US 20170062180A1

a2y Patent Application Publication o) Pub. No.: US 2017/0062180 A1

a9y United States

Budach et al.

43) Pub. Date: Mar. 2, 2017

(54) METHODS AND DEVICES FOR EXAMINING Publication Classification
AN ELECTRICALLY CHARGED SPECIMEN
SURFACE (51) Imt.CL
HO01J 37/28 (2006.01)
(71) Applicant: Carl Zeiss SMT GmbH, Oberkochen (52) US. CL
(DE) CPC .ot HO01J 37/28 (2013.01)
(72) Inventors: Michael Budach, Hanau (DE); Michael (57) ABSTRACT
Schnell, Rechb DE); Bernd
Sghﬁfdl,er ezal :Ilig(h];]giérll\/l(ark)lis Ezgs e A method for examining a specimen surface with a probe of
Aalen (Dé) ’ ’ a scanning probe microscope, the specimen surface having
an electrical potential distribution. The method includes (a)
(21) Appl. No.: 15/253,795 determining the electrical potential distribution of at least
’ one first partial region of the specimen surface; and (b)
iled: modityimg the electrical potential distribution 1n the at least
(22) Filed: Aug. 31, 2016 difying the electrical potential distribution in the at ]
one first partial region of the specimen surface and/or
(30) Foreign Application Priority Data modifying an electrical potential of the probe of the scan-
ning probe microscope before scanning at least one second
Sep. 1, 2015 (DE) wovvvvviricnicnecne 102015216673 .2 partial region of the specimen surface.
A0
02 122
428 420 480
~ '4/
1000 \' |
478 476
17 474
. ‘ ¢ .""'""——-.-.._,___
1062 i — 4570
1068 \ {
\ A
\ 445
1000 A e | _-120
-
a5 7 L2 TS N Naws ]
10667 S0 \
o 430 110
1004 1070 | 435 130

\

1075



Patent Application Publication = Mar. 2, 2017 Sheet 1 of 12 US 2017/0062180 A1

Fig.1 Frior ant

MO g\
\ .
+-)++++_;’+ e it e e e
Hpemmmmmsmmnnnnnnnnns b

N A e



Patent Application Publication = Mar. 2, 2017 Sheet 2 of 12 US 2017/0062180 A1

Fig. 2 Prior art

200

120 130
Fig. 3 Prior art
300
310 e AR E gt
3 !
4 §
? \ §§ LLE |
{ !
" ; |
e § Plasmon losses ?
L § § L320
| ke AE - \ |
i ‘; Y ¢
\\ y \i | TTTTNAG
,&S\M“”‘” 3
& §a} &Y gkekf Exell

Electron energy -»



Patent Application Publication = Mar. 2, 2017 Sheet 3 of 12 US 2017/0062180 A1

Fig. 4
102 23
128 49¢ 4R
4 \\ 420 480
400 [T / |
.""‘%-hm
T 450
440
462
4 | 120
/ / / % 430 \ 110

468 458 4135 130

454 |

450



US 2017/0062180 A1

Mar. 2,2017 Sheet 4 of 12

Patent Application Publication

Fig. 5 Prior art

T

%

R A

2
V7777

g
3

k3

R oee s,

ie
f
%
%%
ot
ot
e

r
o
%
:
;
4
7




US 2017/0062180 A1

Mar. 2,2017 Sheet 5 of 12

Patent Application Publication

Fig. & Prior art

e, o

A

TR R

7




Patent Application Publication = Mar. 2, 2017 Sheet 6 of 12 US 2017/0062180 A1

/ h

dN/dE Us=0V
(&) ] )
JT -
ANFAE i“ § Energy [eV]
(B) §
JT v
Energy {eV
LTS >0V E oy L j
J\— -

{-Tnk I—Tmm + LTS E ne ng [EV]



Patent Application Publication = Mar. 2, 2017 Sheet 7 of 12 US 2017/0062180 A1

Fig. 8
130 810 800
820 /
830 6
§19]
/
./'
840
o 865
110
+i 0+ o+ A+ i+ i+ o+
+ o+ F + +i+ o+ + o+ |+ +
+H o+ o+ o+ o+ i+ +++++/8»)U
+ 0+ 0+ o+ 4P+ + + + |l
+ i + “+ + + ‘}-.(('-/4-/ + -+
+ + + + +i+ + o+ o+ |+
+H + o+ + F+i+ o+ o+ o+ |+
e T S T SR S S SRR o O SR N
B B S S S S N S SN S SN S
+ + + & o+ + 2+
Uiv] u
. R S— “MANS7s5,2
875 = -
- T
N P t MaX&7s:
'l
,.
\ 870
4
A0 /l/ Uipixsee
.
’f’ -
Uimaes, 8o
[$]
X {pm]




Patent Application Publication = Mar. 2, 2017 Sheet 8 of 12 US 2017/0062180 A1

Fig. 9

ACD [%]

Potential on the specimen [V]




Patent Application Publication = Mar. 2, 2017 Sheet 9 of 12 US 2017/0062180 A1

Fig. 10

420 480

170 474

445 Qg 440
i *—= ‘T/
AN \g\tgsl
10606 y \ \ 430\ 10
10064 1070 | 435 130

\

1075



Patent Application Publication = Mar. 2, 2017 Sheet 10 of 12 US 2017/0062180 A1

Fig. 11
1100
\ Start 1110
Determining the electrical potential 120

distribution in a first part of a specimen surface

r

Modifying the electrical potential distribution
in a first part of the specimen surface and/or
modifying an electrical potential of a
probe of a scanning probe microscope

1130

h 4

Scanning a second part of the specimen surface with| 1140
the probe of the scanning probe microscope




Patent Application Publication = Mar. 2, 2017 Sheet 11 of 12

Fig. 12

12060

\4 Start 1210

v

US 2017/0062180 A1

Determining an electrical potential distribution
in a first partial region of the specimen surface

¥
7 \ 1290
Yes . .
Is the electrical potential
distribution greater
\than a second threshold?
Y
Modifying the electrical potential | ;540 .4

distribution in the first partial region

Yes Is the electrical potential
distribution greater
than a first threshold?

Ne

Modifying the electrical potential //
distribution in the first partial region of the 1960
specimen surface and/or modifying an electrical | ~
potential of the probe of the
scanning prebe microscope
'
Scanning the probe surface 1270

FYy

with the probe of the
scanning probe microscope

y

End 1280




Patent Application Publication = Mar. 2, 2017 Sheet 12 of 12 US 2017/0062180 A1

Fig. 13

1300

\
‘

Determining the electrical potential
distribution of a first part of the specimen surface

1320

1330 ar
A 4 1350

Scanning a first part of the
.| specimen surface with the
charged particle beam of the
scanning particle microscope

Correcting one or more settings of a
scanning probe microscope on
the basis of the determined
potential distribution for processing
a second part of the specimen
surface with a charged A 4

particle beam

Correcting by means of the
determined potential distribution
v an image of a scanning
End | 1340 1360 | particle microscope generated
from the scanning data of

a second partial region

End | 1370




US 2017/0062180 Al

METHODS AND DEVICES FOR EXAMINING
AN ELECTRICALLY CHARGED SPECIMEN
SURFACE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to German patent
application 10 2015 216 673.2, filed on Sep. 1, 2015, the
entire contents of which are hereby incorporated by refer-
ence.

TECHNICAL FIELD

[0002] The present invention relates to methods and
devices for examining an electrically charged specimen
surface.

BACKGROUND

[0003] Advances in nanotechnology make it possible to
produce components with increasingly smaller structural
elements. To show and process the nanostructures, tools that
can scan the structures in multiple dimensions are required,
so that images can be generated from the measurement data
of these tools. Furthermore, to produce microstructured
components, photomasks are required, the pattern elements
of which can project the tiny structural elements of the
components or nanostructures into the photoresist applied to
a wafer.

[0004] A powerful tool for locally analyzing a specimen is
a scanning electron microscope (SEM), the electron beam of
which can be focused very finely, so that the beam diameter
at the focal point is in the single-digit nanometer range. This
measuring instrument scans the electron beam over the
surface of a specimen. Among the effects of the interaction
of the electrons with the specimen are that secondary
electrons (SE) and back-scattered electrons (BSE) are gen-
erated.

[0005] However, the resolution of a scanning electron
microscope and the quality of the images generated falls
sharply if the specimen to be examined has a significant
surface charge. FIG. 1 illustrates this problem. If a specimen
has a positive electrical charge, an electron beam produces
too large an image of a structural element arranged on the
specimen surface. If, on the other hand, the surface of the
specimen is negatively charged, the SEM forms too small an
image of the structural element. For example when exam-
ining the critical dimension (CD) and/or positioning errors
of structural elements of a photomask, of a developed
photoresist or of a component on a wafer, this can lead to
great uncertainty in determining the process yield.

[0006] Scanning probe microscopes (SPM) are likewise
powerful analytical tools in nanotechnology. SPMs scan a
specimen or its surface with a probe tip and thus produce a
realistic topography of the specimen surface. Depending on
the kind of interaction between the measuring tip and the
specimen surface, a distinction is made between different
types of SPM, for example scanning tunnelling microscopes
(STMs) or scanning force microscopes (SFMs), which are
also known as atomic force microscopes (AFMs). For
example, scanning force microscopes scan a specimen sur-
face by their probe tip or measuring tip being passed over the
surface of the probe at a very small distance (i.e. in the range
of a few nanometers) (non-contact mode) or else while
touching the surface (contact mode).
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[0007] So if there is an electrical charge distribution on a
specimen or its surface, i.e. the specimen surface and the
measuring tip of the AFM are at different electrical poten-
tials, compensating currents may flow when there is contact
between the measuring tip and the specimen surface or when
there is a small distance from the specimen, or electrical
flashovers may occur, and these may lead to damage or
destruction of a fine measuring tip and/or a sensitive speci-
men. FIG. 2 illustrates this matter.

[0008] Electrical charging of an insulating and/or semi-
conducting specimen may be caused by irradiation of the
specimen with an electron beam or generally with a charged
particle beam. Furthermore, even handling of a specimen
may lead to an electrostatic charge of its surface. If the
specimen is a wafer to be processed, coating processes
and/or etching processes may also result in an electrical
charging of the specimen.

[0009] Consequently, electrical charging of the specimen
surface is extremely undesirable for examinations that are
performed using a scanning electron microscope or a scan-
ning probe microscope.

[0010] In the case of specimens that have an electrically
conductive surface, electrical charging can be avoided by
earthing the specimen. In the case of electrically insulating
or semiconducting specimens, surface charges can be pre-
vented by vapor-depositing a thin conductive layer onto the
surface of a specimen to be examined. However, the latter is
not possible for many applications, in particular whenever
the aforementioned analytical tools are used for example in
the production of microstructured semiconductor compo-
nents or in the production of photomasks.

[0011] The authors K. M. Satyalakshmi et al. report in the
article “Charge induced pattern distortion in low energy
electron beam lithography”, J. Vac. Sci. Technol. vol. 18(6),
November/December 2000, pp. 3122-3125 on investigations
into determining the deflection of an electron beam as a
function of charge distributions on a specimen surface that
are produced in the vicinity of the point of incidence.
[0012] To prevent an electrical charge from impairing the
measurement of structural elements of semiconductor com-
ponents during their production, U.S. Pat. No. 5,736,863
proposes the application of earthed test structures in the
intermediate spaces between individual chips.

[0013] US 2002/0070340 Al describes the use of two
electron beams of differing energy, the lower-energy beam,
which has an electron generation rate of <1, compensating
for the electron generation rate of the higher-energy beam,
which is >1, so that no surface charges occur.

[0014] To compensate for surface charges, U.S. Pat. No.
6,507,474 B1 proposes measuring the charging of the sur-
face with a charge sensor and compensating for it with the
aid of an ionizer.

[0015] US 2004/0051040 A1 discloses a scanning electron
microscope that controls the irradiating intensity of the
electron beam in such a way that a change in the volume of
a photoresist as a result of the electron irradiation remains as
small as possible.

[0016] The aforementioned documents are primarily con-
cerned with the avoidance or reduction of electrical charges.
[0017] US 2004/0211899 A1 describes the use of one or
more electrometers to determine the electrical charging of a
wafer surface.

[0018] In some examples, clectrometers may have the
disadvantage that they cannot measure an electrical charge
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distribution locally but only over a large area, i.e. in the
range of square millimeters to square centimeters.

SUMMARY

[0019] In some implementations, the present invention
provides methods and devices for examining a specimen
surface with a charged particle beam and/or a scanning
probe microscope when the surface thereof has an electrical
potential distribution.

[0020] According to an exemplary embodiment of the
present invention, a method for examining a specimen
surface that has an electrical potential distribution with a
probe of a scanning probe microscope comprises the steps
of: (a) determining the electrical potential distribution of at
least one first partial region of the specimen surface; and (b)
modifying the electrical potential distribution in the at least
one first partial region of the specimen surface and/or
modifying an electrical potential of the probe of the scan-
ning probe microscope before scanning at least one second
partial region of the specimen surface.

[0021] Knowing the electrical potential distribution in the
region of the specimen surface that is to be scanned by a
probe or measuring tip of a scanning probe microscope can
prevent a fine probe and/or a sensitive specimen from being
subjected to damage or even destruction. Furthermore,
excessive wear of a probe of an SPM due to great compen-
sating currents can be avoided. In addition, eliminating or at
least reducing the potential difference between the probe and
the specimen allows an erroneous interpretation of the
scanning or measurement data that is recorded by the probe
to be prevented. A reduction of this potential difference can
be brought about by measures that have an effect on the local
potential distribution in the scanning range of the scanning
probe microscope, that have an effect on the potential of the
measuring tip or that have an effect both on the local
electrical potential distribution and on the potential of the
measuring tip.

[0022] According to another aspect, step (b) is performed
if an absolute value of the electrical potential distribution in
the at least one first partial region of the specimen surface
exceeds a first threshold.

[0023] If the potential difference between a measuring tip
of a scanning probe microscope and the electrical potential
distribution of the probe surface only has a low numerical
value, for example less than 1 volt, it may be advantageous
to dispense with a measure for reducing this small potential
difference. As a result, the measuring expenditure can be
reduced.

[0024] A further aspect also comprises the step of: scan-
ning the at least one second partial region of the specimen
surface with the probe of the scanning probe microscope if
an absolute value of the electrical potential distribution in
the at least one first partial region of the specimen surface is
less than or equal to the first threshold.

[0025] If the determination of the local potential distribu-
tion around the part of the specimen surface to be scanned
shows that the absolute value of the measured local potential
distribution does not exceed a first threshold value, the part
of the specimen surface can be scanned without risk to the
probe and the specimen. The first threshold value may be
externally preset and may depend on the measuring tip used
and the material and/or the topography of the surface of the
specimen.
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[0026] According to another aspect, the modification of
the electrical potential of the probe of the scanning probe
microscope comprises applying to the probe a voltage that
corresponds substantially to the determined electrical poten-
tial distribution in the at least one second partial region of
the specimen surface.

[0027] By bringing the measuring tip of the scanning
probe microscope to the same electrical potential as the local
specimen surface to be scanned, the scanning or measure-
ment data do not have any systematic measurement errors
and can be analyzed in a simple way.

[0028] The expression “substantially” means here and at
other points of the description the specification of a mea-
sured variable within the limits of a measurement error that
occurs when using measuring instruments according to the
prior art.

[0029] In yet another aspect, the modification of the elec-
trical potential distribution in the at least one first partial
region of the specimen surface comprises irradiating the
specimen surface with a charged particle beam.

[0030] An existing electrical charge of a specimen surface
can be compensated by applying to the first partial region of
the specimen surface charge carriers that have an opposed
electrical charge.

[0031] According to another aspect, the modification of
the electrical potential distribution comprises applying a
plasma discharge to at least the first partial region of the
specimen surface.

[0032] Plasmas contain free charge carriers with positive
and negative signs. Both positive and negative charges of a
specimen can be largely discharged with plasmas by appro-
priately conducting the process.

[0033] An advantageous aspect also comprises the step of:
fixing an irradiation dose of the charged particle beam in
dependence on the determined electrical potential distribu-
tion of the at least one first partial region of the specimen
surface and/or fixing a time period of the plasma discharge
in dependence on the determined electrical potential distri-
bution of the at least one first partial region of the specimen
surface.

[0034] It is advantageous to adapt the local irradiation
dose, or the time period during which a plasma burns, to the
local potential distribution in order to discharge the partial
region of the specimen surface as much as possible and/or on
the other hand avoid damage to the specimen.

[0035] Another aspect also comprises the step of: modi-
fying the electrical potential distribution in the at least one
first partial region of the specimen surface if the absolute
amount of the determined electrical potential distribution of
the at least one first partial region exceeds a second thresh-
old, which is greater than the first threshold.

[0036] In terms of the absolute value, a local potential
distribution may have such a great value, for example in the
range of kilovolts, that it is difficult and involves great
expenditure, or even is impossible, to bring the measuring
tip of the scanning probe microscope to this potential. In this
case it is advantageous to reduce the local potential distri-
bution on the specimen surface to the extent that the poten-
tial of the measuring tip of the SPM can be adapted to it.
[0037] Yet another aspect also comprises the step of: (a)
again determining the electrical potential distribution at least
in the first partial region of the specimen surface; and (b)
scanning the at least one second partial region of the
specimen surface with the probe of the scanning probe
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microscope if the absolute value of the electrical potential
distribution in the at least one first partial region is less than
or equal to the first threshold; or (¢) again modifying the
electrical potential distribution in the at least one second
partial region of the specimen surface and/or modifying the
electrical potential of the probe before the scanning of the at
least one second partial region if the absolute value of the
electrical potential distribution in the at least one first partial
region of the specimen surface exceeds the first threshold
and is less than the second threshold.

[0038] In a first process step, a very great potential dis-
tribution in terms of the absolute value can be brought to a
level such that the probe of an SPM can be used for scanning
in the intended region with or without potential adaptation.
According to the first process step, it can be advantageously
checked whether the possibly remaining potential distribu-
tion in the scanning range of the probe of the SPM is less
than a preset threshold value.

[0039] According to an advantageous aspect, the first
threshold lies in an electrical voltage interval of, e.g., 0.1
volt-20 volts, preferably of 0.2 volt-15 volts, more prefer-
ably of 0.5 volt-10 volts, and most preferably of 1 volt-5
volts. According to another aspect, the second threshold lies
in an electrical voltage interval of, e.g., 25 volts-50 000
volts, preferably of 30 volts-20 000 volts, more preferably of
40 V-10 000 V, and most preferably of 50 volts-5000 V.
[0040] As already stated above, the second partial region
of the specimen surface may be safely scanned with the
probe of the scanning probe microscope if, in terms of the
absolute value, the electrical potential distribution in the first
partial region of the specimen surface is less than or equal
to the first threshold. If the potential distribution in the first
partial region in terms of the absolute value is greater than
the first threshold but in terms of the absolute value is less
than the second threshold, the potential of the probe of the
scanning probe microscope can be adapted to the potential
distribution of the specimen surface. If, however, the abso-
Iute value of the potential distribution exceeds the second
threshold, it is preferred to reduce the potential distribution
of the specimen surface in terms of the absolute value.
[0041] According to a further aspect, the at least one first
partial region of the specimen surface comprises the at least
one second partial region of the specimen surface.

[0042] According to an advantageous aspect, the at least
one second partial region of the specimen surface has a
surface area of, e.g., =400 um?, preferably <200 um? more
preferably <100 pm?, and most preferably 50 pm?®. Accord-
ing to a further aspect, the at least one first partial region of
the specimen surface is greater than the at least one second
partial region of the specimen surface by a factor of, e.g.,
1.2, preferably a factor of 1.5, more preferably a factor of 2,
and most preferably a factor of 5.

[0043] According to another aspect, the scanning probe
microscope comprises a scanning force microscope.
[0044] According to a second exemplary embodiment of
the present invention, the problem addressed by the present
application is solved by a method for examining a specimen
surface that has an electrical potential distribution with a
charged particle beam of a scanning particle microscope.
The method comprises the steps of: (a) determining the
electrical potential distribution of at least one first partial
region of the specimen surface; (b) correcting at least one
setting of the scanning particle microscope on the basis of
the potential distribution determined in step (a) for process-
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ing at least one second partial region of the specimen surface
with the charged particle beam; and/or (c) scanning at least
one first partial region of the specimen surface with the
charged particle beam of the scanning particle microscope;
and (d) correcting by use of the potential distribution deter-
mined in step (a) an image of the scanning particle micro-
scope generated from the scanning data of the at least one
second partial region.

[0045] On the basis of the known potential distribution, an
image of a scanning particle microscope can be subse-
quently processed in a post-processing process and the
artefacts caused by the surface charge can be at least
partially corrected. With knowledge of the potential distri-
bution of the specimen surface, it is also possible to choose
one or more settings of a scanning particle microscope such
that, in spite of the surface charges that are present, precisely
the intended partial region is processed in a processing
process of a partial region of the specimen surface and the
particle beam has the intended parameters when it is incident
on the partial region.

[0046] An advantageous aspect also comprises the step of:
determining the electrical potential distribution from the
scanning data produced in step (c).

[0047] Tt is preferred to ascertain from a data record that
has been obtained when scanning a partial region of the
specimen surface both the potential distribution prevailing in
this potential region and an image of the scanned partial
region of the specimen surface. The image can then be
subsequently processed on the basis of the ascertained
electrical potential distribution. This avoids the problem that
a first scanning for ascertaining the data present on the
specimen changes the electrical potential distribution during
the subsequent scanning of the partial region for recording
an image of the scanning particle microscope, so that the
post-processing of the image is not based on the actual
distribution of the surface charges prevailing during the
recording of the image.

[0048] According to a further aspect, the at least one
setting of the scanning probe microscope comprises: altering
a magnification, altering a focus, altering a stigmator, alter-
ing an acceleration voltage, altering a beam displacement,
adjusting a position of the particle source of the scanning
particle microscope and/or altering a stop. Furthermore, the
settings of particle detectors attached to the scanning particle
microscope may be modified, in particular an energy scale in
the case of energy-selective and/or energy-sensitive detec-
tors.

[0049] In addition, according to a further aspect, the
processing of the at least one second partial region of the
specimen surface comprises providing at least one etching
gas and/or at least one precursor gas for depositing material
in the at least one second partial region of the specimen
surface.

[0050] A second embodiment of the method defined above
may be used to remove excess material in a second partial
region with the aid of a particle-beam-induced etching
process and/or to deposit missing material in the second
partial region by a particle-beam-induced deposition pro-
cess. The fact that allowance for the effects of a charging of
the particle surface can be at least partly made in these
processes means that these processes can be performed in a
more precisely directed manner, and consequently can be
improved.
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[0051] Yet another aspect also comprises the step of:
correcting the image of the scanning particle microscope
pixel by pixel in step d. and/or correcting the at least one
setting of the scanning particle microscope pixel by pixel in
step b.

[0052] The determination of the electrical potential distri-
bution may take place on the basis of individual pixels of an
image of the scanning particle microscope. This makes it
possible to correct the pixels individually in image post-
processing. In addition, the setting of a scanning particle
microscope in a processing process of the specimen can be
controlled pixel-precisely.

[0053] According to an advantageous aspect, the correc-
tion of an image of the scanning particle microscope gen-
erated from the scanning data in step (d) comprises correct-
ing a critical dimension and/or a positioning error of a
structural element of a photomask, a structural element of a
photoresist arranged on a wafer and/or a structural element
of' a component on a wafer.

[0054] According to yet another aspect, the scanning par-
ticle microscope comprises a scanning electron microscope.

[0055] According to a further aspect, the determination of
the electrical potential distribution of at least the first partial
region of the specimen surface comprises analyzing an
energy distribution of secondary electrons by use of a
spectrometer of the at least one first partial region of the
specimen surface, the secondary electrons being generated
during the scanning of the at least one first partial region of
the specimen surface with a particle beam of a scanning
particle microscope.

[0056] The fact that the secondary electrons generated are
analyzed both with regard to the number and with respect to
their energy distribution means that, along with the material
composition and the specimen topography, the electrical
potential distribution of the charged surface can be addi-
tionally investigated.

[0057] In another advantageous aspect, the determination
of the electrical potential distribution of the at least one first
partial region of the specimen surface comprises determin-
ing a displacement of the energy distribution of the second-
ary electrons.

[0058] According to an advantageous aspect, the determi-
nation of the displacement of the energy distribution of the
secondary electrons takes place with respect to a specimen
surface that has substantially no electrical potential.

[0059] In this application, the earthing potential represents
the reference point for the determination of the electrical
potential distribution caused by surface discharges on the
specimen.

[0060] In a beneficial aspect, the determination of the
displacement of the distribution of the secondary electrons
comprises applying an electrical field over the at least one
first partial region of the specimen surface. According to yet
another aspect, the field lines of the electrical field point
away from the specimen surface.

[0061] With positive charging of a partial region of a
specimen surface, only some of the secondary electrons
generated can leave the specimen surface in this region on
account of the attractive effect of the surface charges. For
this reason, in this case only some of the secondary electrons
generated are available for the analysis of the specimen. By
applying an electrical field that compensates for the effect of
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the surface charges, it is possible that substantially the entire
spectrum of the secondary electrons generated can be passed
on for subsequent analysis.

[0062] According to an advantageous aspect, the determi-
nation of the electrical potential distribution of the at least
one first partial region of the specimen surface comprises
determining a maximum of the energy distribution of back-
scattered electrons in the at least one first partial region of
the specimen surface, the back-scattered electrons being
generated during the scanning of the at least one first partial
region of the specimen surface.

[0063] The fact that the peak of the back-scattered elec-
trons is also ascertained along with the displacement of the
energy spectrum of the secondary electrons means that it is
possible for example to eliminate zero-point fluctuations of
a spectrometer or uncertainties that are attributable to the
extraction field.

[0064] According to an advantageous aspect, a device for
examining a specimen surface that has an electrical potential
distribution with a probe of a scanning probe microscope
has: (a) means for determining the electrical potential dis-
tribution of at least one first partial region of the specimen
surface; and (b) means for modifying the electrical potential
distribution of the at least one first partial region of the
specimen surface and/or means for modifying an electrical
potential of the probe of the scanning probe microscope
before scanning at least one second partial region of the
specimen surface if an absolute value of the electrical
potential distribution in the at least one first partial region of
the specimen surface exceeds a first threshold.

[0065] According to yet another aspect, the device is
designed to perform the method steps according to one of the
above aspects.

[0066] According to an advantageous aspect, a device for
examining a specimen surface that has an electrical potential
distribution with a charged particle beam of a scanning
particle microscope comprises: (a) means for determining
the electrical potential distribution of at least one first partial
region of the specimen surface; (b) means for correcting at
least one setting of the scanning particle microscope on the
basis of the determined potential distribution for processing
at least one second partial region of the specimen surface
with the charged particle beam; and/or (¢) means for scan-
ning the at least one first partial region of the specimen
surface with the charged particle beam of the scanning
particle microscope; and (d) means for correcting by use of
the determined potential distribution an image of the scan-
ning particle microscope generated from the scanning data
of the at least one second partial region.

[0067] According to yet another aspect, the device is
designed to perform the method steps according to one of the
aspects specified above.

[0068] Finally, in yet another advantageous aspect, the
device comprises at least one spectrometer.

DESCRIPTION OF DRAWINGS

[0069] The following detailed description describes a
number of exemplary embodiments of the invention, with
reference being made to the drawings:

[0070] FIG. 1 illustrates an aspect of the problem when
examining a charged surface with an electron beam;
[0071] FIG. 2 symbolizes an aspect of the matter when
scanning a charged specimen surface with a probe of a
scanning probe microscope;
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[0072] FIG. 3 presents a schematic energy spectrum of the
electrons that an electron beam incident on a specimen
generates,

[0073] FIG. 4 presents a schematic section through a
device for determining a local electrical potential distribu-
tion of a charged specimen surface, the device also being
able to be used for generating an image of a portion of the
charged specimen surface and for processing the charged
specimen surface;

[0074] FIG. 5 shows a column of a scanning electron
microscope with a multi-channel spectrometer built into the
column outside the axis, and presents simulated trajectories
of secondary electrons;

[0075] FIG. 6 shows measured spectra of secondary elec-
trons as a function of the surface potential of a specimen;
[0076] FIG. 7 schematically reproduces spectra, derived
on an energy basis, of secondary and back-scattered elec-
trons as a function of the potential of the specimen surface;
[0077] FIG. 8 schematically shows in the upper part of the
image a portion of the specimen with a structural element
that has a defect, represents in the middle part of the image
a plan view of the electrical potential distribution of the
portion of the specimen from the upper part of the image,
and in the lower part of the image presents two one-
dimensional potential distributions along two sectional
lines;

[0078] FIG. 9 shows a variation of the critical dimension
as a function of the electrical potential on the specimen
surface;

[0079] FIG. 10 presents a schematic section through a
device that combines a scanning particle microscope and a
scanning probe microscope;

[0080] FIG. 11 shows a flow diagram of the steps of a first
method for examining a charged specimen surface with a
probe of a scanning probe microscope;

[0081] FIG. 12 shows a flow diagram of the first method
from FIG. 11 with a greater degree of detail; and

[0082] FIG. 13 gives a flow diagram of a second method
for examining a charged specimen surface with a charged
particle beam of a scanning particle microscope.

DETAILED DESCRIPTION

[0083] Embodiments of two methods according to the
invention for examining a charged specimen surface are
explained in more detail below by the example of a charged
electron beam and a probe of an atomic force microscope
(AFM) together with the associated devices for performing
these methods. However, the methods according to the
invention are not restricted to the examples discussed below.
Rather, they can be used for any charged particle beam and
any scanning probe microscope. In addition, the application
of methods according to the invention is not restricted to the
specimens mentioned below. Rather, the charged particle
beam and the probe may be used for examining any elec-
trically insulating and/or semiconducting specimens.

[0084] The diagram 100 of FIG. 1 shows schematic sec-
tions through a charged specimen 110 and an output 165 of
a scanning electron microscope 160. The specimen 110 may
for example be an electrically insulating substrate of a
photomask. The specimen 110 may be a wafer to be pro-
cessed or may be realized by a photoresist on a wafer. The
specimen 110 has on its surface 120 a distribution of surface
charges (e.g., electrostatic charge) that cause an electrical
potential distribution. In some of the examples below, the
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electrical potential distribution may refer to, but not limited
to, the electrical potential distribution of an electrostatic
charge. On the left part of the image, the specimen surface
120 has a positive charge 140. In the right part of the image,
the specimen surface 120 shows an excess of negative
charges 150. The reference signs 140 and 150 are used to
denote both a distribution of surface charges on a specimen
surface 120 and the electrical potential distributions caused
by the charged surfaces.

[0085] Anelectrical charge 140, 150 of a specimen surface
120 may be caused by a charged particle beam, for example
the electron beam 175 of a scanning electron microscope
(SEM). An electrical potential distribution 140, 150 of a
specimen surface 120 may be produced by a processing
process, for example when processing the specimen 110
with an ion beam, in the case of a plasma process on a wafer
and/or a processing process on a photoresist arranged on a
wafer. Furthermore, an electrical charge of a specimen 110
may be caused for example by the handling of the specimen
110.

[0086] In the portion of the specimen 110 that is repre-
sented in the diagram 100 of FIG. 1, the distribution of the
surface charges 140, 150 has a uniform density. However,
this does not represent a precondition for the application of
the methods discussed here. Rather, the methods and devices
that are presented in this application can also deal with
changes in charge density that vary within small lateral
distances. This issue is explained below in the context of the
discussion of FIG. 8.

[0087] In the example of FIG. 1, a deflection system 165
deflects the electron beam 175 and scans it over the speci-
men surface 120 to determine the dimensions of the struc-
tural element 130. For example, a structural element 130
may be an element of an absorber structure of a photolitho-
graphic mask. Similarly, a structural element 130 may be an
element that a photomask has projected into a photoresist. In
another example, the structural element 130 is an element of
a chip of a wafer.

[0088] As presented in the left part of the image of
diagram 100, an electron beam 175 scanning the structural
element 130 is deflected by the attractive effect of a positive
charge 140 of the specimen surface 120 in the vicinity of the
specimen surface in the direction of the optical axis of 172
and follows the trajectory 174. Without the electrical poten-
tial distribution 140, the electron beam 175 would follow the
path 176. In an SEM image generated by the electron beam
175, the scanned dimension 178 appears larger than the
actual dimension 180 of the structural element 130.

[0089] By analogy, the right part of the image of FIG. 1
illustrates the repellent effect of a negatively charged 150
specimen surface 120 on the path movement 184 of the
electrons 170 of an electron beam. Due to the additional
deflection of the electron beam 175 in the vicinity of the
specimen surface 120 as a consequence of the charge
distribution 150, the actual dimension 180 of the structural
element 130 in an SEM image generated from the scanning
data appears to have a smaller dimension 188.

[0090] If the state of charge, i.e. the local electrical poten-
tial distribution 140, 150, of the specimen surface 120
around a region to be scanned is successfully determined,
the erroneous interpretation of the scanning or measurement
data of the electron beam 175 of the SEM 160 can be
corrected. Moreover, when processing for example the
structural element 130 by an electron beam 175 and one or
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more process gases, it can be ensured by suitable settings of
the parameters of the SEM 160 that the structural element
130 is in fact processed in an intended region.

[0091] The diagram 200 of FIG. 2 illustrates the problem
when scanning an atomic force microscope 250 over a
charged 150 specimen surface 120. The portion of the
specimen 110 of the diagram 200 is identical to the portion
of the left part of the image of diagram 100. The AFM 250
comprises a piezo actuator 255, with the aid of which the
probe 260 of the AFM 250 can be scanned over the surface
120 of the specimen 110. The probe 260 comprises a
movable lever arm 265, which is referred to hereinafter as
the cantilever 265. Attached to the free end of the cantilever
265 is the measuring tip 270. The cantilever 265 and the
measuring tip 270 may be configured in one piece or as two
connected components. At the end of the piezo actuator 255
that is opposite from the cantilever 265, the AFM 250 is
fastened to a mounting 275. The mounting 275 is normally
earthed. Consequently, the measuring tip 270 of the AFM
250 is typically at earth potential. When the earthed mea-
suring tip 270 is brought closer to a charged 150 specimen
surface 120, electrical flashovers 280 may occur between the
charged 150 specimen surface 120 and the measuring tip
270. The distance of the measuring tip 270 of the AFM 250
in the non-contact operating mode may go into the single-
digit nanometer range. The diameter of a fine measuring tip
270 may likewise lie in this range. For this reason, even
small potential differences or voltages of a few volts
between the measuring tip 270 and the specimen surface 120
are sufficient to produce great peak electrical field strengths,
which may lead to uncontrolled flashovers 280.

[0092] Uncontrollable voltage flashovers 280 may damage
or destroy fine measuring tips 270. In the case of measuring
tips 270 that have a greater radius of curvature at their free
end, voltage flashovers 280 lead to rapid wearing of the
measuring tip 270. What is more, the interpretation of
scanning or measurement data is very difficult when uncon-
trolled voltage flashovers 280 occur. Finally, voltage flash-
overs 280 between the specimen surface 120 and the mea-
suring tip 270 may damage a sensitive specimen surface
120, and as a result possibly destroy a specimen 110.
[0093] It is therefore important to know the electrical
potential distribution 150 in the scanning region of an AFM
250, in order to be able to counteract the described problem
by suitable countermeasures.

[0094] During the irradiation of a specimen 110 with the
electrons 175 of an electron beam, the electrons 175 interact
with the specimen 110. The process of interaction of the
incident electron beam 175 with the atoms of the specimen
110 generates electrons. Some of the electrons generated in
the interaction process may leave the specimen surface 120
and are detected by one or more detectors and used for
generating an SEM image of the specimen surface 120. The
diagram 300 of FIG. 3 schematically shows the energy
spectrum of the electrons generated by an electron beam
175. This figure can be taken from the book “Scanning
Electron Microscopy” by L. Reimer. The energy spectrum of
the electrons emitted by a specimen 120 is divided into two
main groups. Low-energy electrons with a kinetic energy of
up to 50 eV are known as secondary electrons (SE). All other
generated electrons, the spectral energy distribution of
which ranges from 50 eV substantially up to the kinetic
energy of the electrons 175 of the incident electron beam
(E=e-U), are referred to as back-scattered electrons (BSE).

Mar. 2, 2017

[0095] Ifthe surface 120 of a specimen 110 has no surface
charges, the energy spectrum of the secondary electrons
shows a distinct material- and/or topography-specific peak
310 in the range of several volts. In the energy range of
approximately 50 eV to approximately 2 keV, material-
specific peaks may likewise occur in the spectrum of back-
scattered electrons, caused by Auger electrons (AE). At the
upper end of the energy spectrum of back-scattered electrons
there is an elastic peak 320, which is caused by electrons that
are reflected from the specimen surface 120 substantially
with the kinetic energy of the incident electrons 175. Fol-
lowing on below this peak 320 is the so-called LLE (Low
Loss FElectron) range, which includes the back-scattered
electrons, the energy of which is typically 10 eV to 100 eV
lower than the kinetic energy of the incident electrons 175.
The LLE range also comprises the range of plasma excita-
tion (plasmon losses), so that in this spectral range relatively
few back-scattered electrons leave the specimen surface
120.

[0096] FIG. 4 schematically shows in section several
components of a device 400 or a measuring device 400,
which has a scanning particle microscope 420 in a vacuum
chamber 402. In the example of FIG. 4, the scanning particle
microscope 420 is a scanning electron microscope (SEM)
420. An electron beam as a particle beam has the advantage
that it cannot substantially damage the specimen 110, or only
to a slight extent. However, other charged particle beams are
also possible, for instance an ion beam of an FIB (Focused
Ion Beam) system (not represented in FIG. 4).

[0097] The SEM 420 comprises as components a particle
gun 422 and a column 424, in which the electron optics or
beam optics 426 is arranged. The electron gun 422 produces
an electron beam 428 and the electron or beam optics 426
focuses the electron beam 428 and directs it at the output of
the column 424 onto a specimen 110, which may be identical
to the specimen 110 of FIGS. 1 and 2.

[0098] The specimen 110 is arranged on a specimen table
405. As symbolized in FIG. 4 by the arrows, the specimen
table 405 can be moved in three spatial directions in relation
to the electron beam 428 of the SEM 420.

[0099] At the lower end of the column 424, at which the
electron beam 428 leaves the electron optics 426 arranged in
the column 424, a grating 430 is fastened to the column 424
in the device 400 that is represented by way of example in
FIG. 4. With the aid of this grating, the energy of the
secondary electrons that can leave the specimen surface 120
can be set.

[0100] A spectrometer-detector combination 440 discrimi-
nates the secondary electrons generated by the electron
beam 428 at the first measuring point 435 and/or electrons
back-scattered by the specimen 110 on the basis of their
energy and then converts them into an electrical measure-
ment signal. The measurement signal is then passed on to an
evaluation unit 476 of the computer system 470.

[0101] To save energy, the spectrometer-detector combi-
nation 140 may include a filter or a filter system in order to
discriminate the electrons in the energy (not represented in
FIG. 4). Several types of energy filters or spectrometers for
electrons are known in the literature. Examples of this are
retarding-field spectrometers, deflecting spectrometers,
which use a magnetic field or an electrostatic field, for
instance in the form of cylindrical mirror analyzers (CMAs)
or cylindrical deflection analyzers (CDAs). Furthermore,
multi-channel spectrometers, which can simultaneously
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determine substantially the entire energy spectrum of the
secondary electrons and/or of the back-scattered electrons,
may be used.

[0102] Like the spectrometer-detector combination 440—
energy-resolving spectrometers may be arranged outside the
column 424 of the SEM 420. However, it is also possible to
arrange a spectrometer and the associated detector in the
column 424 of an SEM 420. In the example represented in
FIG. 4, a spectrometer 445 and a detector 450 are built into
the column 424 of an SEM 420. In addition or as an
alternative to the spectrometer-detector combination 440,
the spectrometer 445 and the detector 450 may be used in the
device 400. The spectrometer-detector combination 440
may include the same type of spectrometer as the spectrom-
eter 445, or a different type.

[0103] The diagram 500 of FIG. 5 reproduces simulated
trajectories of a multi-channel spectrometer that is arranged
in the column 424 outside the axis of the electron beam. FIG.
5 and the following FIG. 6 can be taken from the book
“Scanning Flectron Microscope Optics and Spectrometers”
by A. Khursheed. FIG. 6 shows measurements of the spec-
tral energy distribution of secondary electrons as a function
of the surface potential 140, 150 of a specimen surface 120,
which has been recorded with the aid of an immersion-lens
spectrometer built on outside of the column. Both the
intensity and the energy-related position of the peak of the
secondary electrons 310 change as a function of the surface
potential 140, 150 of the specimen surface 120.

[0104] Again with reference to FIG. 4, the device 400 may
also optionally have a detector 455 for detecting the photons
generated by the incident electron beam 428 at the measur-
ing point 435. The detector 455 may for example spectrally
resolve the energy spectrum of the generated photons and
thereby allow conclusions to be drawn concerning the
composition of the surface 120 or layers near the surface of
the specimen 110.

[0105] In addition, the measuring device 400 may com-
prise an ion source 460, which provides low-energy ions in
the region of the measuring point 435 for the case where the
specimen 110 or its surface 120 is electrically insulating or
semiconducting and has a negative surface charge 140. With
the aid of the ion source 460, a negative charge of the
specimen surface 120 can be reduced locally and in a
controlled manner.

[0106] Should the specimen surface 120 have an undesired
distribution of positive surface charges, caused for instance
by the handling of the specimen 110, the electron beam 428
can be used to reduce the charge of the specimen surface
120. Furthermore, a plasma discharge may be used to
remove surface charges 140, 150 from the specimen surface
120.

[0107] Insome implementations, the computer system 470
comprises a scanning unit 472, which scans the electron
beam 428 over the specimen. The scanning unit 472 controls
deflection elements in the column 424 of the SEM 420,
which are not represented in FIG. 4. Furthermore, the
computer system 470 comprises a setting unit 474, in order
to set and control the various parameters of the SEM 420.
Parameters that can be set by the setting unit 474 may be for
example: the magnification, the focus of the electron beam
428, one or more settings of the stigmator, the beam dis-
placement, the position of the electron source and/or one or
more stops (not represented in FIG. 4). Furthermore, the
settings of particle detectors connected to the SEM 420 may
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be modified. In particular, it is advantageous to adapt the
energy scale of energy-selective and/or energy-sensitive
detectors.

[0108] Moreover, the computer system 470 comprises an
evaluation unit 476, which can analyze and store the mea-
surement signals of the spectrometer-detector combination
440 and/or of the spectrometer 445 and the detector 450 and
also possibly of the detector 455. Since there is at least one
energy spectrometer 445 in the device 400, the evaluation
unit 476 can determine the spectral distribution of the
secondary electrons generated by the electron beam 428. As
already mentioned above, the spectral distribution of the
secondary electrons depends on the electrical potential dis-
tribution of the specimen surface 120.

[0109] The diagram 700 of FIG. 7 schematically illustrates
in the various partial diagrams (A), (B) and (C) the variation
of the spectral distribution dN(E)/dE of the generated sec-
ondary electrons and of the back-scattered electrons in
dependence on an electrical potential distribution. The type
of the spectrometer 445 used determines the type of signal
generated by the detector or detectors 440, 450. This in turn
dictates which operations are performed on the primary
measurement signal supplied by the detector or detectors
440, 450. If the detector 440, 450 already emits the number
of secondary electrons and back-scattered electrons gener-
ated per energy interval, i.e. dN(E)/dE, it already provides
the spectrum represented in FIG. 7. If the spectrometer 445
is a retarding-field spectrometer, it emits a so-called S curve,
the derivative of which produces the spectral distribution
represented in FIG. 7. The derivative of the S curve may for
example be obtained by the evaluation unit 476 of the
computer system 470.

[0110] In the upper partial diagram (A), the specimen
surface 120 has no surface charges, i.e. U~0V. In a way
similar to the example in FIG. 3, the derivative of the
spectral energy distribution has a distinct peak 710 in the
region of the secondary electrons. In the vicinity of the
kinetic energy of the electrons 428 that are incident on the
specimen 110, the spectrum dN(E)/dE has a peak 720 of
back-scattered electrons.

[0111] The middle partial image (B) represents the elec-
tron generation rate derived on the basis of the energy if the
specimen surface 120 has a negative charge distribution 150
(Ug<0V). The repulsive force of the surface charges 150
makes it possible on the one hand that more secondary
electrons can leave the surface and on the other hand that the
spectrum of the secondary electrons is displaced towards
greater kinetic energy. The peak 710 of the partial image (A),
which is characterized by the energy U, ... becomes in the
partial image (B) the displaced peak 730, the peak energy of
which is made up of U, and the surface potential Us.
Since, due to the repulsive force of the negative surface
charge 150, the electron beam 428 that is incident on the
specimen 110 loses something of the energy that the back-
scattered electrons gain in the region of the maximum
energy from the field of electrical potential distribution, the
peak 740 remains substantially without any displacement
with respect to the peak 720 of the partial image (A).
[0112] The lower partial image (C) of the diagram 700
shows in a spectrally resolved manner the variable dN(E)/dE
as a function of the energy of the generated electrons, the
surface 120 having a positive electrical potential 140
(Ug>0V). The attractive force of the positive potential
distribution prevents secondary electrons, which are accom-
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panied by a lower kinetic energy than e-Us, from leaving the
specimen surface 120, where e is the elementary charge.
Depending on the magnitude of the electrical potential, the
number of electrons that are available for analysis therefore
decreases drastically. As a result, the determination of the
peak 750 displaced towards lower energies only takes place
indirectly and is consequently only measurable with a large
error.

[0113] The fact that an electrical field is generated over the
specimen surface 120 means that the spectrum of the sec-
ondary electrons in the partial image (C) may be displaced
towards greater energies by an absolute value defined by the
electrical field, so that its peak 750 can be reliably detected.
The evaluation unit 476 then numerically makes allowance
for the effect of an electrical field. For example, by applying
an electrical potential to the grating 430, which is attached
to the output of the column 424 of the SEM 420, a setting
unit 474 of the computer system 470 can produce a defined
static electrical field over the specimen surface 120. With
respect to the peak 760, it is similar to the peak 740 as
discussed above for the middle partial image (B).

[0114] In the schematic partial images (A), (B) and (C) of
the diagram 700, it should be noted that the x axis has a
non-linear scale. Furthermore, for reasons of clarity, all of
the peaks of the partial images are normalized in height. The
further structures of the spectrum of the energy distribution
of FIG. 3 have been suppressed in the diagram 700 of FIG.
7 for the sake of clarity. These structures are moreover
normally only visible in highly resolving spectrometers.
[0115] As evident from the discussion so far of the dia-
gram 700, the entire energy spectrum of the generated
electrons N(E) does not have to be measured to analyze the
displacement of the peak in the spectrum dN(E)/dE. Rather,
it is sufficient to investigate the spectrum of the secondary
electrons N(Eg). This can be performed for example with a
simpler spectrometer 445 and/or with a greater spectral
resolution. On the other hand, the additional determination
of the peak 720, 740, 760 for the maximum energy of
back-scattered electrons makes it possible to eliminate zero-
point fluctuations of the spectrometer 445 and/or of the
spectrometer-detector combination 440 and/or uncertainties
of a cause attributable to the extraction field.

[0116] The discussion of the diagram 700 shows, in par-
ticular in conjunction with the explanations of FIGS. 4 to 6,
that the spectrum of the secondary electron distribution is
well-suited for detecting an electrical potential distribution
140, 150 of a specimen surface 120. Processes for process-
ing a specimen 110 may bring about an electrical charge in
the region of the first threshold and above. The handling of
a specimen 110 may bring about a great local electrical
charge of the specimen, the sign of which may be positive
or negative, so that the absolute value of a local potential of
the specimen may reach the region of 1 keV. In principle, an
electron beam 175 can charge the specimen in terms of the
absolute value to a potential that corresponds to the kinetic
energy of the electrons of the electron beam 175. For
determining the potential distribution, the potential of a
highly positively charged specimen surface 120 is reduced
by the scanning of the specimen with an electron beam 428
of an SEM 420 to a voltage in the range of a few volts.
[0117] In the energy range in which its electron generation
rate is >1—which is typically the case with moderate kinetic
energy—an electron beam 428 can itself bring about a
positive charge of a specimen surface 120 in the range of a
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few volts. On the other hand, an electron beam with high-
energy electrons may lead to a highly negative charge of the
specimen surface, which may be several 100 volts.

[0118] Again with reference to FIG. 4, in some implemen-
tations, the device 400 has a number of different storage
tanks for various gases or precursor gases for processing one
or more defects of the surface 120 of the specimen 110. In
the device 400 given by way of example, two storage tanks
are shown. However, a device 400 may also have more than
two storage tanks for processing a specimen 110. The first
storage tank 452 stores a precursor gas or a deposition gas,
which can be used in cooperation with the electron beam 428
of the SEM 420 for depositing material on the specimen
surface 120 and/or a structural element 130. The second
storage tank 462 contains an etching gas, with the aid of
which the specimen surface 120 and/or a structural element
130 can be etched.

[0119] FEach storage tank 452, 462 is equipped with its
own valve 454 and 464, respectively, to control the amount
of gas particles provided per unit of time or the gas flow rate
at the location of incidence 435 of the electron beam 428 on
the surface 120 of the specimen 110. Furthermore, the two
storage tanks 452, 462 have their own gas feeds 456, 466,
which end with a nozzle 458, 468 near the point of incidence
435 of the electron beam 428 on the specimen 110. In the
device 400 that is represented by way of example in FIG. 4,
the valves 454, 464 are built-in in the vicinity of the storage
tank. In an alternative embodiment, the valves 454, 464 may
be arranged in the vicinity of the corresponding nozzle 458
or 468, respectively (not shown in FIG. 4). Each storage tank
452, 462 may have its own element for the individual
temperature setting and control. The temperature setting
makes both cooling and heating possible for each gas. In
addition, the gas feeds 456, 466 may likewise respectively
have their own element for setting and monitoring the
temperature at which the gases are provided at the reaction
location (likewise not shown in FIG. 4).

[0120] The device 400 of FIG. 4 may have a pump system
to produce and maintain the required vacuum. The pump
system is not shown in FIG. 4 for reasons of clarity. In
addition, the device 400 may include a suction extraction
device (likewise not represented in FIG. 4). The suction
extraction device in combination with a pump or a pump
system makes it possible that the fragments or constituents
that are produced during the decomposition of a precursor
gas and are not required for the local chemical reaction can
substantially be extracted from the vacuum chamber 402 of
the device 400 at the point of origin. Since the gas constitu-
ents that are not required are pumped away locally at the
point of incidence of the electron beam 428 on the specimen
110 out of the vacuum chamber 402 of the device 400 before
they can be distributed and settle in it, contamination of the
vacuum chamber 402 is prevented.

[0121] In some implementations, for initiating an etching
reaction or a depositing process, a focused electron beam
428 is exclusively used in the device 400 that is given by
way of example in FIG. 4.

[0122] On the basis of the diagram 800 of FIG. 8, the
processing of the specimen 110 is now described on the basis
of an etching process, allowance being made in the etching
process for the problems of the potential distribution that is
present in the processing region. FIG. 8 shows in the upper
partial image a portion 810 of the surface 120 of the
specimen 110. The specimen 110 may coincide with the
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portion of the specimen 110 of FIG. 1. The structural
element 130 has a defect 840, which is caused by excess
absorber material. This excess material, and consequently
the defect 840, are to be removed by an electron-beam-
induced etching process. For this purpose, the specimen
surface in a second partial region 830 is processed with the
aid of an electron beam 428 and an etching gas. The second
partial region 830 consequently represents the processing
surface for the correction of the defect. In order to ensure
that the processing process is not disturbed by electrical
potential peaks in the vicinity of the processing surface, the
first partial region 820, which contains the second partial
region 830, is scanned with an electron beam 428.

[0123] The data that are recorded during the scan, i.e. the
scanning data, can be used on the one hand to ascertain the
position and the size of the defect 840 on the specimen
surface 120. As discussed in the context of FIG. 7, the
scanning data of the electron beam 428 can be used to
ascertain the local distribution of the surface charges over
the portion 810 or the first partial region 820. The middle
partial image of the diagram 800 schematically shows a plan
view of the two-dimensional (2D) distribution of the surface
charges 850 or the 2D electrical potential distribution 850.
[0124] The lower partial image of the diagram 800 shows
the one-dimensional (1D) potential distributions 870 and
875 measured along the sectional lines 860 and 865. In the
example represented in FIG. 8, the electrical potential within
the structural element 130 and the defect 840 has throughout
a low positive numerical value U, ygs0.365 i the range of
several electron volts, which moreover is constant over the
structural element 130 and the defect 840. However, this is
not a precondition for the application of the methods
described here. The density of the surface charges 850
increases towards the border on the right of the first partial
region 820 and the second partial region 830. The 1D
potential distribution 870 measured along the sectional line
860 has a maximum in the vicinity of the border on the right
of the first partial region 820 (U, xs0)- The 1D electrical
potential distribution 870 has a first maximum U, x5, at
the border on the right of the second partial region 830 and
a second, greater maximum Uy, 75 » at the border on the
right of the first partial region 820. In the example repre-
sented in FIG. 8, in the border regions of the first partial
region the surface density of the charges 850 does not have
any potential peaks that unduly impair an image evaluation
of the scanning data in the second partial region 830 and/or
a processing of the defect 840 in the second partial region.
[0125] An SEM image of the defect 840 and its surround-
ings can be created from the scanning data of the first partial
region 820 and be displayed on the display 480. The SEM
image may comprise the first partial region 820 or only the
smaller second partial region. Which representation is more
advantageous is determined by the type of potential distri-
bution 850 in the first partial region 820. If the ascertained
potential distribution 850 does not provide any indication
that the border region of the first partial region 820 in the
SEM image generated does not contain any significant
artefacts, the entire first partial region 820 can be displayed
on the display 480. Otherwise, the image display is restricted
to the second partial region 830. As already mentioned,
image processing typically takes place in the second partial
region 830.

[0126] On the basis of the electrical potential distribution
850 likewise determined from the scanning data, the scan-
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ning data can be corrected, and consequently an SEM image
that at least partly eliminates the artefacts of the SEM image
caused by the electrical potential distribution 860, 870 can
be generated.

[0127] Various methods may be used for correcting this
scanning data on the basis of the electrical potential distri-
bution 850. On the one hand, it is possible to use as a basis
for the correction a 2D mean value of the potential distri-
bution 850 within the second partial region 830. The weight-
ing of the charge distribution in the various regions (i.e. of
the structural element 130, of the defect 840 and of the
surface 120) within the first partial region 820 and/or the
second partial region 830 can be freely selected. It is also
possible to form mean values over partial areas of the second
partial region 830 and use them for the correction. For
example, a mean value for the electrical potential 850 could
be formed for 5x5 or 10x10 pixels. Finally, the discussed
method allows the determination for each pixel of the first
partial region 820 and/or the second partial region 830 of an
own potential value, which is used for correcting the scan-
ning data.

[0128] The correction values ascertained may be stored in
a memory of the computer system 470. The potential dis-
tribution 850 ascertained may also be displayed on the
display 480 of the computer system 470. On the basis of the
displayed potential distribution 850 of the second partial
region 830 of the portion 810, it can be established which
method is best suited for ascertaining the correction value
for the scanning data.

[0129] As already stated above, along with the potential
distribution 850 from the scanning data that have been
recorded during the scanning of the second partial region
830, an SEM image can be generated and displayed in the
display 480. This embodiment is preferred, but one scan of
the first partial region 820 is sufficient to generate image data
and at the same time correction data. In an alternative
embodiment, an own scan may be respectively carried out to
record on the one hand image data and on the other hand a
potential distribution 850 in the first partial region 820. The
correction values determined for the potential distribution
850 can be used to correct at least partly the artefacts of the
SEM image. The position and size of the defect 840 is
determined in the best possible way by the corrected or
improved SEM image.

[0130] On the basis of the corrected SEM image of the
defect 840, the latter can be eliminated by etching with the
aid of the electron beam 428 and the provision of an etching
gas 462 at the point of incidence 435 of the electron beam.
For the etching process, the parameters of the SEM 420 are
in this case set such that, in spite of the charged surface 120,
in the second partial region 830, in which the electron beam
428 is scanned during the etching process, the electrons are
also actually incident on the specimen surface 120 with the
intended energy at the position intended for them. If need be,
the etching process is interrupted and the potential distribu-
tion 850 at the time is again ascertained in the second partial
region 830. If the electrical potential distribution 850 has
changed significantly, the parameters of the SEM 420 are
readjusted, so that an optimized electron beam 428 is
available again for the further etching process. The etching
operation does not have to be specifically interrupted for
determining the potential distribution 850 at the time of the
specimen surface 120. Rather, the potential of the surface
charges 850 can be determined when the electron beam 428
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is scanned over the second partial region 830 without
etching gas 462 in order to check the progress in the
elimination of the defect 840. In an alternative embodiment,
the potential of the surface charges 850 can be ascertained
during the ongoing etching process, i.e. without switching
off the etching gas 462.

[0131] For correcting an SEM image, the evaluation unit
476 contains one or more algorithms that are designed for
generating image data from the measurement signals or the
scanning data of the spectrometer-detector combination 440
and/or from the spectrometer 445 and the detector 450.
Moreover, in a post-processing process the evaluation unit
476 corrects the image data with the correction values for the
potential distribution 860, 870 and thus corrects artefacts of
the image data that the surface charges 140, 150, 850 cause.
For example, with a known distribution of the electrical
potential on the specimen surface 120, a trajectory of the
electrons can be simulated for each image point and their
point of incidence on the specimen surface 120 can be
calculated. In this way, a 2D map of displacement vectors
that can be used to calculate a corrected SEM image can be
created.

[0132] FIG. 9 represents an example of a calibration curve
that describes the changing of the critical dimension or CD
as a function of the electrical potential 140, 150, 850 of the
specimen surface 120. With the aid of this curve, CD values
can be corrected in a simple way if the potential distribution
in the recording of the scanning data is known.

[0133] Once again with reference to FIG. 4, the computer
system 470 may be integrated in the device 400 or may be
formed as a device of its own. The computer system 470
may be configured as hardware, software, firmware or a
combination of the above.

[0134] The device 1000 of FIG. 10 illustrates a combina-
tion of the device 400 of FIG. 4 in which an atomic force
microscope (AFM) 1060 is additionally integrated. The
AFM 1060 can be seen at this point as being an example of
any scanning probe microscope, and merely serves for
illustrating the measuring principles. The device 400 has
been covered extensively in the description of FIG. 4 above.
An AFM 250 is described on the basis of FIG. 2 as an
example of a scanning probe microscope.

[0135] With the mounting 1068, the AFM 1060 is fastened
to the device 1000. The upper end of the piezo actuator 1066
of the AFM 1060 is connected to the mounting 1068. The
other end of the piezo actuator 1066 carries the probe 1070
of the AFM 1060. The probe 1070 comprises a lever arm
1064 or cantilever 1064 and a measuring tip 1062, which the
cantilever 1064 holds at its free end. The measuring tip 1062
interacts with the specimen 110 or its surface 120 at the
measuring point 1075. The AFM 1060 is controlled or
monitored by the computer system 470.

[0136] The probe of the AFM 1060 is normally isolated in
terms of potential from the mounting 1068 by the piezo
actuator 1066. Should this not be the case, an electrical
insulating layer is inserted between the piezo actuator 1066
and the probe 1070 and/or between the piezo actuator 1066
and the mounting 1068. A feed line is led in the piezo
actuator 1066 from the probe 1070 via the mounting 1068 to
a voltage source; neither the feed line nor the voltage source
are represented in FIG. 10. In this way it is possible to bring
the cantilever 1064 and the measuring tip 1062 to a voltage
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that is defined with respect to earth potential, and conse-
quently to adapt them to the potential distribution 850 of the
specimen surface 120.

[0137] In order to avoid uncontrolled voltage flashovers
280 between the measuring tip 1062 and the specimen
surface 120, the electron beam 428 of the SEM 420 scans a
first partial region 820 of the specimen surface 120. As
described above, the scanning data thereby obtained are used
by the computer system 470 to produce an SEM image and
an electrical potential distribution 850. As stated above, a
global mean value, i.e. a mean value for the entire second
partial region 830, can be formed in various ways from the
potential distribution 850. During the scanning of the mea-
suring tip 1062 over the second partial region 830, its
potential is adapted to the global mean value or to the
respective local mean values. Alternatively, various local
mean values can be determined from the potential distribu-
tion 850, and the potential of the measuring tip 1062 can be
adapted to the just-scanned part of the second partial region
830. Moreover, it is possible to enter each pixel of the 2D
potential distribution 850 after a corresponding transforma-
tion into the system of coordinates of the AFM scan to
reduce a voltage between the local specimen surface 120 and
the measuring tip 1062 of the AFM 1060.

[0138] If, in terms of the absolute value, the potential
distribution 850 has such great numerical values that an
adaptation of the potential to these potential values is not
possible without the risk of damaging or even destroying the
probe 1070, the absolute amount of the potential distribution
850 is reduced for example by irradiating with charged
particles. Following that, as stated above, the potential
distribution 850 in the second partial region 830 is again
measured with the electron beam 428. If the potential
distribution then has an absolute value that is harmless for
the measuring tip 1062, the second partial region 830 is
scanned by the measuring tip 1062 of the AFM 1060, as
described above.

[0139] The flow diagram 1100 of FIG. 11 represents steps
of the method for examining a specimen surface 120 with a
probe 1070 of a scanning probe microscope 1060. The
method starts at step 1110. In the first step 1120, an electrical
potential distribution 850 is determined in a first partial
region 830 of a specimen surface 120. In the second step
1130, the determined potential distribution 850 in the first
partial region 820 of the specimen surface 120 is modified
and/or the electrical potential of the probe 1070 of the
scanning probe microscope 1060 is modified. Finally, in the
third step 1140, a second partial region 830 of the specimen
surface 120 is scanned with the probe 1070 of the scanning
probe microscope 1060. The method ends with step 1150.
[0140] The flow diagram 1200 of FIG. 12 illustrates the
method for examining a specimen surface 120 with a probe
1070 of a scanning probe microscope 1060 to a greater
degree of detail. The method starts at step 1210. During the
first step 1220, an electrical potential distribution 850 in a
first partial region 830 of a specimen surface 120 is deter-
mined. Then, in decision block 1230, it is analyzed whether
the potential distribution 850 exceeds a preset second thresh-
old. If this is so, at step 1240 the electrical potential
distribution is modified. Following that, in decision block
1230 it is again checked whether the absolute amount of the
modified potential distribution is still greater than the second
threshold. If the modified potential distribution remains
below the second threshold, the method proceeds to decision
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block 1250, in which it is investigated whether the modified
potential distribution is greater than a first threshold value.
If this is so, at step 1260 the potential distribution in the first
partial region 820 of the specimen surface 120 is modified
and/or the electrical potential of the probe 1070 of the
scanning probe microscope 1060 is modified. Subsequently,
at step 1270, a second partial region 830 of the specimen
surface 120 is scanned with the probe 1070 of the scanning
probe microscope 1060. If it is established in decision block
1250 that the potential distribution is less than the first
threshold value, the method proceeds with step 1270 and
scans the second partial region 830 of the specimen surface
120 with the probe 1070 of the scanning probe microscope
1060. The method ends with step 1280.

[0141] Finally, the flow diagram 1300 of FIG. 13 summa-
rizes once again the steps of the described method for
examining a specimen surface 120 with a charged particle
beam 428 of a scanning particle microscope 420. The
method starts at step 1310. In the next step 1320, the
determination of an electrical potential distribution 850 of a
first partial region 820 of the specimen surface 120 takes
place. The method then branches. It may perform the cor-
rection of one or more settings of a scanning particle
microscope 420 on the basis of the determined potential
distribution 850 in step 1330 for processing a second partial
region 830 of the specimen surface 120. The method may
then end at step 1340. The method may also proceed from
step 1330 to step 1350, in that a first partial region 820 of the
specimen surface 120 is scanned with the charged particle
beam 428 of the scanning particle microscope. In step 1360,
the correction of an image of the scanning particle micro-
scope generated from the scanning data of the second partial
region 830 then takes place by use of the determined
potential distribution 850. The method subsequently ends at
step 1370. Moreover, it is possible that, after performing step
1320, the method proceeds to step 1350 without performing
step 1330. In this embodiment, the method once again ends
at step 1370 after performing step 1360.

[0142] Insome implementations, the computer system 470
can include one or more processors and one or more
computer-readable media (e.g., RAM, ROM, SDRAM, hard
disk, optical disk, and flash memory). The one or more
processors can perform various calculations described
above. The calculations can also be implemented using
application-specific integrated circuits (ASICs). The term
“computer-readable medium” refers to a medium that par-
ticipates in providing instructions to a processor for execu-
tion, including without limitation, non-volatile media (e.g.,
optical or magnetic disks), and volatile media (e.g.,
memory) and transmission media. Transmission media
includes, without limitation, coaxial cables, copper wire,
fiber optics and free space. The memory can include any
type of memory, such as RAM, ROM, SDRAM, and flash
memory.

[0143] The features described above can be implemented
advantageously in one or more computer programs that are
executable on a programmable system including at least one
programmable processor coupled to receive data and
instructions from, and to transmit data and instructions to, a
data storage system, at least one input device, and at least
one output device. A computer program is a set of instruc-
tions that can be used, directly or indirectly, in a computer
to perform a certain activity or bring about a certain result.
A computer program can be written in any form of pro-
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gramming language (e.g., C, Java), including compiled or
interpreted languages, and it can be deployed in any form,
including as a stand-alone program or as a module, compo-
nent, subroutine, a browser-based web application, or other
unit suitable for use in a computing environment.

[0144] Suitable processors for the execution of a program
of instructions include, e.g., general purpose microproces-
sors, special purpose microprocessors, digital signal proces-
sors, single-core or multi-core processors, of any kind of
computer. Generally, a processor will receive instructions
and data from a read-only memory or a random access
memory or both. The elements of a computer are a processor
for executing instructions and one or more memories for
storing instructions and data. Generally, a computer will also
include, or be operatively coupled to communicate with, one
or more mass storage devices for storing data files; such
devices include magnetic disks, such as internal hard disks
and removable disks; magneto-optical disks; and optical
disks. Storage devices suitable for tangibly embodying
computer program instructions and data include all forms of
non-volatile memory, including by way of example semi-
conductor memory devices, such as EPROM, EEPROM,
and flash memory devices; magnetic disks such as internal
hard disks and removable disks; magneto-optical disks; and
CD-ROM, DVD-ROM, and Blu-ray BD-ROM disks. The
processor and the memory can be supplemented by, or
incorporated in, ASICs (application-specific integrated cir-
cuits).

[0145] While this specification contains many specific
implementation details, these should not be construed as
limitations on the scope of any inventions or of what may be
claimed, but rather as descriptions of features specific to
particular embodiments of particular inventions. Certain
features that are described in this specification in the context
of separate embodiments can also be implemented in com-
bination in a single embodiment. Conversely, various fea-
tures that are described in the context of a single embodi-
ment can also be implemented in multiple embodiments
separately or in any suitable subcombination.

[0146] Similarly, while operations are depicted in the
drawings in a particular order, this should not be understood
as requiring that such operations be performed in the par-
ticular order shown or in sequential order, or that all illus-
trated operations be performed, to achieve desirable results.
In certain circumstances, multitasking and parallel process-
ing may be advantageous. Moreover, the separation of
various system components in the embodiments described
above should not be understood as requiring such separation
in all embodiments.

[0147] Thus, particular embodiments of the subject matter
have been described. Other embodiments are within the
scope of the following claims. In some cases, the actions
recited in the claims can be performed in a different order
and still achieve desirable results.

What is claimed is:

1. A method for examining a specimen surface with a
probe of a scanning probe microscope, the specimen surface
having an electrical potential distribution of an electrostatic
charge, the method comprising the steps of:

a. determining the electrical potential distribution of the
electrostatic charge of at least one first partial region of
the specimen surface; and

b. modifying the electrical potential distribution of the
electrostatic charge in the at least one first partial region
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of the specimen surface and/or modifying an electrical
potential of the probe of the scanning probe microscope
before scanning at least one second partial region of the
specimen surface.

2. The method according to claim 1, step (b) being
performed if an absolute value of the electrical potential
distribution of the electrostatic charge in the at least one first
partial region of the specimen surface exceeds a first thresh-
old.

3. The method according to claim 2, also comprising the
step of: scanning the at least one second partial region of the
specimen surface with the probe of the scanning probe
microscope if an absolute value of the electrical potential
distribution of the electrostatic charge in the at least one first
partial region of the specimen surface is less than or equal
to the first threshold.

4. The method according to claim 1, the modification of
the electrical potential of the probe of the scanning probe
microscope comprising applying to the probe a voltage that
corresponds substantially to the determined electrical poten-
tial distribution of the electrostatic charge in the at least one
second partial region of the specimen surface.

5. The method according to claim 1, the modification of
the electrical potential distribution of the electrostatic charge
in the at least one first partial region of the specimen surface
comprising irradiating the specimen surface with a charged
particle beam.

6. The method according to claim 1, the modification of
the electrical potential distribution of the electrostatic charge
comprising applying a plasma discharge to at least the first
partial region of the specimen surface.

7. The method according to claim 5, also comprising the
step of: fixing an irradiation dose of the charged particle
beam and/or fixing a time period of the plasma discharge in
dependence on the determined electrical potential distribu-
tion of the electrostatic charge of the at least one first partial
region.

8. The method according to claim 2, also comprising the
step of: modifying the electrical potential distribution of the
electrostatic charge in the at least one first partial region of
the specimen surface if the absolute amount of the deter-
mined electrical potential distribution of the electrostatic
charge of the at least one first partial region exceeds a second
threshold, which is greater than the first threshold.

9. The method according to claim 8, also comprising the
steps of:

a. again determining the electrical potential distribution of
the electrostatic charge at least in the first partial region
of the specimen surface; and

. scanning the at least one second partial region of the
specimen surface with the probe of the scanning probe
microscope if the absolute value of the electrical poten-
tial distribution of the electrostatic charge in the at least
one first partial region is less than or equal to the first
threshold; or

. again modifying the electrical potential distribution of
the electrostatic charge in the at least one second partial
region of the specimen surface and/or modifying the
electrical potential of the probe before the scanning of
the at least one second partial region if the absolute
value of the electrical potential distribution of the
electrostatic charge in the at least one first partial region
of the specimen surface exceeds the first threshold and
is less than the second threshold.
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10. The method according to claim 1, the at least one first
partial region of the specimen surface comprising the at least
one second partial region of the specimen surface.

11. A method for examining a specimen surface with a
charged particle beam of a scanning particle microscope, the
specimen surface having an electrical potential distribution
of an electrostatic charge, the method comprising the steps
of:

a. determining the electrical potential distribution of the
electrostatic charge of at least one first partial region of
the specimen surface;

. correcting at least one setting of the scanning particle
microscope on the basis of the potential distribution of
the electrostatic charge determined in step a. to process
at least one second partial region of the specimen
surface with the charged particle beam;
and/or

c. scanning at least one first partial region of the specimen
surface with the charged particle beam of the scanning
particle microscope; and

. correcting by use of the potential distribution of the
electrostatic charge determined in step a. an image of
the scanning particle microscope generated from the
scanning data of the at least one second partial region,
the correction of an image of the scanning particle
microscope generated from the scanning data compris-
ing correcting a critical dimension and/or a positioning
error of a structural element of a photomask, a struc-
tural element of a photoresist arranged on a wafer
and/or a structural element of a component on a wafer.

12. The method according to claim 11, also comprising
the step of: determining the electrical potential distribution
of the electrostatic charge from the scanning data produced
in step c.

13. The method according to claim 11, the at least one
setting of the scanning particle microscope comprising:
altering a magnification, altering a focus, altering a stigma-
tor, altering an acceleration voltage, altering a beam dis-
placement, adjusting a position of the particle source of the
scanning particle microscope and/or altering a stop.

14. The method according to claim 11, the processing of
the at least one second partial region of the specimen surface
comprising: providing at least one etching gas and/or at least
one precursor gas for depositing material in the at least one
second partial region of the specimen surface.

15. The method according to claim 11, also comprising
the step of: correcting the image of the scanning particle
microscope pixel by pixel in step d. and/or correcting the at
least one setting of the scanning particle microscope pixel by
pixel in step b.

16. The method according to claim 11, the determination
of the electrical potential distribution of the electrostatic
charge of the at least one first partial region of the specimen
surface comprising analysing an energy distribution of sec-
ondary electrons by use of a spectrometer of the at least one
first partial region of the specimen surface, the secondary
electrons being generated during the scanning of the at least
one first partial region of the specimen surface with a
particle beam of a scanning particle microscope.

17. The method according to claim 16, the determination
of the electrical potential distribution of the electrostatic
charge of the at least one first partial region of the specimen
surface comprising determining a displacement of the
energy distribution of the secondary electrons.



US 2017/0062180 Al

18. The method according to claim 17, the determination
of the displacement of the energy distribution of the sec-
ondary electrons taking place with respect to a specimen
surface that has substantially no electrical potential.

19. The method according to claim 17, the determination
of the displacement of the distribution of the secondary
electrons comprising applying an electrical field over the at
least one first partial region of the specimen surface.

10. The method according to claim 16, the determination
of the electrical potential distribution of the electrostatic
charge of the at least one first partial region of the specimen
surface comprising determining a maximum of the energy
distribution of back-scattered electrons in the at least one
first partial region of the specimen surface, the back-scat-
tered electrons being generated during the scanning of the at
least one first partial region of the specimen surface.

21. A device for examining a specimen surface with a
probe of a scanning probe microscope, the specimen surface
having an electrical potential distribution of an electrostatic
charge, the apparatus comprising

a. means for determining the electrical potential distribu-

tion of the electrostatic charge of at least one first
partial region of the specimen surface; and

b. means for modifying the electrical potential distribu-

tion of the electrostatic charge of the at least one first
partial region of the specimen surface and/or means for
modifying an electrical potential of the probe of the
scanning probe microscope before scanning at least one
second partial region of the specimen surface if an
absolute value of the electrical potential distribution of
the electrostatic charge in the at least one first partial
region of the specimen surface exceeds a first thresh-
old.
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22. The device according to claim 21, the device being
designed to perform the method steps according to claim 1.

23. A device for examining a specimen surface with a
charged particle beam of a scanning particle microscope, the
specimen surface having an electrical potential distribution
of an electrostatic charge, comprising:

a. means for determining the electrical potential distribu-
tion of the electrostatic charge of at least one first
partial region of the specimen surface;

b. means for correcting at least one setting of the scanning
particle microscope on the basis of the determined
potential distribution of the electrostatic charge for
processing at least one second partial region of the
specimen surface with the charged particle beam;
and/or

c. means for scanning the at least one first partial region
of the specimen surface with the charged particle beam
of the scanning particle microscope; and

d. means for correcting by use of the determined potential
distribution an image of the scanning particle micro-
scope generated from the scanning data of the at least
one second partial region, the means for correcting of
an image of the scanning particle microscope generated
from the scanning data comprising means for correct-
ing a critical dimension and/or a positioning error of a
structural element of a photomask, a structural element
of a photoresist arranged on a wafer and/or a structural
element of a component on a wafer.

24. The device according to claim 23, the device being

designed to perform the method steps according to claim 11.

25. The device according to claim 23, the device com-

prising at least one spectrometer.
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