
However, a laser operating in the infrared or ultraViolet 
range will perform equally as well. The preferred position 
Sensitive detector is a Silicon bicell. 

Generally, an atomic force microScope detects the motion 
of the tip toward and away from a Surface to be inspected 24. 
The motion of the tip is proportional to the interaction force 
between the tip and surface of the workpiece w. However, in 
accordance with the present invention, the orientation of the 
cantilever beam Supporting the tip is measured. The mea 
Surements can be performed in a vacuum or ultrahigh 
Vacuum, in an aqueous environment or in air depending 
upon the application. The general atomic force microScope 
configuration for each environment is well known to those 
skilled in the art. 

FIG. 2 illustrates a modification to a conventional atomic 
force microscope which is most useful when performing 
measurements in an ultrahigh Vacuum environment. 
However, the microscope will perform in water and in 
non-vacuum environments equally as well with the modifi 
cation. 
As shown in FIG. 2, the laser beam from laser 18 is 

coupled to a single mode optical fiber 26 whose output is 
focussed via lens 28 to a reflector 30 disposed on the back 
of a cantilever beam. The laser beam is reflected from the 
reflector to a position Sensitive detector. For reference 
purposes, the Side of the cantilever beam including the tip is 
referred to as the front side of the cantilever beam and the 
oppositely disposed Side of the cantilever beam containing 
the reflector is referred to as the back of the cantilever beam. 
A piezoelectric tube 32 is used as a Scanner. The cantilever 

beam, which is micromachined, has a length in the range 
between 100 and 200 microns and preferably is 100 microns 
long, and has a width in the range between 5 and 30 microns 
and preferably is 20 microns wide. The length and width 
dimensions are dependent upon the material comprising the 
cantilever beam and are Selected in order to achieve a Soft 
lever configuration of the Stylus-cantilever System having a 
force constant in the range between 0.01 and 100 Newton/ 
meter and preferably having a force constant of 0.1 N/m. 
The cantilever beam is coupled to the tube scanner 32. Use 
of a micromachined cantilever beam of Small dimension 
enables imaging at atomic resolution as contrasted with the 
heretofore employed cantilever beams which were typically 
on the order of one millimeter in length and were limited in 
terms of resolution. The described arrangement ensures a 
high Scanning Speed and imposes virtually no restriction on 
the size of a Surface to be investigated. The maximum 
Scanning Speed is determined by the resonance frequency of 
the cantilever beam, typically 100 kHz, or by the resonance 
frequency of the tube Scanner, typically 10 kHz. 
A preferred position Sensitive detector is a bicell and 

preferably a Silicon bicell for detecting the angle of deflec 
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tion of the laser beam. An inertial mover, as shown in FIG. 
3, ensures the rejection of intensity fluctuations of the light 
falling on the bicell by remotely positioning the bicell 
symmertrically with respect to the laser beam deflected from 
the cantilever beam. 

The inertial mover includes a piezoelectric bar 36 whose 
length is varied by the application of a Saw-tooth waveform 
Voltage signal to the bar as is known in the art. Mounted on 
a Sapphire plate 38 located near one end of the piezoelectric 
bar 36 is a bicell 40. In the position shown, the bicell can 
readily Slide responsive to an appropriate Saw-tooth wave 
form Voltage Signal applied to the piezoelectric bar 36 via 
conductors (not shown) as is known in the art. The Sapphire 
plate 38 and the bicell 40 coupled thereto will move as the 
saw-toothed waveform Voltage Signal is applied to the bar. 
In this manner, the position of the bicell 40 can be remotely 
controlled in Steps as Small as 100 angstroms. The inertial 
mover is compact and fully computer-controllable which is 
particularly advantageous for use in ultrahigh Vacuum envi 
rOnmentS. 

The use of a Scanner and detector of the types described 
in FIGS. 2 and 3, namely micron-sized micromachined 
cantilever beams and laser beam deflection, results in an 
atomic force microscope apparatus that measures the orien 
tation of the cantilever beam rather than its displacement. 
That is, a change of the cantilever beam position is trans 
formed into an angular change which change is inversely 
proportional to the length of the cantilever beam, hence 
making full use of the Small size dimensions. Another 
advantage of the present atomic force microScope design is 
that all required alignments and adjustments are in excess of 
10 microns, a range which is easily achieved with Simple 
Standard mechanical tools. 

In certain applications, operation in an inaccessible envi 
ronment Such as a vacuum environment is neither required 
nor desired and the above described design can be simpli 
fied. Since the atomic force microScope components are 
accessible in either a liquid or gas, the optical fiber 26 can 
be eliminated in order to provide a more compact design. It 
is possible to eliminate the inertial mover when operating in 
a non-vacuum environment. A primary function of the 
inertial mover is to provide the ability to remotely position 
the bicell in a vacuum chamber. For example, in Situ tip 
replacement can be incorporated in the atomic force micro 
Scope design, a feature that could result in Significant 
misalignment of the optical path requiring repositioning of 
the bicell. 

The output of a visible diode laser is an elliptical beam 
having an aspect ratio in the range of approximately 5 to 7:1. 
In the prior art, the ellipticity is eliminated by the use of 
Suitable optics. To the contrary, the asymmetric beam shape 
is an important aspect of an alternative preferred embodi 
ment of the invention. 

As shown in FIG. 4, by focussing a spot 42 of an elliptical 
shaped laser beam on a cantilever beam 44 So that the major 
axis of the ellipse is Substantially parallel to the longitudinal 
axis of the cantilever beam, the elliptical beam spot reflects 
from the cantilever beam in accordance with the same aspect 
ratio and the resultant reflected Spot size is approximately 
Six times Smaller in the direction perpendicular to the 
longitudinal axis of the cantilever beam. The result is a 
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6 
geometry which adds the potential for increased Sensitivity 
of the beam deflection arrangement as well as providing for 
a simplified alignment procedure. The elongated, Or Other 
than circular, Shape (e.g., elliptical Or asymmetric) light Spot 
of the reflected laser beam 46 at bicell 40 moves in a 
direction transverse to its elongation dimension when the 
atomic forces deflect the cantilever beam 44. Moreover, the 
size of the reflected laser beam 46 received at the bicell 40 
is 5 to 7 times larger in the direction perpendicular to the 
deflection direction as shown in FIG. 5, thereby enabling the 
use of higher laser power, without exceeding the Saturation 
limit of the bicell, and correspondingly achieving higher 
measurement Sensitivity. Alternatively, the distance between 
the cantilever beam and bicell can be decreased, thus result 
ing in an even more compact microScope. 
While there have been described and illustrated an atomic 

force microscope and Several modifications and variations 
thereof, it will be apparent to those skilled in the art that 
further modifications and variations are possible without 
deviating from the broad Spirit of the present invention 
which shall be limited solely by the scope of the claims 
appended hereto. 
What is claimed is: 
1. A method for generating a topographical image of a 

Surface of a workpiece comprising the Steps of: 
moving a tip which is fixed to one end of a front Side of 

a micromachined cantilever beam toward a Surface of 
a workpiece to be inspected at a distance where the 
forces occurring between the atoms at the tip and on the 
Workpiece Surface deflect the cantilever, 

transmitting a laser beam onto a back of the cantilever 
beam; 

detecting the laser beam reflected from the cantilever 
beam with position-Sensitive detection means for con 
Verting the reflected beam into an output signal indica 
tive of an angular change of the cantilever beam which 
change is inversely proportional to the length of the 
cantilever beam; 

Scanning the tip relative to the Surface, and 
processing the output Signal for providing a topographical 

image of the workpiece Surface. 
2. The method as set forth in claim 1, wherein said 

transmitting a laser beam comprises coupling the laser beam 
to an optical fiber 

3. The method as set forth in claim 1, wherein said laser 
beam is transmitted to a reflector coupled to the back of the 
cantilever beam. 

4. The method as set forth in claim 1, wherein said laser 
beam is transmitted to at least one arm Supporting the tip in 
the region of the tip. 

5. The method as set forth in claim 1, wherein said 
position-sensitive detector comprises a bicell. 

6. The method as set forth in claim 5, wherein said bicell 
is a silicon bicell. 

7. The method as set forth in claim 1, wherein said laser 
beam is in the visible light spectrum. 

8. The method as set forth in claim 1, wherein the 
position Sensitive detector is remotely positioned from the 
cantilevered beam. 

9. The method as set forth in claim 8. A method for 
generating a topographical image of a Surface of a work 
piece comprising: 
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moving a tip which is fixed to One end of a front Side of 
a micromachined cantilever beam toward a Surface of 
a workpiece to be inspected at a distance where the 
forces occurring between the atoms at the tip and On 
the workpiece surface deflect the cantilever, 

transmitting a laser beam onto a back of the cantilever 
beam, 

detecting the laser beam reflected from the cantilever 
beam with position-sensitive detection means for con 
verting the reflected beam into an Output Signal indica 
tive of an angular change of the cantilever beam which 
change is inversely proportional to the length of the 
cantilever beam, 

Scanning the tip relative to the Surface, and 
processing the Output Signal for providing the topographi 

cal image of the workpiece Surface, 
wherein the position sensitive detector is remotely posi 

tioned from the cantilevered beam, and 
wherein an inertial mover remotely positions the detector. 
10. The method as set forth in claim 9, wherein said 

moving and Said detector are performed in an inaccessible 
environment. 

11. The method as set forth in claim 10, wherein said 
inaccessible environment is a vacuum or ultrahigh Vacuum. 

12. The method as set forth in claim 8, wherein said 
moving and Said detecting are performed in an inaccessible 
environment. 

13. The method as set forth in claim 12, wherein said 
inaccessible environment is a vacuum or ultrahigh vacuum. 

14. The method as set forth in claim 1 A method for 
generating a topographical image of a Surface of a work 
piece comprising: 

moving a tip which is fixed to One end of a front Side of 
a micromachined cantilever beam toward a Surface of 
a workpiece to be inspected at a distance where the 
forces occurring between the atoms at the tip and On 
the workpiece surface deflect the cantilever, 

transmitting a laser beam onto a back of the cantilever 
beam, 

detecting the laser beam reflected from the cantilever 
beam with position-sensitive detection means for con 
verting the reflected beam into an Output Signal indica 
tive of an angular change of the cantilever beam which 
change is inversely proportional to the length of the 
cantilever beam, 

Scanning the tip relative to the Surface, and 
processing the Output Signal for providing the topographi 

cal image of the workpiece Surface, 
wherein said transmitted reflected laser beam has an 

elliptical beam Shape at Said detection means. 
15. An atomic force microscope for generating a topo 

graphical image of a Surface of a workpiece wherein the 
improvement comprises: 

a tip fixed to one end of a front Side of a micromachined 
cantilever beam adapted for being positioned in proX 
imity to the surface of the workpiece where the forces 
between the atoms of said tip and the surface deflect the 
cantilever beam; 

laser means for transmitting a laser beam to a back of the 
cantilever beam; 
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8 
position-Sensitive detection means for receiving Said laser 
beam after being reflected from the cantilever beam and 
for converting the reflected beam into an output Signal 
indicative of an angular change of the cantilever beam 
which change is inversely proportional to the length of 
the cantilever beam; 

means for causing the tip and Surface to undergo relative 
Scanning motion, and 

computing means coupled to Said detection means for 
generating a topographical image of the Surface. 

16. An atomic force microscope as set forth in claim 15, 
wherein Said laser means comprises an optical fiber for 
coupling said laser beam to said cantilever beam. 

17. An atomic force microscope as set forth in claim 15, 
further comprising reflective means coupled to the back of 
the cantilever beam for reflecting the transmitted laser 
beam. 

18. An atomic force microscope as set forth in claim 15, 
wherein Said tip is fixed to the micromachined cantilever 
beam by means of at least one arm and Said laser means 
transmits a laser beam to Said at least one arm in the region 
of Said tip. 

19. An atomic force microscope as set forth in claim 15, 
wherein Said position Sensitive detection means comprises a 
bicell. 

20. An atomic force microscope as set forth in claim 19, 
wherein said bicell is a silicon bicell. 

21. An atomic force microscope as set forth in claim 15, 
wherein Said laser means operates in the visible light Spec 
trum. 

22. An atomic force microscope as set forth in claim 21, 
where said laser means comprises a single-mode diode 
laser 

23. An atomic force microscope as set forth in claim 15, 
wherein Said position-Sensitive detection means is remotely 
positionable from the cantilever beam. 

24. An atomic force microscope as set forth in claim 23. 
for generating a topographical image of a Surface of a 
workpiece wherein the improvement comprises: 

a tip fixed to One end of a front Side of a micromachined 
cantilever beam adapted for being positioned in prox 
imity to the Surface of the workpiece where the forces 
between the atoms of said tip and the Surface deflect the 
cantilever beam, 

laser means for transmitting a laser beam to a back of the 
cantilever beam, 

position-Sensitive detection means for receiving Said laser 
beam after being reflected from the cantilever beam 
and for converting the reflected beam into an output 
Signal indicative of an angular change of the cantilever 
beam, which change is inversely proportional to the 
length of the cantilever beam, Said position-sensitive 
detection means being remotely positionable from the 
cantilever beam, and wherein Said position-Sensitive 
detection means comprises an inertial mover, 

means for causing the tip and Surface to undergo relative 
Scanning motion, and 

computing means coupled to Said detection means for 
generating the topographical image of the Surface. 

25. An atomic force microscope as set forth in claim 15, 
wherein Said tip and Said position-Sensitive detection means 
are disposed in an inaccessible environment. 

26. An atomic force microscope as set forth in claim 25, 
wherein Said inaccessible environment is a vacuum or 
ultrahigh vacuum. 
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27. An atomic force microscope as set forth in claim 15. 
for generating a topographical image of a Surface of a 
workpiece, comprising: 

a tip fixed to One end of a front Side of a micromachined 
cantilever beam adapted for being positioned in prox 
imity to the Surface of the workpiece where the forces 
between the atoms of said tip and the Surface deflect the 
cantilever beam, 

laser means for transmitting a laser beam to a back of the 
cantilever beam, 

pOSition-Sensitive detection means for receiving Said laser 
beam after being reflected from the cantilever beam 
and for converting the reflected beam into an Output 
Signal indicative of an angular change of the cantilever 
beam, which change is inversely proportional to the 
length of the cantilever beam, 

means for causing the tip and Surface to undergo relative 
Scanning motion, and 

computing means coupled to Said detection means for 
generating the topographical image of the Surface, 

wherein Said laser means transmits a laser beam having an 
elliptical shape to the back of the cantilever beam and 
wherein Said reflected laser beam has an elliptical 
Shape at Said detection means. 

28. An atomic force microscope as set forth in claim 15, 
further comprising display means coupled to Said computing 
means for displaying a topographical image of the Surface. 

29. An atomic force microScope for generating a topo 
graphical image of a Surface of a workpiece comprising: 

a tip fixed to One end of a front Side of a micromachined 
cantilever beam adapted for being positioned in prox 
imity to the Surface of the workpiece where the forces 
between the atoms of said tip and the Surface deflect the 
cantilever beam, 

laser means for transmitting a laser beam to a back of the 
cantilever beam, 

pOSition-Sensitive detection means for receiving Said laser 
beam after being reflected from the cantilever beam 
and for converting the reflected beam into an Output 
Signal indicative of an angular change of the cantilever 
beam, which change is inversely proportional to the 
length of the cantilever beam, 

means for causing the tip and Surface to undergo relative 
Scanning motion, and 

computing means coupled to Said detection means for 
generating the topographical image of the Surface, 

wherein Said laser means operates in the visible light 
Spectrum, 

wherein Said laser means comprises a Single-mode diode 
laser, and 

wherein Said reflected beam has a shape Other than 
circular: 

30. An atomic force microScope for generating a topo 
graphical image of a Surface of a workpiece, comprising: 

a tip fixed to One end of a front Side of a micromachined 
cantilever beam adapted for being positioned in prox 
imity to the Surface of the workpiece where forces 
between atoms of Said tip and the Surface deflect the 
cantilever beam, 

laser means for transmitting a laser beam to a back of the 
cantilever beam, 
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10 
position-Sensitive detection means for receiving Said laser 

beam after being reflected from the cantilever beam 
and for converting the reflected beam into an output 
Signal indicative of an angular change of the cantilever 
beam, which change is inversely proportional to the 
length of the cantilever beam, wherein the reflected 
laser beam has an elongated Shaped light Spot when 
incident upon the detection means, 

means for causing the tip and the Surface to undergo 
relative Scanning motion, and 

computing means, coupled to Said detection means, for 
generating the topographical image of the Surface. 

31. The atomic force microscope of claim 30, wherein the 
elongated Shaped light Spot at Said detection means moves 
in a direction transverse to its elongation dimension when 
the forces deflect the cantilever. 

32. The atomic force microscope of claim 30, wherein Said 
elongated Shaped light Spot is elliptical. 

33. The atomic force microscope of claim 30, wherein Said 
elongated Shaped light Spot is asymmetric. 

34. The atomic force microscope of claim 30, wherein the 
laser means comprises a diode laser. 

35. The atomic force microscope of claim 30, wherein the 
laser means produces an elongated Shaped light Spot when 
incident On Said cantilever: 

36. A force microScope for generating an image of a 
Surface of a workpiece, comprising: 

a tip fixed to One end of a front Side of a micromachined 
cantilever beam adapted for being positioned in prox 
imity to the Surface of the workpiece where forces 
between atoms of Said tip and the Surface deflect the 
cantilever beam, 

laser means for transmitting a laser beam to a back of the 
cantilever beam, 

position-Sensitive detection means for receiving Said laser 
beam after being reflected from the cantilever beam 
and for converting the reflected beam into an output 
Signal indicative of an angular change of the cantilever 
beam, which change is inversely proportional to the 
length of the cantilever beam, wherein the reflected 
laser beam has an elongated Shaped light Spot when 
incident upon the detection means, 

means for causing the tip and the Surface to undergo 
relative Scanning motion, and 

computing means, coupled to Said detection means, for 
generating the image of the Surface. 

37. The force microscope of claim 36, wherein the elon 
gated Shaped light Spot at Said detection means moves in a 
direction transverse to its elongated dimension when the 
forces deflect the cantilever. 

38. The force microscope of claim 36, wherein Said 
elongated Shaped light Spot is elliptical. 

39. The force microscope of claim 36, wherein Said 
elongated Shaped light Spot is asymmetric. 

40. The force microscope of claim 36, wherein the laser 
means comprises a diode laser. 

41. The force microscope of claim 36, wherein the image 
comprises a topographical image. 

42. The force microscope of claim 36, wherein the laser 
means produces an elongated Shaped light Spot when inci 
dent On Said cantilever: 
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43. The force microscope of claim 36, wherein the force 
microScope comprises an atomic force microScope. 

44. A method for generating an image of a Surface of a 
workpiece comprising the Steps of 

pOSitioning a tip fixed to One end of a front Side of a 
micromachined cantilever beam in proximity to the 
Surface of the workpiece where the forces between the 
atoms of Said tip and the surface deflect the cantilever 
beam, 

transmitting a laser beam onto a back of the cantilever 
beam, 

detecting the laser beam reflected from the cantilever 
beam with position-sensitive detection means for con 
verting the reflected beam into an Output Signal indica 
tive of an angular change of the cantilever beam, which 
change is inversely proportional to the length of the 
cantilever beam, wherein Said reflected light beam 
produces an elongated Shaped light Spot when Striking 
Said position-Sensitive detection means, 
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Scanning the tip relative to the Surface, and 
processing the Output Signal for providing an image of the 

Surface of the workpiece. 
45. The method of claim 44, wherein the elongated Shaped 

light Spot at Said position-Sensitive detection means moves 
in a direction transverse to its elongated dimension when the 
cantilever moves due to the forces. 

46. The method of claim 44, wherein Said elongated 
Shaped light Spot is asymmetrical. 

47. The method of claim 44, wherein Said elongated 
Shaped light Spot is elliptical. 

48. The method of claim 44, wherein Said transmitted 
laser beam is a beam from a diode laser. 

49. The method of claim 44, wherein Said transmitted 
laser beam produces an elongated Shaped light Spot when 
Striking Said cantilever. 

50. The method of claim 44, wherein the image is a 
topographical image. 


