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A new scanning electrochemical microscopy tip positioning
method that allows topography and surface activity to be
resolved independently 1s presented. A SECM tip 1s oscillated
relative to the surface of mterest. Changes 1n the oscillation
amplitude, caused by the intermittent contact of the SECM tip
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SCANNING ELECTROCHEMICAL
MICROSCOPY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application 1s a national phase filing,
under 35 U.S.C. §371(c), of International Application No.
PCT/GB2011/050747, filed Apr. 14, 2011, the disclosure of

which 1s incorporated herein by reference in 1ts entirety.

FIELD OF THE INVENTION
[0002] This invention relates to scanning microscopy.
BACKGROUND TO THE INVENTION
[0003] Scanning electrochemical microscopy (SECM) 1s a

scanned probe microscopy technique 1n which the electro-
chemical response of a SECM tip (typically an ultramicro-
clectrode (UME) with an active part of less than 25 um) 1s
used to provide mformation on the properties (e.g. topogra-
phy or chemical activity) of a surface of interest (an interface,
surface or phase) or for modification of a surface of interest
(an 1nterface, surface or phase). The SECM tip 1s immersed 1n
a solution and used to detect chemical species (molecules or
ions) which interact with the SECM tip or to generate chemi-
cal species (molecules or1ons). Because the SECM tip detects
or generates concentrations and fluxes of a chemical species
locally, 1t provides information on the properties of an inter-
face, surface or phase at high spatial resolution. The SECM
tip can be operated 1n amperometric, potentiometric or con-
ductivity modes, amongst other possibilities. A wide variety
of SECM tips have been described including solid metal

clectrodes, semiconducting electrodes and liquid/liqud
probes.
[0004] Conventional amperometric SECM (which forms

the majority of applications) typically operates in direct cur-
rent (DC)-constant height (CH) mode 1n which the tip, usu-
ally held at a potential to detect or electrolyze an analyte at a
diffusion-limited rate, 1s positioned above the interface of
interest. The tip response, recorded as a function of the tip
position, provides a current image which depends on both the
sample topography (distance between the tip and the inter-
face) and surface activity.

[0005] Despite the tremendous impact of SECM 1n interfa-
cial science, a significant—and generally unresolved—chal-
lenge concerns absolute tip positioning. There 1s a need for
methods which allow the topography (distance between the
t1p and the interface) and surface flux (or activity) information
to be determined simultaneously and unambiguously.
[0006] Several methods have been proposed in the prior art
to address this general 1ssue, including:

[0007] theuse oftwo electroactive mediators 1n the solu-
tion; one which maps the topography alone and the other
the activity; (see “Scanning electrochemical microscopy
as a local probe of oxygen permeability 1n cartilage.”
Gonsalves, Marylou, Anna L. Barker, Julie V. Macpher-
son, Patrick R. Unwin, Danny O’Hare, and C. Peter
Winlove, Biophysical Journal, 2000, 78(3), pp 13578-
1588

[0008] the use of impedance based methods for tip posi-
tioning and feedback; (see “Impedance Feedback Con-

trol for Scanning Electrochemical Microscopy”™ Mario
A. Alpuche-Aviles and David O. Wipl, Anral. Chem.,

2001, 73 (20). pp 4873-4881)
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[0009] theuse of tip position modulation (TPM) to detect
the substrate surface and control the positioning of the
SECM tip; (see U.S. Pat. No. 5,382,336) the use of shear
force methods for tip positioning and feedback; (see
“Topography feedback mechanism for the scanning
electrochemical microscope based on hydrodynamic
forces between tip and sample”, Markus Ludwig, Chris-
tine Kranz, Woligang Schuhmann, and Hermann E.
Gaub, Review of Scientific Instruments, 1993, 66, pp
2857-2860 and “Combined scanning electrochemlcal/
optical microscopy with shear force and current feed-

back”, Youngmi Lee, Zhifeng Ding, and Allen J. Bard,
Anal. Chem., 2002, 74, pp 3634-3643, and

[0010] the integration of a UME into atomic force
microscopy tips (SECM-AFM). (see “Combined Scan-
ning Electrochemical-Atomic Force Microscopy J. V.
Macpherson and P. R. Unwin, Anral. Chem., 2000, 72,
2'76-283, available at the time of writing at http://dx.do1.
org/10.1021/ac990921w)

[0011] However, 1t can be difficult to find appropriate
redox-active species that do not interact with the underlying
system of interest when using two mediators.

[0012] Also, the impedance feedback and TPM methods
depend on the measured current to determine the distance
from the SECM tip to the substrate surface and thus are
dependent on the activity of underlying substrate.

[0013] Theshear force feedback and SECM-AFM methods
are attractive as they utilize a force feedback signal to allow a
close (and more or less constant) separation to be maintained
between the tip and interface of interest during imaging, but
they require additional specialist instrumentation and/or non-
conventional tips.

SUMMARY OF THE INVENTION

[0014] A first aspect of the mvention provides a method
comprising;
[0015] oscillating a scanning microscopy probe tip rela-
tive to a surface of interest;

[0016] detecting damping of an amplitude of the oscilla-
tion of the probe tip resulting from the probe tip coming
into contact with the surface of interest;

[0017] using the detected damping to detect the surface
of interest; and

[0018] using the probe tip to measure or modily activity
of the surface of interest simultaneously with detecting
damping.

[0019] The invention also provides a computer program
comprising machine readable instructions that when
executed by scanning electrochemical microscopy apparatus
control 1t to perform the method

[0020] A second aspect of the invention provides a com-
puter readable medium having stored thereon machine read-
able code that when executed by a processor of a scanning
microscopy apparatus cause the apparatus to perform a
method comprising:

[0021] oscillating an probe tip relative to a surface of
interest;
[0022] detecting damping of an amplitude of the oscilla-

tion of the probe tip resulting from the probe tip coming
into contact with the surface of interest;

[0023] using the detected damping to detect the surface
of interest; and



US 2013/0032495 Al

[0024] wusing the probe tip to measure or modily activity
of the surface of interest simultaneously with detecting
damping.

[0025] A third aspect of the invention provides apparatus
configured:

[0026] to oscillate a scanning microscopy probe tip rela-
tive to a surface of interest;

[0027] to detect damping of an amplitude of the oscilla-
tion of the probe tip resulting from the probe tip coming
into contact with the surface of interest;

[0028] to use the detected damping to detect the surface
of interest; and

[0029] to use the probe tip to measure or modily activity
of the surface of interest simultaneously with detecting
damping.

[0030] A fourth aspect of the invention provides apparatus
comprising;

[0031] means for oscillating a scanning microscopy
probe tip relative to a surface of interest;

[0032] means for detecting damping of an amplitude of
the oscillation of the probe tip resulting from the probe
t1ip coming into contact with the surface of interest;

[0033] means for using the detected damping to detect
the surface of interest; and

[0034] means for using the probe tip to measure or
modily activity of the surface of interest simultaneously
with detecting damping.

[0035] A general discussion of salient features of the
embodiments and associated effects and advantages now fol-
lows.

[0036] The invention, some aspects of which are known as
intermittent contact SECM (IC-SECM), 1s a new scanning
microscopy, for mstance SECM, tip positioning method that
can allow topography and surface activity to be resolved
independently.

[0037] Embodiments of the invention 1mvolve the applica-
tion of an oscillatory perturbation to the SECM tip relative to
the surface of interest. The height of the SECM tip oscillates
about the average SECM tip height. The SECM tip 1s moved
relative to the surface of interest and the amplitude of the
oscillation becomes damped as the SECM tip encounters the
surface. The damping 1s detected and provides absolute infor-
mation on the SECM tip-surface separation. The damping of
the oscillation amplitude 1s used as a feedback signal to con-
trol the movement of the SECM tip relative to the substrate
surface. The electrochemical response of the SECM tip can
be erther measured to provide complementary information
about the interface, surface or phase or controlled to provide
modification of the interface. surface or phase. Aspects of the
invention can be employed with all SECM tip types (includ-
ing amperometric and potentiometric) and 1n all SECM con-
figurations. Aspects of the mvention can also be employed
with nanoscale SECM electrode tips and SECM tips which
have been shaped by focussed 1on beam methods or polishing,
and etching procedures.

[0038] Aspects of the invention can also be used for posi-
tioming and 1maging with ion conductance probes and fibre
optic probes, and other probes that 1t may be desired to posi-
tion physically near a surface or interface, such as probes for
local gas detection/imaging; positioning microtluidic cells
etc. The SECM tip may be a potentiometric indicator probe.
[0039] Compared to existing techniques, embodiments of
this mvention provide an inexpensive, robust and simple
method to independently resolve substrate topography and
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surface activity. Minmimal additional equipment and control
schemes are needed to implement certain embodiments ol the
invention. Thus, aspects of the invention provide an inexpen-
stve and simple method to resolve substrate topography and
substrate activity in SECM. The feedback (used to locate the
surface) depends on the physical interaction of the SECM tip
with the substrate surface and does not depend on the surface
activity. This means that changes 1n substrate activity do not
alfect the tip-substrate distance measurements, and thus
embodiments of the invention provide a robust method to
determine substrate topography and substrate activity inde-
pendently. This also means that aspects of the mnvention can
be used with standard SECM tips (UMEs) and 1n standard
SECM modes. Aspects of the mnvention can be used also 1n
non-electrochemical microscopy.

[0040] A particularly attractive feature of this approach is
that 1t would allow other types of SECM tips, such as poten-
tiometric electrodes and 1on conductance probes, to be
deployed. Also because the tip position 1s oscillated slightly,
one can additionally 1solate the ac component of the current as
well as the mean current, greatly enhancing the electrochemai-
cal information content.

[0041] FEmbodiments of this invention differ from Tapping
Mode AFM (TM-AFM) (U.S. Pat. No. 5,412,890) 1n that the
embodiments use a completely different tip design (as com-
pared to the cantilever construction tips used 1n TM-AFM),
and the tip 1s oscillated at different frequencies (as compared
to resonance frequencies used in TM-AFM).

[0042] This invention differs from the tip position modula-
tion (TPM) method of Wipl and Bard (U.S. Pat. No. 35,382,

336) 1in that a non-electrochemical signal 1s used to to provide
the feedback and positioning sensitivity. Unlike TPM, the
SECM tip comes into contact with the substrate with this
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] Embodiments of the invention will now be
described, by way of example only, with reference to the
accompanying drawings in which:

[0044] FIG. 1shows a UME and a substrate surface as used
with embodiments of the present invention;

[0045] FIGS. 2 and 3 show movement of SECM tips
according to embodiments of the invention; and

[0046] FIG. 4 shows an implementation of intermittent
contact SECM embodying aspects of the invention.

DETAILED DESCRIPTION

[0047] Embodiments of the imnvention involve the applica-

tion of an oscillatory perturbation of typically 0.1 nm to 1 um
at typically 5 to 100 000 Hz to a SECM tip. The SECM tip

may be a UME, for instance in the form of a metal wire A,
with a radius of 0.002 to 12.5 um, sealed 1n a glass capillary
B relative, typically normal, to a surface of interest C. With
this oscillation the amplitude of the oscillation becomes
damped as the tip encounters the surface. The oscillation 1s
typically sinusoidal, though other oscillation types can be
used.

[0048] FIG. 1 shows a cross section of an UME and the
oscillation of the UME. FIG. 2 shows the movement of the
SECM tip when 1n bulk solution (i.e. not 1n contact with the
surface). F1G. 3 shows the movement of the SECM tip when
1n intermittent contact with the substrate surface. Here, 1t can
be seen that the uppermost half of the wavelorm, 1.e. the parts
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above position 0, are substantially the same as for FIG. 2,
however the lowermost half of the waveform 1s damped by
contact with the surface C. The damping i1s detected and
provides absolute information on the tip-surface separation.
This can be used as a measure of tip-surface separation for
approach curve measurements (where the tip 1s translated
towards or away irom the substrate, usually in a perpendicular
direction) and as a set point to maintain a fixed distance
between the tip and substrate surface during imaging (where
the tip and/or the substrate are moved laterally with respect to
cach other). The SECM tip electrochemical signal (e.g. cur-
rent and/or potential) 1s measured throughout and provides
information about the surface activity.

[0049] A detailed description of an implementation of the
invention 1s now given. Embodiments of the mvention are
described with amperometric approach curve measurements
and amperometric and potentiometric imaging. The ampero-
metric configuration for an electrically unbiased sample 1s
shown schematically in FIG. 4. Note that if the sample 1s a
conductor of semiconducting material, 1t can also be con-
nected up as an electrode (potential and/or current control).

Apparatus and Instrumentation

[0050] Coarse control of the SECM tip B (a Pt disk UME),
which 1s typically mounted perpendicular to the substrate
surface 32 but can be mounted at different angles, 1s realised
by a three-dimensional manual x,y,z stage controlled by
manipulator screws 56. Note that other means of achieving,
this positioming are also possible. Fine control 1s realised by
three (X, vy, z) piezoelectric positioners 42 fitted with strain
gauge sensors. The piezoelectric positioners 42, operated 1n
closed loop, are controlled by an amplifier/servo 47. The
piezoelectric positioner amplifier/servo 1s controlled by a
personal computer 45. An ac signal provided by an AC gen-
crator 49 1s added to the z piezoelectric positioner control by
a signal adder 48. The ac signal creates a sinusoidal oscilla-
tion of:

*sin(2 *f*s)

[0051] 1nthe height of the SECM tip B about the average tip
height, but other oscillation profiles can be used.

[0052] The computer 45 includes processing means, coms-
prising one or more processors, memory means, comprising,
one or more memories, and a computer program stored in the
memory means. The processing means, under control of the
computer program, performs various actions that are
described below, including measuring, detecting and control-
ling operations.

[0053] Embodiments of the invention are typically imple-
mented 1n a Faraday cage 41 on a vibration 1solation table 35
in a two electrode arrangement with the metal wire A or UME
tip B as the working or active electrode and a quasi-reference
clectrode 51. However, a three electrode (working, reference
and counter electrodes) or a four electrode bipotentiostatic
setup can be used, among other well known electrochemical
setups.

[0054] The SECM tip current and the location of the piezo-
clectric positioners are recorded. The SECM 1s operated 1n a
diffusion-limited configuration; with the SECM tip held at a

potential to electrolyse a target chemaical.

Intermittent contact SECM (IC-SECM) Approach
Curves

[0055] The SECM t1p 1s moved close to the substrate sur-
face using the manipulator screws 56. Approach curve mea-

Feb. 7, 2013

surements are carried out by translating the SECM tip
towards the substrate using the z one of the x,y,z piezoelectric
positioners 42. Simultaneously the SECM tip 1s typically
oscillated at a frequency of 70 Hz with a magnitude of 1-2%
(10 nm-150 nm) ofthe active electrode radius. The oscillation
magnitude may, however, take any value between 0.001% and
50% of the active electrode radius. The IC-SECM approach
curve 1s terminated when intermittent contact 1s detected.
Intermittent contact here 1s defined as a sustained decrease 1n
the z piezoelectric positioner strain gauge sensor (z-SGS) tip
oscillation amplitude as compared to the z-SGS oscillation
amplitude 1n the bulk solution (for example a 1 to 15% sus-
tained decrease).

[0056] As the UME tip B approaches an insulating sub-
strate  surface C the mean current decreases. When
approached to a conducting substrate C surface the mean
current increases. The magnitude of the z-SGS oscillation
remains constant for most of the approach curve, only chang-
ing when intermittent contact 1s made between the UME tip B
and the substrate surface C.

[0057] Although the oscillation frequency here 1s 70 Hz, 1t
may take any value between 5 and 100 000 Hz. The oscillation
frequency may be between 5 and 5000 Hz. The oscillation
frequency may be between 30 and 110 Hz.

[0058] The oscillation amplitude may between 0.1 nm and
1 um. The oscillation amplitude may be between 5 nm and
500 nm. The oscillation amplitude may be between 15 nm and

250 nm.

[0059] The oscillation amplitude of the SECM tip 1s moni-
tored, and the measured oscillation amplitude 1s used to con-
trol the SECM tip movement relative to the surface of interest.

[0060] Instead of a sinusoidal oscillation, 1t may take some
other form. For 1nstance, a square oscillation may be applied
to the SECM t1p. The oscillation frequency of the square wave
may be between 5 and 100 000 Hz, or may take some other
value. The oscillation amplitude may be between 0.1 nm and
1 um.

[0061] A sawtooth oscillation may be applied to the SECM
tip. The oscillation frequency of the sawtooth signal may be
between 5 and 100 000 Hz. Here, the oscillation amplitude
may be between 0.1 nm and 1 pum.

[0062] The electrochemical response of the SECM tip 1s
measured to provide information about the surface of interest.
The electrochemical response of the SECM tip may be the
current generated at, or flowing through, the SECM tip when
held at a potential to interact with a species of interest. Alter-
natively 1t may be the potential generated at the SECM tip
when 1nteracting with a species of interest. It may alterna-
tively be the potential when a current 1s applied to the tip, via
galvanostatic control. It may alternatively be a conductance
current.

[0063] The electrochemical response of the SECM tip may
be used to deliver chemical species to the surface of interest.

[0064] The surface of interest in these embodiments 1s an
interface between two substances, a surface of a solid or
liguid, or a boundary between two phases (i.e. solid and
liguid, liquid and gas, or solid and gas) of a substance,
although 1t could be another surface such as a surface of a
living cell or tissue.

[0065] The SECM tip 1s oscillated normal, or substantially
normal, to the surface of interest.
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Intermittent Contact SECM Imaging

[0066] TheSECM tip B 1s engaged to the surface C using an
Intermittent Contact (IC)-SECM approach curve which halts
when intermittent contact 1s detected. An 1mage 1s con-
structed typically using a series of line scans, although other
scan methods are possible. Each line scan consists of a for-
ward intermittent contact scan and a reverse constant distance
scan. The forward scan 1s done while maintaining intermaittent
contact with the substrate surface C. The reverse scan 1s done
at a constant distance away from the substrate surface C,
which 1s identified by the z measurements of the tip position
B 1n the forward scan. This separation 1s typically in the range
0.1-2 um for a 2 um active radius tip B. During the intermat-
tent contact scan the SECM tip height 1s updated by a pro-
portional controller, implemented on the computer 45. Other
forms of controller, for mstance a PID (proportional-integral-
derivative) controller, can be used 1nstead.

[0067] The proportional controller takes the form:
7 = Id+P$(ZSGSAmpHmd€_0_9:;aZSGSBukampHrude)
[0068] where z,_ and z_,, are the new and old SECM tip

height respectively, z°“>4"P#™% g the z-SGS oscillation

amplitude and z°°F#kAmphde g the 7-SGS oscillation
amplitude 1n the bulk solution.

[0069] A ten percent decrease in the z-SGS oscillation
amplitude 1s used as a set point for scanming, although other
values can be used. The SECM tip current 1s measured during,
the line scans. The images of chemical activity (from the
various tip current measurements) and substrate height (from
the location of the z piezoelectric positioner) are thus con-
structed simultaneously.

[0070] On a substrate with conducting and insulating
regions, IC-SECM 1maging, when the UME 1s operated 1n an
amperometric feedback mode, produces an 1image with an
increase 1n mean current over the conducting regions (posi-
tive diffusional feedback) and a decrease in mean current over
the msulating regions (negative diffusional feedback). The
mean current can be recorded during both the intermaittent
contact lines scans and the constant distance lines scans. The
same pattern of increases and decreases 1n mean current 1s
observed 1n both the intermittent contact and constant dis-
tance 1mages. However the intermittent contact mean current
shows a greater variability than the constant distance mean
current. The substrate surface 1s identified by the computer 435
by the position of the z piezoelectric positioner during the
intermittent contact lines scans. In addition, the oscillating
component of the current can be 1solated. The magnitude and
phase of the oscillating component of the current 1s used by
the computer 45 to construct images of the substrate surface
activity.

[0071] IC-SECM imaging when operating an UME as a
potentiometric tip (e.g. a pH-sensitive or Cl-selective elec-
trode or similar) produces an 1image of the concentration of
the species of interest. In this case a two-electrode potentio-
metric electrode set up 1s used (with indicator and reference
clectrodes) and the potential of the indicator electrode 1s
measured. This can be converted to a local concentration of
the species of interest at the location of the tip. As for ampero-
metric 1imaging described above, a key advantage of this
method 1s that the topography of the sample and the tip-
substrate separation 1s determined from the damping ofthe tip
oscillation. Potentiometric electrodes can also be deployed
into the IC-SECM mode for approach curve measurements.
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1. A method comprising;:

oscillating a scanning microscopy probe tip relative to a

surface of interest;

detecting damping of an amplitude of the oscillation of the

probe tip resulting from the probe tip coming into con-
tact with the surface of interest;

using the detected damping to detect the surface of interest;

and

using the probe tip to measure or modily activity of the

surface of interest simultaneously with detecting damp-
ng.

2. A method as claimed 1n claim 1, comprising detecting,
damping during an approach curve procedure.

3. A method as claimed in claim 2, comprising terminating
the approach curve process when intermittent contact 1s
detected.

4. A method as claimed in claim 2, comprising terminating,
the approach curve process on detecting a sustained decrease
in sensor t1ip oscillation amplitude as compared to oscillation
amplitude 1n a reference medium.

5. A method as claimed 1n claim 2, comprising terminating,
the approach curve process on detecting a decrease of
between 0.5% and 15% 1n sensor tip oscillation amplitude as
compared to oscillation amplitude 1n a reference medium.

6. A method as claimed 1n claim 2, comprising terminating
the approach curve process on detecting a decrease of about
5-10% 1n tip sensor oscillation amplitude as compared to
oscillation amplitude in a reference medium.

7. A method as claimed in claim 1, further comprising
constructing an 1mage using a series ol line scans, each line
scan including a forward intermittent contact scan and a
reverse constant distance scan.

8. A method according to claim 1, further comprising using,
a measured oscillation amplitude to control the probe tip
movement relative to the surface of interest.

9. A method as claimed 1n claim 1, wherein oscillating the
probe tip comprises oscillating the probe tip with amagnitude
ol between 1% and 2% of the radius of the active electrode.

10. A method according to claim 1, wherein the oscillation
of the probe tip 1s selected from the group of:

sinusoidal oscillation, sawtooth oscillation, and square
oscillation.

11. (canceled)
12. (canceled)

13. A method according to claim 1, 1n which a frequency of
oscillation 1s selected from the group:
between 5 and 100,000 Hz, between 5 and 5,000 Hz, and
between 30 and 110 Hz.
14. (canceled)
15. (canceled)
16. A method according to claim 1, 1n which an amplitude
of oscillation 1s selected from the group:
between 0.1 nm and 1 um, between 5 nm and 500 nm, and
between 15 nm and 250 nm.

17. (canceled)
18. (canceled)

19. A method according to claim 1, in which the probe 1s
selected from the group comprising:

an ultramicroelectrode, an 1on conductance probe, a fiber
optic probe, and a potentiometric indicator probe.

20. (canceled)
21. (canceled)
22. (canceled)
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23. A method according to claim 1, further comprising
using a measured electrochemical response of the probe to
provide information about the surface of interest.

24. A method according to claim 14, 1n which the electro-
chemical response of the probe tip 1s the current generated at
the probe tip when held at a potential to interact with a species
ol interest.

25. A method according to claim 14, 1n which the electro-
chemical response of the probe tip 1s the potential generated
at the probe tip when interacting with a species of interest.

26. A method according to claim 14, comprising using the
clectrochemical response of the probe tip to deliver chemical
species to the surface of interest.

27. A method as claimed 1n claim 1, wherein oscillating of
the probe tip 1s normal or generally normal to the surface of
interest.

28. (canceled)

29. A non-transitory computer readable medium having
stored thereon machine readable code that when executed by
a processor of a scanning microscopy apparatus cause the
apparatus to perform a method comprising:

oscillating a probe tip relative to a surface of interest;

detecting damping of an amplitude of the oscillation of the

probe tip resulting from the probe tip coming 1nto con-
tact with the surtace of interest;

using the detected damping to detect the surface of interest;

and
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using the probe tip to measure or modily activity of the
surface of interest simultaneously with detecting damp-
ng.

30. Apparatus configured:

to oscillate a scanning microscopy probe tip relative to a
surface of interest:;

to detect damping of an amplitude of the oscillation of the
probe tip resulting from the probe tip coming into con-
tact with the surface of interest;

to use the detected damping to detect the surface of interest;
and

to use the probe tip to measure or modily activity of the
surface of interest simultaneously with detecting damp-
ng.

31. Apparatus comprising:

means for oscillating a scanning microscopy probe tip
relative to a surface of interest:;

means for detecting damping of an amplitude of the oscil-
lation of the probe tip resulting from the probe tip com-
ing into contact with the surface of interest;

means for using the detected damping to detect the surface
of interest; and

means for using the probe tip to measure or modily activity
of the surface of iterest simultaneously with detecting,
damping.
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