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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Atomic force microscopes (AFMs) are of increasing importance for imaging surfaces at the nanoscale.
The imaging mechanism involves a dilation of the surface form by the AFM probe shape. In practice, the
radii of probe tips are in the range of 1 nm to 200 nm, which is the same order of magnitude as that of
many important surface features. AFM images may, therefore, be strongly affected by the shape and size
of the AFM probe used for imaging. In addition, the mechanism used to control the distance between
the AFM probe and the sample surface can create artefacts in AFM images, because the effective probe
shape characteristic depends on the control parameters. The probe radius and its half-cone angle are
often used for the specification of AFM probes. However, practical probes are often not described so

Yy q P p q
Stanglard descrlbes two methods for the detailed determination of probe shank shape a'Projection of
the probe profile (PPP) and the effective probe shape characteristic (EPSC), both of which afe projected
onto|a defined plane and which, in turn, include the effect of the probe controllinggmechanism. The PPP
provjdes a continuous profile, whereas the EPSC provides a few discrete characteristic poings. PPP, used
in cgnjunction with a probe shape characteristic (PSC) measurement, gives’the quality ¢f the probe
for general applications, whereas EPSC indicates the usefulness of the probe for depth mgasurements
in ngrrow trenches and similar profiles. The true surface shape can be-recovered and estimated from
the measured surface with an accurate model of the true probe shape. This International Standard
provides methods for the quantitative determination of aspects of @FM probe shank shape, to ensure
that the probe is adequate to measure surfaces with narrow trenchies and similar profiles apd to ensure
reproducible AFM imaging.

© IS0 2014 - All rights reserved v


https://standardsiso.com/api/?name=b5324a8a412a4371b4eabff3c7ce5ac2



https://standardsiso.com/api/?name=b5324a8a412a4371b4eabff3c7ce5ac2

INTERNATIONAL STANDARD

ISO 13095:2014(E)

Surface Chemical Analysis — Atomic force microscopy —
Procedure for in situ characterization of AFM probe shank
profile used for nanostructure measurement
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International Standard specifies two methods for characterizing the shape of an AF
fically the shank and approximate tip profiles. These methods project the profile-ofar
hto a given plane, and the characteristics of the probe shank are also projected ont
r defined operating conditions. The latter indicates the usefulness of a giten prok
urements in narrow trenches and similar profiles. This International Staiidard is app
es with radii greater than 5ug, where ug is the uncertainty of the width of the ridge str
ence sample used to characterize the probe.

Normative references

following documents, in whole or in part, are normativély’referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. I
ences, the latest edition of the referenced document*(including any amendments) appl

18115-2:2010, Surface chemical analysis — Vocabulary — Part 2: Terms used in scq
DSCOpy

'S 80004-4:2011, Nanotechnologies — Vacabulary — Part 4: Nanostructured materials

Terms and definitions

he purposes of this document;the terms and definitions given in ISO 18115-2, ISO/TS §
bllowing apply.

Some of the termS and definitions are reprinted here for convenience.
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error signal
feedback control system signal whose amplitude and sign are used to correct the position and/or
alignment between the controlling and the controlled elements

3.4

effective probe shape characteristic
EPSC

relationship between the probe profile width and probe profile length for a given probe, including the
effects of the true probe shape, artefacts due to the feedback controlling mechanism in the AFM modes
employed, and other imaging mechanisms of AFM projected onto a defined plane

Note
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narrow-ridge structure
isolated plateau with thin width having wide gaps on either side

3.6

peak force mode
AFM intermittent contact mode using frequencies well below resonance in which the maximum force is
used for measurement or for imaging

3.7
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structure at

3.8
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projection plane

Note 1 to ent

3.9
probe profi
length, mea
probe axis
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Note 1 to ent

3.11
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le width
idth of a probe at a defined probe profile length, which may be for a definéd azimu

Fy: The defined projection plane is usually the x-z plane.

le length
sured from the probe apex along the instrument’s z (vertical)zaxis, to a defined point o

between the probe profile width and the prdbe profile length for a given probe projg
d plane

Fy: The defined projection plane is usuallythe x-z plane.

robe profile

rofile of the probe projected onto a defined plane
Fy: The defined projectionplane is usually the x-z plane.

ry: Figure 1 a) shows'schematically the relationship between the probe profile width, w, and 14
efinition of the‘aspect ratio, a.
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4 3

b)
Probe profile
width .
7 A w Aspect ratio
A Y Probe a=Il/w
/ Probe profile 1 ’
Z N Tength f

bymbols and abbreviated terms

N
\ Probe ap

Figure 1 — Probe profile width (w), defined here for projection'on the x-z plane, and probe
profile length (I)

In the list of abbreviated terms below, note that the(“M” in the abbreviation “AFM,” defined here as

an al
cont(

AFM
AM
EPS(
CRM
PID
PSC
PPP
TEM

atomic force microscopy

amplitude modulation

certified referencematerial

probe shape-characteristic

projected probe profile

bbreviation for “Microscopy,” also is used as dn abbreviation for “Microscope” deper
ext. The following are the abbreviated terms:

effective probe shape characteristic

proportional integral derivative (controller)

transmission electron microscopy

ding on the

The following are the symbols for use in the formulae and as abbreviations in the text.

Ao
Asp
a
Do
D;

€m

© ISO

free oscillation amplitude of the cantilever before approaching the probe to the sample

oscillation amplitude of the cantilever for AFM imaging

aspect ratio of the probe

distance between the side wall of an isolated ridge structure and the adjacent wall

line distance between the two side walls of the ji, trench structure

maximum error signal, in nanometres, measured during the recording of the probe shape data
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I'r
It

Tj

SE

uo

Us

Ut

numbers of the frames

average depth of the trenches on either side of the ridge structure

depth of the ji, trench structure

index number for the j;; measurement of trench

length of the probe profile

maximum measured depth for the ji, trench

wi

ind

ind

pr

pr

diff

—

COl

COl

md

COl

mg

md

Hth of the ridge structure

ex number for m, measurement of the probe profile length

ex number for nyy, measurement of the probe profile length

be profile length at m,, measurement

be profile length at ny, measurement

ference of probe profile length between PSC and EPSC data

ner radius of the reference sample

ner radius of the ridge structure provided by the CRM supplier
ximum corner radius of the trench structure

ner radius of the side wall of the ji, trench struceture provided by the CRM supplier
ximum slope of the PSC curve

ximum slope estimated from the EPSC(data

combined standard uncertainty of the measurement of the probe profile length

stg

stg

stg

pr

ap

mgq

ndard uncertainty of the width of the ridge structure

ndard uncertainty of the)random component obtained by the probe profile length measureme
ndard uncertaintyof the gap width of the multiple-trench structure

jected profilewidth of the AFM probe in the x-z plane

barent width of the ridge structure

asured width of the AFM probe at ji, measurement

nt

error in [ caused by the presence of a non-zero value of ry

5 Procedure for probe characterization

5.1 Methods for the determination of AFM probe shapes

There are two methods to determine AFM probe shank profiles:

a)

b)

narrow-ridge method to determine the probe projected profile (PPP) and the probe shape
characteristic (PSC);

multiple-trench method to determine the effective probe shape characteristic (EPSC) for depth
measurement.
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Either one or both of the above methods shall be used to determine aspects of the probe shank profile.
Suitable applications for each method are given in Table 1. The approximate profile of an AFM probe
tip, i.e. the profile obtained by removing that of the tip apex, is determined by the narrow-ridge method
using a reference sample. The resulting profile is given as the PPP onto a given plane. The PSC is an
expression of the relationship between the probe profile width and length obtained from PPP. The EPSC
is the PSC determined at a few points using a multiple-trench structure. The narrow-ridge method is
used mainly for the evaluation of AFM measurements for convex nano-structures, i.e. protrusions,
whereas the multiple-trench method, under the two-point contact condition, is mainly used for depth
measurements in narrow trenches and similar profiles. The two methods generate results that differ
to an extent that depends on the measurement conditions, such as humidity and the parameters used
to control the probe during AFM imaging. The appropriate probe characteristic shall be used for the
releviant analysis.

NOTH Examples of PSC and EPSC are shown in Annex A.

Table 1 — Summary of the methods

termined

b (PPP), ii)
Lic (PSC)

Method Properties to be de|

Sub| Suitable application

clauses

5.4.1,
5.5

4.1,
5.

i)-Projected probe profil
Probe shape characteris

Conventional AFM measurements and
analysis of protrusions in AFM images

‘.U“
(\S]
(g

Narrow-ridge method

1
S

N

Effective probe shape characteristic

(EPSC)

‘.U"

(\S)

Depth measurements, such as those of
contact holes and trenches

Multiple-trench method

W [

U1
N

U1

5.2 | Reference sample setting

f structures
Annex C. It
ts of trench
he reference
rpendicular

Aref
isre
is re
strug
samy
or p3J
if the
the 1
be aligned perpendicular to each.0ther, as shown in Figure 2 a) and Figure 2 b) is the conj
case[for characterizing the probe shape projected onto the plane normal to the longitudin

erence sample with either a ridge structure, suitable trench structures, or both types g
quired and is described in Annex B. An example of a reference structure is shown in
rommended to select a reference sample ‘with a small corner radius and various s¢
tures. If the corner radius is large, the uncertainty region at the tip apex increases. T
le shall be set on the sample holder so that the relevant structures are placed either pd
rallel to the fast raster axis of the AFM-scanner, as shown in Figure 2 a) and Figure 2 b).|Specifically,
probe shape is to be projected gnto the plane through the longitudinal direction of the cantilever,
nes of the pattern in the refereiice sample and the longitudinal direction of the cantilever shall
iplementary
al direction

of th
P-Q
perp
samyj
refer
perp
due 1

b cantilever. If instead the'probe shape is required for a different specific orientation [
lirection in Figure-2 ¢)], align the direction of the pattern lines in the reference s
endicular to thatspecified orientation, as shown in Figure 2 c). The reference strug
le should be rigidly fixed onto the specimen holder, and the orientation of the strud
ence samplelwith respect to the fast raster axis of the scanner shall be set within an ¢
endicularorientation. When the ambient humidity changes, the effective probe shape o
o the altéred amount of water adsorbed on the probe surfacel3]; thus, humidity shall

for example,
hmple to be
tures of the
tures of the
rror of 1° of
ten changes
be recorded.
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The reference specimen and the cantilever shall be electrically grounded to avoid electrostatic damage
and the accumulation of contaminants collected by electrostatic charge.

Fa

Chara

st raster axes

Fast raster axes

terizer

Cross dectional view

a) Perpendicular to the fast

Figure

5.3 Requ

The x-, y-, af
length scale
since this m
and error-s
optimizatio
the necessal
noise/laterg

irements of AFM and AFM imaging

b) Perpendicular to the fast
raster axis

c) Perpendicular to a sped
direction (P-Q direction) ij
AFM image

aster axis

2 — Alignment of the AFM probe to the lines of@ pattern in the reference sample

|d z-axes of the AFM shall be calibrated*for their orthogonality and for the measuremg
5 to the accuracy required by the uger.[2] The accuracy level should be considered carg
ay limit the accuracy with which the probe shape may be defined. The topographic i
gnal image shall both be méasured and displayed synchronously for monitoring
h of the feedback parameters:*The scan length along both x and y-axes should be set to

y structures of the referenece material. If a closed-loop scanning system is used, the poq
1 noise ratio should be-considered to determine the desired resolution. The pixel size sh

Probe

Fast raster axes

ific
1 an

nt of
fully
nage
and
rover
ition
ould

be chosen s¢ that it is consisterntiwvith the desired resolution of <1 nm.

EXAMPLE For a raster width of 1 000 nm, 2 000 pixels per line scan should be used.

At least 10

shall be opt
set to value$
if possible.

other docurhe ! ‘
detectors, 1n1t1ahzat10n of other hardware and ad]ustment of the exc1tat10n frequency (for dynamlc
mode operation). After setting up the AFM, check the thermal drift in the image. If the thermal drift
remains, see ISO 11039.[1] The imaging mode of the AFM, such as contact mode, intermittent contact
mode (AM-mode), and others, shall be set to obtain the topographic and error signal images. A common
procedure for setting up the AFM is to adjust the setpoint such that the forward and backward profiles
of the probe match. However, a difference between the PSC and EPSC may remain. In AM mode, by
increasing the free oscillation amplitude, decreasing the operating amplitude (low setpoint), or both,
the difference between PSC and EPSC may be minimized. However, tip-wear increases when high
amplitudes and high setpoints are used. For reducing tip wear, the phase contrast should be maintained
at low levels, without abrupt phase jumps and apparent topographic jumps. If the difference between
PSC and EPSC is reduced, the free oscillation amplitude and setpoints should be adjusted to realize the
maximum apparent depth of the trenches. Another method to reduce the difference between PSC and
EPSC is to use an operating mode that is controlled by cantilever deflection, such as contact mode or

raster lines\shall be measured. The scan rate and other feedback parameters for imgging
mized_to achieve an amplitude error-signal of <1 nm. Other control parameters should be
5 similar to those that will be used for the actual measurements of the sample of intgrest,
Dther experlmental conditions shall be ad]usted by followmg the instrument manujal or
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peak force mode. If static contact mode is used, then it is recommended to use hopping scanning mode
(ascanning mode in which, at each pixel, the surface is approached with the probe to a setpoint, then the
height of the probe is recorded at this point and the probe is retracted[3]). To preserve the shape of the
probe, careful changes of the controlling parameters are required to reduce the difference of the probe
profile width between PSC and EPSC.

NOTE

5.4

5.4.

A na
meas
such
resu

and

than
as let

5.4.2

The
line

proc

a)

b)

d)

Measurement of probe shank profile

General Remarks

‘row-ridge structure shall be measured for PPP analysis, and a multiple-trench struct
ured for EPSC analysis under two-point contact conditions. The choice of experimentall
as the oscillation amplitude of the cantilever and the setpoints may affect thé EPSC m
ts. These parameters shall be optimized by following the instrumental manual'or other
ralidated procedures. The recommended absolute value of the maximum etror signal 4
1nm (i.e. | e | < 1 nm). The measured surface plane of the profile of the reference san
Fel as possible. The plane correction for probe profile analysis is déscribed in Annex E.

\

Method using narrow-ridge structure for obtaining PRP and PSC

eference sample, which includes a narrow-ridge structure with known line width, ur
vidth, and edge radius, shall be obtained. Details of the\reference sample are shown in 4
bdure for determining the PPP and the PSC are given below.

\

Measure the line profile of the narrow-ridge, structure along the fast raster axis
:Fstrument. The scan length along this axis shall be sufficiently wide such that the dept
n either side of the ridge reaches to 90 %-of'the total depth, Ho.

INOTE If the probe reaches the bottom of the adjacent trenches, spurious wings appear
ghape; hence plotted data are limited-to-depths up to 0,9 Hp.

Plot the measured line profile' taking the x-axis as the fast scanning axis and the 2z
measured height. The scalétunits shall be in nanometres for both axes. The top of]
averaging over the plateauwhich includes the width of the ridge structure, shall be set
at 0 nm (I = 0 nm), and the maximum scale depth on either side shall be over 0,9 Hy,

An example of an EPSC measurement, with associated reproducibility, is provided in Annex D.

ure shall be
parameters
easurement
Hocumented
m is smaller
hple shall be

certainty of
\nnex B. The

of the AFM
h measured

in the probe

-axis as the
the profile,
bn the z-axis
as shown in

ine is at the
tely, and the

i Cre structure

Flgure 3 e), this prov1des the PPP

Plot the relationship between the width w (x-axis) and length I (z-axis) of the profile obtained in step

d. Use “probe profile width” as the x-axis label, and “probe profile length” as the z-ax

is label. The

minimum and maximum values of the z-axis shall be rr and 0,9 Hy, respectively, as shown in Figure 3

f). This provides the PSC.
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Subtracting L,

c) Subtracting\L¢g

s ===~ 09H

-_—-—

r

Probe dpex length [nm]

—

d) Pragbe profile after e) Inversion of d) giving the PPP f) PSC
removing the ridge width

Figure 3 — Determination of PPP and PSC using a narrow-ridge structure

5.4.3 Method using multiple-trench structure for obtaining EPSC

A reference

associated |

Annex B. Thie procedurefordetermining the EPSC is given below.

a)

b)

Measurg the line profile of the multiple-trench structure along the fast raster axis of the

instrumn

structu

res’are measured. Confirm that flat regions appear at both sides in each trench profile

0 probe apexwidth [nnf

[ty

sample that includ€s a multiple-trench structure with different known gap distanceg and
ncertainties shallbe obtained. Details of a representative reference sample are shown in

AFM

ent. The scan length along this axis shall be sufficiently wide so that more than three tijench

Draw a straightline connecting the flat region appearing on either side of the i, trench, and measure
the maximum depth /j from that line, as shown in Figure 4 a).

Measure the maximum (apparent) depth /; for each trench structure. Plot /j as a function of the gap
width Dj, which is included in the data sheet for the reference sample. Label the x-axis as “probe
profile width” and the z-axis as “probe profile length.” The units of the x and z-axes shall be in
nanometres, as shown in Figure 4 b) for an example with five trenches.
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== == == Trajectory of the probe

\ / I;: Apparent
\ depth
I, /
w7
- D;: Trench
b; width

) Schematic drawing of the probe and the ji, trench with the trajectory of the prpbe ape

a3

Probe profile length [nm]

1 .
Probe profile width [nm]

b) EPSC measured from the multiple-trench structure

Figure 4

v oftho maonc
UT I IIrcaso

-

5 5 1 cortain
. OUIICTT CATII

Q-

Divergence from the true shape of the probe can arise due to deviations of the reference sample from
its ideal shape, measurement errors of the instrument, and variation of the contact area due to the
positional relationship between the probe and sample surface. EPSC is affected by contact area, but PSC
is not, because point contact is realized on the narrow-ridge structure. Since sharp AFM tips will wear
with use, and in order to reduce the amount of work needed to obtain PSC (or PPP) and EPSC, a simple
uncertainty estimate is described below.

5.5.1 Uncertainty of the PPP or PSC measurement

The uncertainty of the PPP or PSC measurement of the probe shank profile arises mainly from the
standard uncertainty of the width, ug, of the ridge structure, the standard deviation in the error of the

© ISO 2014 - All rights reserved 9
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probe control signal, ey, in nanometres, the maximum slope, s, in the PSC curve, and corner radius, ry, of
aridge structure. Calculate the standard uncertainty of the measurement, us, as follows:

a)

distributed through the image where > 7;

b)
each sel

ected line scan as the first step, and then calculate p at a width of Hy/2;

Calculate the standard uncertainty, us, of the probe profile length measurement.

From the image of the selected area containing the ridge structure, select f line scans evenly

Calculate the probe profile length (p1, p2, ...) for selected fline scans. Obtain PSC [see Figure 3 f)] for

T X7 3
z#m—lem _? n=1 p”J
us = (1)
JUF-0JF
Then the combined standard uncertainty, u, of the PPP and PSC measurement is given by the following
Formula (2)| with putting e, = 0 if ej, is not available from the instrument.
2 2 2 2

u(PSC)= \/rr +(sug) +€m(psc)” *Us(psc) 2)
5.5.2 Uncprtainty of the EPSC measurement
The EPSC is fo be used only to define the limitations for depth measutrement. For the EPSC, the combined
uncertainty] u, for the measurement of probe profile length is given by a formula similar to that of p.5.1,
by replacing rr with r¢, and s with sg, and up with u;, Then thé combined standard uncertainty, u, df the
EPSC measyrement is given by Formula (3).

2 2 2 2

u(EPSC Z\/rt +(sgu;) +tem(Epsc) T Us(EPSC) (3)
with putting e, = 0 if e, is not available. Herg; tis in the formula is obtained by applying the similar $teps
described irf] 5.5.1 for the measurement of multiple trench structures instead of the ridge structur¢.
When both|the PSC and EPSC data @ne obtained, it is allowed to estimate the combined standard
uncertainty] u, of the EPSC measurément by adding q to the combined uncertainty of the 5.5.1. That is,
with putting e, = 0 if e, is not aviailable,

2 2 2 2 2

U(EPSC :\/rr +(su0) +em(PSC) +uS(PSC) +q (4)
where q is the difference of probe profile length between the PSC and EPSC data. In case the use| of r;
(maximum ¢ornerradius of the trench structures) leads to over estimation of uncertainty, Formula (4)

would give lretter estimation of the combined uncertainty.

6 Reporting of probe characteristics

The following characteristics of the probe and specifications of the reference sample shall be reported:

a) PPP of the AFM tip given by step 4 in 5.4.2, as shown in Figure 3 e);

b)
‘)
d)
e)

uncerta

PSC given by step 5 in 5.4.2;
EPSC given by step 3 in 5.4.3;

inty of the PPP or PSC or EPSC measurement obtained as described in 5.5;

specifications of reference sample used for analysis. That is, the width and its uncertainty of a ridge

structure, the edge radius of a ridge structure, and the average depth of the trenches on either side

10
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of a ridge structure for PPP or PSC measurement. Sets of the gap distance and the trench width
of multiple trench structures, and the uncertainty associated with each gap distance for EPSC
measurement.

The following experimental parameters and conditions shall also be reported, model of the cantilever,
PID feedback parameters, setpoints, line scanning speed (with units nm/s) or line scanning rate (with
unit Hz), pixels and lines in the image, temperature, humidity.

An example of a report is shown in Annex F.

© ISO 2014 - All rights reserved 11
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Annex A
(informative)

Dependence of AFM images on measurement mode and settings

A.1 Results of the inter-laboratory test

Figure A.1 g), Figure A.1 b), and Figure A.1 c) are typical results of an inter-laboratory comparispn of
probe profile measurement. Figures A.1 a) and Figure A.1 c) show the PSC and EPSC in intermifttent
contact mode. If the cantilever oscillation (free oscillation amplitude) is large enough (typically more
than 60 nm| peak to peak), the PSC and EPSC are in good agreement. The PSC and EPSC are also in
good agreement using the Bruker “peak-force” mode, as shown in Figure A.1 b). These’vesults show that
either a large oscillation amplitude or a low amplitude with a low setpoint (see-A.2) are required for
consistency|of the PSC and EPSC. The operating amplitude for the intermittent-eontact mode usgd to
acquire Figyre Al c) is 26 nm peak-to-peak. By using alow amplitude with a low:setpoint, degradation of
the probe isjminimized, but small differences between the PSC and EPSC remain, as shown in Figure A.1

).

PSC and EPSC PSC and EPSC PSC and EPSC
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E 70 | Dynamic mode

e | Ampitude 26nm
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Amplifude 100nm
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Probe profile length [nm]
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85 8 &8 8
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. ; 7 . e PSC
00 200 400 60 00 ¢+ 100 200 300 400 00 200 400 60.0
Prope profile width [nm] Probe profile width [nm] Probe profile width [nm]
a) Country A: intermittent b) Country B: “peak-force” c) Country C: intermittent
cgntact mode mode contact mode

Figure A.1 — Results from inter-laboratory comparison

NOTE1 Tle amplitude given in the figures is the peak-to-peak oscillation amplitude observed before the probe
approaches th€sample surface

NOTE 2  The trench depths of the reference samples used in these inter-laboratory tests ranged from 70 nm to
140 nm.

A.2 Example AFM image for a trench structure: dependence on the amplitude
setpoints

Figure A.2 shows the change observed in the measured depth of trenches as a function of the setpoint
for the operating amplitude for AFM imaging in intermittent contact mode. The measured depth of the
trench image changes as a function of the operating amplitude of cantilever oscillation, as shown in
Figure A.2. The EPSC measured from multiple trenches depends on this oscillation amplitude, whereas
the PSC obtained from the sharp-ridge structure is not as sensitive to oscillation amplitude, as shown
in Figure A.3 b). The process is reversible, and a lower setpoint (reduced Asp value for a given Ag) is
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required for the best determination of the trenches. Thus, the effective probe shape, measured from
multiple trenches, changes as a function of the setpoint, as shown in Figure A.3 a) and Figure A.3 b).
Figure A.2 was obtained using a free peak-to-peak amplitude of oscillation (4p) of 42 nm, with operating
peak-to-peak amplitudes of oscillation (4sp) of 17 nm, 27 nm, 32 nm, and 37 nm at a scanning rate of

0,05 Hz (100 nm/s).

A, =37 nm p-p
ASp =32nmp-p
ASp =27nmp-p
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A 17 o o

L Mo GOE
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O

Higure A.2 — Trenches observed in an AFM image as a functim? the setpoint (operating
e

amplitude) in intermittent contact
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a) Line profile from AFM images
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Probe characteristic
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Annex B
(normative)

Reference sample preparation

Requirements for the reference sample

The 1
an is
strug
meet
cont
fabri
regid
use g
Para
ridgd
ridgd
edge
treng

Figure B.1 — Typical design of a reference sample with multiple trenches and a nar

]

eference sample for probe characterization shall contain one or both of two kinds of'st
plated narrow-ridge structure and (ii) a set of trenches of different widths. The,side y
tures shall be fabricated vertically relative to the top surface so that the wallsS and
at right angles within 1°. Figure B.1 shows a typical cross-section for a‘reference
ins the two essential structures, the dimensions of which are given in Table B.1. An ¢
cated structure is shown in Annex C. The ridge width and trench wjidths shall be spe
n between 2ry or 2rj from the top and halfway down the ridge and.trench structures
measurement close to the top surface, yet further away than 2z,'6t 2r, as shown in F
meters such as the width of the ridge structure, Lo, uncertaint§)of the width, ug, and |
structure, Hp, shall be given in the data sheet of the refererice sample for PPP analyj
structure. If the EPSC for depth measurement is requiped,[6] the trench widths (D4
radius, ry, of the ridge structure in Figure B.2 and Table'B.1, trench depths, and corner
h structure, rj, shall all be given with their uncertainties.

D, D, D, D,

ructures: (i)
valls of both
top surface
sample that
example of a
cified in the
It is best to
igure B.2 b).
neight of the
is using the
, D2, D3, ..),
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h 4

H,
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structure

able'B.1 — Symbols for design parameters of the reference samples shown in Fig

row-ridge

rure B.1

pal T 1). 4

Ridge structure Trench 1 Trench 2 Trench 3

Trench 4

Ridge width

Lo

Trench (gap) width

Do D1 Dy D3

Dy

Ridge height/trench depth

HO H1 HZ H3

Hy

B.2

Narrow-ridge structure

The narrow-ridge structure is recommended to have a width Ly narrower than 50 nm and an edge
radius ry smaller than 10 nm [see Figure B.2 a)]. The distance from the wall of the ridge structure and
the other side wall D¢ shall be greater than either 50 nm or 120 % of the maximum probe profile width
to be determined. The corner radius, ry of the ridge structure affects the resolution of the probe shank
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profile, and leads to an uncertain zone at the probe apex. Because of this corner radius effect, the probe
profile length is biased to be longer than the true value by Al (0 < Al < ry), as shown in Figure B.2 b).

a) ldeal narrow-ridge structure b) Practical narrow-ridge structure with e

B.3 Mult

The multiplg
trench widt
range from

probe chard
part, depend
smaller thar
EPSC can be
of the trenc}

radii

Figure B.2

jple-trench structure

-trench structure shall contain several trenches with different trench widths. The mini
h shall be in the raggefrom 3 nm to 50 nm, and the maximum trench width shall be i
0 nm to 200 nni.The edge sharpness of each trench directly influences the accuracy (
cterization. Jt\igyreasonable to use different sharpness values for the edge of each ty
ling on thegdp dimension of the trench part. A typical value requested for the edge rad
1l either 8nm or 10 % of the gap width in each trench part. Each pair of / and w values fg
determined from one of the trenches, provided that the probe apex does not reach the
1. Avalid measurement is shown in Figure B.3. The minimum trench depth shall be 2

mum
n the
f the
ench
us is
r the
base
nm,

or the maximum probe profile length to be determined

16

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=b5324a8a412a4371b4eabff3c7ce5ac2

— — — Trajectory of the probe

) / K il

) »
\\/ Di!
\ /
/

ISO 13095:2014(E)

\ H. HJ-: Trench
) / 1 depth
' /
fi 1 "
v 7 D Trench
width

Figure B.3 — Typical trench structure
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C.1 General
Details of tlLe structure of a fabricated reference sample are shown in Figure C.1.[718] Thisn'.&‘ udes

trench strug

Annex C
(informative)

Example of a reference structure

tures with eight different widths and a (15,8 + 1,0) nm wide ridge. The angle 0B thq side

walls from the top surface are all 90° + 1°. The edge radius at the upper corners is les n 2 nm as
shown in Figure C.1 b). An example of an AFM image and line profile obtained from this@renee sample
are shown i Figure C.1 ¢). '\‘b
isolated ridge -
AN

18

Line width

Trench width 50 40 35 30 7% 7025201510

a) Designed structure of‘g@eference sample

60 50 45 40°15,8 40 4040

b) Cr@@ectional TEM image of the reference sample
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c) AFM image and line profile of the reference Sample

Figure C.1
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