
22 SEP 2004 WO 01/46643 PCT/US00/35021 SCANNING FORCE MICROSCOPE PROBE
CANTILEVER WITH  REFLECTIVE STRUCTURE BACKGROUND OF THE INVENTION  Field of
the Invention The present invention relates generally to a scanning probe
microscopy  apparatus and, more specifically, the present invention relates
to a integrated  circuit testing apparatus. Background Information One use
for scanning force microscopes is to measure periodic  electrical signal
waveforms on or near a surface of a sample such as for  example an
integrated circuit. Figure 1 is a block diagram illustrating a present  day
scanning force microscope 101. As shown in Figure 1, the scanning force.
microscope 101 includes a probe 113 having a cantilever 115 positioned on
or  near a signal line 117 proximate to a surface 118 of a sample 119. An
optical  source 103 provides light 123 which is directed through a beam
splitter 107,  directed through a lens 109 and is reflected off a mirror
111 onto cantilever  115. Cantilever 115 is coupled to receive a probe
waveform that is used to  measure the periodic electrical signal waveforms
in signal line 117. The  interaction between the periodic electrical signal
waveforms in signal line 117  and the probe waveform in cantilever 115
causes periodic mechanical motion  of cantilever 115 through the capacitive
coupling between cantilever 115 and  signal line 117. This mechanical
motion is detected with detector 105 through  light beam 123, which is
reflected off cantilever 115 back off of mirror 111  through lens 109 and
off of beam splitter 107 into detector 105. Alternatively,  the cantilever
115 can directly contact the signal line 117 and directly couple  the
electrical signal from the signal line 117 to the cantilever 115 and
eventually to the probe 113. From the probe 113, the signal can be coupled
to  any number of apparatuses, such as for example oscilloscopes, to
measure  the characteristics of the signal. 



-1 22 SEP 2004 Figure 2 is an illustration showing probe 113 and cantilever
115 of Figure 1 in greater  detail. As shown in Figure 2, a fixed end of
cantilever 115 is attached to a chip 201. Light 123 is  directed to a back
side of cantilever 115 and is reflected off of the back side. Motion of
cantilever 115 is detected by observing light beam 123 after it has been
reflected off the back  side of cantilever 115. Referring back to Figure 1,
it can be seen that a microscope objective lens 121 is used  to observe and
position cantilever 115 in relation to the surface 118 of sample 119. One
disadvantage with present day scanning force microscope 101 is that mirror
111 partially  obstructs the field of vision of microscope objective lens
121 when viewing and positioning  cantilever 115. Another disadvantage with
the present day scanning force microscope 101 is that it is  difficult to
measure simultaneously two or more nodes in close proximity on the surface
118 of  sample 119. In particular, since mirror 111 positioned above
cantilever 115 protruding beyond  the free end of cantilever 115 as shown
in Figure 1, it is difficult to position more than one  scanning force
microscope to measure multiple signal waveforms in a small area of surface
118. More generally, in present day scanning probe microscopes employing
optical deflection  sensors, it is difficult to position two or more probes
in close proximity due to the protrusion of  the optical path used to sense
cantilever motion beyond the end of the cantilever. SUMMARY OF THE
INVENTION In one aspect, the present invention provides a scanning force
microscope probe  comprising a cantilever having a first end and a second
end wherein the second end is a free  end of the cantilever. A reflective
structure is included on the cantilever such that at least a  portion of
light that is directed through free space to the cantilever in a first
direction having a  directional component from the first end to the second
end is reflected through free space from  the reflective structure in a
second direction having a directional component from the second  end to the
first end. In another aspect, the present invention provides a method of
detecting motion of a  scanning force microscope probe cantilever having a
first end and a second end, said second 2 2 2 SEP 2004 



end is the free end of the cantilever, the method comprising: directing
light through the free  space to the cantilever in a first direction having
directional component from the first end to the  second end of the
cantilever; reflecting at least a portion of the light through the free
space from  cantilever in direction having a directional component from
then second end to the first end of  the cantilever; and receiving the
portion of the light reflected from the cantilever to detect motion  of the
cantilever Additional features and benefits of the present invention will
become apparent from the  detailed description, figures and claims set
forth below. 2a 2 2 SEP 2004 WO 01/46643 PCT/US00/35021 BRIEF DESCRIPTION
OF THE DRAWINGS The present invention is illustrated by way of example and
not limitation  in the accompanying figures. Figure 1 is a block diagram of
a scanning force microscope having a  mirror that obstructs the field of
vision of a microscope objective lens.  Figure 2 is a block diagram of a
scanning force microscope probe showing a cantilever with light being
reflected off of the back side. Figure 3 is a block diagram illustrating
one embodiment of a scanning  force microscope having a cantilever that
reflects light in accordance with  teachings of the present invention.
Figure 4 is a block diagram of another embodiment of a scanning force
microscope having a cantilever that reflects light in accordance with the
teachings of the present invention Figure 6 is a block diagram of one
embodiment of a plurality of scanning  force microscopes having cantilevers
that reflect light in accordance with  teachings of the present invention.
Figure 6 is a block diagram illustrating one embodiment of a scanning
force microscope probe having a cantilever with a reflective structure in
accordance with the teachings of the present invention. Figure 7 is a block
diagram illustrating another embodiment of the  



scanning force microscope probe having a cantilever with a diffraction
grating  in accordance With teachings of present invention. Figure 8 is a
perspective illustration of a scanning force microscope  probe in
accordance with the teachings of one embodiment of the present  invention.
DETAILED DESCRIPTION A scanning force microscope probe is disclosed. In the
following  description, numerous specific details are set forth in order to
provide a  thorough understanding of the present invention. It will be
apparent, however,  to one having ordinary skill in the art that the
specific detail need not be -3 22 SEP 2004 WO 01/46643 PCT/US00/35021
employed to practice the present invention. In other instances, well-known
materials or methods have not been described in detail in order to avoid
obscuring the present invention. One embodiment of the present invention is
a scanning force  microscope probe cantilever having a reflective structure
on the cantilever. In  one embodiment of the present invention, light is
directed through free space  to the cantilever in a direction including a
directional component from the fixed  end to the free end of the
cantilever. With the reflective structure on the  cantilever, the light is
reflected through free space in one embodiment back in  a direction
including a directional component from the free end to the fixed end  of
the cantilever. As a result, the optics used to direct the light through
free  space to and from the cantilever may be moved back away from being
directly  over the tip of the cantilever. Thus, the optics, such as for
example a mirror, is  pulled away from the field of vision of the
microscope objective lens used to  observe the scanning force microscope
probe cantilever. Furthermore, with  the optics pulled back as described
above, a plurality of locations in close  proximity may be probed in
accordance with the teachings of one embodiment  of the present invention.
Figure 3 is a block diagram of one embodiment of a scanning force  



microscope 301 in accordance with the teachings of present invention. A
probe 313 having a cantilever 315 is positioned near a signal line 317
proximate to a surface 318 of a sample 319 to measure a periodic electrical
waveform carried in signal line 317. In one embodiment, sample 319 is an
integrated circuit die and signal line 317 is a circuit trace or node
disposed on  or beneath surface 318. In one embodiment, cantilever 315 is
disposed near  and spaced apart from surface 318. In another embodiment,
cantilever 315 is  in contact with surface 318. In one embodiment,
cantilever 315 is coupled to  receive a probe waveform that is used to
measure the periodic electrical signal  waveforms in signal line 317. The
interaction between the periodic electrical  signal waveforms in signal
line 317 and the probe waveform in cantilever 315  causes periodic
mechanical motion of cantilever 315 through the capacitive -4 2 2 SEP 2004
WO 01/146643 PCT/USOO/35421 coupling between cantilever 315 and signal line
317. Alternatively, the  cantilever 315 can directly contact the signal
line 317 and directly couple the  electrical signal from the signal line
317 to the cantilever 315 and eventually to  the probe 313. From the probe
313, the signal can be coupled to any number  of apparatuses, such as for
example an oscilloscope, to measure the  characteristics of the signal. In
one embodiment, an optical source 303 generates a light 323, which  is
directed through beam splitter 307, lens 309 and then is deflected off
mirror  311. As shown in the embodiment of Figure 3, light 323 is directed
through  free space to cantilever 315 of probe 313. In one embodiment,
light 323 is  directed from optical source 303 in a direction having a
directional component  from the fixed end to the free end of the cantilever
315. In one embodiment,  optical source 303 is independent of cantilever
315 and incident light 323 to  cantilever 315 is therefore independent of
mechanical motion of cantilever 315.  However, the mechanical motion of
cantilever 315 is detected with detector  305 through reflected light 323,
which in one embodiment is reflected through  free space from cantilever
315. In one embodiment, light 323 is reflected off  



cantilever 315 in a direction having a directional component from the free
end  to the fixed end of cantilever 315. In one embodiment, light 323 is
reflected  back to mirror 311 through lens 319 and off beam splitter 307
into detector  305, As shown in Figure 3, mirror 311 is pulled back and
away from being  directly over cantilever 315 when compared to mirror 111
of the Figure 1. As a  result, it is appreciated that mirror 311 no longer
obstructs microscope  objective lens 321 when observing cantilever 315 or
portions of sample 319  near the cantilever 315. As will be described in
greater detail below, a plurality  of signal lines 317 in close proximity
can be probed using a plurality of  scanning force microscopes 301 in
accordance with the teachings of one  embodiment of the present invention.
Figure 4 is a block diagram of another embodiment of a scanning force
microscope 401 in accordance with the teachings of present invention. Probe
-5 WO 01/46643 22 SEP 2004 PCT/US00/35021 313 having cantilever 315 is
positioned near signal line 317 proximate to  surface 318 of sample 319 to
measure a periodic electrical waveform carried in  signal line 317. In one
embodiment, cantilever 315 is disposed near and  spaced apart from surface
318. In another embodiment, cantilever 315 is in  contact with surface 318.
In one embodiment, cantilever 315 is coupled to  receive a probe waveform
that is used to measure the periodic electrical signal  waveforms in signal
line 317. The interaction between the periodic electrical  signal waveforms
in signal line 317 and the probe waveform in cantilever 315  causes
periodic mechanical motion of cantilever 315 through the capacitive
coupling between cantilever 315 and signal line 317. In another embodiment,
the cantilever 315 can directly contact the signal line 317 and directly
couple  the electrical signal from the signal line 317 to the cantilever
315 and  eventually to the probe 313. From the probe 313, the signal can be
coupled to  any number of apparatus, such as for example an oscilloscope,
to measure the  



characteristics of the signal. In one embodiment, an optical source 303
generates a light 323, which  is directed through lens 409 and then is
deflected off mirror 411. As shown in  the embodiment of Figure 4, light
323 is directed through free space to cantilever 315 of probe 313. In one
embodiment, light 323 is directed from  optical source 303 in a direction
having a directional component from the fixed  end to the free end of
cantilever 315. The mechanical motion of cantilever 315  is detected with
detector 305 through light 323, which in one embodiment is  reflected
through free space from cantilever 315. In one embodiment, light 323  is
reflected in a direction having a directional component from the free end
to  the fixed end of cantilever 315. In one embodiment, light 323 is
reflected back  to mirror 425, through lens 427 and off mirror 429 into
detector 305. As shown in Figure 4, mirrors 411 and 425 are pulled back and
away  from being directly over cantilever 315 when compared to mirror 111
of Figure  1. As a result, it is appreciated that mirrors 411 and 425 do
not obstruct  microscope objective lens 321 when observing cantilever 315
or regions of the  sample surface 319 in close proximity to the cantilever
315. In addition, a -6 22 SEP 2OO4 WO 01/46643 PCT/USOO/35021 plurality of
signal lines 317 in close proximity can be probed using a plurality of
scanning force microscopes 401. For instance, Figure 5 is a block diagram
of yet another embodiment of  a plurality of scanning force microscopes
301A to 301 B being used to probe a  plurality of signal lines 317A and
317B, which are in close proximity near the  surface 318 of a sample 319.
In one embodiment, both scanning force microscopes 301A and 301 B of Figure
5 are substantially similar to the  scanning force microscope 301 of Figure
3. As shown in the embodiment of  Figure 5, light 323A is directed from
optical source 303A through free space to  cantilever 315A of probe 313A.
In one embodiment, light 323A is directed from  optical source 303A in a
direction having a directional component from the  



fixed end to the free end of cantilever 31 5A. in one embodiment, light
323A is  reflected through free space from cantilever 315A. In one
embodiment, light  323A is reflected from cantilever 315A in a direction
having a directional  component from the free end to the fixed end of
cantilever 315A. Similarly, light 323B in one embodiment is directed from
optical source  303B through free space to cantilever 315B of probe 313B.
In one  embodiment, light 323B is directed from optical source 303B in a
direction  having a directional component from the fixed end to the free
end of cantilever  3158. In one embodiment, light 323B is reflected through
free space from  cantilever 315B. In one embodiment, light 323B is
reflected from cantilever  315B in a direction having a directional
component from the free end to the  fixed end of cantilever 315B. As shown
in Figure 5, probe 313A including cantilever 315A of scanning  force
microscope 301A is positioned to probe signal line 317A. Probe 313B
including cantilever 3158 of scanning force microscope 301 B is positioned
to  probe signal line 317B. As can be appreciated in Figure 5, the tips of
cantilevers 31 5A and 3158 are positioned very close to one another over a
surface 318 in order to probe signal lines 317A and 317B, respectively.
Furthermore, with both mirrors 311A and 311 B being pulled back away from
being directly over cantilevers 315A and 3158, the field of vision of
microscope -7 2 2 SEP 2004 WO 01/46643 PCT/US00/35021 objective lens 321 is
not obstructed when observing probes 313A and 313B or  the sample 319 in
close proximity to the probes 313A and 313B. Figure 6 is an illustration
showing greater detail of one embodiment of a  probe 313 in accordance with
the teachings of the present invention. As  shown in Figure 6, probe 313
includes a cantilever 315 attached at a fixed end  to a chip 601. In one
embodiment, the other end of cantilever 315 is a free  end. In one
embodiment, a reflective structure 603 is included on the back  side of
cantilever 315. In one embodiment, a tip 605 is included on the front  



side of cantilever 315. In another embodiment, tip 605 is not included on
the  front side of cantilever 315. In yet another embodiment, cantilever
315 is  transparent to light 323 and reflective structure 603 may therefore
be disposed  on the front side of cantilever 315. As shown in Figure 6,
light 323 in one embodiment is directed through  free space towards
reflective structure 603. In one embodiment, light 323 is  directed to
reflective structure 603 in a direction having a directional component from
the fixed end to the free end of cantilever 315. Stated  differently, light
323 does not originate from directly overhead of reflective  structure 603
in a direction perpendicular to cantilever 315. As a result, optics  are
not positioned directly over reflective structure 603 to direct light 323
in  accordance with the teachings of one embodiment of the present
invention. As  shown in Figure 6, one embodiment of chip 601 includes sides
that are tapered  back such that light 323 is directed to reflective
structure 603 at an angle from  behind chip 601 as shown in Figure 6. As
shown in Figure 6, light 323 in one embodiment is reflected through  free
space from reflective structure 603. In one embodiment, light 323 is
reflected from cantilever 315 in a direction having a directional component
from  the free end to the fixed end of cantilever 315. In one embodiment,
light 323 is  reflected back in substantially the opposite direction from
which light 323  originated. In another embodiment, light 323 is reflected
back in a different  direction, but still reflected from cantilever 315 in
a direction having a  directional component from the free end to the fixed
end of cantilever 315. An -8 2 2 SEP 2004 WO 01146643 PCT/US00/35021
example of this embodiment is illustrated in Figure 4. Figure 7 is an
illustration of another embodiment of a probe 713 in  accordance with the
teachings of the present invention. Probe 713 of Figure 7  includes a
cantilever 315 attached at a fixed end to a chip 601. In one  embodiment,
the other end of cantilever 315 is a free end. In one embodiment,  



a reflective structure 703 is included on the back side of cantilever 315.
In one  embodiment, a tip 605 is included on the front side of cantilever
315. In  another embodiment, tip 605 is not included on the front side of
cantilever 315.  In yet another embodiment, cantilever 315 is transparent
to light 323 and  reflective structure 703 may therefore be disposed on the
front side of  cantilever 315. In one embodiment, light 323 is directed
through free space cantilever  315. In one embodiment, light 323 is
directed to cantilever 315 in a direction  having a directional component
from the fixed end to the free end of cantilever  315. Similar to probe 313
of Figure 6, light 323 does not originate from directly  overhead of
reflective structure 703 of Figure 7 in a direction perpendicular to
cantilever 315. As a result, optics are not positioned directly over
reflective  structure 703 to direct light 323 in accordance with the
teachings of one  embodiment of the present invention. As shown in Figure
7, one embodiment  of chip 601 includes sides that are tapered back such
that light 323 is directed  to reflective structure 703 at an angle from
behind chip 601 as shown in Figure 7. As shown in Figure 7, one embodiment
of reflective structure 703 is a  diffraction grating that is etched into
the back side of cantilever 315 using well- known techniques. In another
embodiment in which cantilever 315 is  transparent to light 323; the
diffraction grating may be etched into the front side  of cantilever 315.
In one embodiment, the light 323 that is reflected from  reflective
structure 703 includes a plurality of N orders of diffraction 705. As
shown in Figure 7, at least one of the N orders of diffraction 705 of
reflected  light 323 is reflected through free space from cantilever 315
having a  directional component from the free end to the fixed end of
cantilever 315. In -9 WO 01/46643 22 SEP 2004 PCT/US00/35021 one
embodiment, one of the N orders of diffraction 705 that is reflected back
having the directional component from the free end to the fixed end of  



cantilever 315 is directed into a detector 305 to detect motion of
cantilever 315. Figure 8 is a perspective view illustration of a probe 313
including a  cantilever 315 attached at a free end to a chip 601. As shown
in Figure 8, a  reflective structure 603 is included on the back side of
cantilever 315. In  addition, Figure 8 also shows that one embodiment of
chip 601 includes sides  that are tapered back, which allows light to be
directed to reflective structure  603 at an angle originating from a
direction towards the back side of cantilever  315 and from a direction
towards the fixed end of cantilever 315. Furthermore,  the tapered back
sides of chip 601 allow a light to be reflected from reflective  structure
603 in back in a direction towards the back side of cantilever 315 and
towards the fixed end of cantilever 315. Hence, light is directed to and is
reflected from reflective structure 603 without being obstructed by chip
601. Therefore, a scanning force microscope probe cantilever having a
reflective structure on the back side is realized. In the foregoing
detailed  description, the method and apparatus of the present invention
has been  described with reference to specific exemplary embodiments
thereof. It will,  however, be evident that various modifications and
changes may be made  thereto without departing from the broader spirit and
scope of the present  invention. The present specification and figures are
accordingly to be regarded  as illustrative rather than restrictive. 22 SEP
2004 CLAIMS 1. A scanning force microscope probe, comprising a. cantilever
having a first end and .a second end  wherein the second end is a free end
of the  cantilever; and a reflective structure included on the  cantilever
such that at least a portion of light that  is directed through free space
to the cantilever in a  first direction having a directional component from
the first end to the second end is reflected through  free space from the
reflective structure in a second  



direction. having a directional component from the  second end to the-first
end. 2. The scanning force microscope probe of claim 1 wherein  the first
direction is substantially opposite to the  second direction. 3. The
scanning force microscope probe of claim 1 further  comprising a tip
disposed on a. front side of the  cantilever. 4. The scanning force
microscope probe of claim 1 wherein  the reflective structure comprises a
reflective  surface disposed on the back side of the cantilever. 5. The
scanning force microscope probe of claim 1 wherein  the reflective
structure comprises a reflective  surface disposed on a front side of the
cantilever. 6. The seaming force microscope probe of claim 1 wherein  the
reflective structure comprises a diffraction  grating disposed on the back
side of the cantilever. 7. The scanning force microscope probe of claim l
wherein  the reflective structure comprises a diffraction  grating disposed
a front side of the cantilever. -11 22 SEP 2004 8. The scanning force
microscope probe of claim I wherein  the cantilever comprises silicon. 9.
The scanning force microscope probe of claim 1 wherein  the cantilever
comprises silicon nitride. 10. The scanning force microscope probe of claim
1 wherein  the first end is a fixed end of the cantilever. l1. The scanning
force microscope probe of claim 10  wherein the fixed end of the cantilever
is fixed to a  chip having tapered sides. 12. The scanning force microscope
probe of claim 1 wherein  



a front side of the cantilever is configured to be  disposed near and
spaced apart from a surface of a  sample such that the cantilever is
capacitively  coupled to a signal line proximate to the surface of  the
sample. 13. The scanning force microscope probe of claim 1 wherein  a front
side of the cantilever is configured to be in  contact with a surface of a
sample such that the Cantilever is coupled to a signal line proximate the
surface of the sample. 14. A method of detecting motion of a scanning force
microscope probe cantilever having a first end and a  second end, said
second end is the free end of the  cantilever, the method comprising:
directing light through the free space to the  cantilever in a first
direction having directional  component from the first end to the second
end of the  cantilever; reflecting at least a portion of the light through
the free space from cantilever in direction having a  directional component
from the second end to the first  end of the cantilever; and receiving the
portion of the light reflected from  the cantilever to detect motion of the
cantilever. -12 22 SEP 2004 15. The method of claim 14 wherein the first
direction is  substantially opposite to the second direction. 16. The
method of claim 14 further comprising capacitively.  coupling the
cantilever to a signal line proximate to  surface of a sample. 17, The
method of claim 14 further comprising capacitively  



coupling a. tip included on a front side of the  cantilever to a signal
line proximate to a surface of  a sample. 1$. The method of claim 14
further comprising contacting a  front side of the cantilever with a.
surface of a  sample such that the cantilever is coupled to a signal  line
proximate to the surface of the sample, 19. The method of claim 14 wherein
reflecting at least the  portion of the light from the cantilever in the
second  direction includes reflecting the light from a  reflective
structure disposed on the back side of the  cantilever. 20. The method of
claim 14 wherein reflecting at least the  portion of the light from the
cantilever in the second  direction includes reflecting the light from a
reflective structure disposed on the font side of the  cantilever. 21. The
method of claim 14 wherein reflecting at least the  portion of the light
from the cantilever in the second  direction includes diffracting the light
from a reflective structure disposed on the back side of the  cantilever.
22. The method of claim 14 wherein the reflecting at least  the portion of
the light from the cantilever in the  second direction includes diffracting
the light from a  reflective structure disposed on the font side of the
cantilever. -13 Title: SCANNING FORCE MICROSCOPE PROBE CANTILEVER WITH
REFLECTIVE STRUCTURE Abstract: A scanning force microscope probe cantilever
having a reflective structure. In one embodiment, the described scan- ning
force microscope probe cantilever includes a reflective structure on the
cantilever (315). Light (323) from an optical source  (303) is directed to
the reflective structure on the cantilever (315) in a direction having a
directional component from a fixed end of  



the cantilever (315) to a free end of the cantilever (315). Light (323) is
reflected from the reflective structure in a direction having a
directional component from the free end of the cantilever (315) to the
fixed end of the cantilever (315).                          


