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SYSTEM FOR SENSING A SAMPLE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of appli 
cation Ser. No. 08/730,641, ?led Oct. 11, 1996, entitled 
“Dual Stage Instrument for Scanning a Specimen” Which, in 
turn, is a continuation-in-part of application Ser. No. 08/598, 
848, ?led Feb. 9, 1996. 

BACKGROUND OF THE INVENTION 

[0002] Stylus pro?lers are used for obtaining surface pro 
?les of samples. The stylus of the pro?ler folloWs the surface 
under a small contact force, and the resulting motions of the 
stylus are measured With a sensor assembly. The sensor 
assembly includes a stylus, a mechanical linkage (usually a 
stylus arm) connecting the stylus to a ?eXure pivot, and a 
transducer. When the stylus is scanned across the surface of 
the sample, the force eXerted by the sample surface on the 
stylus causes a rotation of the stylus arm about the ?eXure 
pivot. The vertical displacement of the stylus is converted by 
the transducer into an electrical signal Which indicates the 
pro?le of the sample surface. 

[0003] Advanced pro?lers also include a force control 
mechanism, such as an electromagnetic actuator, for main 
taining a constant contact force betWeen the stylus and the 
sample surface as the stylus is scanned across the surface. To 
maintain a constant contact force betWeen the stylus and the 
sample surface, the spring action of the ?eXure pivot is 
calibrated and the force control magnetic actuator is con 
trolled to counteract the change in the force applied by the 
?eXure spring on the stylus caused by rotation of the stylus 
arm. Thus, a constant force is eXerted by the stylus against 
the sample surface, as the stylus is scanned across the 
surface. As an eXample of a pro?ler Which has been used in 
the semiconductor and disk drive industries, please see US. 
Pat. No. 5,705,741 and US. Pat. No. 5,309,755; both patents 
are incorporated herein in their entirety by reference. 

[0004] As the semiconductor industry progresses to 
smaller dimensions With each neW generation of products, 
there is an increasing need for scanning instruments that can 
measure sub-micrometer scale surface features. While the 
depths or vertical dimensions (dimensions normal to the 
plane of the Wafer surface) of the features such as trenches, 
or via holes, in semiconductor Wafers, commonly exceed 
one micrometer, the lateral dimensions (dimensions in the 
plane of the Wafer surface) have been continually reduced. 
At the current state of the art, the lateral dimensions of 
features such as trenches are less than 0.5 micrometer. With 
the continual reduction of the lateral dimensions of features 
such as trenches and via holes in the surface of semicon 
ductor Wafers, the ratio of depth to the lateral dimension of 
such features, also knoWn as the aspect-ratio, is continually 
increased. 

[0005] In order to measure such high aspect-ratio features, 
a very sharp, thin but long (high aspect-ratio) stylus must be 
used. HoWever, a sharp, thin but long stylus is fragile and 
may easily break, especially When subjected to lateral forces 
(forces in directions in, or parallel to, the plane of the sample 
surface). Thus, When a high aspect-ratio stylus contacts a 
steep feature, such as the side Wall of a trench or via hole, 
the contact force has a relatively large lateral component and 
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a relatively small vertical component. Stylus pro?lers, such 
as the pro?lers described in the tWo patents referenced 
above, are designed such that motion of the stylus is 
constrained to one degree of freedom, namely, rotation about 
the ?eXure pivot. This degree of freedom is substantially 
normal to the sample surface. The stylus arm is relatively 
stiff in all other degrees of freedom. Consequently, the 
lateral forces generated When the high aspect-ratio stylus 
encounters a steep Wall can easily break the stylus and 
damage the sample being measured. 

[0006] The stylus arm in a pro?ler has a single degree of 
freedom, Which comprises rotations about a pivot. The 
stylus or sensing tip travels along a path normal to a radial 
line passing through the center of rotation at the pivot and 
the tip. Since the sensing or stylus tip must be located 
“beloW” or at a loWer elevation than the pivot to ensure that 
the tip and not the body of the sensor assembly contacts the 
sample, the motion of the stylus or sensing tip is not truly 
normal to the plane of the sample surface, but is in the shape 
of an arc. While the main direction of travel of the tip is 
doWnWards, it nevertheless also travels in the lateral direc 
tion in the plane of the sample surface. This lateral motion 
is also knoWn as parasitic motion of the sensing tip. The 
parasitic motion of the sensing tip may hamper or even 
preclude the sensor assembly from measuring relatively 
deep and narroW features. 

[0007] It is therefore desirable to provide an improved 
surface measurement system Which overcomes the above 
draWbacks. 

SUMMARY OF THE INVENTION 

[0008] The above-described dif?culties can be overcome 
by alloWing the sensing tip of the pro?ler to contact the 
sample surface Without substantially rotating the stylus arm 
about the pivot. Instead, a distance betWeen the sample and 
the sensing tip of the pro?ler is reduced until the tip touches 
the sample, Without moving the tip and the sample laterally 
relative to each other. By avoiding lateral relative motion 
betWeen the tip and the sample before the tip touches the 
surface, the above-described problems are avoided. When 
such a scanning process is used, thin and long (high aspect 
ratio) styli can be used to penetrate high aspect-ratio features 
for measurement. Data related to the height of the sample 
may then be measured With the tip stationary and in contact 
With the sample. After the measurement, the tip and the 
sample are separated and moved laterally relative to each 
other to measure the sample surface at a different location. 

[0009] With minor modi?cations, the above-described 
scanning process may also be applied to other scanning 
instruments, such as the scanning probe microscope, Which 
includes atomic force microscopes and scanning tunneling 
microscopes. 

[0010] As described above, the feature on the sample 
surface may be found and measured by repeatedly causing 
the sensing tip (of the pro?ler or scanning probe microscope, 
for eXample) and a sample to repeatedly contact at different 
locations of the sample surface. In this process, the sensing 
tip and the sample are brought together substantially Without 
lateral relative motion betWeen them until they contact, 
separated again substantially Without lateral relative motion 
betWeen them, and moved laterally relative to each other 
until the tip is at a location above a different portion of the 
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sample. This process is repeated at different locations of the 
sample. If the separation betWeen the tip and the sample 
during such lateral motion is less than the change in height 
of the sample surface, the lateral motion Will cause the 
sensing tip to contact the sample surface laterally, thereby 
causing damage to the sensing tip. To reduce the probability 
of such damage, the separation may be increased to a large 
value before lateral relative motion is initiated. If no knoWl 
edge of the height variation or distribution of the sample 
surface is available, such value should be large enough that 
it exceeds any probable height variations of the sample 
surface one may encounter. The resulting process can be 
quite time consuming, especially if the sample surface is to 
be measured at many different locations. This dif?culty can 
be avoided by separating the tip and the surface by just 
enough to avoid such lateral contact. 

[0011] Anumber of techniques may be employed to assure 
that the sensing tip and the sample are separated by an 
adequate distance so that the sensing tip Will not contact the 
sample surface during the subsequent lateral relative motion. 
In the preferred embodiments, if certain height information 
is provided concerning the sample surface or a portion 
thereof (such as Within a target area), then the sensing tip 
may be positioned at or close to the portion of the sample 
having the highest elevation. If the height information of the 
sample surface or a portion thereof is not readily available, 
such information can be acquired quickly by actually mea 
suring the height of the surface at several sampling loca 
tions. Yet another technique that can be employed is to 
actually measure data related to the height of the sample 
When the tip and the sample come into contact as the tip is 
scanned across the sample and use such measured data to 
predict an elevation of the neXt location of the sample to be 
measured, so that the separation betWeen the tip and the 
sample can be set to be higher than such predicted elevation. 
These are, of course, only some examples of the techniques 
that can be used to implement the above general concept. 

[0012] In some applications, it may be desirable to ?rst 
?nd the feature quickly, and then take an appropriate amount 
of time to actually measure the feature. In this instance, the 
distance betWeen the sensing tip and the sample is controlled 
so that the distance betWeen the tip and the sample is 
periodically increased and then decreased as the tip scans 
across the sample surface until the tip either touches the 
surface or until either the tip or the surface has traveled, or 
the tWo together have traveled in aggregate, by a preset 
distance Without causing the tip and the surface to contact. 
In other Words, the sensing tip does not completely penetrate 
the feature When scanning across the surface. 

[0013] For some applications, to save time, even Without 
any prior knowledge concerning the topology of the sample 
surface, the sample surface can be quickly scanned and 
measured Without incurring undue risk in breaking the 
sensing tip. This involves determining Whether the tip and 
the surface remain in contact after the distance betWeen 
them is increased to a predetermined value, before lateral 
relative motion betWeen them is initiated or continued. If the 
tip and-the surface remain in contact after they are being 
separated from each other by a predetermined distance, the 
distance betWeen them is further increased until they are no 
longer in contact before moving the tip and the surface 
laterally With respect to each other. 
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[0014] A sensor assembly having a sensing probe may be 
used in any one of the above-described processes for sensing 
the sample. The sensor assembly includes a base portion and 
a moveable sensing tip connected to the base portion. When 
the tip contacts the sample, the tip may move relative to the 
base portion of the sensor assembly. A moving stage is used 
to cause vertical relative motion betWeen the sensor assem 

bly and the sample. Thus, When the moving stage causes a 
distance betWeen the sensor assembly and a sample to be 
reduced until the sensing tip contacts the sample, the actual 
change in distance betWeen the sensing tip and the sample is 
given by a combination of the relative motion betWeen the 
sensor assembly and the sample, and of the relative motion 
betWeen the sensing tip and the base portion. By taking into 
account both motions, a more accurate measure of data 
related to the height of the sample can be obtained. In 
different embodiments, the sensor assembly may be that of 
a pro?ler, an atomic force microscope or other types of 
scanning probe microscopes. 
[0015] One Way to increase measurement speed While 
avoiding signi?cant lateral forces betWeen the sensing tip 
and the sample is to separate the process into tWo parts: an 
initial fast ?nd mode to ?nd the feature of interest, and after 
?nding the feature, a second measurement mode to measure 
the feature. 

[0016] As one possible embodiment of the invention to 
implement the above tWo part process, the sensing tip is 
scanned across the sample surface With the tip in contact 
With the surface until the feature is found. Scanning the 
sensing tip across the surface With the tip in contact With the 
surface speeds up the scanning process. After the feature is 
found, the sensing tip is scanned across the feature With the 
tip in intermittent contact With the sample surface to mea 
sure the feature. In this manner, the time required to ?nd and 
measure the feature is reduced Without undue risk of large 
lateral forces betWeen the sensing tip and the sample surface. 
In the preferred embodiment, tWo different styli With knoWn 
tip offsets are used in this process. The ?rst stylus is used to 
scan While in contact With the surface to ?nd the feature. The 
second stylus is then used to measure the feature. 

[0017] In yet another aspect of the invention, a sensor 
assembly having a sensing probe With a sensing tip is 
employed. When the sensing tip of the probe is used for 
sensing a sample, the vertical distance moved by the sensor 
assembly (or by both the assembly and the surface in 
aggregate) until the tip contacts the surface Within a feature 
of interest may be taken as the depth of the feature. To 
determine that the tip has contacted the surface, the sensor 
assembly is driven toWards the surface until the distance 
moved by the tip relative to the assembly eXceeds a thresh 
old, at Which point the vertical relative motion betWeen the 
tip and the surface is stopped and the vertical distance 
moved by the assembly (or the sum of the distances moved 
by both the assembly and surface) is noted to indicate the 
depth of the feature. To yield a more accurate measure of 
such depth, the motion of the probe tip relative to the 
assembly is taken into account in calculating such depth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1A is a schematic vieW of a prior art stylus 
sensor assembly, similar to that of US. Pat. No. 5,309,755. 

[0019] FIG. 1B is a schematic vieW of hoW a high 
aspect-ratio sensing tip may be destroyed by large lateral 
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forces generated When the sensing tip contacts a side Wall in 
a conventional pro?ling scheme. 

[0020] FIG. 1C is a schematic vieW of a sensing tip of the 
stylus sensor assembly and the high aspect-ratio feature 
illustrating the arcuate motion of the stylus, or its parasitic 
motion, Which prevents the tip from reaching the bottom of 
high aspect-ratio features in a conventional pro?ling 
scheme. 

[0021] FIG. 1D is a schematic vieW illustrating hoW the 
probe of the stylus sensor assembly may be loWered Without 
rotation in order to reach the bottom of high aspect-ratio 
features. 

[0022] FIG. 2A is a schematic vieW of a pro?ler Which 
includes the stylus sensor assembly of FIG. 1A controlled 
by a digital signal processor and mounted to both a Z stage 
and an XY stage to illustrate the preferred embodiment of 
this invention. 

[0023] FIG. 2B is a schematic vieW of an atomic force 
microscope (AFM) With an XYZ stage for moving the 
sample to illustrate this invention. 

[0024] FIG. 3 is a schematic vieW of the scanning path of 
the sensing tip in the pro?ler of FIG. 2A to illustrate one 
embodiment of the invention. 

[0025] FIG. 4A is a schematic vieW of the scanning path 
of the sensing tip in the pro?ler of FIG. 2A or the AFM in 
FIG. 2B to illustrate a fast ?nd mode of this invention. 

[0026] FIG. 4B is a schematic vieW of the scanning path 
of the sensing tip in the pro?ler of FIG. 2A or in the AFM 
in FIG. 2B to illustrate another embodiment of the fast ?nd 
mode of this invention. 

[0027] FIG. 5 is a schematic vieW of the scanning path of 
the sensing tip in the pro?ler or in the AF M of FIGS. 2A and 
2B along an inclined surface of the sample With a feature to 
illustrate another aspect of the invention in the fast ?nd 
mode. 

[0028] FIG. 6 is a schematic vieW of the scan path of the 
sensing tip in the pro?ler or in the AFM in FIGS. 2A and 
2B to illustrate the fast pro?ling mode, Where the tip is 
positioned using knoWledge of the surface height distribu 
tion of the surface to be scanned. 

[0029] FIG. 7A is a schematic vieW of the scan path of the 
sensing tip in the pro?ler or in the AFM of FIGS. 2A and 
2B in a quick step mode of this invention Where no surface 
height distribution information is utiliZed. 

[0030] FIG. 7B is a schematic vieW of a scan path of the 
sensing tip in the pro?ler or in the AFM of FIGS. 2A and 
2B in a quick step mode of this invention, illustrating hoW 
the sensing tip senses an inclined side Wall. 

[0031] FIGS. 8A-8C are cross-sectional vieWs of a surface 
in intermittent search paths employing the sensing tip of 
FIG. 2A or 2B to illustrate another embodiment of the 
invention. This embodiment is taken from parent application 
Ser. No. 08/730,641. 

[0032] FIG. 9A is a schematic vieW of a stylus arm and 
tWo sensing tips to illustrate another embodiment of the 
invention. 
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[0033] FIG. 9B is a simpli?ed perspective vieW of a 
portion of a stylus sensor assembly With tWo probes, each 
probe having a sensing tip to illustrate another embodiment 
of the invention. 

[0034] For simplicity in description, identical components 
are identi?ed With the same numerals in this application. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0035] FIG. 1A is a simpli?ed schematic vieW of a stylus 
sensor assembly similar to the one of US. Pat. No. 5,309, 
755 useful for illustrating this invention. As shoWn in FIG. 
1A, stylus sensor assembly 10 includes a base portion Which 
includes the support body 12 and a transducer support 14 
rigidly attached together. The support body 12 has a pivot 16 
therein equipped With a spring so that the pivot 16 is a 
?eXure pivot. Connected rotatably to the ?eXure pivot 16 is 
one end of a stylus arm 18 having a sensing tip or stylus 20 
at or near the other end of the stylus arm. The stylus arm 18 
is connected to a vane 22 on the other side of the pivot 16. 
Therefore, When the stylus 20 contacts a surface and is 
caused to move up or doWn, causing the stylus arm 18 to also 
rotate, vane 22 Will rotate as Well, thereby causing a change 
in the capacitance betWeen the tWo capacitor plates 24 Which 
are supported by the transducer support 14. The change in 
capacitance is fed to a digital signal processor (shoWn in 
FIG. 2A) Which computes the distance rotated by stylus 20 
from the change in capacitance. 

[0036] The stylus arm 18 is biased doWnWards so that 
stylus 20 applies a force against the surface that is being 
pro?led. This biasing is accomplished by means of a force 
coil 26 through Which a current is passed. The amount of 
current passed through the force coil is such that stylus 20 
applies a predetermined force against a surface during 
pro?ling. When the tip is rotated up or doWn by the sample, 
the ?eXure spring is stretched or compressed, Where such 
stretching or compression applies a variable force in addi 
tion to the force applied by the current in the force coil. As 
a further improvement as set forth in US. Pat. No. 5,705, 
741, the effect of the ?eXure spring When the tip is rotated 
about pivot 16 is calibrated so that the amount of current 
applied to the force coil 26 is altered as a function of the 
displacement of stylus 20, to thereby substantially cancel out 
the effect of the ?eXure spring on the force applied by the tip 
20 to the sample. In this manner, the force applied by stylus 
20 to the sample surface remains constant despite rotation 
and displacement of the stylus. 

[0037] FIG. 1B illustrates a possible scenario Where a 
high aspect-ratio stylus 20 of the stylus sensor assembly 10 
is used to pro?le a high aspect-ratio feature, such as a deep 
trench or via hole. As shoWn in FIG. 1B, stylus or sensing 
tip 20 scans the surface 40 of a sample, by causing lateral 
relative motion betWeen the stylus 20 and surface 40, shoWn 
along the X aXis in FIG. 1B. When the sensing tip 20 enters 
a high aspect-ratio feature, such as a trench or via hole 42, 
large lateral forces (forces in directions substantially along 
or parallel to the sample surface 40, such as along the X axis) 
Will be generated, Which may cause a portion of the stylus 
or sensing tip 20 to break off When it contacts the side Wall 
of the feature. 

[0038] As noted above, stylus 20 is rotated about pivot 16 
by the sample surface 40 When it is scanned across the 
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sample surface. Therefore, stylus 20 travels along a path 44 
Which is curved or arcuate in shape. For high aspect-ratio 
features, such arcuate motion of the stylus or sensing tip 20 
may make it impossible for the sensing tip to reach the 
bottom of the trench or hole 42. 

[0039] This invention is based on the recognition that, in 
order to avoid the problems described above in reference to 
FIGS. 1B, 1C, instead of rotating stylus or sensing tip 20 
about pivot 16 in order to measure the bottom of high 
aspect-ratio features, the stylus 20 is simply loWered verti 
cally into the feature 42 Without rotating the stylus 20 or 
stylus arm 18 about pivot 16 as illustrated in FIG. 1D. As 
shoWn in FIG. 1D, if the stylus 20 is simply loWered into the 
feature 42 Without moving the tip and the sample laterally 
relative to each other and Without substantially rotating the 
arm about the pivot, then it is possible for stylus or sensing 
tip 20 to reach and measure the bottom of feature 42. 

[0040] In order to loWer the stylus 20 into the feature, 
stylus sensor assembly 10 is mounted onto a Z stage 62 and 
an XY stage 64 as illustrated in FIG. 2A. FIG. 2A is a 
schematic vieW of a pro?ler Which includes the stylus sensor 
assembly 10 of FIG. 1A controlled by a digital signal 
processor 52 and mounted to both a Z stage and an XY stage 
to illustrate the preferred embodiment of this invention. As 
shoWn in FIG. 2A, the transducer support 14 of the base 
portion of stylus sensor assembly 10 is attached to the Z 
stage 62 Which, in turn, is attached to the XY stage 64. 
Therefore, the stylus 20 may be loWered into the feature 42 
of FIG. ID by means of Z stage 62, by lowering the entire 
stylus sensor assembly 10. In this manner, the above 
described problems associated With the operation in FIGS. 
1B, 1C can be avoided. Z stage 62 raises or loWers the stylus 
sensor assembly 10 Without moving the stylus 20 laterally 
relative to the sample surface 40. The XY stage 64 causes 
lateral relative motion, for eXample, in the X direction, 
betWeen the stylus 20 and the sample surface 40; the X 
direction is substantially parallel to the sample surface 40. 

[0041] FIG. 3 is a schematic vieW of a scan path of the 
stylus tip 20 of FIG. 2A for ?nding and measuring a feature 
in the surface to illustrate one embodiment of the invention. 
Thus, stylus sensor assembly 10 is positioned so that stylus 
20 is at position 72 above a location 74 of the sample surface 
40. Stylus 20 is then loWered by means of Z stage 62 by 
loWering the entire stylus sensor assembly until it is deter 
mined that stylus 20 touches or is in contact With surface 40 
at location 74. Stylus 20 is then raised, again by means of Z 
stage 62 by raising the entire stylus sensor assembly 10 until 
the stylus 20 is again at the starting point 72. The XY stage 
64 then causes lateral relative motion betWeen the sample 
surface and the stylus 20, by moving the stylus sensor 
assembly 10 and the Z stage 62 along the X direction by a 
predetermined step siZe dX to point 76 Which is above 
another location 78 of the sample surface 40, Where location 
78 is spaced apart from but adjacent to location 74. The Z 
stage 62 is again used to loWer stylus 20 by loWering the 
stylus sensor assembly 10 until it is determined that stylus 20 
is in contact With the surface 40 at location 78. Stylus 20 
(and the stylus sensor assembly) is then raised by means of 
Z stage 62 back to point 76 and lateral relative motion 
betWeen the sample surface and stylus 20 is again caused by 
XY stage 64. The lateral motion step siZe dX may be in a 
range of about 1 nm to 50 mm. 
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[0042] It is noted from the above description that When the 
distance separating the stylus or sensing tip 20 and the 
sample surface 40 is increased or decreased, there is sub 
stantially no lateral relative motion betWeen the sample 
surface and the stylus. Points 72, 76 . . . to Which the stylus 
20 is raised after contact With the sample surface are at a 
distance of Z2 above sample surface 40. In the embodiment 
of FIG. 3, after each time the stylus contacts the surface 40, 
the stylus is raised by the same amount Z2 above the 
location of the sample surface it Was in contact With prior to 
the raising. Therefore, as Will be shoWn beloW, if this 
distance Z2 is greater than the depth of any feature that the 
stylus may encounter during the scanning motion of the 
stylus across sample surface 40, then the stylus Would not 
come into lateral contact With any side Walls of the sample 
surface 40 to cause the type of problems described above in 
reference to FIGS. 1B, 1C. 

[0043] Thus, the above process of loWering, raising and 
lateral movement in reference to FIG. 3 is repeated until the 
stylus is at point 82 above location 84 Within a feature 42a 
of the sample surface. The Z stage 62 loWers the stylus 
sensor assembly and the stylus until the stylus contacts the 
sample surface at location 84 Within the feature 42a. Then 
When the Z stage 62 raises the stylus by distance Z2, since 
Z2 is greater than the depth Z of any feature on the sample 
surface 40, including the depth of feature 42a, after the Z 
stage 62 raises the stylus to point 86, point 86 Will be at an 
elevation higher than sample surface 40. Therefore, When 
the XY stage 64 causes lateral relative motion betWeen the 
sample surface 40 and stylus 20 along the X axis, stylus 20 
Will not come into contact With any side Walls of feature 42a. 
Thus, the scanning process continues until the stylus reaches 
point 88 Where it is above location 90 on surface 40 outside 
feature 42a. The Z stage 62 loWers stylus 20 by a short 
distance When it comes into contact With surface 40 at 
location 90. Then again, Z stage 62 raises the stylus to point 
92 by a distance of Z2 above location 90 before the XY stage 
64 again causes lateral relative motion betWeen the sample 
surface 40 and stylus 20, to repeat and continue the above 
described intermittent contact scanning across surface 40. 
Obviously, in all of the embodiments of this application, 
instead of moving the stylus sensor assembly of the pro?ler 
(or of AFM, SPM) to cause relative motion betWeen the 
sensing tip and the sample surface, such relative motion can 
be caused by moving the sample instead or a combination of 
motions of the sample and of the sensing tip; all such 
variations are Within the scope of the invention. 

[0044] In reference to FIG. 2A, When stylus 20 comes into 
contact With surface 40, surface 40 Will cause stylus arm 18 
and stylus 20 to be rotated about pivot 16 While Z stage 62 
continues to loWer stylus sensor assembly 10 toWards the 
surface 40, While system 60 is determining Whether the tip 
20 has contacted the sample surface. In order to be certain 
that stylus 20 has indeed come into contact With surface 40, 
it is preferable for a threshold distance to be set, and it is 
determined that stylus 20 has come into contact With surface 
40 only after the distance rotated by stylus 20 about pivot 16 
has eXceeded the threshold distance. Such threshold distance 
may be a parameter that can be set through the digital signal 
processor 52. Thus, When the change in capacitance across 
capacitance plates 24 caused by rotation of stylus arm 18 and 
vane 22 indicates that a distance rotated by stylus 20 is equal 
to or has eXceeded the threshold distance, the digital signal 
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processor 52 Will send a signal along one of the lines 54 to 
Z stage 62 to cause the Z stage to stop lowering the stylus 
sensor assembly 10. 

[0045] Since the stylus sensor assembly of the pro?ler 
continues to be loWered toWards the sample after the tip 20 
touches the sample and the loWering motion is stopped only 
after the tip has been rotated by a threshold distance, the 
stylus sensor assembly has been loWered by a distance 
greater than the distance traveled by the sensing tip, by the 
distance rotated by the tip. In order to measure the height of 
surface 40, the Z stage 62 records the distance that the stylus 
sensor assembly 10 has been loWered until it is determined 
that stylus 20 has come into contact With surface 40. If such 
distance is taken as the distance betWeen the starting point 
of stylus 20 and the end point in the loWering process, such 
as the distance betWeen point 72 and 74, such distance may 
actually be greater than the distance traveled by stylus 20, by 
the distance that is rotated by stylus 20, after the tip contacts 
the surface but before the Z stage 62 stops loWering stylus 
sensor assembly 10. The DSP 52 sends a signal along one of 
the lines 54 to the controller (not shoWn) of the Z stage 62 
to indicate the actual distance rotated by stylus 20 before 
motion of the Z stage is stopped and the controller of the Z 
stage Will then subtract such distance from the distance that 
the Z stage 62 has moved stylus sensor assembly 10, to 
obtain a more accurate measure of the actual distance 
traveled by stylus 20. This Will give a more accurate measure 
of data related to the height of sample surface 40 and of the 
pro?le of any features of interest in the sample surface. 

[0046] The methods of this invention described herein for 
?nding and measuring surface features may be carried out 
by means of SPMs instead of pro?lers. In such event, instead 
of raising or loWering a stylus sensor assembly, one Would 
raise or loWer a SPM sensor assembly. Where an AFM is 
used instead of a pro?ler stylus sensor assembly as the 
sensing probe, a threshold distance can also be de?ned to 
determine When the probe tip has come into contact With the 
sample surface. FIG. 2B is a schematic vieW of an AFM 
With an XYZ stage 91 for moving the sample to illustrate 
this invention. As shoWn in FIG. 2B, the amount of bending 
of the cantilever arm 92 is monitored in a conventional 
manner (such as by sensing the strain in the arm 92, or by 
the amount of bending of the arm), and controller 94 causes 
the probe or the arm to be lifted or loWered to maintain a 
constant strain or amount of bending in the arm. If the tip 
92a of arm 92 has come into contact With the sample surface, 
this Will cause a strain and bending of the arm. In other 
Words, When the sensing probe carrying the sensing tip or 
stylus approaches the sample surface, if the tip comes into 
contact With the surface, the continued motion of the probe 
toWards the surface Will cause the arm to bend and strain to 
develop in the arm, Where the strain developed and the 
amount of bending Will correspond to the distance moved by 
the probe and sensor assembly after the tip is in contact With 
the surface. Thus a threshold distance may be set Which 
corresponds to a value for the strain or bending of the arm. 
By sensing Whether the strain or bending of the arm has 
exceeded such value, it is possible to determine Whether the 
tip 92a has come into contact With sample surface. The same 
process can be performed for other SPMs such as the 
scanning tunneling microscope, by setting a threshold value 
for the current betWeen the tip and the sample, for eXample. 
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[0047] Measurements of surface pro?les and depths of 
features using the SPM can be improved in accuracy in the 
same manner as that described above. Where the sensing tip 
of a AFM is used in the depth measurement, for eXample as 
shoWn in FIG. 2B, the probe 92 and tip 92a are caused to 
approach the surface until the tip 92a touches the surface, 
and the probe is driven further toWards the surface until it is 
determined that the strain in the probe or amount of bending 
of the probe has reached a certain threshold. The distance 
moved by the tip relative to the SPM probe positioner 96 
(Which forms a base portion of the AFM sensor assembly, 
not completely shoWn in FIG. 2B) When the sensor assem 
bly is driven toWards the surface should be taken into 
account (eg by subtracting such distance from the depth 
measurement) When calculating the depth of a feature. 

[0048] While the process or mode of operation illustrated 
in FIG. 3 may be advantageous for some applications, it 
may be time consuming and cumbersome for other appli 
cations, since the stylus must be raised to a distance greater 
than the eXpected height variation or height distribution of 
sample surface 40. This is true especially Where the sample 
surface 40 is inclined or tilted. In such circumstance, or in 
others Where one is unsure of the amplitude of height 
variations of the sample surface, in order to avoid lateral 
contact betWeen the stylus and any side Walls, the stylus 
must be raised to relatively large heights above the sample 
surface 40. This may be time consuming and cumbersome. 

[0049] In order to avoid having to raise the stylus by 
distances much larger than the actual height variations of the 
sample surface, it Will be useful to have some prior knoWl 
edge of the height distribution of the sample surface (e.g. 
Within a target area) before scanning starts. For eXample, if 
the portion or point of the highest elevation of the sample 
surface is knoWn, the stylus 20 or 20‘ may be positioned at 
a point directly above or close to such highest point or 
portion before scanning starts. Then such starting point and 
the distance by Which the tip is subsequently raised above 
the prior point of contact With the sample surface can be 
much reduced. In one embodiment, such distance can be in 
a range of about 100 to 500 nanometers. Then the above 
described procedure in reference to FIG. 3 may be carried 
out Without the risk of the stylus coming into lateral contact 
With a side Wall of the sample surface, Where Z2 can be 
reduced to the sum of the eXpected feature depth and a 
shorter distance such as one in a range of about 100 to 500 
nanometers. 

[0050] When prior knoWledge of the sample surface 40 is 
not available before scanning starts, it may be a simple and 
fast procedure to obtain such height distribution information 
by carrying out the process as illustrated in FIG. 3, With Z2 
at a large value, but only at a feW sampling locations of 
surface 40, such as 3 to 25 locations. Since the heights of 
only a feW locations of the sample surface 40 are measured, 
this process Will not take an inordinate amount of time even 
When a large value of Z2 is used. Typically, the user is able 
to position the stylus sensor assembly over the general area 
of a feature of interest, such as at a point that is above a 
surface location Within about 1 or 2 microns from the feature 
of interest. Therefore, a target area of several microns by 
several microns (eg 2 by 2 microns) may be de?ned, and 
the several sampling locations chosen Within the target area. 
The above-described process in reference to FIG. 3 may be 
carried out only at such locations in such small target area 
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to ?nd out the height distribution over such area. After the 
height distribution of the target area is known, then the stylus 
may be positioned at a point Which is above a portion of the 
sample surface Which is at or close to the point of highest 
elevation in the distribution. It should be noted that, even if 
the stylus is not placed immediately above the point of the 
highest elevation of the target area, as long as the distance 
by Which the stylus is raised after contacting such point 
causes the stylus to be higher in elevation than any portion 
of the sample surface Within the target area, the stylus Will 
not come into lateral contact With any portion of the sample 
surface to damage the stylus in the subsequent lateral 
relative motion betWeen the tip and the surface. This alloWs 
the user a higher tolerance in positioning the tip. 

[0051] The total time required for ?nding and measuring 
features of interest on a sample surface can be further 
reduced by separating the process into tWo parts: a ?rst fast 
?nd mode in Which the stylus does not necessarily com 
pletely penetrate the features of interest so as to ?rst ?nd the 
features, and a second measuring mode for measuring the 
features found. This permits the stylus to be raised or 
loWered by short distances during the fast ?nd mode in order 
to ?nd the feature, and a subsequent measurement mode in 
Which the stylus penetrates the features by touching the 
sample surface at one or more locations Within a feature of 
interest for measuring data related to the height of the feature 
and of the surrounding sample surface. This is illustrated in 
reference to FIGS. 4A, 4B. 

[0052] FIG. 4A is a schematic vieW of a scan path 
illustrating a fast ?nd mode for ?nding a feature. In the 
embodiment of FIG. 4A, it is assumed that information 
concerning height variations of sample surface 40 is avail 
able or has been measured, so that such information can be 
used to position the sensing tip of a stylus sensor assembly 
or SPM above the sample surface 40. Such positioning is 
particularly simple Where the sample surface is character 
iZed by tWo discreet levels or heights as illustrated in FIG. 
4A. Thus, outside of the feature 42a, the sample surface is 
at a particular height, and Within the feature, the sample 
surface has tWo side Walls 42a(s) and a bottom portion 
42a(b) at a depth Z beloW the top surface. In such event, as 
long as the starting position of the sensing tip is above the 
top surface by a certain distance, and the sensing tip is raised 
to the same elevation as the starting position above the 
sample surface each time the sensing tip is raised and 
separated from the sample surface, the sensing tip Will not 
come into lateral contact With the sample surface such as 
side Wall 42a(s). 

[0053] To speed up the process of scanning in the fast ?nd 
mode, the Z stage 62 loWers the sensing probe of the stylus 
sensor assembly or of the SPM until either the sensing tip of 
the probe touches the surface 40 of the sample or has been 
loWered by a preset distance. In one example, the sensing tip 
is placed a short distance (e.g. approximately 100-500 
nanometers) above the top (upper) surface of the sample at 
the starting point. In a process similar to that described 
above in reference to FIG. 3, the sensing tip is loWered until 
it is determined that the sensing tip has come into contact 
With the sample surface Without any substantial lateral 
relative motion betWeen the sensing tip and the sample 
surface, raised again after such contact also Without any 
substantial lateral relative motion therebetWeen to a point, 
moved laterally across the surface of the sample and the 
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process repeated over a target area of the sample surface, 
similar to the process of FIG. 3. 

[0054] The sample surface 40 has tWo discrete levels: a 
top level of surface portion 40[ and the level of the bottom 
surface 42a(b) Within the feature 42a. In this example, the 
sensing tip is raised by a short distance in a range of about 
100-500 nanometers. In one embodiment, the tip is raised to 
about 300 nanometers above the top surface after each 
contact With the top sample surface 40t, except When the 
sensing tip is directly above bottom surface 42a(b) of the 
feature 42a, at position 104. When the sensing tip is loWered 
into the hole or trench 42a, the loWering of the sensing probe 
is stopped after the probe has been loWered by a preset 
distance even though it is determined that the sensing tip has 
not come into contact With the sample surface. This is 
determined by the fact that the tip has not been caused to 
rotate by at least the threshold distance as described above, 
for example. In the same example, such preset distance may 
be 450 nanometers. In the embodiment of FIG. 4A, Where 
the sample surface is at tWo discreet levels, this means that 
the sensing tip Will be loWered to a position 106 approxi 
mately 150 nanometers beloW the top discreet level of the 
sample surface 40[ at Which point the loWering motion of the 
sensing probe Would be stopped. The sensing tip is then 
again raised by the Z stage 62. In the embodiment of FIG. 
4A, it is raised by the same distance each time, Whether or 
not the sensing tip has contacted the sample surface, or in 
other Words, by 300 nanometers. This means that When the 
sensing tip is scanning immediately above feature 42a, the 
sensing tip Will be raised to only 150 nanometers above the 
top level of the sample surface 40t, to position 108. This 
process is repeated until the sensing tip is at position 110 at 
Which point the XY stage 64 moves the sensing probe along 
the X axis to a position 112. Since points 110 and 112 are 
still approximately 150 nanometers above the top surface 
40[ of the sample (FIG. 4A not draWn to scale), the sensing 
tip Will not come into contact With the sample during this 
lateral relative motion. The sensing tip may then again be 
loWered by the Z stage Which loWers the entire sensing probe 
until the tip touches the surface at position 114. The tip is 
then raised to position 116 and the process is then repeated 
across the remainder of the sample surface Within the target 
area. 

[0055] The location of the feature can then be determined 
by recording the XY positions of the points at Which the 
sensing tip Was loWered by the preset distance but did not 
come into contact With the sample surface. After such 
process, the system is operated in a measurement mode in 
Which the probe is loWered into feature 42a until it is 
determined that the sensing tip has come into contact With 
the bottom 42a(b) of the feature of 42a, in order to measure 
data related to the height or depth of the bottom surface of 
the feature. Since features of interest are typically small, the 
measurement mode is normally not very time consuming. 

[0056] FIG. 4B is a schematic vieW of a scan path and of 
a sample surface similar to those illustrated in FIG. 4A, but 
Where the sensing tip and the sensing probe are raised by a 
greater distance When they are immediately above the fea 
ture than When they are not. In the embodiment of FIG. 4B, 
for example, the sensing tip is raised to substantially the 
same elevation throughout the scan across the surface in the 
target area. Thus, as in the example of FIG. 4A, When the 
sensing tip and probe are above the sample surface but not 
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above the feature 42a, the sensing tip is raised to approXi 
mately 300 nanometers about the top surface of the sample. 
Where the probe is immediately above feature 42a, the 
probe is raised so that the sensing tip is retrieved to the same 
elevation as the starting point 102. If the sensing tip is 
alloWed to be loWered into the feature beneath the top 
surface of the sample by 150 nanometers (or loWering the tip 
by a total of 450 nm) to point 122 at Which point the Z stage 
stops loWering the probe and sensing tip, then the Z stage 
Would raise the probe and sensing tip by such preset distance 
Which is 450 nanometers so that at point 124, the sensing tip 
is at the same elevation as the starting position 102. Aside 
from such difference, the scanning mode in FIG. 4B is 
substantially the same as that illustrated above in reference 
to FIG. 4A. 

[0057] The scanning process described above in reference 
to FIGS. 4A and 4B is quite effective Where the sample 
surface is level and the Z stage 62 raises and loWers the 
sensing probe and tip in directions substantially normal to 
the sample surface. In other Words, the Z direction of motion 
of the Z stage 62 is substantially perpendicular to the sample 
surface 40. Where this assumption is not true, as Would be 
the case Where the sample surface is tilted With respect to the 
Z direction of motion of the Z stage, or Where the sample 
surface has a portion that is inclined and has a slope, the 
above-described schemes may still cause the sensing tip to 
come into lateral contact With the sample surface, Which 
may result in tip damage. Applicants have developed a 
technique to avoid such contact as described above in 
reference to FIG. 5. 

[0058] As shoWn in FIG. 5, the sample surface is inclined 
With a certain slope. Thus, if the scanning process described 
above in reference to FIGS. 4A, 4B are employed, When the 
sensing tip is in or above the feature 42b and scanning along 
the dotted line 132, the sensing tip may come into contact 
With the side Wall 42b(s) of the feature 42b, thereby causing 
tip damage. The above scenario can be avoided by actually 
measuring the slope of the top surface 40t’during the fast 
?nd mode and use such data to predict the elevation of the 
neXt location of the sample surface to be sampled. Thus, 
from data related to the height of the top surface 40t’at the 
various locations of the surface taken before the sensing tip 
reaches the feature 42b, a slope of the top surface 40[ may 
be derived by means of the digital signal processor 52. Such 
slope may then be used to predict the elevation of another 
portion of the top sample surface 40t’yet to be sampled by 
the sensing probe. Therefore, even though the sensing tip 
does not come into contact With the sample surface When it 
is immediately above feature 42b, such slope information is 
used and extrapolated so that the scanning path folloWs the 
general slope of the top surface 40[ and so that When the 
scanning probe reaches the vicinity of side Wall 42b(s), the 
sensing tip Will be at an elevation above the side Wall and not 
come into contact With it, as shoWn by the solid line scan 
path in FIG. 5. Where the top surface 40t’of the sample is 
relatively ?at, its slope can be calculated readily. Where the 
top surface 40f of the sample is not ?at, the elevation of the 
neXt location of the sample surface to be sampled may be 
predicted by a curve ?tting process Which is knoWn to those 
skilled in the art and Will not be elaborated herein for that 
reason. 

[0059] In some applications, it may be desirable to use 
information concerning height distribution of the surface 
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that is provided or obtained as described above, and then 
simply ?nd and measure features of interest Within a target 
area, Without separating the process into a ?nding process 
and a measuring process. This is illustrated in FIG. 6. Thus, 
as in the case of FIG. 4A, height information of the surface 
40 is employed to position the sensing tip at a location 102 
above the sample surface, Where one is certain that the 
starting position of the sensing tip is at an elevation higher 
than any part of the target area of the sample to be measured. 
One can then be certain that the sensing tip Will not come 
into lateral contact With the sample surface to cause tip 
damage. In the scanning process across the sample surface, 
the separation betWeen the sensing tip and the sample 
surface is controlled so that the sensing tip comes into 
contact intermittently With the sample surface, Where the 
sensing tip is loWered to contact the sample surface, and 
raised to the same elevation as the starting position 102 after 
each contact With the sample surface, Without causing rela 
tive lateral motion betWeen the sensing tip and the sample. 
Lateral relative motion is caused only When the sensing tip 
has been raised to the same elevation as that of the starting 
point 102. In other Words, lateral motion is caused only 
When the sensing tip is at an elevation higher than all points 
in the target area of the sample surface so that the sensing tip 
Will not come into lateral contact With the sample surface 
While lateral relative motion is caused betWeen the sensing 
tip and the sample. 

[0060] Thus, from the above several embodiments, it Will 
be seen that a useful method for sensing a feature on the 
surface of a sample employing a sensing tip has been 
described. The sensing tip is positioned above one location 
of the surface. A distance betWeen the surface and the 
sensing tip is reduced Without substantially moving the tip 
and the surface laterally relative to each other. In the 
embodiment of FIG. 6, for eXample, the distance is reduced 
until the tip touches the surface. In the embodiments of 
FIGS. 4A, 4B and 5, the distance is reduced until the tip 
touches the surface or until the tip or the surface has 
traveled, or the tip and the surface together have traveled in 
aggregate, by a preset distance Without the tip contacting the 
surface. A distance or separation betWeen the tip and the 
surface is then increased Without substantially moving the 
tip and the surface laterally relative to each other until such 
distance is substantially equal to a predetermined value. The 
predetermined value is such that after such separation has 
been increased to the predetermined value, the tip is higher 
in elevation than another location of the surface adjacent to 
and spaced apart from the one location. (This predetermined 
value may be one that is calculated and predicted from a 
measurement of the sample surface, such as that illustrated 
above in reference to FIG. 5 Where the slope of the top 
surface 40[ is measured. Alternatively, such predetermined 
value may be arrived at by using knoWledge of the height 
distribution of the sample surface, such as by measuring at 
a feW sampling locations the height distribution of the 
sample surface Within a target area as described above.) 
Lateral relative motion is then caused betWeen the sensing 
tip only after the tip is raised by a distance equal to such 
predetermined value from the surface of the sample and the 
tip is positioned so that it is above another location. The 
steps immediately described above of reducing the distance, 
increasing the distance and causing lateral relative motion 
are then repeated at a plurality of locations of the surface to 
?nd or measure the feature. In the embodiments of FIGS. 
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4A, 4B, during the fast ?nd mode, the height of the sample 
surface is not measured. In the embodiment of FIGS. 5 and 
6, on the other hand, data related to the height of the sample 
surface is measured. During such measurements, it is pref 
erable for the sensing tip to be stationary and in contact With 
the sample. In the preferred embodiment, the predetermined 
value for judging hoW far to raise the tip may be not more 
than about 1 micron. 

[0061] For many applications, it is desirable to quickly 
scan the surface to ?nd and measure any features of interest 
Without undue risk of damage to the tip and of obtaining 
false data. This is knoWn as the quick step mode as illus 
trated in FIGS. 7A, 7B. In this mode, the sensing tip of a 
stylus sensor assembly (of a pro?ler or SPM) is placed at a 
small distance above one location of the sample, such as one 
betWeen 100 and 500 nanometers. In one embodiment, the 
tip is raised to around 300 nanometers above the sample. The 
sensing tip is then scanned across the surface of the sample 
With the distance separating the sample and the tip con 
trolled so that the sensing tip contacts the sample intermit 
tently as it is scanned across the sample surface 40. After 
each contact With the sample, the sensing tip is raised to a 
small distance above the surface of the sample preferably 
Without any substantial lateral relative motion betWeen 
them, before lateral relative motion is caused betWeen the 
sample and the tip. Such small distances may be the same 
during each raise and may be substantially the same as the 
initial separation, namely, about 300 nanometers. This mode 
of scanning runs the risk of the sensing tip contacting a side 
Wall such as 42a(s) at location 152 as shoWn in FIG. 7A but 
if the step siZe of the lateral relative motion is chosen to be 
small, the sensing tip or stylus of the stylus sensor assembly 
or SPM may be able to stand the stress generated by the side 
Wall impact at location 152. Thus, the mode of operation in 
the quick step mode of FIG. 7A is similar to that shoWn in 
FIG. 3, except that the vertical distances raised by the Z 
stage 62 may not be adequate to avoid lateral contact With 
the side Wall. The quick step mode of FIG. 7A, hoWever, 
differs from that in FIG. 3 in that it is further determined 
Whether the sensing tip and the surface are in contact after 
a vertical step has been taken to increase the distance 
betWeen the sensing tip and the sample. 
[0062] After a vertical step has been completed, the 
desired lateral relative motion is made. The tip is then made 
to approach the surface. If the tip rises relative to the sensor 
assembly as soon as the approach begins, no gap betWeen 
the tip and the surface had resulted from the initial vertical 
step. This can be determined since the movement of the tip 
is monitored. Alternatively, the amount of movement of the 
tip relative to the sensor assembly can be monitored When 
the tip approaches the surface to determine Whether the 
distance moved by the tip relative to the assembly has 
exceeded the set threshold as described above. In either case, 
another vertical step to increase the vertical separation 
betWeen the sensing tip and the sample is carried out, at 
Which point it is again determined Whether the tip and the 
surface are in contact. In reference to FIG. 7A, for example, 
When the sensing tip contacts the side Wall 42a(s) at location 
152, the sensing tip Will attempt to move laterally but Will 
stay in contact With the side Wall at location 152. The 
sensing system Will then determine Whether the tip and the 
surface are still in contact. Since the tip and the surface at 
location 152 are still in contact at such moment, any 
doWnWard motion of the sensor assembly Will cause the 

May 15, 2003 

stylus to move relative to the assembly by the same amount 
and the doWnWard motion is terminated. The sensor assem 
bly is instead raised by another vertical step to location 154. 
At such location, the measurement system determines that 
the sensing tip and the sample are still in contact. The 
sensing tip is therefore again raised vertically to position 156 
in contact With the side Wall. This process is then repeated 
until the sensing tip reaches the position 162 after the 
vertical step, at Which point the measuring system deter 
mines that the sensing tip and surface 40 are no longer in 
contact. At this point, the sensing tip is again loWered to 
come into contact With sample surface 40 at location 164 and 
raised again to position 162 before it is moved laterally as 
before to perform intermittent contact and measurement of 
the top surface 40[ of the sample. In order to reduce the 
probability of tip damage, the steps of lateral relative motion 
may be over a lateral distance less than about 100 nanom 

eters. FIG. 7B illustrates essentially the same process as in 
FIG. 7A, but as applied to a sample surface With an inclined 
surface portion. 

[0063] In the conventional mode of operation of the stylus 
sensor assembly of FIG. 1A, a desirable tracking force is 
applied by applying an appropriate current through the force 
coil 26 so that stylus 20 applies a desired force against the 
sample surface that is being scanned. In the different modes 
of operation described above for this invention, hoWever, the 
stylus or sensing tip of the stylus sensor assembly Would 
start at a position not in contact With the sample surface. A 
preset value of a desired tracking force is set at the DSP 52. 
To improve the stability of scanning, an initial current is 
applied to the force coil 26 in FIG. 2A to compress the 
spring in ?exure pivot 16 and to hold the stylus 20 at a steady 
position While the stylus sensor assembly 10 is being loW 
ered and raised by the Z stage 62 or transported laterally by 
means of stage 64. When the stylus 20 touches the sample 
surface, a force Will develop betWeen the tip and the sample. 
Such force may increase as the tip is rotated above pivot 16 
due to the action of the spring. If the force exerted by the 
spring caused by its stretching or compression is precali 
brated as described in US. Pat. No. 5,705,741, then the 
amount of force betWeen the tip and the sample can be found 
by the amount of rotation of the stylus 20 about pivot 16. 
DSP 52 compares such force to a preset value stored at the 
DSP. When the force betWeen the tip and the sample reaches 
the preset value, DSP 52 applies a control signal to a poWer 
supply (not shoWn) to change the amount of current applied 
to the force coil 26, so as to maintain the force betWeen the 
tip and the sample substantially at the preset value When the 
tip is rotated further by the sample until the distance that the 
tip is raised is substantially equal to the threshold value as 
explained above. The threshold value may be set to a 
distance of not more than about 500 nanometers. In this 
manner, the threshold value for determining Whether the 
probe tip has come into contact With the sample surface can 
be set by setting a value for a corresponding force betWeen 
the tip and the sample at the DSP 52. Similarly, a threshold 
value for determining Whether the probe tip has come into 
contact With the sample surface can be set in the case of 
AFM or other SPM by setting a value for a corresponding 
force betWeen the tip and the sample at the controller 94. 

[0064] FIGS. SA-SC together With their accompanying 
description beloW are taken from the parent application. 
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[0065] In order to measure the pro?le or geometry of a 
surface, in reference to FIG. 8A, system 20 lifts the probe 
tip by a predetermined distance h from the surface, record 
the lateral distance 6x traveled by the tip before it is loWered 
again to touch the surface and record the distance by Which 
the probe tip has been loWered before it touches the surface 
again. Preferably, the tip is again lifted from such point of 
contact by the distance h, moved laterally by distance 6x, 
loWered again to touch the surface, and the distance that the 
tip is loWered again recorded. This process is then repeated 
until the scan across the target area is completed. A record 
of such distance 6x and the distances that the tip is repeat 
edly loWered before it touches the surface in the intermittent 
contact mode throughout the scan Will give an indication of 
the geometry or pro?le of the surface. 

[0066] In the embodiment of FIG. 8A, the probe tip is 
lifted after it is loWered to touch the surface 200, Without 
dragging the probe tip along the surface. In other Words, the 
probe tip is caused to gently tap surface 200 before it is lifted 
and the probe tip is not moved laterally across the surface 
While it is in contact With the surface. In some applications, 
it may be desirable to drag the probe tip along the surface 
after the tip is loWered to touch the surface, in an embodi 
ment illustrated in FIG. 8B. After the probe tip has been 
dragged along the surface 200 for a predetermined distance, 
the probe tip is again lifted by a predetermined distance, 
such as h, moved laterally by a predetermined distance, and 
then again loWered to touch the surface 200. After the tip 
touches the surface, the tip is again dragged along the 
surface for a predetermined distance and the above-de 
scribed process repeated until a scan across the entire target 
area is completed as before. In the operational mode of FIG. 
8B, in addition to recording the quantities h, 6x and the 
distances by Which the tip is repeatedly loWered before it 
touches the surface in the intermittent contact mode through 
out the scan, system 20 also records the change in height of 
the probe tip When the tip is dragged along the surface 200. 
Such information, in conjunction With h, 6x, and the dis 
tances by Which the tip is loWered before it touches the 
surface, Will give an indication of the geometry or pro?le of 
the surface When system 20 is operated in the mode indi 
cated in FIG. 8B. 

[0067] Yet another operational mode of system 20 in the 
intermittent contact mode is illustrated in FIG. 8C. Such 
mode is similar to that in FIG. 8A, Where in the operational 
modes of both FIGS. 8A and 8C, the probe tip is not moved 
laterally to drag the tip across the surface after the tip is 
loWered to touch the surface, but is lifted to a predetermined 
height h. HoWever, instead of moving the probe tip up and 
doWn and laterally along substantially straight lines as in 
FIG. 8A, the tip in FIG. 8C is moved along a more or less 
sinusoidal path across surface 200 until it scans across the 
target area. Such and other variations are Within the scope of 
the invention. 

[0068] Where intermittent contact mode is employed, the 
values of 6x and height h employed in reference to FIGS. 
8A-8C are chosen so that it is unlikely for the probe tip to 
“jump over” bumps or valleys on a surface to be sampled. 
A suitable range for h may be 10-1,000 Angstroms, and a 
suitable value for 6x may be a fraction of the expected siZe 
of the feature or object. 

[0069] In yet another mode of operation of the apparatuses 
in FIGS. 2A, 2B, the sensing tip may be scanned across a 
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sample surface With the tip in contact With the surface until 
the feature is found. Then, the same or a different sensing tip 
may be used to scan the surface With the tip in intermittent 
contact With the surface to measure the feature. This is 
illustrated in FIG. 9A. As shoWn in FIG. 9A, a scanning 
probe 300 includes a stylus arm 318 and a sensing tip 320 
attached to the stylus arm at or near one end of the arm. At 
the tip of sensing tip 320 is a ?exible sensing tip 322 such 
as a nanotube. Thus, the spatial relationship betWeen sensing 
tip 320 and ?exible tip 322 is knoWn, so that if a feature of 
interest is located by means of the sensing tip, the other 
sensing tip may be accurately positioned above the feature 
found and used to measure the feature Without again having 
to ?nd the feature. Thus, in one embodiment, arm 318 may 
be scanned across a sample With sensing tip 320 in contact 
With the surface to ?nd the feature. After the feature has been 
found, the ?exible tip 322 may be used in an intermittent 
contact or contact mode to measure the feature. Since the 
?exible tip in the form of a nanotube is long and thin, it is 
particularly suitable for measuring high-aspect ratio fea 
tures. When sensing tip 320 is used to measure or ?nd a 
feature in a contact mode, the ?exible tip simply buckles so 
that sensing tip 320 may be used during the contact mode 
scan as if the ?exible tip is not present. Nanotubes are very 
?exible and Will not signi?cantly affect the operation of the 
sensing tip 320 in contact mode. After the feature has been 
found, sensing tip 320 is WithdraWn from the surface so that 
the ?exible tip such as a nanotube Will snap back to the 
original geometry as shoWn in FIG. 9A and Will be in a 
position to be used for sensing and measuring the feature 
found. 

[0070] FIG. 9B illustrates an alternative embodiment to 
that of FIG. 9A. Instead of mounting tWo sensing tips on the 
same common probe, tWo separate probes 318a and 318b 
may be used and tWo different sensing tips 330 and 332 
mounted respectively onto probes 318a, 318b may be used 
Where the spatial relationship betWeen the tWo sensing tips 
is knoWn. Therefore, one sensing tip, such as sensing tip 330 
may be used in a contact or intermittent contact mode to ?nd 
the feature. Since the spatial relationship betWeen the tWo 
tips is knoWn, sensing tip 332 may then be readily positioned 
accurately above the feature found for measuring the feature 
in a contact or intermittent contact mode. The roles of the 
tWo tips may of course be reversed so that sensing tip 332 
may be used for ?nding the feature and sensing tip 330 may 
be used for measuring the feature. 

[0071] While the invention has been described above by 
reference to various embodiments, it Will be understood that 
changes and modi?cations may be made Without departing 
from the scope of the invention, Which is to be de?ned only 
by the appended claims and their equivalents. 

What is claimed is: 
1. A method for sensing a sample employing a pro?ler, 

said pro?ler having a stylus sensor assembly With an arm 
rotatable about a pivot and a controller controlling a force 
acting on the arm, said method comprising the steps of: 

(a) positioning a sensing tip above one location of the 
sample; 

(b) reducing a distance betWeen the sample and a sensing 
tip Without substantially moving the tip and the sample 
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laterally relative to each other and Without substantially 
rotating the arm about said pivot, until the tip touches 
the sample; 

(c) measuring data related to a height of the sample 
surface With the tip stationary and in contact With the 
sample; 

(d) increasing a distance betWeen the tip and the sample 
to lift the tip off the sample; 

(e) causing lateral relative motion betWeen the sensing tip 
and the sample and positioning the tip so that the tip is 
above a location of the sample adjacent to and spaced 
apart from said one location; and 

(f) repeating steps (b) through (e) at a plurality of loca 
tions of the sample to obtain an image of the sample. 

2. The method of claim 1, further comprising a step (b1) 
of determining Whether the tip touches the sample by 
comparing to a threshold value a distance rotated by the tip 
about the pivot caused by the sample. 

3. The method of claim 2, further comprising setting the 
threshold value to not more than about 500 nm. 

4. The method of claim 1, Wherein step (d) increases the 
distance betWeen the tip and the sample to a value greater 
than an expected maximum height variation of the sample 
surface. 

5. The method of claim 2, said method further comprising: 

sensing When a force betWeen the tip and the sample 
reaches a preset value; and 

maintaining the force betWeen the tip and the sample 
substantially at said preset value When the tip is rotated 
by the sample until the distance rotated is substantially 
equal to said threshold value. 

6. The method of claim 5, said pro?ler comprising at least 
one moving stage for moving the tip in steps (a), (b), (d), (e), 
Wherein said steps (a), (b), (d), (e) are performed by the at 
least one stage, further comprising detecting When the 
distance that the tip is rotated by contact With the sample is 
substantially equal to said threshold value. 

7. The method of claim 6, further comprising causing the 
moving stage to stop moving the tip When the distance that 
the tip is rotated by contact With the sample is substantially 
equal to said threshold value. 

8. The method of claim 1, Wherein step (e) causes lateral 
relative motion for a distance in the range of about 1 nm to 
50 mm. 

9. The method of claim 1, said pro?ler comprising at least 
one moving stage for moving the tip in steps (a), (b), (d), (e), 
Wherein said steps (a), (b), (d), (e) are performed by the at 
least one stage. 

10. The method of claim 9, Wherein said steps (a), (b) and 
(d) are performed Without the at least one stage substantially 
moving the tip and the sample laterally relative to each other. 

11. The method of claim 9, said data in step (c) being 
measured by taking into account a distance moved by the at 
least one moving stage in step (b) and a distance rotated by 
the tip about the pivot When the tip touches the sample. 

12. The method of claim 1, Wherein said arm is con 
strained to substantially one degree of freedom, so that 
contact betWeen the tip and the sample in step (b) causes the 
tip to rotate substantially Without tWisting. 
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13. The method of claim 1, Wherein said increasing step 
(c) increases the distance betWeen the tip and the surface to 
a constant value before lateral relative motion is caused in 
step 

14. A method for sensing a feature on a surface of a 
sample employing a sensing tip, said method comprising the 
steps of: 

(a) positioning the sensing tip above one location of the 
surface; 

(b) reducing a distance betWeen the surface and a sensing 
tip Without substantially moving the tip and the surface 
laterally relative to each other until either the tip or the 
surface has traveled, or the tip and the surface together 
have traveled in aggregate, by a preset distance Without 
contacting the surface, or until the tip touches the 
surface; 

(c) increasing a distance betWeen the tip and the surface 
Without substantially moving the tip and the surface 
laterally relative to each other until such distance is 
substantially equal to a predetermined value, said pre 
determined value being such that after step (c) the tip 
is higher in elevation than another location of the 
surface adjacent to and spaced apart from said one 
location; 

(d) causing lateral relative motion betWeen the sensing tip 
and the surface and positioning the tip so that the tip is 
above said another location; and 

(e) repeating steps (b) through (d) at a plurality of 
locations of the surface to ?nd or measure the feature. 

15. The method of claim 14, further comprising ?nding 
said determined value so that after step (c) the tip is higher 
in elevation than another location of the surface adjacent to 
and spaced apart from said one location. 

16. The method of claim 15, Wherein said ?nding includes 
measuring data related to height of the surface prior to step 
(c) and predicting from such data an elevation of said 
another location. 

17. The method of claim 16, Wherein said predicting 
includes curve ?tting said data related to heights of the 
surface at a plurality of locations and extrapolation. 

18. The method of claim 16, Wherein said sample surface 
is inclined and Wherein said predicting includes estimating 
a slope of the sample surface. 

19. The method of claim 15, Wherein said ?nding step 
includes providing height information concerning a target 
area of the sample surface, said target area containing the 
one and the another location of the surface so that When said 
distance betWeen the tip and said surface is increased to said 
predetermined value in step (c), the tip is at a higher 
elevation than all locations Within the target area of the 
surface. 

20. The method of claim 19, Wherein said ?nding includes 
measuring data related to the height of the surface at a 
plurality of sampling locations of the surface Within the 
target area. 

21. The method of claim 20, Wherein said measuring 
includes: 

(f) positioning the sensing tip above a ?rst sampling 
location of the surface Within the target area; 

(g) reducing a distance betWeen the surface and a sensing 
tip Without substantially moving the tip and the surface 
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laterally relative to each other until either the tip or the 
surface has traveled, or the tip and the surface together 
have traveled in aggregate, by a preset distance Without 
contacting the surface, or until the tip touches the 
surface, 

(h) increasing a distance betWeen the tip and the surface 
Without substantially moving the tip and the surface 
laterally relative to each other until such distance is 
substantially equal to a second predetermined value, 
said second predetermined value being such that after 
step (h) the tip is higher in elevation than all locations 
of the surface Within the target area; 

(i) causing lateral relative motion betWeen the sensing tip 
and the surface and positioning the tip so that the tip is 
above another sampling location Within the target area 
of the surface; and 

repeating steps (g) through at said plurality of 
sampling locations of the surface Within the target area. 

22. The method of claim 14, Wherein said ?nding includes 
measuring data related to the height of the surface at 3 to 25 
sampling locations of the surface Within the target area. 

23. The method of claim 14, Wherein said causing step (d) 
causes lateral relative motion over a distance in the range of 
about 1 nm to 50 mm. 

24. The method of claim 14, further comprising measur 
ing a height of the surface With the tip stationary and in 
contact With the surface When the tip touches the surface. 

25. The method of claim 14, Wherein said predetermined 
value is not more than about 1 micron. 

26. The method of claim 14, said sensing tip being that of 
a pro?ler, said pro?ler having an arm rotatable about a pivot 
and a controller controlling a force acting on the arm, 
Wherein said steps (a), (b), (c) and (d) are performed Without 
substantially rotating the arm about said pivot unless the tip 
is in contact With the surface. 

27. The method of claim 14, further comprising a step 
(b1) of determining Whether the tip touches the surface by 
comparing to a threshold value a distance moved by the tip 
caused by the surface. 

28. The method of claim 27, further comprising setting the 
threshold value to not more than about 500 nm. 

29. The method of claim 27, said method further com 
prising: 

sensing When a force betWeen the tip and the sample 
reaches a preset value; and 

maintaining the force betWeen the tip and the sample 
substantially at said preset value When the tip is moved 
by the sample until the distance moved is substantially 
equal to said threshold value. 

30. The method of claim 29, said pro?ler comprising a 
controller controlling a force eXerted by the tip against the 
surface, Wherein said controller is used to perform the force 
sensing and maintenance. 

31. The method of claim 14, Wherein the feature is found 
in step (b) or step (e) When either the tip or the surface has 
traveled, or the tip and the surface together have traveled in 
aggregate, by said preset distance Without contacting the 
surface. 

32. The method of claim 31, Wherein after the feature is 
found, step (b) is repeated in step (e) by reducing a distance 
betWeen the surface and a sensing tip until the tip touches the 
surface, said method further comprising measuring data 
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related to a height of the feature With the tip stationary and 
in contact With the surface When the tip touches the surface 
to obtain a pro?le or an image of the feature. 

33. The method of claim 14, Wherein When the tip touches 
the surface in step (b), in the immediately folloWing step (c), 
the distance betWeen the tip and the surface is increased by 
a ?rst predetermined distance, and Wherein When the tip 
does not touch the surface in step (b), in the immediately 
folloWing step (c), the distance betWeen the tip and the 
surface is increased by a second predetermined distance. 

34. The method of claim 33, Wherein said second prede 
termined value is substantially equal to said preset distance. 

35. The method of claim 33, Wherein said second prede 
termined value is larger than the ?rst predetermined value. 

36. The method of claim 14, Wherein a target area of the 
sample surface has substantially tWo discrete heights, With 
portions of the surface in the target area at a loWer ?rst 
height and portions at a higher second height, and Wherein 
step (a) positions the sensing tip above one location at the 
second height. 

37. The method of claim 36, Wherein step (b) reduces the 
distance betWeen the surface and a sensing tip until the tip 
touches the surface at the ?rst or the second height in the 
target area. 

38. The method of claim 14, said method employing at 
least one moving stage for moving the tip in steps (b), (c), 
(d), Wherein said steps (b), (c), (d) are performed by the at 
least one stage. 

39. The method of claim 38, Wherein said steps (a), (b) 
and (c) are performed Without the at least one stage sub 
stantially moving the tip and the sample laterally relative to 
each other. 

40. The method of claim 39, further comprising measur 
ing data related to height of the surface, said data being 
measured by taking into account a distance moved by the at 
least one moving stage in step (b) and a distance moved by 
the tip relative to the stage caused by contact With the 
sample. 

41. A method for sensing a high aspect ratio feature on a 
surface of a sample employing a sensing tip, said method 
comprising the steps of: 

scanning the sensing tip across the surface; and 

controlling a distance betWeen the surface and the tip so 
that the tip contacts the surface intermittently, Without 
substantially moving the tip and the surface laterally 
relative to each other When the tip and surface are in 
contact, Wherein the tip does not penetrate said feature 
When scanning across the surface. 

42. The method of claim 41, Wherein said controlling 
includes reducing a distance betWeen the surface and the 
sensing tip Without substantially moving the tip and the 
surface laterally relative to each other until either the tip or 
the surface has traveled, or the tip and the surface together 
have traveled in aggregate, by a preset distance Without 
contacting the surface or until the tip touches the surface. 

43. The method of claim 42, Wherein the feature is found 
When either the tip or the surface has traveled, or the tip and 
the surface together have traveled in aggregate, by said 
preset distance Without contacting the surface. 

44. The method of claim 43, further comprising, after the 
feature is found, measuring data related to a height of the 
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feature With the tip stationary and in contact With the surface 
When the tip touches the surface to obtain a pro?le or an 
image of the feature. 

45. The method of claim 42, further comprising measur 
ing a height of the surface With the tip held in contact With 
the surface When the tip touches the surface. 

46. The method of claim 45, further comprising, after the 
reducing: 

increasing a distance betWeen the sensing tip and the 
sample Without substantially moving the tip and the 
surface laterally relative to each other; and 

causing lateral relative motion betWeen the sensing tip 
and the surface. 

47. The method of claim 46, Wherein said sample has a 
sloping surface, Wherein said measuring measures data 
related to height of the surface at a plurality of locations of 
the surface; said method further comprising: 

predicting a slope of the sample surface from said data; 
and 

determining the distance that is increased so that the 
sensing tip Will not contact the surface laterally during 
the lateral relative motion. 

48. The method of claim 41, Wherein said controlling 
causes the distance betWeen the surface and the tip to 
increase to values not more than about 1 micron. 

49. The method of claim 41, said sensing tip being that of 
a pro?ler, said pro?ler having an arm rotatable about a pivot 
and a controller controlling a force acting on the arm, 
Wherein said scanning and controlling steps are performed 
Without substantially rotating the arm about said pivot unless 
the tip is in contact With the surface. 

50. The method of claim 49, further comprising deter 
mining Whether the tip touches the surface by comparing to 
a threshold value a distance moved by the tip about the pivot 
caused by the surface. 

51. The method of claim 50, further comprising setting the 
threshold value to not more than about 500 nm. 

52. The method of claim 50, said method further com 
prising: 

sensing When a force betWeen the tip and the sample 
reaches a preset value; and 

maintaining the force betWeen the tip and the sample 
substantially at said preset value When the tip is moved 
by the sample until the distance moved is substantially 
equal to said threshold value. 

53. The method of claim 41, said method further com 
prising positioning the tip above a location of the surface so 
that the tip Will not come into lateral contact With the 
surface. 

54. The method of claim 53, Wherein said positioning 
includes providing height information concerning the sur 
face. 

55. The method of claim 54, Wherein said providing 
includes measuring height of the surface at sampling loca 
tions of the surface in a dipping mode. 

56. Amethod for sensing a surface of a sample employing 
a probe With a sensing tip, said method comprising the steps 
of: 

(a) positioning the sensing tip above one location of the 
surface of the sample; 
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(b) reducing a distance betWeen the surface and a sensing 
tip Without substantially moving the tip and the surface 
laterally relative to each other until the tip touches the 
surface; 

(c) measuring data related to a height of the sample 
surface With the tip in contact With the sample at a 
contact point; 

(d) increasing a distance betWeen the tip and the contact 
point of the surface Without substantially moving the 
tip and the surface laterally relative to each other until 
such distance is substantially equal to a predetermined 
value; 

(e) causing lateral relative motion betWeen the sensing tip 
and the surface and positioning the tip so that the tip is 
above a location adjacent to and spaced apart from said 
one location; and 

(f) repeating steps (b) through (e) at a plurality of loca 
tions of the surface to obtain an image of the surface; 

said method further comprising step (e1) of determining 
Whether the tip and the surface are in contact during 
step (d), Wherein steps (b) through (e) are repeated in 
step only after a determination that the tip and the 
surface are not in contact. 

57. The method of claim 5 6, Wherein step (a) positions the 
sensing tip Without adequate prior information concerning 
eXtent of height variations of the surface to avoid lateral 
contact betWeen the tip and the surface When the tip is 
scanned across the surface, and said lateral relative motion 
in step (e) is over a lateral distance less than about 100 nm. 

58. The method of claim 57, further comprising step (e2) 
of increasing a distance betWeen the tip and the sample 
Without substantially moving the tip and the sample laterally 
relative to each other until such distance is substantially 
equal to the predetermined value When said determining step 
(e1) determines that the tip and the surface are in contact 
after step 

59 The method of claim 58, further comprising repeating 
steps (e1), (e2) until said determining step determines that 
the tip and surface are not in contact, Wherein steps (b) 
through (e) are then repeated in step 

60. The method of claim 58, further comprising discard 
ing the data measured When the tip remains in contact With 
the surface after step (d) and during steps (e1) and (e2). 

61. The method of claim 5 6, Wherein the sensing tip is that 
of a probe of a pro?ler or scanning probe microscope, step 
(e1) determines Whether the tip and the surface are in contact 
by: 

causing the probe to approach the surface; and 

sensing Whether the tip rises as soon as the probe is caused 
to approach the surface or Whether the tip has moved by 
a threshold distance When the probe is caused to 
approach the surface. 

62. The method of claim 61, further comprising setting the 
threshold value to not more than about 500 nm. 

63. The method of claim 61, said probe being that of a 
pro?ler, said method further comprising: 

sensing When a force betWeen the tip and the sample 
reaches a preset value; and 

maintaining the force betWeen the tip and the sample 
substantially at said preset value When the tip is rotated 
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by the sample about a pivot of the pro?ler until the 
distance rotated is substantially equal to said threshold 
value. 

64. The method of claim 56, Wherein said measuring 
measures data related to a height of the sample surface With 
the tip stationary and in contact With the sample at the 
contact point. 

65. A method for sensing a high aspect ratio feature on a 
surface of a sample employing at least a ?rst and a second 
sensing tips on a common probe, said method comprising 
the steps of: 

scanning the ?rst sensing tip across the surface With the 
?rst tip in contact With the surface until the feature is 
found; and 

scanning the second sensing tip across the surface With 
the second tip in intermittent contact With the surface to 
measure the feature. 

66. The method of claim 65, Wherein the second sensing 
tip comprises a nanotube. 

67. A scanning probe including a ?rst and a second 
sensing stylus With knoWn spatial relationship to each other, 
said stylus including a nanotube. 

68. The probe of claim 67, said nanotube extending 
beyond the ?rst sensing stylus. 

69. A method for sensing a high aspect ratio feature on a 
surface of a sample employing at least one sensing tip on a 
probe, said method comprising the steps of: 

scanning the at least one sensing tip across the surface 
With the tip in contact With the surface until the feature 
is found; and 

scanning the at least one sensing tip across the surface 
With the tip in intermittent contact With the surface to 
measure the feature. 

70. A method for sensing a high aspect ratio feature on a 
surface of a sample employing a sensing tip of a pro?ler or 
scanning probe microscope, said method comprising the 
steps of: 

providing height information of the surface Within a target 
area of the surface; 

positioning the tip above one location of the surface in the 
target area using such information; 

scanning the sensing tip across the surface; and 

controlling a distance betWeen the surface and the tip 
using said information during the scanning so that the 
tip contacts the surface intermittently and so that the tip 
does not contact the surface laterally When the tip is 
scanned across the surface. 

71. The method of claim 70, Wherein said controlling 
controls said distance so that the tip is scanned Without 
substantially moving the tip and the surface laterally relative 
to each other When the tip and surface are in contact, Wherein 
the tip does not penetrate said feature When scanning across 
the surface, 

72. The method of claim 70, Wherein said tip contacts the 
surface at a sequence of locations, Wherein said providing 
includes measuring data related to the height of the surface 
at at least one location Within a target area of the surface 
When the tip is in contact With the surface, and Wherein said 
controlling controls the distance using said data so that the 
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tip is raised to an elevation higher than the subsequent 
location of the surface in the target area in the sequence. 

73. The method of claim 72, Wherein said providing 
includes measuring data related to the height of the surface 
at a plurality of sampling locations Within the target area of 
the surface. 

74. The method of claim 73, Wherein said controlling 
includes predicting from such data an elevation of the 
subsequent location of the surface in the target area in the 
sequence. 

75. The method of claim 74, Wherein said predicting 
includes curve ?tting such data and extrapolation. 

76. The method of claim 73, Wherein said measuring 
includes: 

(a) positioning the sensing tip above a ?rst sampling 
location of the surface in the target area of the surface; 

(b) reducing a distance betWeen the surface and a sensing 
tip Without substantially moving the tip and the surface 
laterally relative to each other until either the tip or the 
surface has traveled, or the tip and the surface together 
have traveled in aggregate, by a preset distance Without 
contacting the surface, or until the tip touches the 
surface; 

(c) increasing a distance betWeen the tip and the surface 
Without substantially moving the tip and the surface 
laterally relative to each other until such distance is 
substantially equal to a second predetermined value, 
said second predetermined value being such that after 
step (c) the tip is higher in elevation than all locations 
of the surface Within the target area; 

(d) causing lateral relative motion betWeen the sensing tip 
and the surface and positioning the tip so that the tip is 
above another sampling location in the target area; and 

(e) repeating steps (b) through (d) at said plurality of 
sampling locations of the surface in the target area. 

77. An apparatus for sensing a sample, comprising: 

a senor assembly for sensing the sample, said assembly 
including a base portion and a movable portion, said 
movable portion including a sensing tip connected to 
the base portion, Wherein a force applied to the tip 
caused by contact betWeen the tip and the sample may 
cause the tip to move relative to the base portion; 

one or more moving stage(s) causing a vertical relative 
motion betWeen the assembly and the sample, thereby 
changing a distance betWeen the assembly and the 
sample; and 

a measurement controller computing a change in the 
distance betWeen the sensing tip and the sample caused 
by a combination of the relative motion betWeen the tip 
and the base portion of the sensor assembly and said 
vertical motion. 

78. The apparatus of claim 77, said assembly comprising 
an arm rotatable about a pivot, said arm having a sensing tip, 
and a sensor sensing distance rotated by said sensing tip 
about the pivot; Wherein the measurement controller com 
putes a change in the distance betWeen the sensing tip and 
the sample caused by a combination of the rotation of the tip 
about the pivot and said vertical motion. 

79. The apparatus of claim 78, further comprising a 
feedback path betWeen the sensor and the moving stage(s), 




