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1 ABBREVIATIONS & SYMBOLS

Physical quantity symbols are according to the ISO 14577 standard.

Abbreviations

Symbols Designations Units
ADO adjust depth offset
AFM Atomic Force Microscope
A, projected contact area m?
Chm creep Martens hardness %
Crr indentation creep %
Conscan confocal
COS (observation head)
e.g. for example
E* plane strain modulus Pa
Err indentation modulus Pa
¢ (Epsilon) geometric constant
E. reduced modulus Pa
F test force N
Fmax maximum test force N
h indentation depth under applied test force m
h. contact depth of the indenter with the sample at F,ax m
Hir indentation hardness Pa
HM Martens hardness Pa
himax maximum indentation depth m
hy permanent indentation depth m
h, tangent indentation depth m
HV Vickers hardness Vickers
HV T Vickers hardness calculated from Hir Vickers
INI/.ini file initialization file
m power law exponent
Micro Combi Tester
MCT (measurement head)
(applicable for MCT 1° generation
or MCT? new generation)
Microindentation Tester
MHT (measurement head)
(applicable for MHT 1% generation
or MHT® new generation)
min minutes
min. minimum
Nanoindentation Tester
NHT (measurement head)
(applicable for NHT? 2" generation
or NHT® new generation)
v (Nu) Poisson’s ratio
RIT indentation relaxation %
O&P Oliver & Pharr
S contact stiffness N/m
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sec. seconds
STeP 4 Surface Testing Platform dedicated for 4 units
High Vacuum Surface Testing Platform dedicated for 5
STeP 5 HV units
(primary & secondary vacuum pumps)
Vacuum Surface Testing Platform dedicated for 5
STeP 5V units
(primary vacuum pump only)
STeP 6 Surface Testing Platform dedicated for 6 units
TTX Table Top
Ultra Nanoindentation Tester
(measurement head)
UNHT (applicable for UNHT 1% generation
or UNHT® new generation
or UNHT? HTV High Temperature new generation)
Anton Paar BioindenterTM
UNHT Bio (applicable for UNHT® new generation)
(measurement head)
VID optical Video microscope
(observation head)
Welast elastic reverse deformation work of indentation N.m
Whplast plastic deformation work of indentation N.m
Wtotal total mechanical work of indentation N.m
IT elastic part of indentation work %
Q 1 N/mm? = 1 MPa 1J=1Nm 1 Vickers = 1 kgf/mm?
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2 INTRODUCTION

2.1 ABOUT INDENTATION SOFTWARE

Indentation %AntonP&ar
\

7.2.5

Build [2016-12-14 13:51:42]

http:/fwww.anton-paar.com/

Copyright © Anton Paar For Windows 7 and 10

By choosing an Indentation Tester from the complete range offered by Anton Paar,
the user benefits from all advantages of our powerful software: an easy to use
window interface including numerous indentation measurement types, analysis
methods, image management and advanced reporting functions.

The user interface of the Indentation Software (for Windows® 7 and 10) provided
by Anton Paar is described in this manual.

This manual concerns the following indentation instruments of Anton Paar:

STeP -
MHT
NHT
UNHT or UNHT HTV if [¥]High Temperature S checked in chap. 3.1.2.1, P- 14
UNHT Bio

TTX-
NHT
UNHT
UNHT Bio

Q Some instructions can be specific to one instrument/measurement head; in that
case it will be specified.
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2.2 ENCLOSED CONTENT

This manual explains how to optimize the Indentation Software from Anton Paar.
For information concerning the instrument, refer to its separate user manual.

2.3 How TO USE THIS MANUAL?

- Software is preinstalled, refer to the Common Scratch & Indentation
software manual - chap. Starting of software, which explains how to use
the Indentation Software.

- Software is not installed, refer to the Commmon Scratch & Indentation
software manual - chapters About installation and Hardware
configuration, which guides the user through the installation and configuration
processes.

Q Some Indentation Software features are common with Scratch Software.

Therefore if the information is not described in this manual, refer to the
Common Scratch & Indentation software manual.

For information concerning the instruments, refer to each corresponding
*measurement head* user manual.

For information concerning the Video Software, refer to the Video software
manual.

Q In this manual:

- The images may differ from the actual product.

- “acquisition system” means dedicated computer with acquisition card and
software.

- "“STeP” means STeP 4, STeP 5 HV, STeP 5 V and STeP 6.
- "“STeP 5" means STeP 5 HV and STeP 5 V.

- If not specified, generally "measurement(s)” means indentation
measurement(s) - for single measurement or for matrix of
measurements.

Q For Troubleshooting see chap. 6, p. 173.
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3 MANAGING THE INSTRUMENT

3.1 HARDWARE CONFIGURATION

Refer to the Common Scratch & Indentation software manual -
chap. Hardware configuration.

3.1.1 INSTRUMENTS TABS
Q Common tabs/functions for the Scratch and Indentation instruments are

described in the Common Scratch & Indentation software manual -
Hardware configuration - under each chapter about tab.

3.1.2 MY CONFIGURATION TAB

My configuration er channels | Control unit & modules | Motors | Instrurnent adjustment | Ranges | Dynamic ranges

3.1.2.1 UNHT

Configuration This inactive (grayed out) box is automatically
Hardware generator checked to activate the (standard) Sinus

' hardware present on the UNHT.

This box should be checked if the instrument is a

STeP 5 HV - UNHT HTV.

High Temperature

3.1.2.2 NHT

This box should be checked to activate the

optional Sinus hardware present on the NHT;
Module Sinus the corresponding software features become
[#] Hardware generator active (no longer grayed out).

If this option is not present, this box should be
unchecked.

3.1.2.3 MHT

Head
[E] Electronic bridge This box should be always unchecked with MHT.
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3.1.3 ‘RANGES’ TAB(S)
A Refer to the Commmon Scratch & Indentation software manual and

carefully read - chap. ‘Ranges’ tab(s).

3.1.3.1 UNHT range tabs

UNHT has 3 ‘Ranges’ tabs.

5TeP - UNHT - Hardware configuration

My configuration | User channelsl Control unit&modulejl Meotors | Instrumentadjustmeét| Indenter ranges tl namic rang| ' | "

Indenter Hardware coefficients
It is not recommended to change these values

Fn Sensor Dz sensor

() Calibration vl ) Calibration v1

@ -
@l

& B
@) Calibration v2 @) Calibration v2
AMD (fing) 0.5 (fine) AN (fine) el (fing)
|% v % mM % v % pm
AMD (large) 0.5 (large) AN (large) €l (large)
% v % mi % v % pm
+ 3pring + Frame coefficients
Compliance Frame compliance e
% mm/N % pm/N

= %o
Fig.1 UNHT Indenter ranges tab
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5TeP - UNHT - Hardware configuration

User channels | Control unit & moduiﬁl Motors | Instrument adjustrment | Indenter lﬂh#l Dynamic ranges E* erence RangEIIl

Dynamic
- T T T T T T T T T T T T TSI T ETEEE ST SIS ST T T TSI ~
+ Command , 7+ Dynamic coefficients AN
1 \
Fn coef (fing) 1 Mohile Mass 1
1 [ 1
|% mM/Y 1 % g Click here te start dynamic calibration 1
1 1
1 Spring Stiffness procedure 1
Fn coef (large) 1 [} 1
e | @ MNm l 4 Calibrate |
=1 mNA : Damping Coef :
I & Ns/m 1
1 1
1 1
: See UNHT & NHT Dynamic calibration '
' (Sinus), p. 20 K
~ .
N e o o o o o o o o o o o o e e e e -
Validate range values

(Vo J[X o ]
| Fig.2 UNHT Dynamic ranges tab

1)

h

5TeP - UNHT - Hardware configuration

| Control unit & modulsl Motors | Instrument adjustment | Indenter ranges | Dynamic lang%l Reference Ranges .

Reference Hardware coefficients

It is not recommended to change these values

+ Measurements
Fn coef (fing)

|% b

Fn coef (large)
% mMN/V

Validate range values

[V o J[X s |
Fig.3 UNHT Reference Ranges tab

D select (2 times max) the right cursor to display (fully) the 2 last tabs or select the
left cursor to display (again) the 2 first tabs
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3.1.3.2 NHT range tabs

NHT has 2 ‘Ranges’ tabs.

5TeP - NHT - Hardware configuratio

Hardware coefficients

It is not recommended to change these values

| My configuration | User channels | Control unit 8 modnlﬁl Motors | Instrurment adjustmeét | Ranges | Qmamic rangﬁl
SN——_——

+ Actuators coefficients + Sensor coefficients + Frame coefficients

Current -> Load coef Current -» voltage Frame compliance
= ml/ma & wa & N

Voltage -» Current (fing) Voltage -» Dz (fing)
% mAN % umiV e - ———————— - - -

/  Digital Bridge

Voltage -» Current (large) Voltage -» Dz (large)

% mAY % pmdV

f

Auto tune Dz bridge...

Factory spring compliance

% mm/M

Current spring compliance

% mm/M

- ==

p- 18

Validate range values

Bridge limits : H: 70.003% L: 30.00%

See NHT Digital bridge,

——— - ——

~

5TeP - NHT - Hardware configuratiol

Voltage ->» Dz (fine)
gﬂuﬂ

Voltage -» Dz (large)
% pmV

Calibrate

Validate range values

- = = = e o e e e e e e e

+ Actuators coefficients Re ’+’Dyl—na:nE c_o;f'ﬁ-ci;n;s T
Current -» Load coef 'I Mobile Mass
% mh/mA % 9
Spring Stiffness
+ Sensor coefficients % N/m
Current -» voltage Damping Coef
= vra = MNs/m

See UNHT & NHT Dynamic

\\ calibration (Sinus), p. 20

~
~

e -

Fig.5 NHT Dynamic ranges tab
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NHT Digital bridge

To properly use the instrument, the auto tuning of the Dz sensor bridge should be
performed once during the instrument (control unit) installation. However this
tuning can be performed again if needed. The procedure is an automatic tuning of
the Dz bridge (electronic adjustment process).

Digital Bridge

In “RangeS" tab Flg.4, p. 17, click l i Auto tune Dz bridge...

Bridge limits : H: 70.00%: L: 30.00%

The Dz Bridge tuning window appears Fig.6 below.

Q l e FERTTERE l | a special area used for factory setting (not
dedicated for the user) is available but an access code is needed to use it.

Clickl 4 Auto tune Dz bridge ] to start the automatic tuning process.

The tuning is processing: the software scans (progression bar % increases) the
entire Dz sensor bridge and adjusts the limits for a quicker detection.

The previous limits saved in the software are displayed.

-
Dz Bridge tuning

[ ; Auto tune Dz bridge

] previous limits : H: 70.00% L: 30.00%
Fact ' \
l ] SRS ] | New limits H: 51.00% L: 31.00%

1.20E-04 |

7.20E-05—

2.40E05—

2.40E05—

7.20E05—

1.20E04 _|

a 20,00
e Jaaa:

Fig.6 Scanning completed

End of the tuning: the scanning is completed (100 %) and the New limits calculated
by the software are displayed.

Click to validate the New limits (overwrite the previous ones) in the

software.
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In the “"Ranges"” tab Fig.4, p. 17,

Digital Bridge

‘ i Auto tune Dz bridge...

Bridge limits : H: 51.00% L: 31.00% the new Dz bridge limits appear.
Q If the tuning is performed again (after the first previous limits : H: 51.00% L: 31.00%

time), the New limits should be the same or almost New fimits H: 51.00% L:31.00%
the same as the previc_)us limits - only a few % of in Fig.6, p. 18
difference should be displayed.
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UNHT & NHT Dynamic calibration (Sinus)

The Dynamic coefficients fields and “Calibrate” button are located in the
“Dynamic ranges” tab of the UNHT Fig.2, p. 16 and NHT Fig.5, p. 17.

The dynamic calibration is only available with the optional Sinus mode.

() with NHT

If is inactive (grayed out), it means the optional Sinus

hardware is not present (see chap. 3.1.2.2 NHT, p. 14) and this calibration
cannot be performed.

| Motors | Instrument adjustment | Indenter rangesl Dynamic ranges | Reference Rang| *

+ Dynamic coefficients

Mobile Mass

% g Click here to start dynamic calibration
Spring Stiffness procedure

[ /)

@ Nm ‘ " Calibrate
Damping Coef

M.5/m

¥

Fig.7 Dynamic coefficients (e.g. UNHT)

Before running any Sinus measurements, including the indenter Sinus calibration,
this dynamic calibration should be performed:

- At the instrument installation.

- Each time a new indenter is used.

First it is recommended that an ADO has been successfully (% ) performed; see
chap. 4.4 Adjusting the depth offset (ADO), p. 56.

Then click ‘ 1 Calibrate to open the following UNHT or NHT Head Dynamic
Calibration window Fig.8, p. 21.

H70IB101EN-A Indentation V7 Software Manual 20/191



If the procedure was already performed once before, the window contains the
curves and values of the previous calibration.

MHT Head Dynamic Calibrati
Calibration o .
l §  stort Dynamic Calibration 8 ::::OC:T:,::::::::: e Command + Position E’iig@ﬁif [Hz]
= (") Phase Calibration running : x [Hz) | 3 | -‘7 o Fpm Il;jagss:—gll?éﬁ[ '
l o  Edit calibration parameters (7 Removing the indenter... Damp_z 0:231[31.sa’m] I
12604 200E04" ] Software version: 7.1.11
1 Calibration Date: 28.06.2016
1.08E04 151E-04—
9.6E03 1.22E-04—
3.4E03 3.24E-05— I ri Load ]
7.2603 4325@5—7 I H e ]
sc . . ‘ 4‘00?32_7 : : : . . I = ER ]
IO H 0.40 0.'80 ].“20 1.'60 2.00I IO Hz 20!00 40!00 60100 80!00 ].00.00I = .
o Ja@a [ v e Ja@aft VoL SToF
Re:z:s’ [ 8.00E03
5.03— —640E-03
] -4 50E-03
2.51— —3.20E-03
1.26 — —1.60E-03
rad 7 [ m/MN
0| ‘ - 5 : : L
ICI Hz 20.00 40.00 60.00 80.00 100.00
T Jaaa T ,
. Phase .Theuretic Phase . Residual Phase . Gain
[ ¢ oK " x Cancel ]
Fig.8 Head Dynamic Calibration window (e.g. NHT)
[ 3 Load l To load a dynamic calibration from a .DCF file format.
[ b= Save l To save the current dynamic calibration into a .DCF file
format.
[ R, Export l To export the current dynamic calibration into a .TXT file
format.
[ STOP l To stop the dynamic calibration when it is proceeding.

s

"3
#  Edit calibration parameters l

[ 'i Start Dynamic Calibration l

H70IB101EN-A Indentation V7 Software Manual

Only for NHT

To set another indenter position for the calibration;
for advanced user only.

To start the semi-automatic dynamic calibration
procedure which is described below.
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ADO is recommanded before Dynamic calibration to adjust indenter
/_IA command. Do you want to continue anyway?

This step requires the presence of a sample.

Peositon the sample so the reference but not the
indenter is in contact with it.

l 1{" Pesition control... l

LJ Ok ” XK cancel

This step requires the presence of a sample,

Pesiton the sample so the reference but not the
indenter is in contact with it.

l .*. Pesition control... l

L v Ok ” x Cancel

REm—

Surface detection parameters
Approach speed Contact force
250000 & nm/min 50.00 & uN

Characterization force Contact stiffness threshold

50000 3] pN 150 & uN/um

Indenter Reference

Pre-approach Pre-approach Contact force

Cal () G
UE % 0E % 50000 & N

If no ADO or non-successful
ADO has been performed,
click ; read

chap. 4.4 Adjusting the
depth offset (ADO), p- 56

and then come back below.

Cllel "I" Position control... | £tO

move the edge of the
sample under the reference
and so that the indenter
cannot touch the sample
(UNHT reference, NHT
reference ring), as shown
on the corresponding
image.

Then click | & ok

For UNHT

This additional ADO
parameters window with
the same previous
successful ADO parameters
appears and is used to
approach the UNHT
reference to the sample
surface and also to pre-
approach the indenter.

Then in the Head Dynamic Calibration window Fig.8, p. 21:

The 4 following circle status (on window top left side) blinks green one after the

other (from top to bottom); wait.

(@ Positioning the indenter...

(The reference approaches for UNHT and) the

indenter pre-approaches.

H70IB101EN-A Indentation V7 Software Manual

22/191



@ Mass Calibration running... Free oscillation analysis to determine the mobile
mass and the damping coefficient: the curves in
the 2 upper graph areas are displayed/updated.

@ phase calibration running : 110 [nz] ~ FOrced oscillation analysis on a broad frequency
range. It will compute the dynamic head response
(phase and gain): the frequency value increases
and the measurement curves are displayed in real
time in the Results bottom graph area.

@ Removing the indenter... When the phase calibration measurement is
completed, the indenter (and reference for UNHT)
are retracted.

l ¥ stat Dynamic Calibration I When this button becomes again active (no longer
grayed out) the calibration is completed as follows:

- [

new [Freq= 57,990 [Fid The new calibration valugs are updated on the
— K = 1557.572 top right corner of the window and all new
kqoagssz:gif?laz[g] curves are displayed accordingly in all graph
Damp= 0.228 [N.s/m] areas.

Software version: 71.13

Calibration Date: 30.08.2016 Click (approve)

In the "Dynamic ranges” tab Fig.7, p. 20:

+ Dynamic coefficients

All Dynamic coefficients field values are

Mobile Mass automatically updated with the 3 new values
> = g (approved) of the previous dynamic calibration.
Spring Stiffness
E— & MNm CIickl " Validste range values I (validation of these
Damping Coef

new values).
e

a3

M.s/m
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3.1.3.3

MHT range tab

MHT has only one “Ranges” tab.

STeP - MHT - Hardware configuratio

| My configuration | User channels | Control unit & moduisl Motors | Instrument adjustment Ranges

Hardware coefficients

It is not recommended to change these values

+ Actuators coefficients
Voltage -> Force coef (fing)

= N

Voltage -> Force coef (large)
= N

Voice Coil Compliance
% mmy/M

+ Frame coefficients

Frame compliance

% pm/N

J Validate range values

+ Sensor coefficients

Force -> voltage (fing)
= NV

Force -> voltage (large)

N/

Dz -» Voltage (fine)

SV

Dz -» Voltage (large)

pum/V

@ & @H
3

@¥

[J oK

|| X conca

Fig.9 MHT Ranges tab

H70IB101EN-A Indentation V7 Software Manual
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3.1.4 INSTRUMENT ADJUSTMENT TAB

STeP - NHT - Hardware configuration

My configuration | User channels | Control unit 8 modulesl Moto(i| Instrument adjustment | @nges | Dynaric ranges|
PID control

Approach Kp Depth Kp Load Kp Sinus Kp Sinus Fn Kp Sinus Depth Kp
8| [ 8 5 e e g chap.

Approach Ki Depth Ki Load Ki Sinus Ki Sinus Fr Ki Sinus Depth Ki M
[ | @ [l @ = below
= = = = = =

[ PID debug mode (see documentation) ﬁ Restore factory settings
Cancel Drift
Threshold TimeOut
& [nm/s] = s
= =" chap. 3.1.4.2 p. 26
a Restore factory settings
[ « OK J l x Cancel l
= = = @ All PID control Sinus parameters are inactive
[ (grayed out) with:
& & =
e MHT
° NHT, if [[|Hardware generator S UnChECked;
chap. 3.1.2.2 NHT, p. 14
3.1.4.1 PID control parameters

It is not recommended to modify the factory parameter field values, which
guarantee a good depth or load control during the indentation measurement on the

majority of materials. If necessary, click l e Restore factory settings ] to restore these
factory parameter values.

Sinus Sinus Sinus
Approach  Depth Load amplitude force depth
PID control
Approach Kp Depth Kp Load Kp Sinus Kp Sinus Fn Kp Sinus Depth Kp
[F] [~} 7] [~} [~} ]
= = = = = =
Approach Ki Depth Ki Load Ki Sinus Ki Sinus Fn Ki Sinus Depth Ki
A ] ] ] ] )
= = = = = =
| .
=" Restore factory settings
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Pause

Unloading
rate

» Time

| | | Retract
Approach ; ; ; speed
speed : : i i

N -~ A o A )

Depth control Depth or load control Depth control

Fig.10 Control loop schematic description

Q In measurement cycle the approach phase and retract phase are depth
controlled.

3.1.4.2 Stabilization (cancel drift)

During the automatic ADO process; from chap. 4.4.1, p. 57 to 4.4.3, p. 70 and
during the indentation measurement process; chap. 4.7, p. 122, a Stabilization
step O swbilizaien 3051 (iN Status area) is performed to wait for an acceptable thermal

drift before performing an indentation.

Cancel Drift The stabilization ends:
Threshold TimeQut
& [nm/s] & [ When the thermal drift is under the set
i | Threshold parameter field value,
g Restore factory settings
B ny g OR
after the elapsed set TimeOut parameter field
value.
Click ﬁ Restore factory settings to restore the

factory settings.

H70IB101EN-A Indentation V7 Software Manual 26/191



3.2 OPTIONS/PREFERENCES (ISO NOMENCLATURE)

To display ISO 14577 nomenclature

—
o Indentation 7.2

Edit Instru

‘ New...

| i Open...

Reopen

Clos . .

M:r:eﬁles Select File/Options... from the menu bar.
= Save

Save As...

Export as old

Options...[

v
P m—
( Preferences J}ompany headerl Document modelsl Export formats|

Working units Analysis automatically calculated @
Force
r [7] Martens hardness i
[micronewton () - e The _feature pelow is
bentration denth [ Sinus mode Analysis appllcable with Marten
- F B Qliver & Pharr hardness, Tangent
[nanometer {nm) v] [7] Creep Analysis .

[T Adhesion analysis and e.qg. Oliver &

Indentation work [ Hertz Pharr ana|y5is
[picojoule P V] methOdS; see
Displacement chap. 5.4, p. 144.
[millimeter (mm) v]
Mde'US @150 14577 Nomenclature Check #1150 14577 Nomenclature
|gigepascal (GPa) ] to display the analysis
Hardness results in ISO 14577
[megapascal(MPa) v] format FIng, p. 28.
l L' Reset to defaults l

[s/ oK HX Cancel ]

Fig.11 Preferences tab in Options window
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5B U4l

Mgﬁﬁwha" - In the analysis result area (see Fig.62, p. 130)
the Main and Additional results are displayed

Main results .
HIT(0.01/30/10/30)= 9945.4 MPa in ISO 14577 format.
EIT 0.01/30/10/304 73.846 GPa
£* .01/30/10/30 -J75.786 GPa

E.g. HIT 0.01/30/10/30 ;

H\rpqthesis )

Poisson’s ratio(nu)= 0.16 see the details of the nomenclature in
Additional resuits = accordance with the

HVITI=9 Vickers 1

122 % ISO 14577-1:2002 standard.

(]
0.01/30/1

I T=

Fig.12 ISO 14577 nomenclature

See also:

e chap. 1 Abbreviations & symbols, p. 10
e chap. 7 Software formulas, p. 176

Q [[]15014577 Nemenclature UNChecked in Fig.11, p. 27 is the default format

Main results
HIT= 9945.4 MPa
EIT=73.846 GPa
E*= 75.786 GPa
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3.3 CALIBRATION WINDOW & TABS

[ K lndentatiunm Select Instrument/Calibrations... from the menu bar.
i H Adjust depth offs STEIJ'"'NHT'cal_'bmjc_
| 3F  Starta new inden | Sensor ranges |Ca|ibration | Platform | Centerl |
' m Fig.13 Calibration window (e.g. STeP - UNHT)
Indenters.. This window contains several tabs (depending on
Control indenters instrument) which allow configuring several calibration
Configure samph features:
|| Hi’ Calibrations... le for Chap'
N
“Sensor ranges” UNHT/UNHT Bio 3.3.1 below
“Calibration” All instruments 3.3.2, p. 30
“Platform” All, except TTX-NHT 3.3.3, p. 31
“Center” All instruments 3.3.4, p. 33

3.3.1 SENSOR RANGES TAB (UNHT/UNHT BI0)

EEEEE
e

Sensor ranges | ()Iibration | Platform | Center|

Indentaticn range

+ Reference Load range + Indenter Load range + Depth range
@ 10 mN @ 10 mN @ 10 pm
50 mM 150 mM (750 pm

@ Same parameters for STeP

(Vo | X o]

Fig.14 Sensor ranges tab (e.g. TTX-UNHT with fine ranges)

TTX - UNHT Bio - Calibration

Sensor ranges | Calibration | Platform | Center @ For UNHT Bio there is no
Indentation range reference load range
+ Reference Load range + Indenter Load range + Depth range (grayed Out) and the

range values are
different than UNHT.

@4 mN @4 mN (220 pm

20 mN 020 mN @ 100 pm

This tab is also available in the UNHT and UNHT Bio Preferences windows; for the

detailed description see respectively chap. 4.6.5.3, p. 115 and chap. 4.6.5.4,
p- 115
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3.3.2 CALIBRATION TAB (DISTANCE)

Calibration | Center

Indenter-Microscope distance Microscope-AFM distance

D K distance p X distance

50117 (& mm - 0.000 & mm

Y distance Y distance
0190 mm 0000 mm

l ’ Calibrate l Calibrate

l { Reset to defaults l Reset to defaults

l V QK ” x Cancel l
Fig.15 Distance calibration tab (e.g. TTX-NHT) -.

The distances®) between,

e the indenter and microscope (VID)
e the indenter and AFM?

should be calibrated:

Clickl 4 Calibrate ]to (re-)start the corresponding calibration procedure and

refer to the Commmon Scratch and Indentation software manual -
chap. Distance calibration for the detailed procedures.

Each active calibration should be re-performed whenever the user changes the
indenter, in order to accurately localize the region of the indentation in the Video
window/AFM?) area.

Din case of manual Y table, the Y distance fields are inactive (grayed out)

2) calibration with AFM is active (no longer grayed out) if the optional AFM is mounted
only on the STeP instrument

H70IB101EN-A Indentation V7 Software Manual 30/191



3.3.3 PLATFORM TAB (NOT FOR TTX-NHT)

This tab is not available with TTX-NHT (as it does not have a motorized Z table).

TTX - UNHT - Calibration

Approach specification

Table Z retraction

1.500 & mm

[7] Auto return to safe position

Sensor ranges Calibratioﬂ Platform

OPX optical barrier

Choose the operating mode for the optical barrier

Desactivated Mode -

Fig.16 Platform tab (e.g. TTX-UNHT)

Table Z retraction

Table Z retraction

1.500| ] mm

initial value

@ 0.5 mm is the min.

retraction possible
value.

Safe position

[7] Aute return to safe position

After each time that the motorized Z table is moved up
(raised): e.g. for the focus adjustment and then the
position control is closed, or after a measurement...,
the table automatically moves back down (lowers) to
the retraction value set in this field = rest position.

A Beware of any collision.

This parameter can be adjusted according to the height
of sample used. If the sample is not flat and/or tilted,
set enough margins in order that the sample does not
enter in collision with the indenter during lateral
displacements, e.g. between each indentation in a
matrix.

Check this box to automatically return to the safe
position at the end of each measurement: the
motorized tables/sample move to the extreme right
front position; same position as clicking & on the main
toolbar.
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Optical barrier

Choose the operating mode for the optical
barrier

Decactivated Mode
Secure Mode

Fast Mode (a -k-. nced Use
Desactivated Mode

Choose one of the 3 following security modes for the
optical barrier.

Secure Mode: if the optical barrier is interrupted, the
current measurement, optical analysis or positioning is
stopped. To perform a matrix of measurements with
this mode, Table Z retraction, p. 31 should be set at
least to 7 mm, in order to not interrupt the optical
barrier.

When the user is sure that there is no risk of a collision
during all indentation matrix of measurements and
additionally to save time, the following other operating
modes can be selected. In these cases a lower value

can be set in Table Z retraction, p. 31 but A
beware of any collision:

Fast Mode (advanced User): is similar to Secure
Mode above, except the barrier is deactivated
during measurements and optical analyses.

Deactivated Mode: the optical barrier is
deactivated all the time.
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3.3.4 CENTER TAB

TTX - NHT - Calibration
P i——

Calibratiofy | Center

Sample Support Coordinates Center

X 14.216 % mm

¥ 41.236 % mm
[ f Manual Calibration ]
[ 'L' Reset to defaults ]

[ v QK H X Cancel l
Fig.17 Center tab (e.g. TTX-NHT)

For the description details, refer to the Common Scratch & Indentation
software manual - chap. Managing the instrument - Distance calibration -
center calibration.

@ In case of a manual Y table, the Y field is inactive (grayed out); the Y table
should be manually moved.

@ X and Y field values shown in Fig.17 above are only an example; a calibration

should have been performed for each available instrument (different field
values).
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3.4 MANAGING INDENTERS

The indenter which is mounted on the measurement head should be created and/or
selected.

2 ncerron 725 SN

File Edit |Instrument | Admit

‘ ri Adjust depth o

S Starta new ind

Select Instrument/Indenters...
from the menu bar.

#+  Position contre

Indenters... l}

PP [ bt T

Edit indenters

Edit indenters

Configuration

Indenter in use

[Berkovich [B-Q 03] (25.07.2014)

v

Configured indenters
Berkovich [B-P 05] (11.01.2014)

Berkovich [B-Q 03] (22.05.2014)
Berkovich [B-Q 03] (25.07.2014)

Add

|+

il

Edit

4

Remave

- Import

\ACTS Export

KPress

]

l x Cancel
Fig.18 Edit indenter windows

4  Add To create a new indenter in the Configured indenters
list.

Select indenter type

Vickers

P Select (double click) the

Spherical type of the indenter which is
Knoop used; see chap. 3.4.1

Indenter properties
window, p. 37.

| v

Fig.9 Define a new indenter windo

L edi To modify the selected (highlighted) indenter in the
Configured indenters list; see chap. 3.4.1 Indenter
properties window, p. 37.
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Before running a measurement

A If there are several Configured indenters in the

Indenter in use

[Berkovich (B-Q 03102052014 -] Ii;t, do not forggt to_select th_e Ind_enter in use
Berkovich [B-P 05] (11.01.2014) with the last calibration date if available (the
Berkovich [B-Q 03] (22.05.2014) Calibration date chap. 3.4.3, p. 47 is

| displayed next to the indenter serial number).

- To keep the old indenter calibration, create a new indenter - recommended.
- To overwrite an indenter calibration, edit the existing indenter; see chap. 3.4.2
Indenter calibration , p. 38.

=—  Remove To remove the selected (highlighted) indenter from
the Configured indenters list.

&  XPress Not applicable.

Import/export

=  Export To export the selected (highlighted) indenter in the
Configured indenters list (saved as an indenter file).

This window allows:

- Choosing a location

2 Export a indenter file where to save the

indenter file.
Organize « MNew folder == ©
‘- Favorites MName Size Date modified ¥ - MOdIfylng the defal'”t File
| Mo items match your search, name: CorreSpondlng to
& Libraries ) the selected indenter.

M pC

- Changing of the default
€ Network V6 .IND file format.

Save as type: [Indenter file V6 (*.ind) g_

Indenter file V& (*.ind)
Tab seprated file (*.tsv} [ |
File name:  Berkovich B-Q 03}ind e Folders Indenter file V5, V4, V3 nd]

1

Save as type: | Indenter file V6 (*.ind)

= Hide Folders Save ] ’ Cancel

Then click

5 Import To import an indenter (which was exported) in the
Configured indenters list.

A similar as for the export above, a window allows choosing a location where to
open an indenter file with .IND format.

Then select the file and click or double click on the file to open it.
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Indenter file (.IND) info

The exported/imported indenter .IND file format includes only the result of the
calibration: only the average point (of the 5 indents kept or excluded from the
.MIT file) for each load. Therefore it should not be confuse with the indenter
calibration .MIT file format which includes all indentation measurements.

Indenter in results

Later, after each measurement, the indenter in use appears:

e on the bottom left side of the analysis results window; see from chap. 5.11
Managing the indenter in the result analysis, p. 164.

+ UNHT 5/N: 50-00705 settings -
Fn contact : 0.02 mN
Approach distance : 3000 nm
Approach speed : 2000 nm/min
Retract speed : 2000 nm/min
Dz sensorin fine range
Load in fine range
FnRef in fine range
Stiffness Threshold : 150 pM/um

X Position :48.92 mm
¥ Position :83.29 mm

+ Berkovich indenter
Serial number: B-Q 03
Material : Diamend

Calibration date: 25.07.2014

Information

¢ in the printed/PDF report (from page 2 and depending on the report option
configuration); refer to the Common Scratch & Indentation software
manual - chapters:

o Customizing options (Document model tabs)
o Printing/PDF Documents

« w o wwaQq 5 et oo S

File Edit View Window Help
Document madel Groups Scratch
[Complete document [<ai> [<an> EAE @ * (8 /5 @ | =) (o) | 745
Group name |
P Group name
ion # _
Indentation # 1 Indentation # 1
Indentation parameters Indentation parameters
+ Standard App + Standard App
ﬁthmsmon .Rate: 10.0 [Hz] App Acquisition Rate : 10.0 [Hz] App
Linear Loading Reti Linear Loading Retr
Max load : 10.00 mN Dz s Max load : 10.00 mMN Dzs
Loadlng rate : 2000 mN/min. Loa Loading rate : 20.00 mN/min Loat
Unlozding rate : 20.00 mN/min FnR Unloading rate : 20.00 mN/min FnRe
Pause: 10.0 5 Stiff Pause:10.0s stiff
Date : Date :
+ UNHT 5/N: 50-00705 settings Hour + UNHT 5/N: 50-00705 settings Hour :
W o : N
Indenters Indenters
Type : Berkovich Type : Berkovich
Serial number : B-Q 03 Serial number : B-Q 03
Material : Diamond Material : Diamond
Curves
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3.4.1 INDENTER PROPERTIES WINDOW

l+ Add lor

S ] is clicked in the Edit indenter windows Fig.18, p. 34.

General information Tip
Type Calibration curve

|Berkovich
Serial number

Material

This indenter has not yet been calibrated. It is highly

Diamond recommended that it is calibrated before use.

Beta
[
1.034 =

Poisson's ratio
(=]
007 5

Young's modulus @ If the indenter is not calibrated, its

L0 6os geometry is approximated to a perfect
Calibration shape tip. For Berkovich and Vickers
Date indenters, the theoretical function
T— A, = 24.5 hZ is used to approximate the
area function.

Fit Method

Click here to start the indenter
calibration procedure

‘ Calibrate Edit Fit Method

l ¢ QK H x Cancel |
Fig.20 Indenter properties window with no calibration/date

Serial number

* | This field should be filled in.

Material _ ?Eta Adapt (set) the material and values of all
Type to add other materiz| [} other fields which will be used for the

*
DiamondF measurement analysis results.

QL

Ruby
@ The initial Beta value corresponds to
the indenter type selected in Define a
new indenter window Fig.19, p. 34.
Poisson's ratio Young's modulus
7] L)
= & cpe The initial Poisson’s ratio + Young’s
modulus values correspond to the
diamond material.
Radius Angle

If Spherical or Flat Punch indenter type is

* I um * & - selected in Define a new indenter window
Fig.19, p. 34 these 2 additional fields appear.
* indicated on the indenter provided certificate
[ 1 Calibrate To (re)calibrate the indenter; see the following chap. 3.4.2

Indenter calibration , p. 38.
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3.4.2 INDENTER CALIBRATION (QUASISTATIC/SINUS)

[ 4 Calibrate is clicked in the Indenter properties window Fig.20, p. 37.
The calibration procedure starts.

3.4.2.1 Measuring a matrix of indentations

@ Use a certified Fused silica sample with UNHT and NHT, or a certified BK7
sample with MHT.

@ Sinus calibration is not available (= Measuring a new matrix of sinus indentation jnactive/grayed

out) for MHT and UNHT Bio, and NHT without the optional sinus mode; see
chap. 3.1.2.2 NHT, p. 14.

- N
Automatic calibration of the indenter tip / Step 1 _

1. Prepare the automatic indenter tip calibration

w

+ Choose your procedure

() Leading indentations from file
() Loading sinus indentations from file
(@ Measuring a new matrix of indentation

() Measuring a new matrix of sinus indentation

+ This procedure allows you to automatically calibrate an indenter. It is
recommended that it is done everytime you change the indenter.

+ The calibration is used to take in account the shape of the indenter tip.
+ Ensure that the indenter is correctly installed in the head.
+ Put the test sample under the instrument head.

+ Click "Next" to follow the automatic calibration precedure,

e

Fig.21 Choose a calibration procedure

Select @ Measuring a new matrix of indentation for @ quasistatic calibration OR
@ Measuring a new matrix of sinus indentation for a Sinus Calibration and Cllckl Mext m ]

If the ADO is not yet successfully (.8 ) performed:

p— i oK
I ‘-.I A new depth offset is needed, to adjust it and continue calibration press C“Ck tO Start a new

k9 o ADO - for MHT in fine Dz range;

To abort press "CANCEL"

see chap. 4.4 Adjusting the
depth offset (ADO), p- 56.

Cancel ]
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Otherwise if an ADO has already been successfully (%) performed:

e =

P "_"‘-.I To adjust the depth offset press "YES"
V' To keep the current depth offset press "NO"

To abort press "CANCEL"

o

| [ cance |

Click to keep the current ADO (the

sample has already been moved with a
minimum displacement from the ADO indent
- similar sample topography).

R

Click to start a new ADO (sample

has not been moved or has been moved too
much from the current ADO indent = the
sample topography may vary); see chap. 4.4
Adjusting the depth offset (ADO), p. 56.

w

r Ny
Automatic calibration of the indenter / Step 2

2. Choose calibration parameters

+ Enter sample certificate value

@ E* Method

) EIT Method

+ Choose the calibration mode :

Oliver and Pharr mode

Plane strain modulus (E¥)

+ Or enter theorical values for your sample

Poisson's ratio Young modulus

.% GPa

= = Gra

() User protocol file

() Quick (40 indentations at 8 different loads)
() Intermediate (45 indentations at 9 different loads)

@) Intensive (60 indentations at 12 different loads)

| M4 peioss || Nee DM

Fig.2 Calibration parameters (e.g. quasistatic UNHT

Plane strain modulus (E¥)

@ E* Method |& oPa
OR
Poisson's ratic Young modulus
@ EIT Method =

Select @ Method and set the Plane strain
modulus E* value noted on the
certificate provided with the certified
used sample. Then press “Enter"”.

Select @eTMethedand set the
® &P corresponding (theoretical) values in
both fields.
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Oliver and Pharr mode

() Quick (40 indentations at 8 different loads)
() Intermediate (45 indentations at @ different loads)
@ Intensive (60 indentations at 12 different loads)

() User protocol file

OR
Sinus Mode

Measurement type

@ Std (CSR Sinus 40mM; 0,05 1/5; 1mMN @ 5Hz)

Measurements 5 %

E.g. Sinus for UNHT

Click| mee  bM|.

Automatic calibration of the indenter / Step 3

3. Starting indentation

Select a quasistatic calibration mode.

@ The number of the indentations and loads
for the matrix of measurements are

different for each measurement head.

The Sinus mode is selected, set Measurements
which is the number of indentations for the

matrix single row @ advised value is 5.

@ Automatic Constant Strain Rate

(CSR Sinus mN), load (mN) and

e

frequency (Hz) values (to perform later

each calibration measurement) are
different for NHT.

+ Press "MNext" to start,

+ The indentations are ready to run.

Click Net P

Wait time

Calibration Time

< July

Mon Tue Wed Thu

1 2
7 8 9
14 15 16

3
10
17
24
a1

|44 Previous l l

Minute
30|

|:| Waiting...
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Set a delayed starting

24 25
7
Hour Minute
I 8 | S]

OR

Direct starting

If necessary, to select another measurement date (than today)
in the calendar. If necessary, click [z] to go to the next month
(and then click [z] to come back).

To set the hour and minutes of the selected date when the
matrix of measurements should start if the below button is
clicked.

To wait for the date and time previously set (above), before
starting the automatic matrix of measurements:

The remaining waiting time until the first measurement
starts is displayed [ waiting .. 4 H27 min 25 sec

To start the first measurement of the matrix (even if

has been clicked).

Then the Indentation running... window (same as Fig.58, p. 122) appears; wait for
all automatic matrix of measurements are performed. Once the last measurement is
completed, the following window appears and allows:

Organize =

- Favorites
Bl Desktop
4 Downloads

1= Recent Places
4 Libraries
1M Computer

&?j MNetwork

E Save a calibration file

MNew folder

- Choosing a location
where to save the
calibration file.

Mao items match your search.

- Modification of the
default File name:
calibrated indenter with
the date when the 1%
calibration measurement
has been started.

The default file format is
MIT

File name:  Calib_Data_Berkovich_B-Q 03_24_0?_2014Lmit

Save as type: | Calibration Indentation files (*.mit)

= Hide Folders

| [ cance

Then click .

Then, the following window appears.
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Contact area determination

E.g. with quasistatic, they are batches of 5 indent curves measured at different
indentation loads: each 5 indents are performed at the same load. For all these
indents/curves, e.g. 12 loads x 5 indents = 60 indents/curves, first the contact
points should be refined if necessary and then only the relevant indents should be

kept - the bad indents should be excluded from the calibration results.

With Sinus it is similar, exception: the number of indents measured depends on

the previous setting (e.g. 5 indents advised) and there are no loads to select
e.g. = totally 5 indents/curves.

-
Automatic calibration of the indenter / Step

4. Contact area determination

w

+ Verify that the indentation curves are correct

+ To correct the contact point of a curve, click on "Set contact point”
+ Uncheck all the bad indentations

+ Click "Next" to follow the calibration procedure.

- ~ S S ~
Indentatmns#ﬁflzk @@] En Pd As *

[# Indent21 0.3‘{

(¥ Indent#2 -

0 Total of different loads
[ Indent#4 0.2

(¥ Indent#5

1.0E-01—

Batch of current load K~

[ A Multi ] i
it
l / Single l 0l - i . i | . |
0 nm 2.0 16.0 40 220 40.0
l 'L Set contact point l ma&q P )

T

Fig.23 E.g. Indent #3/12 is excluded (non-relevant)

E (next) @ (previous) To select next or previous load batch.

[ Indentations #1/1 ] For Sinus, no load to select.
inactive (grayed out)
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‘ 2 Multi | To show all curves of the selected load batch.

(initial) Place the mouse cursor on one indent of the batch to
highlight the corresponding curve.
‘ A Single | To show one curve of the selected load batch.
Place the mouse cursor on one indent of the batch to
display it.
Procedure
‘ p s Set contact point ‘ To verify and refine if necessary the contact point for

all indent curves of the current load batch; see
chapters 5.1.1.1 Contact point features,
p- 133 and 5.1.1.2 Verifying/refining the
contact point, p. 135.

Then,

Keep only the relevant indents
'ilndentﬁ > D Uncheck to exclude (from the calibration results; see
(5 Tnddent 24 Validation of the results, p. 45.) each non-
e.g. see Fig.23, p. 42 relevant indent/bad curve, which becomes gray.

If necessary, check it again to re-include it
(relevant).

With quasistatic mode, repeat the Procedure above for each load (‘E e.g. 12
loads \ﬂ, so totally 60 (5x 12) contact points and curves should be verified).

To display the indent curves of the current load (;/\E) on the graph

(initial) F vs. h (combined curves), OR
e F vs. time (force curves), OR
~ h vs. time (depth curves)
OR
v To display the projected area vs. contact depth:

7oE Only with quasistatic, the indents

of all loads are represented with

mo = circles on the graph. Only the
I ' . ' I ' I ' T relevant indents are displayed in
0 nm 10.0 200 30.0 40
color.
[,'jﬂ, To display graph logarithm scales (selected).
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g To display only the relevant indents of the current load; see
Keep only the relevant indents, p. 43:

The non-relevant (O unchecked) indents in gray are
hidden from the graph.

x10 Q@@ To zoom the indent curves on the graph; for the descriptions,
refer to the Commmon Scratch & Indentation software
manual chap. Features on graph areas - Zoom.

When all contact points and curves are verified, click Next 4]

A Any modifications (contact points and exclusion of non-relevant indents/bad

curves) are automatically saved on the current calibration measurement
file .MIT (which were saved after the matrix of measurements or loaded).

Saving file in progress ...

100%

The following window appears.
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Validation of the results

According to the previous Contact area determination, from p. 42, the red curve
fits on the crosses displayed on the graph of the window Fig.24 below:

E.g. with a quasistatic calibration, each cross corresponds to the average of the
relevant (kept) indents for each load (e.g. 12 loads = 12 crosses).

With a sinus calibration, each cross corresponds to the average of the relevant
(kept) indents of the sinus analysis at the corresponding contact depth (more
crosses).

-
—
I___l 5. Validation of the results

w

+ Check the indenter contact area curve,

+ Click on "Finish" to validate the results.

Contact Area = f (Depth)
1.0E127]

8.12E-13+

B.11E-13—

410E-13—
2 08E-13—
E.77E-15
I T T T T T T T T T 1
E.82E-09 4.24E-08 7.80E-03 1.14E-07 1.49€-07 1.85E-07
moeaa s .
Scale Mode: @ Linear () Leg

Depth = 155.7 nm
Calculated contact area = 754413.2 nm?

[ e | [ oo ]

Fig.24 Curve results of indenter contact area (Ap) vs. contact depth (hc)

Select @Log to display graph logarithm scales OR select (initial) @ tinear to display
graph linear scales.

Verify the curve and if necessary click and modify the Contact area

determination, p. 42.

When the curve is suitable, click and see:

e chap. 3.4.3 Calibration date, p. 47.
e chap.3.4.4 Fit methods Ap(hc) of the calibration, p. 48.
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3.4.2.2 Loading indentations from file

This procedure is similar than for Measuring a matrix of indentations described

in chap. 3.4.2.1, p. 38, exceptions:

- There are no parts related to perform measurements.

- Select @ Loading indentations from file OR (@ Loading sinus indentations from file in FI!Z,Z_Z, p, 38 (Chose a

calibration procedure in the Step 1 window).

- The following window appears and allows:

E Open a calibartion file
@ 3 || Search Berkovich calibrations

Organize » MNew folder

[ Favorites Hame

|&| Calib_Data_Berkovich_B-L89 30.10.2011.mit

. Libraries & Calib_Data_Berkovich_B-093_21 11 _2013.MIT P
3

. Computer

Gh Metwork

4| (1] | 3

File name: Calib_Data_Berkovich_B-093_21 1 « [Calibration Indentation files (*.t v]

[ open | [ concel |

H70IB101EN-A Indentation V7 Software Manual

- Choosing a location
where to open a
calibration file with
.MIT format.

- Then select the file

and click or

double click on the file
to open it.

46/191



3.4.3 CALIBRATION DATE

is clicked after a calibration in Fig.24, p. 45 or is clicked in

the Edit indenter windows Fig.18, p. 34 for an indenter already calibrated.

The Curve results of indenter contact area (Ap) vs. contact depth (hc) Fig.24, p. 45
is reported on the graph of the window below.

enerpropete:
General information Tip
Type Calibration curve Ap=f(hc)
|Berkovich
) ~ log
Serial number Ap E..w
2606 ]
Material 1
Diamond - 1.6E0E—

beta Indenter is calibrated

7]
1034 = 1.2E 06—
Poizzon's ratio |
0.07 &
= BE05

Young's modulus
114100 Gpa

Calibration

Date T

T T T T T T T T 1
0 nm 50.00 100.00 150,00 200.00 2h0.00

fe Jaaa .

hc=123.0 nm Ap = 4935689 nm*

Fit Method

5 . .
Click here to start the indenter Ap [nm’] = BSplinesinterpolation( he )

calibration procedure

l i Calibrate

=
V4 Edit Fit Method l

»

(Vo ][ X coa |

Fig.25 Indenter properties window (with calibration/date)

Calibration
Date The displayed indenter calibration date always corresponds to the
25.07.2014 date when the last calibration measurement (weakest force) of the

matrix was ended.

This date is also displayed next to the serial number of the indenter
in the Edit indenter windows Fig.18, p. 34;

e.g. Berkovich [B-Q 03]((25.07.2014) |

Q The date format depends on the acquisition system setting;
e.g. could be with this different format 25/07/2014.
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3.4.4 FIT METHODS A.(h.) OF THE CALIBRATION

is clicked after a calibration in Fig.24, p. 45 or is clicked in

the Edit indenter windows Fig.18, p. 34 for an indenter already calibrated.

The Curve results of indenter contact area (Ap) vs. contact depth from Fig.24, p. 45
is reported on the graph of the window below.

General information Tip
Type Calibration curve Ap=f(hc)
|Eerk0\.rich
) ~ log
Serial number Ap E—w
E0E ]
Material 1
Diamond - 1.6E0E—
Beta
=]
1034 = 1.2E06
Poizzon's ratio |
0073
= BE05
Young's modulus
1141005 GPa |
4E05—
Calibration e ] ,\\)
1]

Date T
]

IE.UF.EUM Q

hec =123.0 nm

T T 1
200.00 2h0.00

T T T
50.00 100.00

Q 4

Ap = 4935689 nm®
Fit Method
Ap [nm®] = BSplinesinterpolation( he )

Click here to start the indenter
calibration procedure

Y \
l ] Calibrate 7 Edit Fit Method l

»

(Vo ][ X coa |

Fig.26 Indenter properties window Ap(hc) curve

Graph scale display modes

Also applicable in the following Edit Fit Method window Fig.27, p. 49.

To display graph linear scales, in order to focus on the
highest indentation depths: red and blue part of the curve,
e.g. in Fig.26 above.

OR

log To display graph logarithm scales, in order to focus on the
lowest indentation depths: green and red parts of the
curve, e.g. in the Fig.27, p. 49.

Part of the curve in blue (Fig.26 above)

Theoretical function (A,=24.5 h. ? for Berkovich and Vickers indenters,
A,=nh.(2R-h) for a sphere) with a shift in Y (AY) to ensure the continuity on the last
cross (highest depth) of the calibration.
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Part of the curve in green (Fig.27 below)

For Oliver & Pharr fit methods: sphere equation passing by the 1% cross (lowest
depth) of the calibration.

For BSpline: spline equation passing by (0;0) and having the same tangent in (0;0)
than the sphere equation passing by the 1% cross (lowest depth) of the calibration.

Part of the curve in red (Fig.26, p. 48 and Fig.27 below)

Click | # Edit Fit Method ] to open the following Edit Fit Method window, which
allows selection of a method to compute a best fit for the contact area function.

The default fit method is the @ espiinelnterpolation | If necessary select another fit method
either a @ Linear Interpolation | @ Oliver & Pharr QF @ @ Polynome fit.

For Oliver and Pharr or Polynomial fit methods, the number of the computed
coefficients should be adapted in the corresponding field, respectively
Fractional terms: | % Or Degres: | %

~
il 7
1.00E-12
LODE13 >‘Ap = f(h. ) curve,
. log
LOoE14 e.g. in E scale
100E-15
nt
1.00E-16
m 1.00E-10 1.00E-09 1.00E-08 1.00E-07
aaa: :
he=24nm Ap = 2774.0 nm®
@ BSpline Interpolation Fit formula : Ap [nm?] BSplIne Interp0|atlon
o . Linear Interpolation
() Linear Interpolation
©) Oliver & Pharr : B i
Oliver & Pharr
2450000000000 &5 0000000000000 &5 0000000000000 & 0000000000000 &
0000000000000 & 0000000000000 & 0000000000000 & 0000000000000 &
0.000000000000 &5
) Polynome 2 %
Polynomial fit
0000000000000 & 0.000000000000 & 0000000000000 & 0.000000000000 &
0.000000000000 & 0.000000000000 (& 0.000000000000 &
[ o “ K Concel ]

Fig.27 Edit Fit Method window

The following example describes the way to find the best fit with Oliver & Pharr fit
method. In an ideal case the function should be a line passing by each cross
(e.g. 12 crosses).
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The first term h.?, the lead term, is by default to 24.5 (coefficient for a Berkovich or
Vickers indenter).

@ Oliver & Pharr Fractional terms: 2 %

2 12 14
+ 3120403630332 5 h + 2992400447092 hc + 1108587628492 hc +

- )
Ap= 2450218896943: 5, 4 h

0,000000000000 &2

_____________ =

If a low Fractienalterms: 0] & (e.g. 0) is used, the fit obtained is not good for some of the
lowest indentation depths.

% [k

1.00E-12
1.00E-13
1.00E-14
1.00E-15

m?

1.00E-16

1.00E-10 1.00E-09 1.00E-08 1.00E07

m
e raaa: .

E.g. 6 fractional terms gives the best fit.

@ Oliver & Pharr Fractionalterms: 6 (&

2 1/2 1/4
Ap= 24.592188969433% L hc + -25934.9108?00}% h + 5183156.44???45% hc + -99441843.2?32&% hc +

= 1/8 — 1/16 = 1/32 = 1/64
241983297 66681 (=] hc + 1365095693 817: (%] hc + -4491334576.73( (& hc + 2978931166.599" (3] hc +

0,000000000000 &=

.............. =

2

=
=1
=
m
N
Fa

1.00E-13

1.00E-14

1.00E-15

m?

1.00E-16

1.00E-10 1.00E-09 1.00E-08 1.00E07

m
e raQa: .

For Oliver and Pharr or Polynomial fit methods, each parameter for the A, fit can be
manually set by clicking . e.g. he + 1357806293 (& 4

(Re)click & for each filed which should be automatically (re)calculated by the
software.
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3.5 UNHT APPROACH MONITOR WINDOW (.INI FILE MANAGEMENT)

A Be careful, bad modifications in the UNHT.INI file can have a direct influence

on the UNHT behavior/measurements. Therefore in the file Notepad, edit only
the 1ines (highlighted in gray) which are described below and exactly as they
are typed (spelling is considered/case sensitive).

@ “;"in front of each single line of the INI file allows comments.

INI file activation

To activate the INI file management directly from the software.

@ Windows Media Player . ®
| Accessories Control Panel From the W|ndOWS

taskbar select:

m

. Indentation

Devices and Printe
@ Anton Paar Tritec Software EULA gt

— | 4 Can>
. ApplicationData . Default Programs
E Indentation be B >
Samplefile Help and Support

. InstrumX | » Al Programs

. Scratch 9
4  Back | . Anton Paar S
- ) P Mo g T 1 .
| |Search programs and files Fe | Shut down [ | . Indentation >

| .. ApplicationData

To open the UNHT.INI
file in the Windows®
Notepad:

File

Edit View Tools Help

Organize » H Open « Print Burn MNew folder

= - Right click on it and

N Favorites Name Size Type .
' select open in the
. Sample File folder

— s : : : context menu
= Libraries | IndentationInstrument.cfg 8KB CFGFile

| ] IndentationSoft.cfg B2KB CFG File & UNHTINI =

X : n

1= pC | Indentors.cfg 1KB CFG File || indentatio . Pe S

|g, UNHTINI . 1KB Configuration settings

by’

- Double click on it.

| UNHTING - Notepad s o S In the Notepad, at the

File Edit Format View Help section [Extra], edit

| - ReloadInito = 1 :
[Extral]

ReloadIni =1

Save the file and close
the Notepad.
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Then restart the Indentation Software (this should be done only once):

window and start again the software by double clicking E'j_‘ on the acquisition
system desktop.

Select File/Exit from the menu bar or click on the rir ht top of the main

Now the .INI file appears in the Instrument menu bar.

UNHT Approach Monitor window

To hide or display later (during ADO process, measurements...) the UNHT Approach
Monitor window, see the following descriptions.

-
UNHT Approach Monitor

/ Indenter Command \ / Reference Command \

37.09 %

FnCommand: 124245.860 pN FnRefCommand: 500.000 pM
) Servo On @ Servo On

\Q Large Range /

Fn Dz
[] Bridge Adjust [] Bridge Adjust [] Bridge Adjust
| | s
@ FineRange @ FineRange @ Fine Range
[ 20008.588 pN | [ 3352467 nm 497.368 pN |
Status
[] Quick Indenter Approach [ Quick Z Approach [] Reference Approach

[ Slow Z Approach
3 HW Sinus Active

Sinus Frequency : 0,000 Hz Z Table:11426.776 pm
Sinus Amplitude: 0,000 pN

AdjustFnRefToload Done

Fig.28 UNHT Approach Monitor window

File Edit Administration Window About

5 Ju g offset... 4 3 - - -
R & - R S b 4 % T Thanks to the INI file activation,

Start a new indentation...

p- 51:
#+ Position control...
| ndenters. Select Instrument/
e e P T .INI file/Edit.INI file from the
menu bar to open the Notepad
Configure sample holders... INI file
Lﬁ Calibrations...
ﬁ- Hardware configuration...
INI file Reload .INI file
Edit .INIfiIe...l:

H70IB101EN-A Indentation V7 Software Manual 52/191



| UNHTINI - Notepad i (=) oef The UNHT Approach Monitor window
File Edit Format View Help Fig.28, p. 52 can be deactivated
| - (will be hidden):

In the Notepad, at the section
[Monitoring], edit Show to = 0 :

[Monitoring]
Show = 0

The UNHT Approach Monitor window
Fig.28, p. 52 can be (re) activated
(will be displayed):

In the Notepad, at the section
[Monitoring], edit Show to = 1 :

[Monitoring]
Show = 1

Save the file and close the Notepad.

,

File Edit Administration Window About

i ri Adjust depth offset... h ,.I.. Ag'o v
T Start a new indentation... Do not forget to then select
4 Position cantrol.. Instrument/.:INI flle/.
I Reload .INI file. to activate the
Indenters.. last .INI file modifications.
Control indenters life time...
Configure sample holders... (there is no need to restart the
L%T Calibrations... SOftware)
-ﬁ- Hardware configuration...
| M file Reload .INIfile%
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4 TAKING A NEW MEASUREMENT

4.1 INTRODUCTION

For detailed manipulations and instructions, refer to each corresponding
*Measurement head* user manual.

4.1.1 WARNING

A When installing the sample in a sample holder AND when moving the

sample/(motorized) tables from the video microscope to the measurement
head and vice versa, avoid any collision with:

e the measurement head, especially with the indenter/
reference (UNHT)/reference ring (NHT)/reference fork (MHT)

e the video microscope optical objectives

4.1.2 NOTES FOR GOOD MEASUREMENTS

For a maximum accuracy, the sample surface should be always perpendicular to the
indenter axis (sample surface leveled). For some specific applications, a special
sample holder is required to fulfill this condition.

Each sample should be firmly fixed (clamped, glued for UNHT Bio...) into the sample
holder > the sample should not slide when it is indented and also when the
(motorized) tables move.

Each sample and sample holder support surfaces should be clean and dust-free.
Before performing a measurement (ADO included), the chosen sample surface area
should be free of previous indents.

The indenter should be clean and not too much worn out.

The sample temperature should remain stable during measurement.

4.1.3 GENERALITY

A new indentation measurement or measurements (matrix of indentations) involve
a succession of logical steps, such as:

Installing the sample

Choosing the sample area for the measurement(s)

Adjusting the depth offset (ADO)

Setting up the configuration/parameters for the measurement(s)
Running the measurement(s)

Analysis of the measurement results

oukhwnE

Each of these steps is described in the following chapters.
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4.2 INSTALLING THE SAMPLE

1. To move the motorized tables to safe position (max. right front table position),
click & on the toolbar.

2. Install firmly the sample into the sample holder.

4.3 CHOOSING THE INDENTATION AREA

For all information about the Position control window features (management of the
indenter/video microscope areas, different methods to move with different speed...),
refer to the Common Scratch & Indentation software manual -

chap. Managing the instrument - Control of the sample position.

A Do not change the focus once it has been adjusted. To avoid any collision,
always verify the sample height before moving.

1. To choose the sample measurement area, click 4 on the toolbar.
In the Position control window which appears:

[
2. To move the sample/motorized tables under the video microscope click Lr'"" .

The microscope zone should be activated s (under microscope icon),
otherwise click . The Video Software window is open, otherwise click

m Open video ‘

For the video microscope module with STeP 4/6: to lower the module (if not
already at the lowest position) click [4] .

3. To adjust the focus of the sample surface on the Video screen, move the

Up
motorized Z table: click f to raise / ‘ to lower.

Daown

With a TTX-NHT, use the coarse and fine focusing thumbwheels.

4. To move the sample/motorized X-Y tables in order to choose the measurement
area on the Video screen (under the middle of the crosshair), click » /* /

T oF
With a TTX, the non-motorized table(s) should be manually move.

When exiting the Position control window, the motorized table automatically
retracts.

Then the sample will be automatically moved under the indenter, at the chosen

measurement area, before starting the ADO procedure (% / /%) and then before
starting the measurement procedure ().
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4.4  ADJIUSTING THE DEPTH OFFSET (ADO)

The ADO procedure is carried out to correctly setup the depth sensor measurement
range for the following indentation calibration/measurement(s):

- Because of the unpredictable sample surface topography.
- To optimize the duration of the measurement(s).

This procedure should be performed:

- If the sample surface topography may vary between the indentation
measurements.

- If the indentation measurements are performed on multi-sample where the
surface topography varies.

- After changing the sample.

- After changing the indenter.

- Only for UNHT, after changing the reference.

- After restarting the software.

Before performing this procedure, the current position (measurement area) on the
sample surface should be free of previous indents and clean.

Manual ADO procedure starting

& Indentation 7254- Select Instrument/Adjust depth offset... from the
File:Edit Administration  menu bar or click % / A% on the toolbar to start the
h & _ Adustdepthoffset following ADO step by step procedure windows:

1% Adjust depth offset parameters window

2" Adjust depth offset in progress window for the automatic (semi-automatic for
MHT without electronic bridge) process (this window includes several
sequence steps) - an indentation is performed.

3" Sample displacement after ADO window

Automatic ADO procedure starting

The procedure can be automatically started from some calibration/measurement
processes if the ADO has never been performed or if the last ADO is not
successful (48).

The 15t and 2"! windows described above are different depending on the type of the
measurement head which is used. All of them are described in the 3 following
chapters.

At the end of the procedure, if the ADO has been successfully performed, a green

disk with a tick appears on the ado icon % (main toolbar). If not, .5 appears and
the procedure should be performed again until it is successful.

H70IB101EN-A Indentation V7 Software Manual 56/191



4.4.1 UNHT/UNHT B1o ADO

The 1% procedure window allows setting of the parameters which will be used to

perform the ADO automatic process (2" window).

I:lt Surface detection parameters

w Approach speed Contact force

250000 &} nm/min 50.00 & pN

Characterization force Contact stiffness threshold
500.00 & pN 150 (2 uN/pm

Indenter Reference
Pre-approach Pre-approach Contact force
108 % 05 % 50000 & pN
l L Beset to defaults l l « QK ” x Cancel l

Fig.29 UNHT ADO parameters window

Q There is no reference with UNHT Bio, therefore

field are inactive (grayed out).

Surface detection parameters
Approach speed Contact force
50000.0 & | nm/min 20000 & N

Characterization force Contact stiffness threshold

20000 & N 203 uN/um

Indenter Reference
Pre-approach
53| % 99 & 500.00 &

Fig.30 UNHT Bio ADO parameters window

[ L_' Eeset to defaults

Q Indenter Pre-approach and Reference Pre-approach

E.g. parameters
shown on Fig.29 are
the defaults values
which are normally
suitable to perform a
successful ADO with
the UNHT.

Otherwise set other
field values according
to the application.

the corresponding

E.g. parameter values
shown on Fig.30 are
normally suitable to
perform a successful
ADO with the UNHT
Bio.

Otherwise set other
field values according
to the application.

To reset all fields with the default values.

100 % is the rest position corresponding to the fully extended (lowest) position

of each actuator displacement.

Rest position for the motorized Z table is the retracted (lowest) position; see

Table Z retraction, p. 31.

For Contact stiffness threshold details, see identical information as described in
chap. 4.6.5.8 (indentation measurement parameters), p. 119.

Click to start the following automatic ADO process.
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The 2™ procedure window is performing the automatic ADO process (steps). If

necessary, click | X

Cancel

wait until the 3™

\ to stop the process and cancel the ADO. Otherwise
procedure window appears.

Q Steps concerning the reference are not applicable with UNHT Bio.

Adjust depth offset in progress

Skatus
< [ approaching Table Z...

[ approaching reference
[ approaching with the indenter,..
[ Contact

[ stabilization

[ sample characterization

[ Could nak reach the surface

[ Raising the indenker

Comnmand
Indenter Command
B 10% |

Reference Command

s /S

—

Bridges

Fr Bridge

Dz Bridge
[ 63% |

FriRef Bridge

Additional informations
Dz & #RERE REE
Fri##s#ss 2ad

x(:ance|

(/- Indenter Command \

10.00 %

FrCommand: 33592 mW

Reference Command

I

FrnRefCommand: 0.500 mM

)

@ ServoOn @ ServoOn
\\. Coarze Range _/J

4 FH N DZ e REF )

I Eridge Adjust [ Eridge & djust I Eridge & djust

|| | s .
@ Fine Range @ Fine Range @ Fine Range
0.007 mh 73456 nm -0.001 mM
| AN RN )
Status
B Quick Z Approach

[ Quick Indenter Approach

B Reference Approach

B Slow Z Approach

@ Hw Sinus Active
Sinuz Frequency : 0000 Hz
Sinus Amplitude : 0.000 mk

£ Table: 5.265 mm

AdustFnR efToContactLoad Done

Fig.31 UNHT Approach Monitor extra window

H70IB101EN-A Indentation

V7 Software Manual

With STeP 4/6, the motorized
head module approaches (moves
down).

Then the indenter and reference
retract (move up) to the previously
set values:

Indenter Reference

Pre-approach Pre-approach

105 % 0= %

except +15 % for the reference.

Then Fn, Ref and Dz sensor
bridges are automatically adjusted.

And then the motorized Z table
slowly approaches (moves up).

Q The extra UNHT Approach

Monitor window Fig.31 can be
hidden or displayed with the
UNHT.INI file;

see chap. 3.5, p. 51.

When the sample surface contacts
the reference, the motorized Z
table stops and the reference
actuator is retracted (moves up)
by 15 % - return to the
previously set value:

Reference

Pre-approach
40

ar
]

[y

Reference Command

1

FrnRefCommand: 0.500 mh
& ServoOn

Indenter Command

10,00 %

FrCommand: 28.553 mM
& Servo On
@ Coarse Range

)
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Adjust depth offset in progress

Skakus Command

[ Approaching Table Z... Indenter Command

|| 10%

[ [ Approaching reference Reference Command

[ Approaching with the indenter. .. Bridges
Fn Bridge
[] Contack
Dz Bridge
[[] stabilization | B |

FrR.ef Bridge

[ Sample characterization

additional informations
Dz ###### 4 The reference approaches (moves
[ Could not reach the surface Frnifirss pap down) until it reaches the
[ raising the indenter preV|OUS|y set Value:
Reference

Contactforce

50000 & pN

~10 % above the previously
10.00 % \ set position:

Reference
FrnCommand: 28553 mN FrnRefCommand: 0.521 mM
@ ServoOn @ ServoOn

\e Coarze Range _/J

Pre-approach

e.g. E %+ ~10 %
= ~50 % > 52.17 %

Indenter Command \ Reference Command 1 Q The reference tOUChes

[=ES
@ Fine Rangs . Fire Range

@ Fine Rangs

| 0.003 mh 11148846 nm 1.217 mN

FH REF
I Bridge Adjust . Bridge Ad|ust I Eridge & djust
|

Status
B Quick Indenter Approach I Quick Z Approach [ Reference Approach
) M S B Slow 2 Approach

inus Active

Sinus Frequency : 0000 Hz Z Table: 10,438 mm
Sinus Amplitude : 0.000 mk

AdustFnR efToContactLoad Done
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Adjust depth offset in progress

Skakus
[ &pproaching Table Z...

[ Approaching reference

[] Contact

[ stabilization

[ Sample characterization

[ Could nat reach the surface

[ raising the indenker

Command
Indenter Command

< [ Approaching with the indenter. .. > Bridges

B oz |
—>
Reference Command
Fn Bridge
Dz Bridge
| B3% |
FrR.ef Bridge

Cancel

Indenter Command \

26.37 %

FrnCommand: 75.297 mN

Reference Command

-

FrnRefCommand: 0.500 mM

@ ServoOn @ ServoOn

\e Coarze Range _/J

FH DZ REF
I Bridge Adjust . Bridge & djust I Eridge & djust

E3%
@ Fine Rangs . Fire Range @ Fine Rangs
[ -0.004 mi 13142856 nm 0433 mN |
Status

[ Quick Indenter Approach

) ) [ Slow Z &
@ HW Sinus Active

Sinus Frequency : 0000 Hz
Sinus Amplitude : 0.000 mk

AdustFnRefT of

[ Quick Z Approach

B Reference Approach

pproach

£ Table: 10.438 mm

Contactload Daone
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The indenter approaches (moves
down) with the previously set:

Approach speed
L)
250000 5

nmy/min

until ...
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Adjust depth offset in progress

Skakus Command
[ Approaching Table Z... Indenter Command
[ Approaching reference Reference Command
[ Approaching with the indenter. .. Bridges
Fn Bridge
[ M contact >
Dz Bridge
[ stabilization | 62% |

FrR.ef Bridge

[ Sample characterization

additional informations
Dz: 15159.6nm
[ Could not reach the surface [ 38,2 il

. it contacts the sample surface:
[ raising the indenker

The indenter has either reached
the previously set:

Cancel

Contact stiffness threshold

150 & pN/um

OR

(/_ Indenter Command \ Reference Command Contact force

50.00 & pN
2863 % ( Surface detection parameters )

Then the Dz sensor bridge is

FrCommand: 81.757 mN FrnRefCommand: 0.500 mM

@ ServoOn & ServoOn adJUSted'
\e Coarse Range _/J
FH 4 DZ o REF
I Bridge Adjust [ Bridge & djust I Eridge & djust
£ | [ E2% | ’
@ Fine Rangs @ Fine Range @ Fine Rangs
0.182 mM 12664.268 nm 0.502 mh
| ) L 1) L |
Status
B Quick Indenter Approach I Quick Z Approach B Reference Approach

B Slow 2 Approach
@ HW Sinus Active

Sinus Frequency : 0000 Hz Z Table: 10,438 mm
Sinus Amplitude : 0.000 mk

AdustFnR efToContactLoad Done
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Adjust depth offset in progress

Skakus Command
[ Approaching Table Z... Indenter Command
[ Approaching reference Reference Command
[ Approaching with the indenter. .. Bridges

Fn Bridge

[] Contack

Dz Bridge
[ [ stabiization S [s] > | 62% |

FrR.ef Bridge

[ Sample characterization
additional informations

Dz: 16003.2 nm

[ Could not reach the surface [ 40,8 il

[ raising the indenker

(indenter is still in contact)

Cancel

Wait for the stabilization; see
chap. 3.1.4.2 Stabilization

(/_ Indenter Command \ Reference Command (Cancel dr’ft)' p. 26
The indenter position slightly
2832% varies.
FrCommand: 83,822 mN FrnRefCommand: 0.500 mM
@ ServoOn @ ServoOn

\e Coarze Range _/J

FH DZ REF
I Bridge Adjust [ Bridge & djust I Eridge & djust
| [ E2% | ’
@ Fine Rangs @ Fine Range @ Fine Rangs
[ 0.237 mN | [ 13406.506 nm | [ 0433 mN |

Status

B Quick Indenter Approach I Quick Z Approach B Reference Approach

B Slow 2 Approach
@ HW Sinus Active

Sinus Frequency : 0000 Hz Z Table: 10,438 mm
Sinus Amplitude : 0.000 mk

AdustFnR efToContactLoad Done
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Adjust depth offset in progress

Skakus
[ &pproaching Table Z...

[ Approaching reference
[ Approaching with the indenter. ..
B Contact

[ stabilization 0 [s]

B Sample charackerization

[ Could nat reach the surface

[ raising the indenker

Command
Indenter Command
Reference Command
Bridges
Fn Bridge
Dz Bridge
| B2% |
FrR.ef Bridge

Additional informations
Dz: 150581.4 nm
Fri 41,0 mk

Cancel

-

Indenter Command \

28.60 %

FrnCommand: 17644 mN

Reference Command

-

FrnRefCommand: 0.500 mM

@ ServoOn @ ServoOn
\e Coarse Range _/J
FH DZ REF
I Bridge Adjust [ Bridge & djust I Eridge & djust
@ Fine Rangs @ Fine Range @ Fine Rangs
[ 1138 mN | [ 486.168 nm | [ 0.448mN |
Status

B Quick Indenter Approach

@ HW Sinus Active
Sinus Frequency : 0000 Hz
Sinus Amplitude : 0.000 mk

[ Quick Z Approach

B Reference Approach

B Slow 2 Approach

£ Table: 10.438 mm

AdustFnR efToContactLoad Done

H70IB101EN-A Indentation V7 Software Manual

An indentation with the previously
set:

Characterization force

50000 (& pN

is performed to evaluate the
sample mechanical properties; the
indenter position slightly varies.
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Adjust depth offset in progress

Skatus
[ &pproaching Table Z...

[ Approaching reference
[ Approaching with the indenter. ..
J

[ Contact

[ stahilization 0 [5]

[ sample characterization

[ Could not reach the surface

[ [ raising the indenter D>

Cormrnand
Indenter Command

<
Reference Command

Bridges
Fn Eridge:

D'z Bridge
| B2% |
FrRef Bridge

Additional informations
Dz: 150&1.4 nm
Fr: 41.0 mi

Sample caracterization
Coef | ¢ 8.59E+009
Coef U §.59E4+009

x(:an.;e|

-

Indenter Command ﬁ\

f

10,00 %

Reference Command

?

FrCommand: 57.545 mN FrnRefCommand: 0.500 mM
& ServoOn @ ServoOn
\. Coarze Range _/’
FM DZ REF
I Bridge Adjust [ Bridge Adjust I Eridge &djust
| [ E2% | 53
@ Fine Range @ Fine Range @ Fine Range
[ -0.048 mN | [ -3774.827 rm | [ 0.474mN |
Status

[ Quick Indenter Approach

@ Hw Sinus Active
Sinuz Frequency : 0000 Hz
Sinuz Amplitude : 0.000 mk

B Quick Z Approach

B Reference Approach

I Slow 2 Approach

Z Table: 10.438 mm

AdustFnR efToContactLoad D one

I Indenter Command ™

FrnCommand: 276744 mM
@ ServoOn

\ @ Coarse Fange z

Reference Command

FrRefCommand: 0.500 mM
@ ServoOn

)
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The ADO process is completed.

The indenter and reference
return/retract (move up) to the
previously set values:

Indenter Reference

Pre-approach Pre-approach

Gl oy

03E %
Then the motorized Z table
retracts (moves down) to its rest
position.

And then with STeP 4/6, the
motorized head module retracts
(moves up).

At the end, both indenter and
reference return (move down) to
their extended rest positions
(Commands to 100 %).
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Sample displacement after ADO

After the ADO process, the 3" procedure window allows setting of a minimum
displacement to move the sample.

A To avoid performing the following calibration/measurement indent inside the

ADO indent (current position), the sample/motorized table(s) position should
be shifted of a minimum displacement®) (otherwise the sample topography may
vary).

Sample displacement after AD_

It is recommended to move the sample away from the ADO impact zone:
set a minimum displacement

X motorized table ¥ motorized table

100.000 (ST 0.000 3 um

(o )X e |

X motorized table
& vm  To set another minimum displacement value® on X table.

¥ motorized table

& im  If necessary, to set a minimum displacement value®) on Y table.

v oK To move the motorized table(s) to the position values set above;
wait.
To cancel (no move). However use the Position control to move the

sample into another suitable position; refer to the Common
Scratch & Indentation software manual - chap. Managing the
instrument - Control of the sample position.

If the ADO procedure has been successfully performed, a green disk with a tick
appears on % (main toolbar).

1) it depends on the current sample material: approx. 20 x hn,
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4.4.2 NHT ADO

The 1% procedure window allows setting of the parameters which will be used to
perform the ADO automatic process (2" window).

E.g. parameters
I:lI Surface detection parameters shown on F[g32 are
T2 Approach speed the default values
100000.0 & nm/min which are normally
suitable to perform a
Characterization force Contact stiffness threshold Successful ADO.
25002 mi 500 (& ul/um

Otherwise set other

[ C' Reset to defaults ] |¢—OKH x Cancel f|e|d Va|ueS aCCOI‘ding

to the application.

Fig.32 NHT ADO parameters window

[ C: Reset to defaults l To reset all fields with the default values.

For Contact stiffness threshold details, see identical information as described in
chap. 4.6.5.8 (indentation measurement parameters), p. 119.

Click to start the following automatic ADO process.

The 2™ procedure window is performing the automatic ADO process (steps). If
necessary, cIick| X Cancel \to stop the process and cancel the ADO. Otherwise
wait until the 3™ procedure window appears.

Stakus Cornmand
O Indenter Command

| 0% With STeP 4/6 and TTX, the
O motorized head module

approaches (moves down).

[ Approaching with the indenter. .. Bridges

B Contact Then with STeP 4/6, the Z

ek motorized table approaches
(moves up) until the sample
contacts the reference ring.

[ stabilization

[ Sample characterization

o Additional informations And then the indenter pre'
Dz ###### approaches (moves down) and
[ Could not reach the surface Frotd s e the Dz sensor brldge iS

[ Reaising the indenter automatically adjusted a 1% time.
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Adjust depth offset in progress

Skakus

O

O

< [ Approaching with the indenter.,. >

[] Contact

[ stabilization

[ Sample characterization

Cammand
Indenter Command

I 5%

—

Bridges

Additional informations

[ Approaching with the indenter...

< B Contact >
[ M stabilization 15 [5] >

[ Sample characterization

[ Could nat reach the surface

[ raising the indenter

"""""" Dz: 27746.2nm .
[ Could not reach the surface ™., Fn IEMH e
[ raising the indenker

Adjust depth offset in progress
Skakus Carmmand
O Indenter Cammand
N 1%

O

Bridges

#dditional informations
Dz: B7592.9 nm
Fn: -, mi

xCan.;e|
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The indenter approaches (moves
down) with the previously set:

Approach speed
1000000 & nm/min

until ...

. it contacts the sample:

The indenter has reached the
previously set:

Contact stiffness threshold
500 2 pN/um

Then wait for the stabilization;
see chap. 3.1.4.2 Stabilization
(cancel drift), p. 26.
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Skakus

O

O

[ Approaching with the indenter. ..

B Contact

Cammand
Indenter Command

N 1%

Bridges

adjuzting bridg
I Stahilization 0 [s]

[ Sample characterization

[ Could nat reach the surface

[ raising the indenker

Additional informations
Dz:  &7592.9 nm
Fri: 6.6 il

Adjust depth offset in progress

Skatus
O

|

[ Approaching with the indenter. .,

B Contact

[ stahilization 0 [s]

B Sample characterization

[ Could not reach the surface

[ raising the indenter

Command

Indenter Command

|| 1%

Bridges

#dditional informations
Dz: B7592.9 nm
Fr: 6.6 mh
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The Dz sensor bridge is

automatically adjusted a 2" time.

An indentation with the
previously set:

Characterization force

2500 & mN

is performed to evaluate the
sample mechanical properties.
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Adjust depth offset in progress

Skakus

O

O

[ Approaching with the indenter. ..
[] Contact

[ stahilization 0 [s]

[ Sample characterization

[ Could nat reach the surface

[ raising the indenker

Command
Indenter Command

| 2%
-

Bridges

Additional informations
Dz: 535344 nm
Fri -134.5 M

Sample caracterization
Coef L ¢ 1.40E+009
Coef U1 1,40E4+009

x(:ancel

The ADO process is completed.

The indenter is retracted (rises)
until top position (0 %).

With STeP 4/6 and TTX, the
motorized head module retracts
(moves up).

Then the STeP 4/6 Z motorized
table retracts (moves down).

A Read Sample displacement after ADO, p. 65 (same description as for the

UNHT)

Sample displacement after _

X motorized table

ooooa

It is recommended to move the sample away from the ADO impact zone:
set a minimum displacement

¥ motorized table

0.000 & pm

[\/ oK

s

If the ADO procedure has been successfully performed, a green disk with a tick
appears on % (main toolbar).
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4.4.3 MHT ADO

The 1% procedure window allows setting of the parameters which will be used to
perform the ADO semi-automatic process (2" window).

I:lI Surface detection parameters

W Approach speed
200.0 (&} um/min

Characterization force

2500 & mN

Contact force

-
003 N

Contact stiffness threshold

E.g. parameters
shown on Fig.33
are the default
values which are
normally suitable
to perform a

1000 & N 10000 & pN/um successful ADO.
Approach distance Dz range Otherwise set other
S5 1@ 1004 field values
1000 um <= — according to the
Indenter application.
Pre-approach
105 %
= Y Dz range values
[ (:, Reset to defaults l « OK " x Cancel l ?Oalpol?j I(\:I/Iléf_(l?rent
versions.

Fig.33 MHT ADO parameters window

To reset all fields with the default values.

[ (_' Reset to defaults l

Dz range

A If the ADO procedure is started from the indenter calibration

([ f Calibrate chap. 3.4.1 Indenter properties window, p. 37), the
fine Dz range must be selected (e.g. 100 pm).

Otherwise select a suitable Dz range according to the sample used/application;
it is recommended to use the fine Dz range but if the depth saturates, then
select the large Dz range.

A The measurement preferences Depth range which will be selected later in

chap. 4.6.5.6, p. 117 should be the same as the ADO Dz range selected for
the current successful ADO (fine: e.g. 100 um). Otherwise an error message
will appear; see chap. 6.2, p. 173.

Q The Indenter Pre-approach parameter moves down the indenter out of its

rest position (top end stop 0 %) before the first approach step. The minimum
and recommended value for this parameter is 10 %.

For Contact stiffness threshold details, see identical information as described in
chap. 4.6.5.8 (indentation measurement parameters), p. 119.

Click to start the following semi-automatic ADO process.
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The 2™ procedure window is performing the semi-automatic ADO process (steps). If
necessary, click| X cace | to stop the process and cancel the ADO. Otherwise
wait until the 3™ procedure window appears.

,

Status Command
O Approaching Table Z... Indenter Command
|| 10%
—_
[ Approa eference
O Approaching with the indenter... Bridges
The indenter pre-approach
[ Contact .
(moves down) to the previously
[ Stabilization set value:
Pre-approach
[ sample characterization 10 % o
Additional informations
Dz ###### £5E
[ Could not reach the surface Fnf#fsgus s5E

[ raising the indenter

Dz range adjustment

Turn®) the wheel to adjust the
previously set:

Approach distance

targeted 505 um

+ Turn the wheel on the instrument . . .
as shown on the picture to come inte for_the fOHOWIng indentation
calibration or measurement(s)

the range.
_ﬁ I which will be performed later,
“0

after this ADO procedure:

Error from target: 0.10 pm
(Recommended : a positive light

With the special tool long pin

e o _ (or with the old centering tool,
akpress"Ok”whenth|sadjustment|5 - or a small Allen key), turnl)
the wheel to adjust the Dz
[ v o vertical cursor preferably into

the central green position or
into any yellow (down: positive
error from target/up: negative
error from target).

D the rotation direction (an arrow) is displayed on
this extra Adjusting Dz range window

Then click .
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| Status Command
< Indenter Command
10%
[ Approa eference
[ Approaching with the indenter. .. Bridges
e Then the Z motorized table
[ stabiizaton approaches (moves up) until the
sample contacts the reference
[ sample characterization fO rk'
Additional informations
Dz &##FEE EEE

[ Could not reach the surface FnESgEEE S5E

[ raising the indenter

Status Command

[ Approaching Table Z... Indenter Command
|| 11%
—

[ Approa eference

[ Approaching with th@ Bridges
The indenter approaches (moves

[ Contact down) with the previously set:

[[] stabilization Approach speed
200.0(%] pm/min

O sample characterization

until ...
Additional informations
Dz: 8.3 um
[0 cCould not reach the surface En: 0.0N

[ raising the indenter
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Adjust depth offset in progress

Status Command

[ Approaching Table Z... Indenter Command .
e I 2% ... it contacts the sample:

The indenter has either
Bridges reached the previously set:
Contact stiffness threshold
Tﬂ% pM/pm

Y Wssthamion 7l > OR
Contact force
[ sample characterization 0.03 % M
Additional informations
Dz: 5.8 pm . . .
[ Could ot reach the surface . . Then wait for the stabilization;
see chap. 3.1.4.2 Stabilization

[ Raising the indenter (cancel drift), p. 26.

Adjusting Dz range

+ Turn the wheel on the instrument
as shown on the picture to come into

the range. Same information as described in

Dz range adjustment, p. 71
(for the other Dz range).

Error from target: 0.10 pm
(Recommended : a positive light
error)

+ Press "0k" when this adjustment is

Ok

[q/ oK
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,
R

Status
[ Approaching Table Z...

Command
Indenter Command

[ | 1%

D—.'.' naching reference

O Approaching with the indenter. .. Bridges

Il Contact

[ stabilization 0 [s]

B 5ample characterization
Additional informations

Dz: 5.8 pm

O Could not reach the surface En: 0.0N

[ Rraising the indenter

I ~
Adjust depth offset in progress l 2 |
Status Command
[ Approaching Table Z... Indenter Command
|| 10%
B Approaching reference
O Approaching with the indenter... Bridges

[ Contact

[ stabilization 0 [=]

[ sample characterization
Additional informations

Dz: 0.1pm

[ could not reach the surface En: 0.0N

Sample caracterization
Coef L : 2.38E4+010
Coef_U : 2.383E+010

[ raising the indenter

H70IB101EN-A Indentation V7 Software Manual

An indentation with the specified
characterization force

Characterization force

)
1000 & N

is performed to evaluate the
sample mechanical properties.

The ADO process is completed.

The Z motorized table retracts
(moves down).
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Adjust depth offset in progress

Status

[ aApproaching Table Z...

O

[ approaching with the inderter. ..
[ Conkact:

[ stahilization 0 [s]

[ sample characterization

[ Could nat reach the surface

< [ Raising the indenter D>

Cornmand

Indenter Command

I 4%

P —

EBridges

Additional informations
Dz 54.5 pm
Fr: 0.oM

Sample caracterization
Coef_L: 2.94E4010
Coef_U: 2.94E4010

xcance|

The indenter is retracted (rises)
until top position (0 %).

A Read Sample displacement after ADO, p. 65 (same description as for

UNHT).

Sample displacement aﬂ:er__

X motorized table

oo ooa

It is recommended to move the sample away froem the ADO impact zone:
set a minimum displacement

¥ motorized table

0.000 & pm

[\/ oK

[

If the ADO procedure has been successfully performed, a green disk with a tick
appears on % (main toolbar).
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4.5 DELAYING THE MEASUREMENT(S)

A delay for any measurement can be set and activated.

Click @ on the toolbar to enable it (re-click to disable).
When is enabled: Before any measurement is started'?, the Wait time window

appears.

Indentation running...

Status

Indenter
+ Command

O Approaching Table Z...
O Approaching reference
O Approaching with the indenter...
[ Indentation running...

[ Removing the indenter...

0%

+ Pasitien
Dz: #g#e

nm  100000.0 nm

[ Contact

+ Mormal load
Fn:

mh

200 mMN

Indentation £/ #

Measure Delayed

04 < February

Mon Tue Wed Thu

00 mN 12

T I
G 7 8 9 an
13 14 15 16

100

Minut =
01 0 2 2 3 e 1004
29
7 ®
01 Lana
I:‘ Waiting...
01 L.
o0 Lina
a0 La0a
0.0 mh | 00 m
T T T T T T T 1
0s 15 2 5 0 75 a0

l A Irmmediate Unload l

See the same information than described in Wait time, p. 40 (for the indenter
calibration matrix of measurements), exception: it is applicable for a single
measurement or for a matrix of measurements.

Q A delay of max. 2 months can be set.

1 see chap. 4.6.4 Measurement type parameters, p. 81
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4.6 SELECTING THE MEASUREMENT TYPE & SETTING ITS PARAMETERS

E Indentation 7.2.3 - [<Untitled > {NDNAME}i.

File Edit [Instrument | Administration W Select Instrument/Start a new indentation...

‘ ri, r Adjust depth offset... from the menu bar or click W on the toolbar.
F Startanewindentation...lb

The window below allows selection of a new measurement type (single indentation
measurement or matrix of several indentation measurements).

[ B

Define a new measurement

Measurement type -

@ Define a new measurement Selected protoco/
Adjust Depth Offset parameters here
Standard
Advanced *

In the list, select an

faver active
1) |1mpact Mode measurement type
Constant multicycle -
Progressive multicycle List (dOUble CIICk)'
CMC
User defined profile i OR
Simple matrix Matrix .
ot tvPeS Select a protocol in
the protocol list;

see chap. 4.6.6,
p- 121 (how to
save a protocol).

() Use a protocol

Protocol example $

Pr | 1i i i
otOICO st 1 each inactive

v (grayed out)
measurement
type cannot be
selected as it is
not applicable
for the current
measurement
head

[/ o ] X e

Fig.34 Define a new measurement window

Then the corresponding measurement type window will appear and allow setting the
required parameters before starting the measurement(s); see the following chapters
for:

the main description of a measurement type window chap. 4.6.1, p. 78
the common loading rate parameter description chap. 4.6.2, p. 79
the common acquisition rate parameter description chap. 4.6.3, p. 80
all required parameters for each measurement type window;

see from chap. 4.6.4, p. 81

e the preference parameters dedicated for each measurement head;

see from chap. 4.6.5, p. 111
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4.6.1

MAIN DESCRIPTION OF A MEASUREMENT TYPE WINDOW

A measurement type is selected in the Define a new measurement window Fig.34,
p. 77.

Legends:

Parameters to be defined: set/select

1 Type of the chosen measurement(s) '

Acquisition rate
chap. 4.6.3,
p. 80

AN

Loading rate
chap. 4.6.2,
p- 79 in
function of time

™

1 -
Constant mulh_

Multi-cycle indentation parameters

N Acguisition rate
1003 Hz

Loading rate
profile in
function of
Depth?) or Load

How long will
approximately
last the
measurement(s)

Multicycle:
number/pause

Linear Loading | Quadratic Loadi

=]

() In depth (Load contrel)

() In depth (Depth control] @ In Joad
Max load
4008 1000 mN
Unload down to
= 1.00% mN
400 % Hm m
Loading rate Unloading rate

60.00 & mN/min 60.00 ] mN/min

~ o Estimated time

-~ o

T~ < 0:09:09

Cycles
Number of cycles

L)
05

l H | Save as protocol

Pause between cycles

0033 s

Load Profile |

/r\\ /n\ :/r\\ /n\K

Hardware Information

+ TTX - NHT 5/N: 123456789 cettings

_ e e R e e e -l

Py i .
;7 Approach distance: 3000 nm

-

Approach speed : 2000 nm/min
Retract speed : 2000 nm/min

Dz sensor in fine range

Stiffness Threshold : 500 pM/pm

Current setting

"

To define (set) the
measurement head

Preference parameters
chap. 4.6.5, p. 111

4

&>

Change

l

v

[Ern

Fig.35 Measurement type window

To save the current parameters
as a measurement protocol
chap. 4.6.6, p. 121

122

To start the measurement(s) with the
current indentation parameters

chap. 4.7ZMEASUREMENT PROCESS
(INDENTATION RUNNING), p.

From chap. 4.6.4, p. 81, see the specific required parameters for each
measurement type window.

D with Load or Depth control
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4.6.2 LOADING PROFILES

The measurement(s) will be performed with one of the loading profiles described
below. Depending on the selected measurement type (in Define a new
measurement window Fig.34, p. 77), several loading profiles are proposed (one can
be selected).

4.6.2.1 Linear loading/Constant time loading

The linear loading or constant time loading applies the indenter force following the
equation below:

F=k-t

4.6.2.2 Quadratic loading

The quadratic loading applies the indenter force following the equation below:

F=k-t°
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4.6.2.3 Constants strain rate (CSR)

This profile is recommended for materials having viscoelastic properties.

The constant strain rate (CSR) applies the indenter force following the equation
below:

dP 1 _

—-— =cte
dt P

4.6.3 COMMON ACQUISITION RATE PARAMETER

Common parameter to all measurement types; see from chap. 4.6.4, p. 81.

Acguisition rate To set the acquisition rate. The value corresponds to the number
® He of data point recorded per second during the measurement(s).

Q Initial value is 10 Hz.
Min. value is 1 Hz and max. value is 400 Hz

However, for:

e Standard measurement type chap. 4.6.4.1, p. 81, there is no field to set,
the value is fixed to 10 Hz

e Sinus measurement type chap. 4.6.4.3, p. 85, there is no field to set, the
value is automatically calculated (20x the Sinus frequency value)

e User defined profile measurement type chap. 4.6.4.7, p. 95, it depends on
the load profile segments which are created.
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4.6.4 MEASUREMENT TYPE PARAMETERS

A measurement type is selected in the Define a new measurement window Fig.34,
p. 77.

See the following sections which show all windows of each measurement type and
describe the corresponding parameters which should be set before starting the
measurement(s).

4.6.4.1 Standard

The Standard measurement type is the simplest single indentation measurement,
performed in 1 cycle of automatic linear loading/unloading chap. 4.6.2.1, p. 79.

F '

Standard indentation parameters Profile description

Max load
2500 (% mh

Load Time: 30 s

Unload Time: 30 = Hardware Information
+ TTK - MHT S/N: 123456 settings
Approach distance: 3000 nm
Approach speed : 2000 nm/min
Retract speed : 2000 nm/min
Dz sensor in fine range
Stiffness Thresheld : 500 pMN/pm

Estirnated time

0:03:20

chap. 4.6.5, p. 111
P 4 Change l

chap. 4.6.6, p. 121 chap. 4.7, p. 122
l H Sawve as protocol l « OK ” x Cancel l

Fig.36 Standard window parameters

Q About the acquisition rate, see chap. 4.6.3, p. 80.

— |& mN  To set the maximum load.

Load Time: 30 A linear loading rate will be computed to reach the maximum load
(set above) within 30 sec.

Pause = To set a pause at the maximum load before unloading.
Set the value to 0 for “no pause”.

Unload Time:30 s After the pause, a linear unloading rate will be computed to fully

unload within 30 sec.
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4.6.4.2 Advanced

The Advanced measurement type is a single indentation measurement, performed
in 1 cycle of loading/unloading defined by the user.

T

Advanced indentaticn parameters Load Profile

Acguisition rate

1003 Hz chap. 4.6.3, p. 80

chap. 4.6.2, p. 79

Linear Loading | Quadratic Loading | Constant Strain Rate Hardware Information

+ 5TeP - MHT 5/M: 123456 settings
(©) Max depth (Load control) Loading rate Fn contact: 0.01 N
_ - . Approach speed : 166 pm/min
() Max depth (Depth control) 200 %) N/min Retract speed : 16.6 urm/min
7] Dz sensor in fine range
000 & Bause Load in fine range
0.0 % 5 Stiffness Threshold : 10000 pM/un

@ Max load

1L0E N Unloeding rate

200 % M/min

Estimated time ChaP- L"sl P- 111
0:01:30 K Change
chap. 4.6.6, p. 121 chap. 4.7, p. 122
l H Save as protocol l « oK ” x Cancel l

Fig.37 Advanced window parameters

Linear Loading Quadraﬁctléoading Constant StrainRate | To select a loading profile. The corresponding

set of parameters is described in the following sections:

Linear loading below
Quadratic loading p- 83
Constant strain rate (CSR p- 84

Linear loading

See Fig.37 above.

@ Max depth (Load control) To select the maximum depth controlled by the load
or or
@ Max depth (Depth control) by the depth,
& um and set the maximum depth.
OR OR
@ Max load
Bl To select and set the maximum load.

Loading rate To set the loading rate to reach the maximum depth OR load

&) N/min (set above).
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Hazardous result

Q With @ Max depth (Depth contral) Selected, if Apereachspeed: value in Preferences window

Loading rate

(see chap. 4.6.5, p. 111) is at least 4 times faster than |& N/min
value, the measurement may have hazardous results.

The loading rate and the approach speed are too different. Your measurement may have hazardous result !

o + STeP - MHT 5/M: 123456 settin
*) Max depth {Load control) Loading rate Fn contact:0.01 N
Approach speed : 16.6 pm/min

4+—>
@ Max depth (Depth control) l.ﬂi% Hm/min Retract speed : 16.6 prm/min

Bause To set a pause at the maximum load OR depth (set above) before
unloading.

¥

Set the value to 0 for “no pause”.

trlcadigrete To set the unloading rate to fully unload after the pause (set
& wmin  above).

Quadratic loading

Linear Loading | | Quadratic Loading | Constant Strain Rate Load Profile
Max load Time to max load
100 N 30008 s
Pause
1508 <

Time to unload

0005 .

Max load
To set the maximum load.

3
=

Tirme to max lead

To set the time to reach the maximum load (set above).

|
==

Pauze To set a pause at the maximum load (set above) before unloading.

(¥

Set the value to 0 for “no pause”.

Tirme to unload

To set the time to fully unload after the pause (set above).

a3
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Constant strain rate (CSR)

Linear Loading Quadratic Loading Constant Strain Rate

Depth Control Loading rate/Load ,
00500 (% 1/ A

Load Profile

[«

Pause

W

104
@ Load Control qw :
Min Load 0010 & N

Max load 1-00% M

@ Depth Control

Min Depth &) To select and set the minimum depth at which the

max depth |& um constant strain rate starts and the maximum depth.
OR OR

@ Load Contrel _ To select and set the minimum load at which the

Min Load &N constant strain rate starts and the maximum load.

Max load |% M
Loading rate/Load To set the loading rate/load to reach the maximum depth

& s OR load (set above).

Q Typical range values from 0.01 to 0.1 [s™]

Pause

To set a pause at the maximum depth OR load (set
above) before unloading.

(¥

Set the value to 0 for “no pause”.

A linear unloading rate to fully unload will be automatically performed after the
pause (set above).
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4.6.4.3 Sinus

@ Sinus measurement type is not available (|&: inactive/grayed out) in

the list of Fig.34, p. 77 for MHT, UNHT Bio, and NHT without the optional
Sinus mode (see chap. 3.1.2.2 NHT, p. 14).

The Sinus measurement type is a single indentation measurement, performed in
1 cycle of loading/unloading defined by the user. A sine wave is added during the
loading, and if necessary during the pause/unloading. This measurement type
allows obtaining a depth related analysis; see chap. 5.7.1, p. 153.

Sinus indentation parameters ]
F Load Profile

Linear Loading | Constant Strain Rate

Max lead Max. Sinus Amplitude
1000.00 3 pN 10000 & pN

Loading rate Sinus Frequency
500.00 (& ph/mi 503 H
) Wi = ™ Hardware Information
Unloading rate + 5TeP - UNHT 5/M: 123456 setting =
. | Linear pause - unload Fn contact: 300 pN
] ; P H
2000005 pN/min Approach distance : 3000 nm
Appreach speed : 2000 nm/min
Retract speed : 2000 nm/min
10-0% s Dz sensor in fine range
Leoad in fine range
FrnRef in fine range
FnRef contactload :500.000 uMN
Stiffness Threshold : 150 ph/pm

Pause

Estimated time ¥

 on |

Change

l H Save as protocol l “ oK “ x Cancel l

Fig.38 Sinus window parameters

Linear Loading Comntgrainﬂate To select a loading profile. The corresponding set of

[ TR K

parameters is described in the following sections:

Linear loading below
Constant strain rate (CSR) p. 86

Linear loading
See Fig.38 above.

Mazx load
& uN To set the maximum load.

Loading rate
@ wN/min To set the loading rate to reach the maximum load (set above).

dicedngrete  To set the linear or Sinus unloading rate to fully unload after the
|5 uhy/min pause (set below).
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Pause

a3

Max. Sinus Amplitude
Ej

Sinus Frequency

|% Hz

Linear pause - unload

To set a linear or Sinus pause at the maximum load (set on
previous page) before unloading.

To set the sine wave maximum amplitude at least for the loading.

To set the sine wave frequency at least for the loading.

Uncheck this box to have the pause and unloading (set above) with
the sine wave (2 fields set above). Otherwise (checked) the pause
and unloading will be linear.

Constant strain rate (CSR)

Linear Loading | | Constant Strain Rate

Min Load
0.000 (% uN

Max load
100000 & uN

Loading rate/Load
01000 & 1/s

Pause

1008 s
Min Load
|% uM
Max load
|& N

Loading rate/Load
|% 1/s

Load Profile

Mazx. Sinus Amplitude
10000 3 uN )

Sinus Frequency

505 Hz

| Linear pause - unload

To set the minimum load at which the Sinus constant strain rate
starts.

To set the maximum load.

To set the loading rate/load to reach the maximum load (set
above).

Q Typical range values from 0.01 to 0.1 [s!]

An automatic linear or Sinus unloading g rate will be performed to fully unload after
the pause (set below).

Pause

a3

Max. Sinus Amplitude
|& N

Sinus Frequency

|% Hz

Linear pause - unload

H70IB101EN-A Indentation V7 Software Manual

To set a pause at the maximum load (set above) before unloading.

3 same parameters than described for the Linear loading above.

86/191



4.6.4.4 Constant multicycle

The Constant multicycle measurement type is a single indentation measurement,
performed in several cycles of loading/unloading defined by the user. Maximum
and minimum depths or loads are the same for all measurement cycles.

|

Multi-cycle indentation parameters Load Profile

Acguisition rate ™ i, AN A\
100 Hz chap. 4.6.3, p. 80 / \/ \/ \/ \*\
\

chap. 4.6.2, p. 79

Linear Loading | Quadratic Loading
) In depth (Load control) Hardware Information
() In depth (Depth contrel) @ In load + TTH - NHT 5/M: 123456 settings -
Approach distance : 3000 nm
Max load Approach speed : 2000 nm/min
4.00 10,00 % mi Retract speed : 2000 nm/min
Dz sensor in fine range
Unload down to Stiffness Threshold : 500 pMN/pm
400 & 2003 mN
Leading rate Unloading rate
] .
40.00 & mN/min 4000 ) miN/min
Pause
[~}
205 =

Estirmated time

0:11:47

Cycles
Mumber of cycles Pause between cycles Ch?p' 4'_6'5' P- 111
20% 0.0% 5 ,’ Change l
chap. 4.6.6, p. 121 chap. 4.7, p. 122
[ H Save as protocol l « QK ” x Cancel l
| Fig.39 Constant multicycle window parameters '
Linear Loading To select a loading profile. The corresponding set of

parameters, the same for all cycles, is described in the following sections:

Linear loading p- 88
Quadratic loading p- 89

Cycles
Numberof cycles T get the number of the cycles. ANVANVASFA
B /\ \/N \
@ Min. value = 2 eslesles \
EE“SL“"ET;Y"E‘ To set a pause between all cycles (set above). f'“\ “\ “\ "\
=
Set the value to 0 for “no pause”. / « ol piie- \x‘
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Linear loading

See Fig.39, p. 87.
The same parameters below will be applied for all cycle repetitions (set in Cycles,
p- 87).

@ In depth (Load control)
or Same parameters than described in Linear loading, p. 82 for

@ Indepth (Depth controll  the Advanced measurement type, exception:
Max Depth

|& nm

Unload down to depth
To set a minimum depth for all cycles®?

OR OR

@ In load

Max load

|% mh

Unload down to

| To set a minimum load for all cycles®?

Loading rate

| & mM/min

Pause

a3

Unloading rate

&) mN/min

1) except for the last cycle which will be fully unloaded
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Quadratic loading

Load Profile

Linear Loading | Quadratic Loading

| [ " |
Max load Time to max load I,'I\/ \/ \_/I'H
! |

— =)
10.00 & mN B s
Pause
Unlead down to 2-0% s
2,00 % mi Time to unload

15005 <

The same parameters below will be applied for all cycle repetitions (set in Cycles,
p- 87).

Max Joad Same parameters than described in Quadratic loading, p. 83 for
& mN the Advanced measurement type, exception:

Unload down to

& mN To set a minimum load for all cycles.

Tirme to max lead

@

Pause

¥

Tirme to unlead

¥

1) except for the last cycle which will be fully unloaded
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4.6.4.5 Progressive multicycle

The Progressive multicycle measurement type is a single indentation measurement,
performed in several cycles of loading/unloading defined by the user. The only
difference with the Constant multicycle measurement type is that the maximum
depths or loads increase for each measurement cycle (the minimum depths or loads
remain the same for all measurement cycles).

,

Multi-cycle indentation parameters Load Profile
Acguisition rate auto <o - - /
e T /N
100 & Hz chap. 4.6.3, p. 80 ; AR

chap. 4.6.2, p. 79
Linear Loading | Quadratic Loading

() In depth (Load control)

Hardware Information

0 In depth (Depth control) ©@In load + STeP - UNHT 5/N: 123456 setting
] Fn contact : 300 pM
First Load Approach distance : 3000 nm
400 % 100,00 % uN Approach speed : 2000 nrm_f_'mm
Retract speed : 2000 nm/min
Unload down to Dz sensor in fine range
Load in fine range
= 50.00 & LN g
400 5 = H FnRef in fine range

FnRef contactload :500.000 M

Max load Stiffness Threshold : 150 uN/um
200 % 100000 & N
Loading rate Unloading rate
400.00 5] pN/min 40000 & pN/min
Pause
20F s
Estimated time
0:56:20
Cycles
Mumber of cycles Pause between cycles Chap' 4'—6'5' p- 111
0 00E s v Change l
chap. 4.6.6, p. 121 chap. 4.7, p. 122
l H Save as protocol [ « oK “ x Cancel l
Fig.40 Progressive multicycle window parameters
Linear Loading To select a loading profile. The corresponding set of

parrérr'\'e”ter's is described in the following sections:

Linear loading p. 91
Quaderatic loading p- 92

Cycles

Number of cycles  Pause between cycles

- o Same parameters than described in Cycles, p. 87 of the
IS5 & Constant multicycle measurement type.
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Linear loading

See Fig.40, p. 90.

@ In depth (Load control) To select the depth mode controlled by the load
or or
@) In depth (Depth control) by the depth and .
First Depth
& nm To set the first cycle maximum depth?®
Max Depth
|5 nm To set the last cycle maximum depth?
Unload down to depth
& nm To set a minimum depth for all cycles?
OR OR
@ In load To select the load mode and ...
First Load
& mN To set the first cycle maximum load®
Unload down to
& mN To set a minimum load for all cycles?
Max load
& mN To set the last cycle maximum load®)
Loadingrate To set the loading rate to reach each cycle maximum depth OR

|% mM/min

load; Q see the same information than described in
Hazardous result, p. 83 of Advanced measurement type.

Bouse To set a pause at each cycle maximum depth OR load before
unloading.

¥

Set the value to 0 for “no pause”.
Unloading rate To set the unloading rate to reach the minimum depth OR load

|5 mN/min of all cycles® after the pause (set above).

1) between the first and the last maximum depth/load and depending on the number of
cycles, the software will compute a linear increment for each intermediate maximum
depth/load

2) exception: the last cycle will be fully unloaded
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Quadratic loading

Linear Loading | Quadratic Loading Load Profile
) auto <& - - _ _ n
First load Time to max load \ ~Tn I|' I'|
10000 = uN = /A \
= 15.00(%) s M/ \_/ .\\
Unload down to
=1y Pauze
50003 u 2.0% .
Max load
EX_D:GGU 0= N Time to unload
Tet 15008 s

First load
mN  To set the first cycle maximum load®?

@¥

Unload down to

I& mN  To set a minimum depth for all cycles?
Max load
I&/ mn To set the last cycle maximum load™?

Tirme to max load

@'s  To set the time to reach each cycle maximum load.
"Euéeim To set a pause at each cycle maximum load before unloading.
=5
Set the value to 0 for “no pause”.
Timetounlosd To set the time to reach the minimum load of all cycles? after the
I s pause (set above).

1) between the first and the last maximum depth/load and depending on the number of
cycles, the software will compute a linear increment for each intermediate maximum

depth/load

2) exception: the last cycle will be fully unloaded
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4.6.4.6 Continuous multicycle (CMC)

The CMC measurement type is a single indentation measurement, performed in
several cycles of loading/unloading defined by the user. The differences with the
Progressive multicycle measurement type are:

- There is only a loading profile: constant time loading/unloading.

- It is only load controlled (no depth control).

- The minimum load increases for each measurement cycle (as well as the
maximum load).

-

Continucus Multi-Cycle Indentation Parameters Load Profile
Acquisition rate auto ~d——____ -\
100® Hz chap. 4.6.3, p. 80 ~~——_

chap. 4.6.2.1, p. 79
Constant Time Loading N auto

Hardware Information

First load Time to max load :
010% mN = + 5TeP - NHT 5/M: 123456 settings  »
= 10.00 s Approach distance : 3000 nm
Approach speed : 2000 nm/min
Unload down to Pause Retract speed : 2000 nm/min
10.00% % 1= Dz sensor in fine range
Y Stiffness Threshold : 500 phN/pm
Max Joad Time to unload
100.00 % mN =
10005 =
() Linear max load increment
@ Quadratic max load increment
Estimated time
0:09:55
Cycles
Mumber of cycles Pause between cycles ChaP- 4'_6'51 p' 111
0E 00% s Change

K4
chap. 4.6.6, p. 121 chap. 4.7, p. 122
H Save as protocol J QK x Cancel

Fig.41 CMC window parameters

The default Constant time loading set of parameters is described in the following
section, p. 94.

Cycles

Number of cycles  Pause between cycles

= o Same parameters than described in Cycles, p. 87 of the
I & Constant multicycle measurement type.
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Constant time loading

@ Quadratic max load increment TO Se|eCt an automatic quadratic

@ Linear max load increment

First load

a3

Unload down to

03]

Max load

Pause

Time to unlead

[

mh

mM

Load Profile

increment for each maximum load cycle
until the last cycle.

Load Profile

To select automatic linear increment for -
each maximum load cycle until the last A
cycle. YVAVARY.

To set the first cycle maximum load.

To set each cycle minimum load; this value is a percentage of
each current cycle maximum load.

Q The recommended range value for Oliver & Pharr analysis
is from 5 to 40 %

Only the last cycle will be fully unloaded.

To set the last cycle maximum load.

To set the time to reach each cycle maximum load.

To set a pause at each cycle maximum load before unloading.

Set the value to 0 for “no pause”.

To set the time to reach each cycle minimum load after the
pause (set above).
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4.6.4.7 User defined profile

The User defined profile measurement type is a single indentation measurement,
performed in several segments fully defined by the user. Each segment can be
different from one to another.

Indentation profile

Selection

Acquisition rate 200

1000 v chap. 4.6.3, p. 80 Profile area

Segment list Load in brown

Flrst Linear Load 10.00 mMN ; 20.00 mN/min + Add
Pause in Load 20 s _ I 1604 Sinus in red
Linear Sinus15.00 mM;45.00 m in12.00 @ ¢ il Copy :
Pause Sinus55; 200 @ 50 Hz = ] Depth in blue
I Lingar Depth 15000 nm ; 500.00 nm/mi ,’ Edit
Last CSR Load 12,00 mN;0.101/s
ASU |Linear Depth 0.00 nm ; 20000 n . —
P List Remove 1204

* ‘ Clear

+ TTX - MHT 5/N: 123456 settings -
Appreach distance : 3000 nm
Appreach speed : 2000 nm/min
Retract speed : 2000 nm/min
Dz sensor in fine range
Stiffness Threshold : 500 pM/um 40—

Hardware Information 804

0.0 mN_|

Chap' _14' 6'5 p' 111 Estimated time

>
_’ Change 0:06:12

chap. 4.6.6, p. 121 chap. 4.7, p. 122
I H Save as protocol I « oK ” x Cancel I

Fig.42 User defined profile window parameters

There are load profile or pause segment types. Each segment in the list from top to
bottom is respectively displayed from the left to the right in the profile area and
corresponds to the order/shape of the measurement.

The 3 following buttons open the Edit segment window Fig.43, p. 96.

4 Add To create a new segment (type/parameters) at the bottom of the
list.
To copy the selected (highlighted) segment at the bottom of the
list.

If necessary, the segment can be modified.

7 To modify the selected (highlighted) segment in the list.
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Segment list

Segment list

Linear Load 10.00 mMN ; 20,00 mM/min
Pause in Load 20 s

Quadratic Load 20,00 mMN in 20 s
Linear Sinus 1500 mM ; 4500 mN/min ;200 @ §

Pause Sinus 55200 @50 Hz
Linear Depth 150,00 nm;SUU.Elﬁm)’min
C5R Load12.00 mN;0101/s

Linear Depth 0.00 nm; 200,00 nm/min

— Remove *

Y
. Clear *

Linear Load 10.00 mM; 20.00 mM/min

Pause in Load 20 =

Linear Sinus15.00 mM ; 4500 mN/min; 200 @ §
Pause Sinus5s:2.00 @ 5.0 Hz

Linear Depth 150.00 nm ; 500.00 nm/min

CSR Load 12.00 mM;0.101/s

Linear Depth 0.00 nm ; 200,00 nm/min

To clear all segments from the list.

To change the order of any
segment, select it
(highlighted), drag it and drop
it elsewhere in the list; the
shape changes accordingly in
the profile area.

To remove the selected (highlighted) segment from the list.

* click to confirm the removal/clearing or click to cancel

Profile description

W/

chap. 4.6.2, p. 79
A

Linear Load

Linear Load End Depth
Linear Depth
Linear Sinus
Pausein Load
Pause in Depth
Pause Sinus
(uadratic Load

Segment
type

CSR Depth
C5R Sinus

User segment parameters

[ I
0003

final load

000 & mN

Gl |
0008

@i
000 S

A
0.00 S

C5R Load 0.00 mM; 0.011/s

G|
0.00 3|

Loading rate/Load
0.0100 & 1/s

=

H X Concel

Fig.43 Edit segment window parameters

Select a segment type: a loading profile or a pause (becomes highlighted).

The corresponding parameter(s) are active and should be set; remaining
parameters are inactive (grayed out).

The corresponding set of parameters is described in the following sections:

Loading profile parameters
Pause parameters

p- 97
p- 97
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Loading profile parameters

Final Depth final load

|& nm or & mN To set the final depth or load,
Linear Load End Depth Linear/Quadratic Load
Linear/CSR Depth CSR Load/Sinus
Sinus Amplitude Sinus Frequency
or I mN and & Hz or the Sinus amplitude and frequency.

Pause/CSR Sinus  Pause/CSR Sinus
Q Warning: Qutside operationnal frequencies 1-40Hz

To obtain a correct Sinus analysis,
it is recommended to set its
frequency value from 1 to 40 Hz
(other values do not block the

measurement).
Loading rate Leading rate
|5 nm/min OF I& mn/min - To set one of the loading rate,
Linear Depth Linear Load End Depth
Leading rate/Load
or I& s CSR Load/Depth/Sinus or the loading rate/load,
in order to reach the final depth or
load (set above).
Time to final load Or to set the time to reach the final
Or & s Quadratic Load load (set above).

Pause parameters

Pause

|& = Pause in Load/in Depth/Sinus To set a pause.
Sinus Amplitude Sinus Frequency With the Pause Sinus, the Sinus
|# mN and |& Hz

amplitude and frequency should also be
Pause/CSR SinusPause/CSR Sinus set.

O The last segment should be unloaded to “0".

Click to valid the current segment settings in the list Fig.42, p. 95.

O An Information window message appears in case of a parameter in not
properly set.
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4.6.4.8 Simple matrix

The Simple matrix measurement type performs a matrix of identical indentation
measurements with a (same) defined X & Y spacing.

Indentation matrix definition Indentation parameters

3
Delta X Delta ¥ ’, Edit Indentation parameters
0.500 & mm 0700 & mm

+ Standard
Acquisition Rate : 10,0 [Hz]
Linear Loading
3@ 2% Max load : 1.00 N
= Loading rate: 2.00 MN/min
Distance ¥ Distance ¥ Unloading rate: 200 N/min

Pause:15.0s
1 mm 0.7 mm

Indentation count X Indentation count

+ 5TeP - MHT 5/M: 123456 settings
Fn contact: 0.01 N
Approach speed : 16600 nm/min

Indentation count Estimated time Retract speed : 16600 nm/min

0:21:37
6 [[]Include an adjust depth offset

»

3
7 Edit adjust depth offset parameters ]

chap. 4.6.6, p. 121 chap. 4.7, p. 122
l H Save as protocol l l « QK " x Cancel l

Fig.44 Simple matrix window parameters

Q For certain instrument, if the Y table is manual the corresponding fields are
inactive (grayed out).

The matrix of measurements will start from the current position of the tables.

Matrix parameters

DetaX To set the (relative) distance between each measurement (set
| mm below) for the X axis.

Indentation count X

5] To set the number of measurement for the X axis.

Distance X According to the setting of the 2 parameters above, the
# mm distance between the first and the last measurement for the X
axis is displayed as information.

D"-'t“—’—m Same descriptions than for the X axis parameters above, except
I mm there are applicable for the Y (motorized) axis.

Indentation count ¥
|m
=)

Distance ¥

# mm
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Indentation count

The total number of the measurements which will be

i performed is displayed as information.
Indentation count X Indentation count ¥
( & multiplied by ).
# Editindentation parameters ] To select one of the following measurement types, the

same one will be used to perform the whole matrix
of measurements.

Se"’“““_'”de”"a“"“_ Select (double click) the desired
Indentation tpe measurement type. The corresponding
parameters should be set as same as
;:\inced described in the following chapters:
Constant multicycle

Progressive multicycle Standard M{ p- 81
Grer defined profile Advanced 4.6.4.2, p. 82
Sinus 4.6.4.3, p. 85

Constant multicycle  4.6.4.4, p. 87

Progressive multicycle 4.6.4.5, p. 90

CMC 4.6.4.6, p. 93

l v ” X conce l User define profile 4.6.4.7, p. 95

Q Adjust Depth Offset measurement type (in the list above) is not useful for
a Simple matrix of measurements; see Initial ADO below.

Initial ADO
[ Include an adjust depth offset If necessary, check this box to include an
(automatic) ADO before performing the matrix of
measurements.
/‘ Edit adjust depth offset parameters ] To set the parameters for the included ADO (if box

is checked above); the same ADO window
parameters as described for the corresponding head
below should be set:

UNHT ADO Fig.29, p. 57
UNHT Bio ADO Fig.30, p. 57

NHT ADO Fig.32, p. 66
MHT ADO Fig.33, p. 70

The ADO procedure will automatically begin once the

matrix of measurements will be started (
is clicked in Fig.44, p. 98).
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4.6.4.9 Advanced matrix

The Advanced matrix measurement type performs a list of indentation/ADO
measurements. For each measurement definition which composes the matrix, a
different position can be defined and a different measurement type (with its
specific parameters) can be selected.

Selection
Indentation definition Indentation position
Standard [0; 0] 7.27
Standard [1:1] l + i I
Advanced [1.5;1] H
Advanced [2; 2] l ] Copy I Position area
Advanced [3;1] + +
User defined profile [2;1.5] k . 5.5
Adjust Depth Offset [7; 5] ,’ Edit l -
Constant multicycle [7.5; 6] . +
Standard [ ; 6] List I — E— l
T I . . .
] Select & Modify position 221 A cross can be selected directly in this area,
v Iﬂ‘tia'xm Imme'; the corresponding definition become selected
000 mn - L00 e (highlighted) in the list
Initial Y Increment
0000 mm | 1000 mm 201
+
- + + +
I . Clear l
03
Estimated time +
) 0:26:05
Indentation parameters
+ Advanced -
Acquisition Rate : 10.0 [Hz] L4mm . : : : ,
Linear Loading 18 mm 04 27 50 73 26
Max load : 50.00 mMN
Loading rate: 100.00 mM/min . it i i
Unlosting rete: 10000 malN/min Red cross: selected definition in the list.
Pause:50 s Blue crosses: ADO definition(s) of the list
+ TTX - NHT S/ 123456 settings Light blue cross: selec'te'ed ADQ QPTﬂmtlon in the list
Approach distance : 3000 nm Black crosses: remaining definitions of the list
Approach speed ; 2000 nm/min
Retract speed ; 2000 nm/min
Dz sensor in fine range
Stiffness Threshold : 500 pM/um
chap. 4.6.6, p. 121 chap. 4.7, p. 122

- (Voo % e

Fig.45 Advanced matrix window parameters

The corresponding position of each measurement definition from the list is
represented with a cross in the position area. Each measurement definition will be
performed in the chronological order of the list (from top to bottom).

Parameters to create and modify each new selected measurement definition

The 3 following buttons open the Indentation position window Fig.46, p. 101.

[ -+ Add ] To create a new definition (type/parameters/position) at the
bottom of the list.

[ ] Copy ] To copy the selected (highlighted) definition at the bottom
of the list

If necessary, the definition can be modified.

K4 Edit To modify the selected (highlighted) definition in the list.
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Indentation definition

Indentation definition

Standard [0 ; 0]

Standard [1; 1]

Advanced [1.5:1]
Advanced [2: 2]

User defined profile [2;1.5]

At Narkl MFFeat 7081

Standard [0 ; 0]
Advanced [3:1]
Standard [1 ;1]
Advanced [1.5:1]
Advanced [2: 2]

User defined profile [2; 1.5]
Adivict Nenth Offcet 17+ 51

— Remaove

To change the chronologic order of the
measurements which will be performed, select
any definition (highlighted), drag it and drop it
elsewhere in the list.

*  To remove the selected (highlighted) definition(s) from the

list - several definitions can be selected using “Ctrl” (or

“Shift") before selecting. (The definition square(s) also
disappear from the Video screen)

l ‘ Clear

l*

To clear all definitions from the list.

* click to confirm the removal/clearing or click to cancel

Indentation position

Delta X
(")
8.000 %

Delta ¥
")
6.000 5

" Fig.46 Indentation position window parameters "

Indentation parameters

Parameters

+ Standard
Acquisition Rate : 10.0 [Hz]
Linear Loading
Max lead : 50.00 mMN
Loading rate : 100,00 mM/min
Unloading rate: 100.00 mM/min
Pause: 50 s

+ TTX - NHT S/N: 123456 settings
Approach distance : 3000 nm
Approach speed : 2000 nmy/min
Retract speed : 2000 nm/min
Dz sensor in fine range
Stiffness Threshold : 500 pM/pm

| v

For each current (selected) definition:

To set a relative position for the X axis.

To set a relative position for the Y axis.

Delta X
|=
= mm
Delta ¥
I mm
/7 Edit

To select one of the following measurement types.
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Indentation type

Adjust Depth Offset
Advanced k‘

Sinus

Constant multicycle
Progressive multicycle
CMC

User defined profile

(o X o]

(ADO or indentation measurement)

Select (double click) the desired
measurement type. The corresponding
parameters should be set as same as
described in the following chapters:

Standard 4.6.4.1, p. 81
Advanced 4.6.4.2, p. 82
Sinus 4.6.4.3, p. 85

Constant multicycle  4.6.4.4, p. 87
Progressive multicycle 4.6.4.5, p. 90
CMC 4.6.4.6, p. 93
User define profile 4.6.4.7, p. 95

Adjust Depth Offset, see

chap. 4.6.4.11 Multi-ADO for
advanced & visual advanced
matrix, p. 110

To modify positions for several measurement definitions (reqgular positions)

Q The following features can be useful to define a regular grid for the matrix; the

initial position and a same distance increment can be applied for the X and/or Y
axis of the selected definitions in the list (to modify their current positions).

Indentation definition

Standard [0 ; 0]
Standard [1 ;1]

| Advanced [1.5;1] h‘
Hl| Advanced [2: 2]

Press “Ctrl"” (or “Shift") and select several definitions in

H dvanced [3.+1] the list (highlighted).

User defined profile [2
Adinct Menth (ffeet 17

For the X axis

I"ma'x'm . To Set the initial (absolute) position for the first selected
=" (e.g. 0) definition (highest position selected in the list)
I””E”‘e”tm To set the increment (relative) distance between each
v & mm (e.g. 1) remaining selected definition (from top to bottom in the
list).
To modify the current positions according to the
selection and 2 settings described above.
For the Y axis
Imtlaw@ - Imment% - Same as described at?ove_, exception: it is applicable f_or
(e.g. 0 and 1) the Y axis. The selection in the list should be done again.

Indentation definition

Advanced [1:1]
Advanced [2; 2]
Advanced [3 ;3]
User defined protile [«
€.0. |adinst Nenth Nifeet 17

been modified.
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To set same preferences for several measurement definitions

To set in one time the same preference parameters for several measurement
definitions, see the descriptions below.

Indentation definition

Standard [0 ; 0]
Standard [1 ;1]
Advanced [1.5;1]
Advanced [2: 2]

Advanced [3:1]

User defined profile [2; 1.5]
Adjust Depth Offset [7; 5]
Constant multicycle [7.5 : 6]

Press “Ctrl"” or “Shift"” and select several
measurement definitions in the list (highlighted).

Then right click in the definition list area and click

on Changes preferences for selected indentations
context menu.

The same Preferences window parameters as
05 — described for the corresponding head below can be
modified for all selected definitions in the list:

Changes prefereng\esfor selected indentations

UNHT chap. 4.6.5.1, p. 112
UNHT Bio chap. 4.6.5.2, p. 114
NHT chap. 4.6.5.5, p. 116
MHT chap. 4.6.5.6, p. 117

confimation ) Once the preference parameters are
validate ( is clicked in the
Preference window), this Confirmation
window ask if the new parameters

should be applied. Click to
apply the modifications. Otherwise click
to not apply the modifications.

4.6.4.10 Visual advanced matrix

Q This measurement is only possible with an optional motorized Y table and a
video system mounted on the instrument.

Table displacement Wm H

y l\; Do you want to move under microscope 7 Click to open the fo”owing Visual
advanced matrix and Video windows.

The Visual advanced matrix measurement type performs a list of indentation/ADO
measurements. For each measurement definition which composes the matrix, a
different position can be visually®) or manually? defined and a different
measurement type (with its specific parameters) can be selected.

1 with following Video window
2 With following Visual advanced matrix window
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Visual advanced

Selection Position control

Current sample position*

Approach distance : 3000 nm
Approach speed : 100000 nm/min

Retract speed : 2000 nm/min l .‘ B e 1 I
Dz sensor in fine range 1
Stiffness Threshold : 500 pM/um 1
1
Estimated time 1
i 74503 |‘
chap. 4.6.6, p- 121 \
l H Save as protocol l ||

chap. 4.7, p. 122

\,
List of indentations ] )
Adjust Depth Offset [10.164 ; 16.851] l + Add I w— Active graph
Standard [10.157 ; 16.78] - _
Standard [10.273 ; 16.787] > I
Standard [10.211 ; 16.729] ,’ Edit l 10—
Adjust Depth Offset [12.11 ; 16.939] < _
Advanced []2.1; 16.78] )4, Edit co-ordinates l E
Progressive multicycle [12.362 ; 16.937] k i 20— ]
Sinus [12.312;16.742] .
— Remove —
. 0
List T
mm
1 012345678 9101112131415161718192021 2223242526
* l Ellipse l Speed
@ Very Fast l (% Vector move l
@ Fast
@ Wedium
~ @ Slow Delta X
(W Clear ] ® Ve s [ umwm
|| Use absolute position for the map Delta ¥
Indentation parameters Keyboard control I 16.646 mm
+ Advanced . Reference Forward
Acquisition Rate : 10.0 [Hz] & < Left E‘ Right » e
Linear Loading l Set reference I
Max load : 50.00 mN | 71694 mm
- . -
Loadms rate : 100.00 memm. 4 Edit reference I v
Unloading rate: 100.00 mMN/min Lottt Backward
(9] I 35323 mm
+ TTX - NHT 5/N: 123456 settings Minimum displacement0.100 um [+ z

v

oK

L%

Cancel l

Fig.47 Visual advanced'matrix window parameters

% Video 7.26 : UIL24xSE-C_4103108377
File Tools Video options Help
{‘ B¢ = [Unasse-C 4002865227 ~| 960768
|
00— s
7] Active screen area
. ADO 5 [ ] U J
300—] - o o % [ AL
»
200—]| -
5] 4
= ! > @ . Cursors
= :
0 um—j _— e ‘ Grab -
1 Objective -
w ) -
-100—] > 5.0x - Objective . E]
- [ 1 Calibrate ]
-200— ol )
=l Current sample position*
-300—
2 . \
w - 200 pm
LN LN LA LN RN AR RN RN R R RN RN
500 -400  -300  -200  -100 Opm 100 200 300 400 500
X=-2525pm-Y=37308pm |  X=259-Y=19 | DX=5097 um-DY = 4087 ym | Field: 1019817 um

Fig.48 Video window with defined indentations

H70IB101EN-A Indentation V7 Software Manual

CTRL

104/191



Parameters to create new measurement definitions

To create a new measurement definition at the bottom of the list, click:

- A position directly on the Video screen.
OR

e

The new measurement definition type (and parameters) are the same as the last
selected (highlighted) definition in the list (a copy but with a different position);

see how to modify the Measurement type/parameters below and the
Position, p. 106.

On the Video screen, each defined position is shown with a small square and a
“number” or "ADQ". Each “number” corresponds to the order of the indentation
definitions in the list (from top to bottom) excluding the ADO. When the small

square is in red color, it means it is the position of the current selected (highlighted)
definition in the list.

Parameters for each selected measurement definition

List of indentations List of indentations .

Adjust Depth Offset [10.164 . 16881] | Adjust Depth Offset (0164 . 16381] 10 Change the chronologic order of the
Standard [10.157 ; 16.78] i i

Standard [10.2?3,-15.?37] Standard [10.157 ; 16.78] measurement?’ \_N_hl(:h V\_”” b_e performed,_
Standard[mzu;m.m] Standard [10.273 ; 16.787] select any definition (highlighted), drag it
Adjust Depth Offset [12.11;16.939] | Adjust Depth Offset [12.11; 16.939] . . .

Advanced [12106;16.78) Advanced [12.106 ; 16.78] and dr0p it elsewhere in the list.

Dramraceie man Wimemla 12 2R 1R 03 Dramrarciivee wanlbise-la 112 3R 1R 0%

Measurement type/parameters

Ve Edit l To modify the measurement type of the selected (highlighted)
definition in the list:
Select the indentation type NS Select (double click) the desired
Indentation type measurement type. The corresponding
Adjust Depth Offset parameters should be set as same as
described in the following chapters:
(S:Ig:sstam.:multic:,fcle Standard 4.6.4.1, p. 81
Ea%resswemultlcycle Advanced M] p. 82

User defined profile

Sinus 4.6.4.3, p. 85
Constant multicycle  4.6.4.4, p. 87
Progressive multicycle 4.6.4.5, p. 90

CMC 4.6.4.6, p. 93
(v o User define profile 4.6.4.7, p. 95

(ADO or indentation measurement) Adjust Depth Offset, see
chap. 4.6.4.11 Multi-ADO for
advanced & visual advanced
matrix, p. 110
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Position

"3

To manually change the position of the selected

it co-ordinstes l (highlighted) measurement definition in the list:

AR

Change coordinates

Edit coordinates

X 12.106]5 Set other coordinate value(s) than the current
position.
v 16.780 5
OR

lg/ oK ” XK oncel l

To visually change a measurement definition position from
the Video screen, click in the middle of the desired square
(the arrow mouse cursor should become a hand shape
cursor, otherwise a new definition is created), then drag and
drop the current red square on the Video screen.

ADO

5 ADO 5
u} o o m}
6
4 4 R4 "
E 6 o v
before " " after
[ -_— Remove l To remove the selected (highlighted) measurement

definition(s) from the list - several definitions can be selected
using “Ctrl"” or “Shift"” before selecting. (The definition
square(s) also disappear from the Video screen)

[ i Clear l To clear all measurement definitions from the list (and from
the Video screen).

To set same preferences for several measurement definitions

List of indentaticns

Adjust Depth Offset [10.164 ; 16.881]
Standard [10.157 ; 16.78]
Standard [10.273 ; 16.787]

Standurd [10.211 ; 16.720] Same as described in To set same preferences for
A D et M2t 1 16.959) several measurement definitions, for the
Progressive multicycle [12.362 : 16.937] Advanced Matrix in p. 103.

Sinus [12.312 ; 16.742]

Changes preferencesrf\or selected indentations
b I
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Absolute reference position for protocol

[¥#] Use absolute position for the map Check this box to always keep the same matrix reference if
this Visual advanced matrix measurement type is saved as a
protocol. Each time the saved protocol will be selected, the
sample will be positioned at the same reference; see To

change the reference position, p. 107.

Otherwise (uncheck) the sample will be positioned at the
current position.

Methods to move

Position control

o
3

=
£

= B
20— m
=
o LTI ITTTOT T
012345676 91011121314151617181920212223242526
] Speed -
e @ Very Fast UM Vectormove
® Fact
o & Medium
- & Slow Delta X
® Very slow 12392 mm
Delta ¥
Keyhoard control 16646 mm
Forward
<Left [T Right> X
4=|| CTRL | |= 71,694 mm
+ ¥
Backward @ [ mmmm
Minimum displacement 0.100 pm  [&] 7
FHEEEE MM

To move the sample/motorized table(s) use
the Position control area; for descriptions,
refer to the Common Scratch &
Indentation software manual -

chap. Managing the instrument - Control
of the sample position, exception: some
functions are not applicable here.

OR

To move the sample/motorized tables to an existing measurement definition
position, on the Video screen center (crosshair), double click on the desired

definition in the list.

List of indentations

Adjust Depth Offset [10.164 ; 16.881]
Standard [10.157 ; 16.78]

Standard [10.273 ; 16.787]

Standard [10.211 ; 16.729]

Adjust Depth Offset (1211 ; 16.939]
Advanced [12.106 ; 16.78]

Progressive multicycle [12.362 : 16.937]
Sinus [12.312;16.742]

To change the reference position

To align the measurement definitions of the matrix with a specific reference position
on the sample, see the following descriptions.
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& Set reference To set a new reference at the current sample/motorized tables

position.
Position control Position control
o o]
40—: 4u—:
1 . : I
n—| 20— P
0 4 0 5
\ll‘\ll‘\ll‘\ll‘\l\‘\|\‘\|\‘\l\‘ll\‘ll\‘Il\‘ll\‘ll\‘l \‘I‘\‘I‘\ll‘\ll‘\ll‘\|I‘\|\‘\l\‘\l\‘ll\‘Il\‘ll\‘ll\‘l
mm 012345678 9101112131415161718192021 2223242526 mm 012345678 91011121314151617181920212223242526
before after
" -y .
#,  Editreference To manually set a new reference B to another position:

' Set different coordinate field value(s) than the
Edit coordinates current position.

X
v 182195 @ The current position value(s) can slightly
differ from the one(s) shows on the Position
(v o ” X Concel l control active graph due to the indenter-

microscope distance calibration correction.
When a new reference is set (above), the X-Y deltas of the definitions in the list are

not changed, only the origin of map is changed. This allows translation of all
measurement definitions by selecting new reference/coordinates (origin).

To reopen the Video

[ ) Open video To reopen the Video window if it has been closed.

Ellipse

To fit an ellipse shape for the matrix, first minimum 6 indentations should be
defined (round shape) in the list (which will be automatically erased later) - ADO(s)
are not included.

List of indentations

Adjust Depth Offset [-578.165 ; 462.607]
Standard [-217.587 ; 422,813]

Standard [244.945 : 457.63]

Standard [538.379 ; 72.125]

Standard [371.769 : -368.096]

Standard [-277.266 : -330.787]

Standard [-488.654 : 77.102]
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Ellipse

| Ellipse Matrix Generato

To define the following ellipse parameters.

Radius offset

Beqin

-100.000000 (&

End
120.000000 &

Paoints

- . | :
586,00 pm -304.00 |'113'DD|].50

Fig.49 Ellipse Matrix Generator window parameters

T
261.00

T T 1
543.00 526.00

3

v x X

Set the field parameters in order the software computes new indentation
definitions in the list for the elliptic fit matrix.

E.g. 10 Points (Angle) in 3 rows (Radius offset Points) = 30 definitions.

When is clicked in Fig.49 above, the new indentation definitions

replace the previous ones in list. (ADO definition(s) is kept in the list)

List of indentations

Adjust Depth Offset [-578.165 ; 462.607]
Standard [446.584 ; 9.584]
Standard [567.392 ; 6.948]
Standard [688.2 ; 4.313]
Standard [442.803 ; 52.904]
Standard [562.487 ; 63.13]
Standard [682.172 ; 73.357]
Standard [433.57 ; 95.757]
Standard [550.514 ; 118.709]
Standard [667.457 ; 141.66]
Standard [419.011 ; 137 .566]
Standard [531.632 ; 172.931]
Standard [B44.253 ; 208.296]
Standard [399.324 ; 177 .763]
Standard [506.098 ; 225.064]
Standard [612.873 ; 272.365]
Standard [374.773 ; 215.807]
Standard [474.258 ; 274 404]
Standard [573.743 ; 333.001]
Standard [345.691 ; 251 181]

| »

m
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4.6.4.11 Multi-ADO for advanced & visual advanced matrix
Q Reminder of the ADO purpose: read the beginning of the chap 4.4, p. 56.

One or several automatic ADO(s) can be performed at the beginning and/or
between the indentation measurements for the Advanced matrix chap. 4.6.4.9,
p. 100 or Visual advanced matrix chap. 4.6.4.10, p. 103.

Indentation type

Select (double click) the Adjust Depth
o R Offset (ADO) measurement type.

Sinus

Constant multicycle The same ADO window parameters as
rogressive multicycle . .

cMC described for the corresponding head

User defined profile beIOW Should be Set

UNHT ADO Fig.29, p. 57
UNHT Bio ADO Fig.30, p. 57

l v oK " H  cancel l NHT ADO FIQ.32, p. 66
MHT ADO Fig.33, p. 70

Fig.50 ADO selection

- An ADO can be included at the first position in the definition list, before starting
the indentation measurements of the matrix.

- One or several ADO(s) can be included between the indentation measurements of
the matrix.

Advanced matrix ‘ Visual advanced ma_

Selection Selection

Indentation definition

First - - List of indentations
Standard [0 ;0] . i
Standard [1:1] First > Adjust Depth Offset [10.164 ; 16.881]
Advanced [1.5:1] Standard [10157 ; 16.78]
Advanced [2: 7] Standard [10.273; 16.787]
Advanced [3:1] Standard [10.211 ; 16.729]
User defined profile [2: 1.5] Between »| Adjust Depth Offset [12.11 ; 16.939]
Between > Adjust Depth Offset [7 ; 5] Advanced [12.106 ; 16.78] -
CoJr15tant fﬂulticycle [7.5:6] Progressive multicycle [12.362 ; 16.937] List
Standard [8 ; 6] Sinus [12.312 ; 16.742] :
Between - -—» Between - - —» v

Q Before starting the matrix of measurements, if there is no at least an ADO in
the first position of the list, a Confirmation window asks to continue:

Click if a successful (4% ) ADO has previously been performed and
is suitable (location) for the whole matrix area. Otherwise click and
add an ADO definition in the first position of the list, and elsewhere in the list
where it is necessary.
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4.6.5 MEASUREMENT PREFERENCE PARAMETERS (HEAD)

Located at the right (or left*) bottom of the following measurement type window:

Standard 4.6.4.1, p. 81
Advanced 4.6.4.2, p. 82
Sinus 4.6.4.3, p. 85
Constant multicycle 4.6.4.4, p. 87
Progressive multicycle 4.6.4.5, p. 90
CMC 4.6.4.6, p. 93
*User define profile 4.6.4.7, p. 95,

"3
‘_/ Change

click| # change |/
to modify the parameters in the Preferences windows.

Parameters set in
measurement type windows

Lqed
Pause
Loading Unloading
rate
»Time
E 5 5 : Retract
Approach ; ; | | speed
speed i i i i
i Retract !
time !

Parameters set in Preferences windows according to the
measurement head (hardware)

Fig.51 measurement schematic

See the following sections which described the Preferences window parameters
dedicated for each type of measurement head (UNHT, UNHT Bio, NHT and MHT) and
the common parameters for all types of measurement head (approach distance,
contact stiffness threshold and adhesion).
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4.6.5.1

UNHT Preferences tab parameters

:

Indenter approach parameters

Approach speed
2000.0 2} nm/min

Pre-approach

0% %

Contact stiffness threshold
150 & ph/pm

ch@gp. 4.6.5.8, p. 119
Betract Speed

chap. 4.6.5.7, p. 118

Reference approach parameters
Approach distance

20000 = Approach speed
OF nm

600000 & nm/min
Contact load

L
500000 & .

Contact load Pre-approach
3000002 LN 0neE %

Reference-Indenter Auto-Tuning
Retract Time

[ Active

Fe&

20000 & nm/min 0% sec
chap. 4.6.5.10, p. 120

Reset to defaults l

Q Same parameters for TTX

v OK ” x Cancel l
Fig.2 E.g. STeP - UNHT Preferences tab with default parameter

Set all parameters for the indenter & reference approach, contact detection and
then for the retraction.

Indenter

Appreach speed The Approach speed determines the velocity at which the

indenter approaches the sample surface.

|% nm;/min

See the typical values in the table below:

For max. measurement load Material

1000 to 2000 nm/min

20 to 1000 uN fused silica (hard)

Tendency:
For maximum loads higher than 1000 uN, set a value higher
than 2000 nm/min, especially for soft materials.

Contact load

= The indenter Contact load is used to detect the sample surface
= H

during the approach. The value depends on the desired max load
value for the measurement. The following table gives indications
on how to realize measurement in the best conditions:

Recommended value For max measurement load
= <10 puN = <100 uN

Tendency:
The lower the measurement max load value is, the lower the
value should be set, in this case reduce the approach speed (set
above) to keep enough acquisition data points in the curve.

For max measurement load higher than 100 pN, the value can be
increased (10 % of max measurement load with max. 50 pN);
see also chap. 4.6.5.9, p. 120.
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Reference

M ~ The Approach speed determines the velocity at which the
& pm/min - raference approaches the sample surface; advised (standard)
value 60000 nm/min

Contact load

|Z N

The reference Contact load is used to detect the sample surface;
UNHT uses a patented active surface referencing system whose
principle consists basically of a reference contacting the surface.

See the typical values in the table below:

Max. value Material
500 or 1000 pN for most material

Indenter & reference

Pre-approach The indenter and reference Pre-approach fields are used to
| ensure that the indenter position is higher than the reference
position before approaching the indenter and reference with
Pre-approach the approach speed (set above). Standard values 10 % for
I© % the indenter and 40 % for the reference are most of the
time suitable. However those values may be different
depending on UNHT measurement configuration (type of
mounted indenter/reference, mounting and geometry of the

[
52

sample...).
OR
Reference-Indenter Auto-Tuning - Check the reference-indenter auto-tuning box to perform an
V| Active auto adjustment of the pre-approaches between the
Pre-approach
reference and the indenter: the indenter 105 % and
Pre-approach

reference 4% % become inactive (grayed out).

According to the last successful ADO, the software will
compute and optimize the best indenter and reference pre-
approaches.

Q 100 % is the lower/rest position.

H70IB101EN-A Indentation V7 Software Manual 113/191



4.6.5.2 UNHT Bio Preferences tab parameters

Indenter approach parameters Reference approach parameters |

Approach speed Approach distance
15000.0 & nrn/fmin 200000 & nrm 500000 & Q
Pre-approach chap. 4.6.5.7, p. 118 All parameters
5@ o 500.000 & related to the
reference are inactive
Contact stiffness threshold Contact load — (grayed OUt) as there
S0 u/um 0000 N S is no reference on
chap. 4.6.5.8, p. 119 Reference-Indenter Auto-Tuning the UNHT Bio
Betract 5peed Retract Time o
15000.0 & nr/min SE sec hetive

chap. 4.6.5.10, p. 120

l {‘ Reset to defaults l

TR T

Q Same parameters for STeP l

Fig.53 E.g. TTX-UNHT Bio Preferences tab with generic suitable parameters

Set all parameters for the indenter approach, contact detection and then for the

retraction.

M ~ The Approach speed determines the velocity at which the
&/ mm/min - indenter approaches the sample surface.

Comectload The indenter Contact load is used to detect the sample surface
ISIEL during the approach; see also chap. 4.6.5.9, p. 120.

Pre-approach The Pre-approach is used to pre-approach the indenter before
& % approaching it with the approach speed above.

For the detailed explanations of those parameters, refer to the Anton Paar
Bioindenter UNHT3 Bio User Manual - chap. Indentation measurement
process - Performing an indentation measurement - Define indentation

measurement parameters.
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4.6.5.3 UNHT Sensor ranges tab parameters

STeP - UNHT - Preferences

| Preferencé| Sensar ranges

Indentation range

+ Reference Load range 1) + Indenter Load range 1) + Depth range
Fine @ 10 mN —p @ 10 mM » @ 10 pm
[l
— (150 N = - - —— - 150 MM = = - - —| - 50 2)
Large » (150 mN =» (50 mN =» (150 ym

With optional extended ranges, following values are doubled:
all load® ranges and large depth range? only

@ Same parameters for TTX

|| [ o ” R Concel l

Fig.54 E.g. STeP - UNHT Sensor ranges tab with fine ranges

Select suitable Reference Load range, Indenter Load range and Depth range
according to the used sample/application; it is recommended to use fine ranges
(e.g. above), to obtain the optimal quality of the signals.

Use the large ranges only if the fine ranges are not sufficient to perform the
measurement, or in case of saturation.

@ This tab is also available in the Calibration window chap. 3.3.1, p. 29.

4.6.5.4 UNHT Bio Sensor ranges tab parameters

TTX - UNHT Bio - Preferences
ey

Similar than UNHT

a Sensor ranges Chap. 4.6.5.3 above,
Indentation range exceptlon:
+ Indenter Load range + Depth range - No reference_
1)
@4 mN -é-4mN --------- > 0 20um - Range values are different.
20 mN =P 20 mM P @100 .
" >onm S - It is recommended to use

the large depth range.

Q Same parameters for STeP

H70IB101EN-A Indentation V7 Software Manual 115/191



4.6.5.5 NHT Preferences tab parameters

I

Preferences |
Instrument approach parameters Depth range
Approach speed Approach distance
] fr [F]
20000 % nm/min 300005 nm @ 40 pm Fine
, chap. 4.6.5.7, p. 118
Contact stiffness threshold > 300
500@ |-|N."r|-|m L&) I-|m<_ - Large
hap. 4.6.5.8,

. 119
Retract Speed p Retract Time

2000.0 &) nm/min 0/ sec

chap. 4.6.5.10, p. 120 l (; Resettoddauts

Q Same parameters for STeP

v o J[X o |

Fig.55 E.g. TTX-NHT Preferences tab with default parameters
and fine depth range

Set all parameters for the indenter approach, contact detection and then for the

retraction.
M ~ The Approach speed determines the velocity at which the
= "M indenter approaches the surface.
See typical values in the table below:
Hard material .
<1mN >1mN Soft material
1000 to 1500 nm/min | 2000 nm/min | 4000 nm/min
PEPENE  Select a suitable Depth range according to the used
w0 sample/application; it is recommended to use the fine range (e.g.
© 40 ym

above) but if the depth saturates during the following
~w0.m Measurement, then select the large depth range.
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4.6.5.6

MHT Preference tab parameters

Preferences |

Instrument approach parameters Indentation range

Approach speed

+ Load range + Depth range

16.6 % Wrmy/min

@10 N €&—— @ 100 pm Fine
Contact stiffness threshold Contact load 530N <€ . 1000 -
- pm -—
10000 = uN/um 00108 N Large
p. 4.6.5.8, p. 119
Retract Speed Retract Time
166 &) wm/min 05 sec l { - Reset to defaults l

chap. 4.6.5.10, p. 120

v o J X on |

Fig.56 E.g. STeP - MHT Preferences tab with standard parameters

and fine ranges

Set all parameters for the indenter approach, contact detection and then for the

retraction.

Approach speed
|% pm/min

Contact load
|& N

+ Load range
1)
10N

[E

+ Depth range
1)

100 um
1000 pm

The Approach speed determines the velocity at which the indenter
approaches the sample surface.

See the typical values in the table below:

Hard material
100 pm - Depth range - 1000 pm
8 or 16.6 pm/min 16.6 pm/min

The Contact load is used to detect the sample surface during the
approach; see also chap. 4.6.5.9, p. 120.

See the typical values in the table below:

Hard material
100 ym | - Depth range - | 1000 ym
0.01 N 0.03 N

Select suitable Load range and Depth range according to the
used sample/application; it is recommended to use fine ranges (e.g.
above) to obtain the optimal quality of the signals. Use the large
ranges only if the fine ranges are not sufficient to perform the
measurement, or in case of saturation.

A The Depth range should be the same as the ADO Dz range,

p- 70 which has been selected for the current successful ADO.
Otherwise an error message will appear; see chap. 6.2,
p. 173.

Y range values can be different with old MCT version
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4.6.5.7 Approach distance parameter (indenter)

Approach distance This parameter is only available for the measurement heads

equipped with an electronic bridge, such as the UNHT, UNHT Bio
and the NHT, and can be changed for each new measurement
in Preferences window/tab; see from chap. 4.6.5, p. 111.

%nm

This parameter allows the increasing or decreasing of the indenter
approach distance before starting to record the measurement.

Q The default value is suitable for most sample materials.

However the value may have to be adapted (e.g. for very soft
materials).

MHT approach distance

Otherwise for MHT without electronic bridge, this parameter can be only changed
in the current ADO parameters window; see chap. 4.4.3, p. 70. Therefore the
approach distance will remain the same for each following measurement.

The parameter is applied according to the last successful ADO. When the approach
distance value is reached by the indenter, the software starts recording of the
measurement acquisition data (points).

The sketch below supposes that the sample surface topography is totally flat (no
holes, no bumps, and no roughness) and the sample is not too soft:

Indenter Approach distance Indenter

1= nm

Sample topography

ADO START MEASUREMENT APPROACH

The approach distance value which is set can be approximately seen on the

following Set the contact point window Fig.57, p. 119, after the measurement has
been performed.
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o~ |~
y

238E03 | 1.20 ]

1.9E03 — 016

1.43E03 — -0.87

Approach distance
value |Z nm

952,00 — -1.91

477.00 -2.94

nm mh
175 _| 595 _| g y

T T T T T T T T T 1
036 s 34.90 69.50 104.( 139.00 173.00
[ caaal: .

Time=90.55 5 Fn=0.00 mM Pd=1757.61 nm

2 3 4 5 1/5 » M

v

Fig.57 Approach distance on Set the contact point window

The approach distance cannot be exactly as same as the set value because it
depends on the sample topography (tilt+ roughness) and the sample material (soft
or hard); see chap. 5.1.1 Setting the contact point, p. 132.

4.6.5.8 Contact stiffness threshold parameter

Contact stiffness thresheld — The yvalue can be changed for each new measurement in

Preferences window/ tab; see from chap. 4.6.5, p. 111, but it is
recommended to set the default value for each instrument.

% M/ pm

All the indentation measurement heads use this parameter for
contact detection of the sample surface.

If necessary (for more accuracy or for very soft sample materials),
it is possible to slightly decrease the default value; A however

by decreasing too much the value, the contact can be detected in
the air.
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4.6.5.9

Contact load

15

4.6.5.10

Retract Speed
1=
(unit selected

Contact load detection with UNHT/Bio & MHT

Additionally to the standard contact stiffness method

chap. 4.6.5.8, p. 119, the UNHT, UNHT Bio and MHT instruments
also can use the contact load parameter (unit selected in options).
The sample surface is detected as soon as one of these methods
finds it (most of the time the stiffness is detected sooner than the
force).

Retract speed & time parameters for Adhesion

Retract speed and Retract Time values can be changed for each
new measurement in Preferences window and tab; see from
chap. 4.6.5, p. 111.

in options)
The value of these parameters allows studying the adhesion
Retract Time between the indenter and the sample.
|% SEC
Both parameters manage the unloading during the adhesion
phenomenon.
& AT &) S 2PN 5
06D Se -7 (200,00

Retract Time

0.45—

0.30—

015

mh
015

Retract Speed

/ 'l

—-200.00

[1¥]

—-400.00

—-G00.00

nm

| 60000

I
18000 =

T T T T T T T T 1
16200 174.00 186.00 192.00 21000

See chap. 5.5, p. 149 to obtain the Adhesion Force.
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4.6.6

[ H Save as protocol l

Located at the left bottom of each
measurement type window
(see from chap. 4.6.4, p. 81)

Protocel name

Enter new protocol name

Protocol example 1

[\/ oK

" MK cancel

. 1
() Use a protocoly
1
1

|4

Protocol example
Protocol example 2

Protocol list

!

m

@ Use a protocal

Protocol example i
Protocol example 2 D‘E|E’Eeh |
by

Protocol list

T

H70IB101EN-A Indentation V7 Software Manual

SAVE AS PROTOCOL (CURRENT MEASUREMENT TYPE SETTING)

To save the current setting of all parameters as
a measurement protocol (including preference
parameters chap. 4.6.5, p. 111).

Edit (type) a new
protocol nhame and

to save the
protocol.

Each saved
protocol will appear
in the protocol list
of the Define a new
measurement
window Fig.34

p. 77 and can be
selected later.

To erase a protocol,
only from the list of
the Define a new
measurement
window Fig.34,

p. 77, right click on
a protocol and
select Delete in
the context menu.
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4.7 MEASUREMENT PROCESS (INDENTATION RUNNING)

Once the measurement starts, the window below displays the real-time status,
indenter progression bars and the acquisition curves.

Real-time info Real-time acquisition curves

r
Indentation running... |

Status \ 2007

[ Approaching Table 7...
O Approaching reference 48.43 %

[ Fine approach... 160+
B Indentation running...
[0 Removing the indenter... Combined curve
1204
Ref bridge Fn 1 47.5% Normal load (Fn) vs. Depth (Dz)
Ind Bridge Dz : 58.6% Fn:576%
Indenter 2.0
+ Command
+ Position 4.0+
Dz: 2906.7 nm 100000 nm
W Contact 0.0 mN i ; ; ; ; ; i
0nm 100 200 300 400 00

+ Normal load

Fn: 41 M 10.0 M r
. ki o User channel curve(s) [®?
/’ Indentation1/1 +— No, of measurements (if matrix)) Lo
+ Standard

Acquisition Rate : 10.0 [Hz]
Linear Loading
Max load : 10.00 mN 1204 Laoon

Loading rate: 20.00 mMN/min
Unloading rate : 2000 mMN/min /K
Pause:10.0 5 /
/ Depth curve (Dz)

+ UNHT S/N: 50-00705 settings B -
Fn contact: 0.02 mM

Approach distance: 3000 nm /
Approach speed : 2000 nm/min /
4.0—/ / Foon
T T
0= 15

Fanon

Retract speed : 2000 nm/min
Normal load curve (Fn)

Dz sensor in fine range
Load in fine range
FrRef in fine range
Stiffness Threshold : 150 pN/um 0.0 mh |

L0 nm

T T T T 1
an 45 fill 7h an

Current measurement

parameters l £ Immediate Unload l

Fig.58 Indentation running... window

A It is recommended not to use any other software whilst acquisition is in

progress, as this may interrupt the scheduler and cause discontinuities in the
acquisition process. Ensure that no screen saver or other time consuming
applications could start during the acquisition process.

There are 5 real-time action blinking squares in the Status area:

O Appreaching Table 2. / [ (inactive with TTX-NHT)

B Approaching referenced843% /L] (active with UNHT)
O Approaching with the indenter... / O Approaching Indenter / [ Stabilization 30 [s]

B Indentation running...

O Removing the indenter...
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Stabilization

Before the indentation starts (. Indentation running...), O stabilization 30 [s] |S b||nk|ng and
displays a decreasing time info (e.g. starts from 30 [s]); the stabilization time
is set in chap. 3.1.4.2 Stabilization (cancel drift), p. 26.

As soon as the stabilization time is elapsed 0 [s], the indentation measurement
starts.

‘ A immediate Unload | To unload the current measurement applied force and start the
next measurement (if matrix).

To stop all measurement(s) (if matrix), the indenter/motorized
Z table are immediately retracted.

Q With UNHT and UNHT Bio, the extra UNHT Approach Monitor window Fig.28,

p. 52 can be displayed or deactivated with the UNHT.INI file;
see chap. 3.5, p. 51.
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4.8 ANALYZING/VISUALIZING INDENTATION(S)

This chapter is applicable if the instrument is
Mi‘fff”’Jiifr"-;wpef,msua“mim equipped with the video microscope and if these
% 7] Video installed boxes are checked; refers to the Common Scratch &
Indentation software manual - chap. Managing
the instrument - Hardware configuration -
My configuration tab.

[¥] Optical Analysis after measurement With UNHT Bio, check this box if an Optical ana|y5is
is needed (spherical indenter does not let mark on
very soft material).

wanng N & At the end of the indentation

measurement process: when the
_I_wl aod::tua:lu::t?to move under the microscope to visualize your Indentatlon runnlng WlndOW F/1.58
Check sample height to avoid collision p. 122 C|oseS, this Warning window
appears.

Click to open,

the Video window Fig.60, p. 126 and Analyze indentation window Fig.59 below,
in order to (if necessary):

- Refine the indenter-microscope distance calibration.
- Analyze/visualize the indentation measurement(s) and capture image(s).

Or click and go to chap. 5, p. 130.

chap. 4.8.2, p. 127 —;

Analyze indentation
Indentation position p.A 72 ~ Curve toolbar
10 25007
054 e ,L
u 20.00 — %
il + + Graph
0.5 ~
|
15.00—
| 10 : . . , fa=
mm 00 00 01 02 02 :
Indentstion definition THERRN o]
Standard [0 : 0]
Stondard [0.1 0] 1000 Image
Standard [0.2; 0] . .
Indentation |ISE| ] gallery
Speed 5007
@ Fast 1 rab image
@ Medium " N
@ siow m | 3 videoimage
@ Very slow 1 T T T T T T T T T |
0 nm 500.00 1E03 1.5E03 2E03 2.5l Mut e
MultiFacus image
30 > Q @ @ « i
Include 3D mapping
Keyboard control Indentation parameters
Forward + Standard - Conscan image
et [* might> o 1001 Parameters of the selected [
#|[aul[> Wi oed : 2000 il indentation in the list L senimsse | B
T Loading rate: 4000 mh/min
Unloading rate: 40.00 mh/min
Backward = Pause:50 s @
Minimum displacement0.250 um (=) ~
chap. 4.8.1, p. 125
chap. 4.8.3, p. 129

Fig.59 Analyze indentation window
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@ To reopen the Video widow.

Selecting an indentation

I dentation definition E.g. if a matrix of measurements has been performed, select an
Standard [0 0] indentation in the list to automatically move to the corresponding

area.
Standard [0.2; 0] k

Methods to move for adjustment

D D ® e Use these functions to adjust the sample position; refer to the
- o Common Scratch & Indentation software manual -
M o chap. Managing the instrument - Control of the sample

position (some described functions are not available here).

Keyboard control
. Fomar . Q The displacement area is limited in the zone of the selected
< ight >
«|[am ][+ indentation in the list.

+
Backward

Minimum displacement 0.500 pm

Qo]

Original indentation position

To move back to the original position (of the selected indentation
in the list).

Table displacement Warngingl l-;-J

!-.\ Do you want to return to the original point ) :
Click to confirm.

H
A%

4.8.1 REFINING INDENTER-MICROSCOPE DISTANCE CALIBRATION

It is possible to refine the calibration of the distance between the indenter and the
video microscope from this Analyze indentation window Fig.59, p. 124, and also
using the Video window Fig.60, p. 126.

In case of a matrix, select any of the indentation in the list (chose only one); see
Selecting an indentation above.

Centering

Using the Methods to move for adjustment above, precisely center the chosen
indentation imprint under the Video screen crosshair Fig.60 below.

A Be sure the imprint corresponds to the selected indentation in the list.
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6 To have the crosshair in the middle of the Video screen, check # cresshair in the
Video window; see Video software manual for all features description.

7] Scale
Crosshair

M| Cursors

[] Calotest

7] Measurement
[] Hardness

100.0x - Objective100x ~

(B cobme |

-20 -10

X=320pm-Y=-1978pm |  X=344-Y=481 | DX=254pm-DY=205um | Field: 51xd1 um | CTRL+ Clickto mg

Fig.60 Indentation imprint centered under Video screen crosshair

To refine the calibration of the distance between the indenter and the video
microscope, only when the indentation imprint is centered Fig.60 above.

It is recommended to click
A backlash movement is recommended before storing the new in order the
calibration ? software performs a
Proceed now ?

backlash movement before
storing the new calibration;
wait.

Click to save the
new calibration of the X/Y
distances between the
indenter and microscope in
the Calibration window;

Fig.15, p. 30.

Otherwise click [ Ne ] and restart from Centering, p. 125 until the
imprint is centered.
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4.8.2 OPTICAL ANALYSIS (INCLUDES SETTING CONTACT POINT)

Standard images and depending on the configuration/settings, Multifocus images
can be captured from the Video screen. Depending on the available options/settings,
AFM or conscan confocal images can also be captured.

One by one, for each selected measurement in the list; see Selecting an
indentation, p. 125, the features below can be used:

Contact point

Curve toolbar

~ oA
If necessary, the contact point can be refined from here

~ . Otherwise it can be refined later during the result
See chap. 5.1.2 analysis; see the similar explanations as described from

Indentation curve chap,. 5.1.1.1 Contact point features, p. 133.
display, p. 137.

Grab image(s)

Each of the following active buttons from this Analyze indentation window Fig.59,
p. 124 allows image capture(s) from the current Video screen Fig.60, p. 126: Edit
an image window appears Fig.61, p. 128.

Before capturing image(s) below, ensure the focus is adjusted (with Z motorized
table, see Methods to move for adjustment, p. 125 with TTX-UNHT use the
thumbwheels).

To capture image(s) from the live Video screen,

‘ﬁ Video image ‘ (standard) images.

Multifocus image only if the instrument is equipped with a
motorized Z table. Otherwise the button is inactive (grayed
out); see MultiFocus image(s), p- 128.

Include 30 mapping

To capture images from the conscan and/or AFM, if the
— corresponding options are available; otherwise the buttons are
inactive (grayed out).

] .
[ Conscanimage
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This window below allows some settings on the opened image (Title name,
comments, image features...); refer to the Common Scratch & Indentation
software manual - Manipulating document windows - Managing images
gallery - Managing picture.

Edit an image.

Title Picture info

| | NONAME]| [F] Relevant Color Image
Size : 960 x 768 pixels
C t:
» SOMMERS Depth amplitude : 0.00 pixel
& acquisition type : video
Image
gallery
i| =) -1 C ﬂ e Convert picture to grayscale before manipulating it.

Fig.61 Edit an image

When is clicked, each image is stored (as thumbnails) in the
image gallery of Fig.61 above but also of the Analyze indentation window
Fig.59, p. 124; in each image gallery, double click on a thumbnail to (re)open
the corresponding image (if there are more than 3 thumbnails, use

/ to see the previous or following thumbnails in the gallery).

MultiFocus image(s)

A Multifocus image is an image build with an infinite depth of field. We use the
motorized Z table to capture several images of the same indentation at different
focus plan (different heights), and after computing all sharpness regions the
software rebuilds one single image with an infinite depth of field, called Multifocus
image.
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Lower focus Multifocus image

Middle focus

3D mapping

Surface focus

4.8.3 ENDING THE OPTICAL ANALYSIS

| & Fnshanasis | To end the optical analysis.

Click to close the Analyze
indentation window Fig.59, p. 124,

A it will not possible to come
back.
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5 RESULT ANALYSIS

After the measurement process of the indentation(s) is completed, the main result
analysis window appears Fig.62 below.

Adjustments (analysis method, curve display, contact point, overlays...) and
parameter changes (indenter, Poisson’s ration...) can be performed from this
window. After most of the parameter changes, an automatic recalculation of the
analysis result is performed by the software.

By default, the curve view is selected on the main toolbar.

For the main toolbar €9 and [g; refer to the Common Scratch & Indentation

software manual - chap. Understanding documents - Document window -
Customizing curve view display areas.

Image
gallery

Indentation info

-
& Indentation 7.2.6 | [Example.mit]

File Edit Insfument Adminjseaion Window About

=R A L AN C N
|4 4 % ¥ Q0 Additional toolbar, p. 131

p name 2 1/2 33 M

I
LA = AL AR 3

Method

Oliver & Pharr

M 024077 GP | Overlays e
EIT- 48290 GP3 Result curve(s) =
F'= 33076 GPa 2000 graph area(s)

Hypothesis | Analysis type(s) B e
Poisson's & | } G }L__ A

Additional r result area
HVIT= 231

m

CIT0.02/30/5=385 % 15.00 —
nlT=3597 %
Fmax=0.02 N
hmax= 207 pm
5= 0.0552 N/um
hc=1.81 ym
hr=1.71 pm
hp= -099 um 10,00
m= 84267
Epsilen= 0.73
R2=0.959
Ap=80.23 um*
Welast= 0.01 pJ

hmax=2.07um
Wplast= 0.01 pJ ?

Wtotal= 0.02 pJ 500 he=1.81um
| Relevant * hr=1.71ym

+ Standard
Acquisition Rate : 10.0 [Ha]
Linear Lea T . | . | - | . | . i
Max oad: Measurement 0_um 0350 100 - \y o

oading ra
Uniosding| PArameter area k10 ~-]@ @ @ ~[7]« Zoom tool ] )
Pause:5.0F

«--=

1

E]
=4

<« ==

- WTime=13.04 = Fn=7.86 mN Pd=1.20 um
Information | 1 3 Info from the graph curve cursor

\.

Fig.62 Result analysis window (curve view default setting)
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Additional toolbar

Analysis methods Analysis curve(s)
chap. 5.4, p. 144 chap. 5.6, p. 150

o ' 4t @ A 2% = AER *

Overlays
chap. 5.3, p. 142

Filter chap. 5.1.3, p. 139

Display chap. 5.1.2, p. 137 Export chap. 5.1.4, p. 140

Contact point chap. 5.1.1, p. 132

Indentation curve(s)
chap. 5.1, p. 131

5.1 INDENTATION CURVE(S)

For each active measurement

The indentation curve icon in the additional toolbar shows (selected):
- The displayed indentation curve(s) chap. 5.1.2, p. 137

- The indentation curve features:

Contact point(s) chap. 5.1.1, p. 132
Filter chap. 5.1.3, p. 139
Export chap. 5.1.4, p. 140

The indentation curve(s) and features can be hidden (if unselected).Only if
the analysis curve(s) is active and selected A | chap. 5.6, p. 150.
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5.1.1

SETTING THE CONTACT POINT

From the result analysis window Fig.62, p. 130, there are several ways to open the
Set the contact point window Fig.63, p. 133, which allows to verify, refine (change)
the contact point for each available measurement of each desired active group:

-
o5 Indentation 7.2.6 - [E::am—pm

File Edit Instrument Administration
b 1 Lt
EaMH =R K|

Group Properties...

o ° Change indenter...
Change Poisson's ratio...
Method
Tangent Change contact point...h
hr=0.03 um Set contact point...
hp= 002 pm ls
m= 13599 T
Epsilon= 0.76
R2= 0999 Copy
Ap= 006 um* Paste indentati
Welast= 0.00 ) aste indentation
Wplast= 0.00 p Delete...
] Relevant Export measurement...

Export analyses...
Export SIO...

+ Advanced
Acquisition Ra
Linear Loading
Max load : 0.50
Loading rate :
Unloading ratg
Pause:100 s

Apply curve settings
Information =

Print preview...

Print...

Delete all analyses...

,

File Edit Instrument Administration Window About
Bk (S0 dhasd
Group name 2

* |
o B L A~ (4] =

Method
Oliver & Pharr ‘ ‘

Main results
I HIT= 0 2A2R GPs

H70IB101EN-A Indentation V7 Software Manual

- For the active “group name"” tab,

select Edit/Group »/Change
contact point... from the menu
bar.

Right click on the desired “group
name” tab and select Change
contact point... from the context
menu.

For the active “measurement #"
tab Select Edit/Indentation »/
Set contact point... from the
menu bar (only the contact point
for this measurement will be
opened).

Right click any “measurement #"
tab and select Set contact point...
from the context menu.

For the active “group name" tab,
click ~ on the additional toolbar.
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|| |
Y &

36,807 237

25.60— 211

m

14.40— 185

313 1.58—

5,10 132

T T T T T T T T
36.30 4340 60,50 7250 3460 -

QQQ( 1 »

Time=100.00 s Fn=100.00 N Pd=100.00 pm

Fig.63 Set the contact point window (default settings)

5.1.1.1 Contact point features

For the active (selected) measurement

The zoom tools and cursor information are available;
refer to the similar explanations as described in the
Common Scratch & Indentation software
manual - chapters Understanding documents -
Features on graph area(s) - Zoom and - Cursor
information.

To display/hide the following indentation curve(s) in/from the graph:

Pd depth h vs. time
and/or
Y force F vs. time

Q By default they are both displayed , which is advised.

~ To use the contact point automatically detected by the software.

Q By default after the measurement process, the contact point for each
available measurement is automatically detected (-~ grayed out).

See chap. 5.1.1.2 Verifying/refining the contact point, p. 135.
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Selecting another measurement

To verify or refine (change) the contact point of the other available indentation
measurements (if available), directly from this window:

! g 3 - Click on the “measurement #" tab

« <« 27 » » ‘l - Use the tab selector

- Press the following:
e “Ctrl" + “left arrow” (same as )
e “Ctrl” + “right arrow” (same as »)

Refer to the similar explanations described in the Common Scratch &
Indentation software manual - chap. Manipulating document windows -
Using tabs - Selecting a measurement.
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5.1.1.2 Verifying/refining the contact point

The contact point is automatically detected (- as shown in the window below) with
a “slope” rupture of the h (indentation depth Pd) and F (indentation force Fn)
curves (depends on the material, speed, indenter).

The contact point is defined where the vertical X red graph cursor is located.

~|[~ ~
Y &

7437 1897 Automatique contact point

5.88 7 165

4,28 161

Set contact point
2,67 1,57

1.07 — 1.54—

mh Hm
054_|  150_|
T

T T T T - T T T T 1
4570 s 47.50 49.20 E‘LI 50.90 52.60 54.40| -
aaaq: o ;

Time=49.90 = Fn=0.00 mM Pd=1.62 um

| BE 0eow o

Fig.64 Automatic contact point will be manually refined

The best contact point is the first break point in the approach slope of the h depth
curve, and is the first point with a no zero force of the F force curve. Therefore it is
necessary to zoom to this zone; see the previous Contact point features, p. 133.

Q For high load measurement, it is difficult to see the change in the F curve,

Best contact point Automatique contact point

.. .

o ’

Large zoom (e.g. 90x) on F curve

therefore it is better using the h curve to refine the contact point.

To manually refine (change) the current contact point, see the following
descriptions.
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Automatique

The new and precise
contact point

y

Refined

H70IB101EN-A Indentation V7 Software Manual

, N
/ \
' \ -
F::::::::::;;:::a::vga :EI ———
- \ i
\ /
N L

To manually set the contact point

Place the vertical black cursor
(X scale) on the graph where:

h curve starts to peak
F curve starts to rise,
and at this specific location:

- Double click
OR
- Right click and select Set contact
point from the context menu.

becomes (again) active in the window
Fig.64, p. 135:

If necessary, click ~ to
automatically re-define the contact
point.

When the contact point changes
(different location), the related Main
and Additional results are
recalculated in the analysis result

area.
OB 1

Method -
Oliver & Pharr

Main results
HIT=9.5282 GPa
EIT= 74.046 GPa
E*=75.991 GPa

Hypothesis
Poizzon's ratio(nu)= 0.16

Additional results
HVIT= 88242 Vickers
CIT0.04/30/10=1.22 %
nlT= 6578 %
Frmax= 4003 mN
hmax= 0.57 um
S=1704327 mN/pm
hc=0.3% pm
hr=0.33 pm
hp=0.27 pm
m=1.2616
Epsilon=0.78
R2=1.000
Ap=4.20 pm*
Welast= 0.01 pl
Whplast= 0.00 pJ
Wtotal= 001 pl -

Automatic

m

Method
Oliver & Pharr

Main results
HIT= 9.3436 GPa
EIT=73.27 GPa
E*= 75.195 GPa

Hvnnthesis

Refined
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INDENTATION CURVE DISPLAY

A To display (by default) the force F vs. depth h combined curve.

r—=
(4}~ [4] % = # -
U 15.00—
F 4
12.00—
9,00 —
65.00—
3.00—
; mk
U_I T T T T T T
0 pum 0.06 012 018 0.24 h 0.30
To display/hide the following curve(s):
~ Force F vs. time
and/or
1 Depth h vs. time
=N —= == ‘I
AV~ 4 KAk -
L 1500 ] - —' 030
F - - h
12.00— —0.24
9.00— —0.18
6.00— —0.12
3.00— —0.06
; mil pm
0_l T T T T T |_G
0 s 15.00 30.00 45.00 60.00Time 75.00
and/or ...
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~

Ucl User channel 1
and/or

o~

Uc2 User channel 2,

if activated
and set prior to the
measurement(s).

~| o~ | . Smoothing: -
!!-’|/f| Pdu:2|'|"}'|:n -

150.00

120.00 —

90.00—

80,00 —

30,00 —

l")LII'P’lWr',‘

{(—0.97

mba
097

T T
0 s 15.00

T T T 1
30.00 45,00 60.00 75.00

v To also display/hide the previous described curves on/from the graph.

A, Smooth
W
L

K

v Pd/Fn- Combined

Fn - Mormal Ferce

Pd - Penetration depth
Ucl - User channel 1
Uc2 - User channel 2

the curves.

The context menu allows a quick selection (overview) of

++ To adjust the graph scale(s) for the displayed indentation curve(s).

Indentation

Scales

Adjust all curves

Static curves

. ¥ Mi
UUUQ mi
5]

[¥] Max Fn
15.00% mN

Auto adjust

M 7 Minpd
()
000E um

Max Pd
(7]
030 um

Auto adjust

(] Min time
0005

Max time
TE00E

Auto adjust

. Min User Channel 1
=]
0.00 5

Max User Channel 1
Gl
000 &

Auto adjust

[ ] Min User Channel 2
[
0.00 &

Max User Channel 2
Gl
000 5

Auto adjust

" oK
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] | ¥ Cancel |

Also select
Edit/Document »/
Adjust curves scales
from the menu bar to
open this window.

For the detailed
description of this
window, refer to the
Common Scratch &
Indentation software
manual -

chap. Manipulating
document windows -
Adapting curve ranges.
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5.1.3 FILTERING THE INDENTATION CURVE(S)

This feature is applicable with any indentation displayed curve(s) or
*/ * on the graph; see chap. 5.1.2, p. 137. "if activated

r—~ e ——— N

1 -
)~ 1) = = KA IPA b
—— [ L i i i !

060 —

m

0.45—

E.g. there is noise on the
displayed combined curve.

030—

& 0.15—

m| »

mi

I T T T T T T T 1
0 um 0.02 0.03 0.05 0L

“* To activate the Smoothing (filter) slider on the additional toolbar.

L

Al S thing: 37 pt:
B *@x % o w7 [@er ]

- 075 |

0.60—

With the mouse cursor,

Smocthing: 25 pts
- 4_[-% —

move the slider to select a
filter size (sliding average)
which is applied on the
displayed curve(s).

m

045

0.30—

= 015

mif »

mh

T T T T T
0 pum 0.02 0.03 0.05 0
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5.1.4 EXPORTING ALL INDENTATION CURVES

.m | - :..

(A~ [ % %

= To export all indentation curves.

AEAE:

This window allows:

E export curves

[ bpotoampe -]

Organize « MNew folder

- Favorites

Mo items match your search.

- Libraries
1M Computer

‘Ih Metwork

Size Date modified

<

- Choosing a location
where to save the
export text file.

- Modification of the
default File name:
corresponding to the
measurement file
name with current
measurement #.

- Changing of the default
1000 points® .TXT file
format.

File name: | [ZE0HES

Save as type: [TAB separated text file *.bd

Save as type: [1000 points - Tab separated (*.TXT) g_

1000 points - Tab separated (*.TXT)

“ Hide Folders

Raw points - Tab separated (*.TXT) k

e Folders

Then click [ sawe |,

In the saved text file, there are from top to bottom:

,

File Edit Format View Help
Indentation|

+ Advanced

+ Advanced

Acquisition Rate : 10.0 [Hz]

Linear Loading

Max load : 80000. 00 HN

Loading rate : 160000. 00 HN/min
1mlaadima rat+ra - 1 Ennnn nn ikl S

”Ana1ysis n# 1
Mmethod : oliver & Pharr
+ Parameters
unload Fit [40%,98%]
+ Main results
HIT= 9301.9 MPa
EIT= 73531 MPa
E¥= 75463 MPa
+ Hypothesis
poisson’s ratio(nu)= 0.16
+ Additional results

HUTT= RA1 4R virkars

Measured values|

Time (s) pd (nm) Fn (pN) Fnref (pN) SegmentID
0 0 0 498.824 0

0.1834 4.5196 0.6199 500.0537 0

0.3668 5.9095 3.5309 497.1945 2

0.5502 6.0796 6.1973 503.7691 2

H70IB101EN-A Indentation V7 Software Manual

- The indentation measurement
type and its parameters.

- All current analysis number(s)
and their results.

- 1 The point values for each
curve: 1000 points
(resampling) or raw points
(measured points) selected
above when exporting.
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5.2 NHT SPRING COMPLIANCE

This chapter is only applicable for NHT.

o B YW

Method -
Cliver & Pharr

Main results
HIT= 10290 MPa
EIT= 73181 MPa
E*= 75104 MPa

Hypothesis
Poisson's ratio(nu)= 0.16

Additional results
HVIT= 95294 Vickers
CIT 0.05/30/10= 095 %
nlT=64.25 %

m

1
1
1
1
1
1
1
1
1
1
1
1
1
-
<+ =

Max load : 10000000 pM -
Leading rate : 20000000 pM/min

Unloading rate : 20000000 pM/min

Pause:100 s

+ TTH-NHT S/MN: OL-007 settings
Approach distance : 2000 nm
Approach speed : 1000 nm/min
Retract speed : 2000 nm/min
Dz sensor in fine range
Stiffness Threshold : 500 pM/pm

[ Spring Cempliance : 0.68 mm/N |

m

<+ —|=

¥ Position :6.31 mm
¥ Position :38.77 mm

Information 23

Warning: Check contact point

SLITTEIESS F I ESEIIU o U Ny i
4” Spring Cempliance : 0.072 mm,/N

—— -

The spring compliance value is taken to calculate
the Main and Additional results.

This spring compliance value is computed by the
software: it uses the Fn curve zone (approach)
just before the contact point.

If the contact point is changed chap. 5.1.1

Setting the contact point, p. 132, the value is
recomputed and the results recalculated.

Warning

A If the difference between the computed

value (described above) and the factory®
value is larger than 20 %, the message
“Warning: Check contact point” appears in
the measurement parameter area.
Therefore check the contact point

chap. 5.1.1 Setting the contact point,
p. 132.

The additional message “(Factory spring
compliance: value®)” is also displayed in
the measurement area.

1 factory value was set in the Factory spring compliance field of the NHT “Ranges”
tab Fig.4, p. 17 (hardware configuration); see from chap. 3.1.3, p. 15.
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5.3 OVERLAY PROPERTIES (INDENTATION COMBINED CURVE)

The surrounded icons on the additional toolbar below are only applicable with the
Oliver & Pharr, Tangent and Hertz analysis methods; see chap. 5.4, p. 144, and

with the indentation combined curve displayed on the graph; see chap. 5.1,
p. 131.

= ==
I ; -
9_ 9_ 4%? :l f!i : ';: ";: p— ..{_. :’-, Smoothing E

- 1
7 Method =
' Oliver & Pharr /!

~ 7’
~

2| s0.00

Main results B
HIT=9.3436 GPa
EIT=73.27 GPa

E*=75.195 GPa 40.00—

Hypothesis
Poisson's ratio(nu)= 016

Additional results
HVIT= 865.32 Vickers
CIT0.04/30/10=1.21 % _|
nlT= 6577 % 30.00
Frax= 4004 mh
hmae 0.57 m [#] Show ranges
5=170.4340 mN/pm 1
hc=033 um
hr=0.34 pm

hp=0.28 pm 1
mp: 1.251]'!-I 2000 Show tangent

Epsilon= 0.78 Show Power Fit
R2= 1.000 | E S S e ITTT A, A

Ap= 429 pm* 4
Welast= 0.01 pl
Whplast= 0.00 pJ
Wiotal=0.01 w -|| 10007 Show fit extrapolatiorl-<

Erm T 5E7 _(ZMa

m

Relevant

+ Mdvanced -

V| Show depths|
Acquisition Rate : 10.0 [Hz] | mil

Linear Loading T T T T "( T T T T
Max load : 40.00 mN 0 pm 015 030 0.45 0.

Fig.65 E.g. all overlay properties are displayed

Display

7] To display or hide on/from the graph the overlay properties which are
selected below.

To select the overlay properties which should be shown.

v Check each overlay

property box which should
be displayed (uncheck to

/ — Showtangentl) h|de).
[ Show range54)
[¥] Show Power Fitz) 1 Iinear
_{/ =1 2 power law
DShowfit;g‘olation 3) [ Show depths 3 In addltlon tangent Is
extended
4)
upper and lower bounds
OK Cancel
l ‘, “ a l for the fit and tangent;
Default setting, see Fig.62, p. 130 see Set range, p. 143
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Set range

To set the upper/lower bounds for the fit and the tangent (not for Hertz) of the
current analysis (e.g. Oliver & Pharr):

&% Y[l

Method
Oliver & Pharr

Main results
HIT= 9.3436 GPa
EIT=73.27 GPa

E*= 75.195 GPa Add new..
Recalculate...
Hypothesis
Poiszon's ratio(nu)= Delete...
Additional results Delete all...
HVIT= 865.32 Vickd p i
CIT 0.04/30/10= 1.2 TOPEMHES. - b

-TT  £C 77 o

- Click this icon on the additional toolbar.

- Right click in the analysis result area and select
Properties... from the context menu.

Set a percentage of Fmax to define

i7" Upper the upper and/or lower bounds
; %S for the unload fit (Oliver & Pharr
% of FhMax and Tangent analyses) or for the
] load fit (Hertz analysis).
Lower
Default analysis values:
|G osatoes | Oliver & Pharr 98 % and 40 %
Tangent 95 % and 70 %
(v | X conca | Hertz 98 % and 10 %

5B 4l

Method
Oliver & Pharr

Main results
HIT= 9.3436 GPa
EIT=73.27 GPa
E*=75.195 GPa

Hypothesis
Poisson's ratio(nu)= 0.16

Additional results
HVIT= 86532 Vickers
CIT0.04/30/10=1.21 %
nlT= 6577 %

Frnax= 40,04 mMN
hmax= 573.26 nm
5= 01704 mMN/nm
he=390.02 nm
hr= 33834 nm
hp= 27680 nm
m= 12617
Epsilon= 0.78
R2=1.000

Ap= 4285057.36 nm*
Welast= 0.01 pJ
Whplast= 0.00 pJ
Wiaotal= 0.01 p)
Er= 70567 GPa

Parameters
Unload Fit [40%,98%]

m

1 *[==

With new value(s) set above,

the Main and Additional results are recalculated
in the analysis result area.

Q If necessary, scroll down in the result analysis

area to display the current upper and lower
bounds values (Unload fit or Load fit for Hertz
analysis) under Parameters section.
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5.4 MANAGING THE ANALYSIS METHODS

5.4.1 ADDING (MANUALLY) ANALYSIS METHOD(S)

From the results, to manually add new analysis method(s) for each:

Active document (all measurements of its groups)

- Select Edit/Document » /Add new analysis... from the menu bar.

Active group (all its measurements)

f 3
% Indentation 7.2.6 - [Eﬁmplm

et nsumens SR Select Edit/Group »/Add new analysis... from

‘ | e the menu bar.

Group name | JSE=TNCEEEEE . .

Group Properties... - Right click on the “group name” tab and select
5B Ty e Add new analysis... from the context menu.
Method Change Poisson's ratic
Oliver & Pha Change centact point.,

Main results Adjust curve scales...
HIT= 10943 Change frame complia
EIT= 65718

E*= 72218 N Group relevant

Hypothesis Add new group...

Poisson's rati Add new analysis...l/\\x

Active measurement

f .
% Indentation 7.2.6 - [Example.mit] -

File EditInstroment_Adminstat _ golact Edit/Analysis » /Add new... from the menu

b Lt
R W BRIl bar
Groupnamez

12
© B i - Click » on the additional toolbar.
Method
Oliver & Pharr
Main resaits fadnev-e - Right click in the analysis result area and select

Add new... from the context menu.

‘ Information 2 3

See the following Create a new analysis window Fig.66, p. 145.
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Analysis method

Martens hardness

Sinus moae Analysis
Oliver & Pharr
Creep Analysis Select (double click) the desired

Adhesion analysis

Hertz analysis method, e.g. Tangent.

“ x Cancel

Fi66 Create a new analysis winow

i [@ 3|

1 Hl-—— If there is already more than one analysis, a

Method - new analysis method “#” tab (e.g. *'2")
Tangent il -
appears and calculates the Main results and
Mail lts H I i
T 19811 MPa - Addltlpnal results for this new (current)
EIT- 82.819 GPa analysis method;
Hypothesis

Poisson's ratio{nu)= 0.16

see each detailed analysis method results
from chap. 5.5, p. 149 to chap. 5.9, p. 158.

< ==

Additional results
HVIT= 11864 Vickers
CIT0.04/30/10=1.21 %

nlT= 6577 %
Ernas— AN N4 bl
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5.4.2 AUTOMATIC ANALYSIS METHOD(S)

It is possible to automatically add several analysis methods at the end of the
measurement process for each measurement.

The following setting should be done before starting the measurement(s).

P—
% Indentation 7.2

Edit Instru

. MNew...

@ Open.
Reopen
Clos - -

M:r:eﬁles Select File/Options... from the menu bar.

M save

Save As...

Export as old

Options...%

A
ey .

Preferences ompany header | Document models | Export formats

Working units Analysis automnatically calculated

Force

Martens hardness

| millinewton (mN) ZlTangent |

. Sinus mode Analysis
Penetration depth 7] Oliver & Pharr

[nanometer (nrm) Creep Analysis In the AnalySiS

Adhesion analysis :

Hertz automatically
calculated area,

check each desired

Indentation work

[picojoule (ph)

Displacement analysis method box
[ millmeter (mm) which should be
Modulus automatically
[gigapascal = []150 14577 Nomenclature calculated after each
measurement.
Hardness
[megapascal (MPa)
l C_w Reset to defaults ]
[ ¢ oK ” x Cancel ]
| Fig.67 Preferences tab in Options window |
1&
|| B 4l
1 n E.g. “1" tab Oliver & Pharr and active “2" tab
Method Tangent analysis methods are automatically
Tangent created in the analysis result area after the

Main results measurement(S);
HIT=12.811 GPa

EIT= 82.819 GPa

_ see each detailed analysis method results/curves
X I from chap. 5.5, p. 149 to chap. 5.9, p. 158.
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5.4.3 DELETING ANALYSIS METHOD(S)
Delete all methods

To delete all the analysis methods for each:

Active document (all measurements of its groups)

- Select Edit/Document » /Delete all analyses... from the menu bar.

Active group (all its measurements)

f a
E Indentation 7.2.6 - [Examplem

File Edit Instrument Administratiol - Select Edit/Group »/Delete all analyses...
h & =D from the menu bar.
Commasmad - Right click on the “group name"” tab and select

Group Properties...
Delete all analyses... from the context menu.

o o Change indenter...

Change Poisson's ratio.
1 n Change contact point...
Method Adjust curve scales...
Tangent
Change frame complial
M;E:?;;E} Group relevant
EIT= 76308
Add new group...
Hypothesis Add new analysis...
! Indenter ng

Poisson’s rati Generate a surface map

Additional resi Frame compliance curv

HYIT=1429.3

nlT=68.62 % Cut

Frnax= 39582

hmax= 592.5] Copy

5= 146.0070 Paste
hr=323.14 n

Ap= 2564747 Delete...

Welast= 5629

Wplast= 2573 Print preview...

Wtotal= 8203 .

Print...
Parameters
Unload Fit [71 Export measurements
Export analyses...
Relevant Export SI0...

+ Sinus Apply current filter
Constant str Apply curve settings
Mazx load : 4 PRy <
Min load : 1. Delete all analyses...
loading rate.. v [\:‘

Active measurement

- Select Edit/Indentation »/Delete all
analyses... from the menu bar.

LUdU I a1y

FrnRef in fine rg Delete all analyses...
, Apply curve settings - Right click on the “group name” tab and select
ffermaten - Delete all analyses... from the context menu.
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Active analysis method

i - Right click on the “analysis method #" tab or
Method s on the analysis result area and select Delete
Tangent NEW. ..

all... from the context menu.

. Recalculate...
Main results

HIT= 15503 MPa Del
EIT= 76492 MPa iR

Delete all...
Hypothesis I:}

[ DO .

A Warning window appears, Click to confirm the selected deletions or
click to keep them.

Delete the active method

To delete the active analysis method:

r} Indentation 7.2.6 - [Example.mit] I
S ———— - Select Edit/Analysis » /Delete... from the
EaM =R B menu bar.
Group name 2
A -ARL - Click |® on the additional toolbar.
1 - Right click on the “analysis method #" tab or
Method | e on the analysis result area and select Delete...
i S from the context menu.
Main results

HIT= 15503 MPa
EIT= 76492 MPa Delete.. Iy

~ o

A Warning window appears. Click to confirm the active method deletion

or click to keep them.
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5.5 ADHESION ANALYSIS METHOD & RESULTS

See also chap.4.6.5.10 Retract speed & time parameters for Adhesion
p- 120 (measurement preference parameters).

-
58 '} After a measurement(s), to manually cre_ate an
Iy adhesion analysis, see chap. 5.4.1 Adding

! (manually) analysis method(s), p- 144 and
Method ] g iy

,:Ehesinn analysis double click ‘I‘ Ionanalysns [
Main r_esults
Adnesion Force : .03 mi Otherwise before a measurement(s), see

Fig.68 Adhesion Force of current chap. 5.4.2 Automatic analysis method(s),
measurement is displayed p. 146, this |[VEESEEEES box was checked.

————

——-

N \

1 ~|1 1 v
~ A= [FE), BRI -
G

- N

[~ 200,00

0.45— —0

0.30—

—-200.00

015

—-400.00

01— —-G00.00

F<O

il ]
RIREA | -B00.00
[ T T T T T T T T T 1
160,00 = 16200 174.00 186.00 19800 210.00

Click #+ on the additional toolbar and adjust the Min Fn scale (Fn<0); refer to the
Common Scratch & Indentation software manual - chap. Manipulating
document windows - Adapting curve ranges.
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5.6 ANALYSIS CURVE(S)

For each active measurement

. 1
o~ Il | bt ([ o ~ e !
®4 @ PRy v 2B

_________________________________

This icon is active on the additional toolbar only with:

e Martens hardness analysis method

e Sinus mode Analysis method (only with a Sinus measurement)

e Oliver & Pharr analysis method only with a Progressive multicycle or a CMC

measurement type.

~ To show/hide:

- The displayed analysis curve(s).

- The analysis curve features: depth or cycle mode, scale adjustment(s),

export.

See the following chapters for descriptions of the related icons.

—_——-——
1

1|~ b | e o~ ~

~ = SoaaEne rk *

e N —

T T T T 1
339.14 452.18 565.23

I T T T
0 nm 113.05 226.09

I
I
|
=
I
0 -]Q @ @ 4[]« |
Cycle #=133 Fn=5747.283 [uN] I h=212.164 [nm] phi=0.555 |
+ M err-7254671 (Mra] N Wl £=67830.61 [MPa] W £'=656
- a
~ Rt SRR A =
SED4 I
4E04 |
3E04 [
2E04 I
1E04
HMN I
0 v

I T T T T T T T T T 1
0 nm 150.00 300.00 450.00 600.00 750.00

ke da a e :
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Analysis and
indentation curves
chap. 5.1, p. 131
can be displayed on
the same time. In
that case, each
analysis curve is
displayed on the
upper graph and
each indentation
curve is displayed in
the lower graph. The
height size of the
graphs can be
adjusted by moving
up/down the cursor
between the 2 graph
areas
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5.6.1 ANALYSIS CURVE DISPLAY

TN

I o~

(A1) Er PRy v o 7+
o )

S043E05

0435E05— \k
18259,00

S08R1Bg
o
- I T T T T T T T T T 1
0 nm 113.05 226,09 33914 452158 565.23
Q@ a7 r
Cycle #=133 Fn=5747.383 [uM] h=212.164 [nm] phi=0.555 |
B er-7254671 vpa] B Il £-67830.61 [MPa) M =656

Fig.69 Displayed analysis curves on the graph

With Martens analysis method, only ++ is available below.

To switch between the 2 modes below (X axis scale):

foos Depth mode; curves are displayed as a function of penetration depth
°e (default)

OR
£ Cycle mode; curves are displayed as a function of the cycle numbers.

"

To display (by default)/hide the elasticity curve.

o To display (by default)/hide the hardness curve.

2!

To display/hide the storage modulus curve.
©7  To display/hide the loss modulus curve.

~ To display the tangent curve.

. To display the stiffness curve.

#+ To adjust the graph scale(s) for the displayed analysis curve(s); see the
following window.
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Adjust Scales

Sinus analysis

Scales

Adjust all curves
Dynamic curves

B ¥ Min Pd [¥] Max Pd
000 & 565.23 (2] Auto adjust

[ [ Min Hit [V Max Hit . L
e S S For the detailed description

of this window, refer to the
I ¥ Min Stiffne; MaxStiffnemss — Common Scratch &
e e == Indentation software
B [7] Min EIT [¥] Max EIT manual -
00 1031383 — chap. Manipulating
B @IMinE B MaxE document windows -
00055 11563866 5] Sl Adapting curve ranges.

B @IMinE" [¥] Max E"
000 MPa 1318898 (3] MPa Auto adjust

. [¥] Min tan<delta> [¥] Max tan<delta>
[ ] -
0.00 = 0.12@ Auto adjust

5.6.2 EXPORTING ALL ANALYSIS CURVES

——— - ey
F| ket |[[F7) [FF] o~ o~ At b

1 1

(=)[4)

‘———

E.‘:, To export all analysis curves, even if they are hidden from the graph; refer to
the similar explanations as described in chap. 5.1.4 Exporting all
indentation curves, p. 140, exceptions:

- Type a File name:

- There is only one .TXT file format available seaste= | TAB separated tat file "t ~ | (raw).

- The saved text file contains only the points for each curve (raw: measured
points).

File Edit Format View Help

kycle # max depth Max load stiffness EIT EIT storage EIT loss hit tan(delta)

0 8.009e-009 B.952E-006 3057 8.99e010 8.277e010 1.031e010 1.079e010 0.1245
1 8.285-009 9.537e-006 3382 9.403e010 8.626£010 7.81E009 1.02e010 0.09054
2 8.394E-009 1.001e-005 3336 9. 308010 8.546£010 9. 355009 1.08e010 0.1095
3 8.433e-009 1.024e-005 3508 9. 661010 8.842010 6. 36E009 1.07e010 0.07193
4 8.457-009 1.025e-005 3302 9.231e010 8.481E010 1.408E009 1.112e010 0.01661
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5.7 DYNAMIC ANALYSES

See also chap. 5.6 Analysis curve(s), p. 150.

5.7.1 SINUS MODE ANALYSIS METHOD & CURVE RESULTS

1

o~
J After a sinus measurement(s), to manually create a
dynamic sinus analysis, see chap. 5.4.1 Adding
(manually) analysis method(s), p. 144 and

Method
Sinus mode &nalysis

Main results

IﬂIIHCIIL

See analysis curves double click M unalysis h‘
Hypothesis

Damping coef=44.700 [n.s/mm] .

mo_bile;nf?sxl-gz?gglfl[ - Otherwise, before a measurement(s), see

spnng stNTNESE=4. n/mm - -

pina chap. 5.4.2 Automatic analysis method(s),
Paramet ; i 7

3 periods per point p. 146, this box |V was checked.

5.00 periods between each point

= ; .
B = T ¥
|'m§ pd | # E H E. E' mns S “i" =
- - 1830 pA8ET 60

The Main results are
the curves themselves.

97,10 —1i7734.00 —

697280 —30800,00 —

2 en —boosw An

ol &[4

Method
Sinus mode Analysis

Add new... i H H
Main resuts A To filter and/or to display more points fﬁr the
See analysis curves " displayed sinus analysis curve(s), click ;TT on the
Hypothesis 10 (] Edtdynamic 2 additional toolbar or right click on the analysis
mobile masec1974 [a] | Delete.. result area and select Properties...
spring stiffness=2.391 [n/mm] Delete all...
Parameters Properties...
5 periods per point —b—

5.00 periods between each point

Si"usa”a'ﬁ"spmpei- To set the following nhumber of
periods, A with odd numbers:

Caution: period for |% MNumber of periods per point
correct calculations
number must be odd

and/or

|% Mumber of periods between each point

Mumber of periods per point

Mumber of periods between each point

See the following parameter
effects on the analysis displayed
v o ] X cmes curves(s) only.
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Number of periods per point: humber of sinus periods used to compute each
point of the displayed analysis curve(s).

Number of periods between each point: spacing (in period) between the
computed points (2 consecutive) of the displayed analysis curve(s).

bt ~ o~ L With both default values = 5

162100 }4667.00 | .
- - 5% Mumber of pericds per point
223710 —57734.00 5.00 % Mumber of periods bebween each point
6972.50 —0800.00 and with the curve points [#]
1 1 displayed for a better
4648.60 —i3867.00 understanding; see the
. . Common Scratch &
232430 —6933.00 Indentation software manual
MPa 7 MPa 7 - chap. Understanding
o_| ot . | : | . | : | documents - Features on
0 nm_ _ 173.61 347.73 520.54 s0s graph areas - Show curve
Q Q Q: y acquisition points.
1307.00 [14264.00 |

If the Number of periods per
point value is increased,

e.g. 11, each displayed curve
is filtered.

2045,80 —p7411.00 —

§784.40—0558.00— §

T 11]% Number of periods per point

4 —13706.00 — . .
o e 5002 Number of periods between each point
[E3]
2261.50 —16853.00 —
MPa MPa
0_| 0_|
[ T T T I T I T 1
0 nm 164,91 329.82 49473 659
2 14349.00 |

If the Number of periods
between each point value
is decreased, e.g. 1, there
are more points displayed for

[ N each displayed curve.

4314.20 —33940.00 7 5 % Mumber of periods per point

l 1.Dd% Mumber of periods between each point
2407.10 —16970.00 —

I IF_:1 T MPa
0_| -:]_I , : I T T T T T
0 nm 175.44 350.89 526.33 701

Main re-suhr:
See analysis curves @ The Hypothesis values are coming from the UNHT &
e oef2228.900 [ns/mm NHT Dynamic calibration (Sinus), p. 20.
mo_bile mass:ll.Sg? [al
spring stiffness=1498 [n/mm] The current Parameters set above (Number of periods)
Parameters are also displayed in the analysis result area.

11 periods per point
1.00 periods between each point
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5.7.2 OLIVER & PHARR ANALYSIS CURVE(S) FOR CMC MEASUREMENT TYPE

5B L[l

¥ ier i After a CMC measurement(s), to manually create

a Oliver & Pharr analysis, see chap. 5.4.1
Adding (manually) analysis method(s),

Oliver & Pharr [

Cycle #1

Main results

HIT-94479 MFa p. 144 and double click || FEEEEE
E*= 2544.5 MPa
Hypothesis i
hc out of calibrated range [140 nm, 1310 nm] OthGrWlse, before a me.asuremer.]t(S), S€e
m out of O&P hypothesis chap. 5.4.2 Automatic analysis method(s),

Poisson's ratio(nu)= 0.30

p. 146, this box |?EEEENIM was checked.

Additional results
HVIT= 89175 Vickers
CIT0.01/20/10= 1609 %

wmIT— 15 A0 2

In addition to the indentation curves, the analysis curves are available for such type
of measurement (CMC).

——— P e e e e e e ] ~

1 1 1 1
o~
1 1 1| = [ o | | d | 1
lll # s B
7 -

N-- sN—mpeTman--f-—-—-——-—T--=--
(| p J
[ 553 187340
56,65 — 140500 —
310 nm) 37.77— 936.68
15,88 — 468.34 —
MPa | MPa |
0
- T T T T T T T T T T 1
0 nm 7305.60 14611.00 21917.00 2922200 365258.00
Q @ @ «[7- :
Cycle #=30 Frnax=597806.014 [uN] hmax=36454.861 [nm] [l HIT=2064 [MPa] B 5=z
~ "
il ~ Fn  Pd v "I" R g
7.5E05 |
6EQS —
4.5E05 —
3E05 —
1.5E05 —
KM T
i
T
0 nm JBEDH
Q@ a - '

- | Time=1162.85s Fn=263686.84 uN Pd=21889.48 nm
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5.8

CREEP ANALYSIS METHOD & RESULTS

Creep analysis method is only available for measurement(s) with spherical
indenter; otherwise it is inactive (grayed out).

Creep Analysis

Main results

G= 0.00095377 GPa
E= 0.0024798 GFPa
K= 0.0020665 GFPa

Additional results

FG= 83.853 m*(-1/2)
G0= 00007795 GPa
GInf= 0.00068127 GPa
B0= 21965E-009 m™(3,/2)
Element 1
Bl=9.9886E-010 m"(3,/2)
Taul= 2054 s

RCFl= 36086
C1=9.249E-017 GPa”™(-1)

R2= 0.930

Parameters
Elemenit(s) count = 1

——— ———

1 I i t
| ~|1 ~
Aol a &) &

L | ANp—

m

v

After a measurement(s), preferably with a
constant force and a significant pause time, to
manually create a creep analysis, see chap. 5.4.1
Adding (manually) analysis method(s),

p. 144 and double click m Creep Analysi

Creep Analysis

Adhacinn ana I

Otherwise before a measurement(s), see

chap. 5.4.2 Automatic analysis method(s),
p. 146, this box |¥E== was checked.

WA -

[ 2E03

Only display the h
depth a curve and
display the single
overlay fir for this
analysis (Kelvin-Voigt
material model

element) .

—1.6E03

—1.2E03

Use the zoom tools

Q @ @ to
better see the fit on
the pause; see the
Common Scratch &
Indentation software
manual -

chap. Understanding
documents - Features
on graph areas -
Show curve
acquisition points.

— 800,00

—400.00
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Element(s) setting

To increase/decrease the Kelvin-Voigt material model elements, click L} on the
additional toolbar or right click on the analysis result area and select Properties...

o ® | Ui ([

Method
Creep Analysis

Main results
G=0.00095377 GPa
E= 0.0024798 GPa
K= 0.0020665 GPa

Additional results
FG=83.853 m"(-1/2)
G0=0.0007795 GPa
GInf= 0.00068127 GPa
BO= 2.1965E-009 m"(3/2)
Elernent1

Bl= 9.9886E-010 m~(3/2)
Taul= 2054 s

RCF1= 3.6086
C1=9.243E-017 GPa*(-1)

f!//’ Fn

~ ~

Ucl

~
Uez W

SR

[T2E03

Current fit with 1 element count |
(zoom in)

—1.8E03

—1.EE03

R2= 0.950

Parameters
Element(s) count = 1

Add new...

Recalculate...

Delete...

—1.4E03

—1.2E03

Delete all...

Properties... .

3

nm
| 1E03

[ Donls smne 0 s

Generalized Kelvin-Voigt material model

i
i
s,
-
#
&,

[
W
W
W
W
b1
P
i
P
i

T
40.00

T T T T T 1
E0.00 20.00 100.00

To set (increase or
decrease) the

Element(s)

I& count value;
e.g. increase to 2.

[(.—' Default values =1

element as shown

l (_' Default values

" X o= above.

For each change of the element count above: the fit on the curve is adapted and in
the analysis result area, the Main and Additional results are recalculated, and the

current Element(s) count value is displayed.

Method
Creep Analysis

~

Main results
G=0.00095077 GPa
E= 0.002472 GPa
K= 0.00206 GPa

Additional results
FG=83.853 m"(-1/2)
G0=0.0010927 GPa
GInf= 0.00067912 GPa
BO= 2.2034E-009 m~(3/2)
Elernent1

Bl=0.0015337 m~(3/2)
Taul= 25492 s

RCF1= 2.493E006
C1=2,0556E-016 GPa™(-1
Element 2

B2= 5.6861E-010 m"(3/2)
Taul= 26693 s

RCF2= 2.5993

REE]

—1.0E03

—1.EED3

—1.4E03

C2=7.3094E-017 GPa"‘(-l]/
R2= 0.994

E.g. the Element(s) count has been changed from 1 to 2

—1.2E03

Parameters
Element(s) count = 2

7

nm
| TE03

I I T
(1] -Jpp—. 0 s 20.00
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5.9 HERTZ ANALYSIS METHOD & RESULTS

Q Hertz analysis method is only available for measurement(s) with spherical
indenter; otherwise it is inactive (grayed out).

B B | Ui

Main results
EHz= 4.323 MPa

Additional results
ErHz= 0.01 GPa
h offset= -44.84 nm
R2=1.00

Parameters
Load Fit [l‘l)%, 9!1%]

\
\
\
12603 3
\
\
\
900.00 —
600,00 —

300.00 —

I T I T T T T T T
0 nm 800.00 16E03 24E03 3.2E03

Fig.70 Hertz analysis

For each change of the upper/lower bound,
the load fit on the curve is adapted and in
the result analysis area, the Main and
Additional results are recalculated, and
the Load fit values are displayed.

H70IB101EN-A Indentation V7 Software Manual

After a measurement(s), to manually
create a Hertz analysis, see
chap. 5.4.1 Adding (manually)

analysis method(s), p. 144 and

AT

=

Otherwise before a measurement(s),
see chap. 5.4.2 Automatic
analysis method(s), p- 146, this
box |¥EEH was checked.

double click ‘I‘

The upper and/or lower bound
value(s) for the load fit can be
changed; see the similar overlay
properties chap. 5.3, p. 142
descriptions, exceptions:

- Here they are for the load fit.

/D

]
%3

% of FMax

- The load fit is always displayed
and only the upper/lower bound
values (range) and/or
extrapolation fit can be
displayed/hidden.

[] Show ranges

H

[] Show fit extrapolation
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Information
Hertz’'s model is used for spherical contact with plane for the following reasons:

- Some soft materials do not comply with O&P conditions (no plastic
deformation).

- Elastic (poroelastic) deformation is predominant.

- Very often spherical indenter is used.

Depth offset is included to account for soft layers ‘floating’ above the surface

E- * = =Hertz fit on loading without offset

-E-' 50 Hertz fit on loading with offset ol

w
40 Hertz's analysis
20 included in the

Indentation Software is
20

10

F :g'Er\/ﬁ'(h_hoﬁset)%

0 5 10 15
Indentation depth [pum]
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5.10 HYPOTHESIS

For each active measurement, in the analysis result area under the Hypothesis
section, several warning messages can appear and the Poisson’s ratio is displayed
and can be changed; see the following chapters for the detailed descriptions.

5.10.1 INDENTER NOT CALIBRATED

o B4l

Method
Oliver & Pharr

Main results
HIT= 0.164 MPa

EIT= 0.0053808 GPa
E*= 0.0071744 GPa

Hypothesis
! Indenter not calibrated !!! ]
Poisson's ratio(nuj= 0.50

Addi#innal racolic

~

m

If the used indenter was not calibrated before
performing the measurement (Indenter properties
window Fig.20, p. 37), the warning message

“111 Indenter not calibrated !!!"” appears.

Q With the UNHT Bio, most of the time

spherical indenters are used and do not need
to be calibrated.

If necessary, the indenter can be changed with
another one which was calibrated; see
chap. 5.11.2, p. 166.

5.10.2 m OUT OF O&P HYPOTHESIS

o B 4|

Method
Cliver & Pharr

Main results
HIT= 0.28139 GPa
EIT= 4.4716 GPa
E*= 49139 GPa

Hypothesis

m out of Q&P hypothesis

]

Poisson's ratic(nuj= 0,30 4

Additional results
HVIT= 26.06 Vickers
CIT 0.02/30/5= 406 %
nlT=3751 %

Frnax= 1968 mMN
hrmax= 1987.24 nm
5= 0.0477 mMN/nm
hec= 168764 nm
hr=157510 nm
hp= 975.06 nm

m= 24556
Ercilnn— 1172

-

m

Under Additional results, if *"m” (exponent in
the O&P fit of the indentation curve unloading
part) is > 2, the warning message

“m out of O&P hypothesis” appears.

Q This message appears most of the time with

soft material samples as they do not
necessarily comply with the Oliver & Pharr
(O&P) hypothesis; that is why other types of
analysis are more appropriate, e.g. Hertz
analysis chap. 5.9, p. 158.

“m” value can be changed (a little) by changing
the upper/lower value of the bounds; see the
overlay properties chap. 5.3, p. 142.
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5.10.3 OUT OF INDENTER TIP CALIBRATION

The indenter tip calibration process is performed between a minimum and a

maximum force resulting in a known contact depth range, hc

Fig.71 Indenter properties window (see chap. 3.4.4, p. 48)
Tip
Calibration curve Ap=flhc)

1.5E07 |

1.2E07 — Min he Max h.
T < Indenter tip >

9F05 — known calibration range

6E06 —

3E06—

nm* 7

0_

[
0

750.00
12
® B | I ([l
Method \ ~ Rt
Oliver & Pharr \ R4
\ e
Main results \ PR
HIT=9.3019 GPa \ o
EIT= 73.531 GPa ‘\ L1
E*= 75.463 GFa \ PR
. \ //
Hypothesis _ ¥ 4 Under Additional results, If “h. is out of the
hc out of calibrated range []':6 nm, 557 nm] ]
Foisson's ratio(nuj= 0016 T

indenter tip known calibration range Fig.71 above,

either smaller or bigger, the warning message
“hc out of calibrated range” appears.

Additional results
HVIT= 86146 Vickers
CIT 0.08/30/10=1.20 %
nlT= 6561 %

Frnax= 8001 mMN
hrmax= 81540 nm
5=0.2423 mN/nm
hec= 558.68 nm
hr— 485 1A nrm

m
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5.10.4 CHANGING THE POISSON’S RATIO

To change the current Poisson’s ratio for each:

Active document (all measurements of its groups)

- Select Edit/Document » /Change Poisson’s ratio... from the menu bar.

Active group (all its measurements)

-
28 Indentation 7.2.6 - [Example.mit] -

File Edit Instrument Administration V

h &

=R 4

Group Properties...

Change indenter...

Change Poisson's ratio...ll\\!'

—

Active measurement

Change Poisson's ratio...

Indentaticn relevant
Set contact point...

Cut
Copy
Paste indentation

Delete...

Export measurement...
Export analyses...
Export SI0...

Print preview...

+ Advanced
Acquisition Rate : 100 [Hz]
Linear Loading
Max load : 0.50 mM
Loading rate : 1.00 mM/min
Unloading rate : 1.00 mMN/min

Print...

Delete all analyses...

Apply curve settings

Change frame compliance...

Pause: 100
- | Time=0.26 s

Information | 1 3 4 5 [ 7|8 9 10

el ‘

Poisson's ratio

B - -] e
E] l (._' Reset to sample value

v =

H MK Concel

H70IB101EN-A Indentation V7 Software Manual

- Select Edit/Group »/Change
Poisson’s ratio... from the menu
bar

- Right click on the “group name”
tab and select Change Poisson’s
ratio... from the context menu

- Select Edit/Indentation b/
Change Poisson’s ratio... from
the menu bar

- Right click in the measurement
parameter area or on the
“measurement #" tab, and
select Change Poisson’s
ratio...from the context menu

This window allows changing of the
current Poisson’s ratio value for the
measurements(s) previously
selected.
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Poisson's ratio

|=
=

l {. Beset to sample value

o B | L [

Method
Cliver 8 Pharr

Main results
HIT= 9.3436 GPa
EIT=73.27 GPa<4— - — — — A
E*= 75.195 GPa

Hypothesis

Poisson's ratio(nu)= 0.16

Additional results

HWTT— @8R8 27 Wislare

m

To set another Poisson’s ratio value.

To reset the Poisson’ ratio with the value set during
the new document/group creation.

Group Name

Group name 1|

Infermaticns
Operator

Client

Reference

In the analysis result area, for each change of the
Poisson’s ratio value (set above), a new value for
EIT under Main results is recalculated
accordingly.
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5.11 MANAGING THE INDENTER IN THE RESULT ANALYSIS

The indenter or some of its parameters can be changed.

5B | 4[|

Method -
Oliver & Pharr

Main results Recalculated results
HIT=9.5282 GPa
EIT= 74.046 GPa . .
E*=75.991 GPa For changes of the indenter properties
Hypothesis (some parameters/fit method),
Poisson's ratio(nu)= 0.16 Chap. 5.11.1, P- 165,
Additional results A
HVIT= 88242 Vickers 3 and/or
0D oI0= 122 % for each change of the indenter
Frnax= 40.03 mMN
T e chap. 5.11.2, p. 166,
5= 1704327 mMN/pm
e 0a o the Main and Additional results in the
hn=10-226?lﬁum analysis result area are recalculated for each
Epsilon= 0.78 . concerned measurement.
R2=1.000 1
Ap=4.20 pm® v

Welast= 0,01 p)
Wplast= 0.00 pl
Wiotal= 0,01 p) -

H70IB101EN-A Indentation V7 Software Manual 164/191



5.11.1 INDENTER PROPERTIES

To change some parameters of the current indenter for each active measurement

(only):

Change Indenter
Indenter properties...
Export indenter... I:e
Change Poisson's ratio...
Change frame complian

Indentation relevant
Set contact point...

Cut
Copy
Paste indentation

Delete...

Export measurement...
Export analyses...
Export SIO...

Print preview...

Retract speed :1 pm/m
Dz sensor in fine range
Stiffness Threshold : 504
Spring Compliance : 0.3

Print...

Delete all analyses...

X Position :104.79 mm )
¥ Position :88.20 mm Apply curve settings

=T

+ Berkovich indenter
Serial number : B-A00
Material : Diamond

- Select Edit/Indentation » /Indenter
properties... from the menu bar

Right click in the measurement parameter
area or on the “measurement #" tab,
and select Indenter properties... from
the context menu

Q If necessary, scroll down in the

measurement parameter area to display
the current indenter information.

The Indenter properties window appears and
allows changing of:

e the indenter parameters, except the
indenter Type; see chap. 3.4.1, p. 37,
the indenter information are updated in
the measurement parameter area

e the indenter fit method; see
chap. 3.4.4, p. 48.

Q From here it is not possible to

calibrate the indenter (the button
“Calibrate" is hidden).

For each change of the indenter properties, see Recalculated results, p. 164.
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5.11.2

CHANGING THE INDENTER

To change the current indenter for each:

Active document (all measurements of its groups)

- Select Edit/Document » /Change indenter... from the menu bar.

Active group (all its measurements)

File
i &

e

P .

i Y
5 Indentation 7.2.6 - [Example.mit] -

Edit Instrurment Administrati

I=IQ|E

Group Properties...
Changeindenter...%

Active measurement

Retract speed : 1 pmy/m
Dz sensor in fine range
Stiffness Threshold : 500
Spring Compliance: 0.]

¥ Position :104.79 mm
¥ Position :89.20 mm

Change Indenter
Indenterpr-:-pertiv.l.%..
Export indenter...

Change Poisson's rat
Change frame comp

Indentaticn relevant
Set contact point...

Cut
Copy
Paste indentation

Delete...

Export measurement
Export analyses...
Export SIO...

Print preview...

Print...
Delete all analyses...

Apply curve settings

+ Berkovich indenter
Serial number: B-A00
Material : Diamond
Calibration date : 14.10.2016

Frame compliance: 0.10 pm/N

Information 1 3 4

m i

< ==

-

5 [ 7 8

Fig.72 Measurement parameter area
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- Select Edit/Group »/Change indenter...
from the menu bar

- Right click on the “group name"” tab and
select Change indenter... from the
context menu

- Select Edit/Indentation »/Change
indenter... from the menu bar

- Right click in the measurement parameter

area or on the “measurement #" tab,
and select Change indenter from the
context menu

Q If necessary, scroll down in the

measurement parameter area to display
the current indenter information.

166/191



Indenter used for this indentation

Indenter

This window allows changing of the
current indenter for the measurement(s)
previously selected.

l <Current one=

| v

Indenter

[<Cuuent one>

To change the current indenter, with
another available one.

<Current one>

Berkovich [B-U 08] (24/02/2017)
Berkovich [B-Q 54 Sinus] (31/01/2017) k‘

For each change of the indenter, see Recalculated results, p. 164.

The indenter information is updated in the measurement parameter area Fig./72,
p. 166.

5.11.3 EXPORTING THE INDENTER

Export indenter...
Change Poisson's rat
Change frame comp

Indentation relevant
Set contact peint...

Cut

Copy
Paste indentation

Delete...

Export measurement

Export analyses...
Retract speed : 1 pm/m E"_"”*SIO_"' For each active measurement, right click in
Dz sensor in fine range rint preview...
Stiffness Threshold : 50 orie the measurement parameter area and select

Spring Compliance : 0.7 Export indenter... from the context menu.

. Delete all analyses...
X Position :104.79 mm

¥ Position :89.20 mm

The same Export a indenter file window as
described in Import/export, p. 35 appears.

Apply curve settings

+ Berkovich indenter
Serial number: B-A00
Material : Diamond
Calibration date : 14.10.2016

m

1
m
v

-

Information 1 ! 3 4 5 [ 7 8

Frame compliance: 0.10 um/M
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5.12 CHANGING THE FRAME COMPLIANCE

To change the current frame compliance value taken to calculate the results for
each:

Active document (all measurements of its groups)

- Select Edit/Document » /Change frame compliance... from the menu bar.

Active group (all its measurements)

et 22t [Examplem
E| File Edit Instrument Administration Wine
BHE M /BQ J - Select Edit/Group »/Change frame
- compliance... from the menu bar.
Group name 1 SR L Ll
Group Properties...
R - Change indenter... - Right click on the “group name" tab
Method Change Poisson's ratio... and select Change frame
Oliver & Pha  Change contact point... compliance... from the context menu.
Main results Adjust curve scales...
g[:%osigg Change frame compliance...l::?

SO P—

Active measurement

Change frame complianceu-lﬂ\s Select Edit/Indentation v /Change

Indentation relevant frame compliance... from the menu
Set contact point... bar-
Cut
Copy
Paste indentation
Approach speed : 1 pmy/r| Delete... . . .
Retract speed : 1 pm/min Evort . - R|ght click in the measurement
Dz sensor in fine range port measurement...
Stiffess Threshold :500 | Eyport analyses... parameter area or on the
Spring Compliance: 0701 @ 4510 “measurement #" tab and select
X Position :104.79 mm Print preview... Change Frame Compliance from the
¥ Position :83.20 mm T context menu.
+ Berkovich indenter
Serial number : B-200 Delete all analyses...
Material : Diamond ) .
Calibration date: 14.10.2 Apply curve settings
= ]
Frame compliance : 0.10 pm/N ] ; x1.0 -
= | Time=0.22

Information 1 ! 3 4 5 & 7|8 9 10

Fig.73 Frame compliance current value
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Change current frame compliancl‘

- EIE wmN This window allows changing of the
current frame compliance value for the
measurement(s) previously selected.

@ Current frame compliance

gl Dz [ (.—' Reset frame compliance

v o | X oo |

Current frame compliance

& um/N To set another frame compliance value.

To reset the frame compliance with the initial®) value.

l {. Reset frame compliance

For each change of the frame compliance, the value is updated in the measurement
parameter area Fig.73, p. 168 and the Main and Additional results in the analysis
result area (below) are recalculated for each concerned measurement.

® B | Li [l

Method -
Oliver & Pharr

Main results
HIT=9.5282 GPa
EIT= 74.046 GPa
E*=75.991 GPa

Hypothesis
Poisson's ratio{nu)= 0.16

Additional results
HVIT= 88242 Vickers
CIT 0.04/30/10=1.22 %
nlT= 65.78 %
Frnax= 40.03 mN
hrmax= 057 pm
5=1704327 mMN/um
he=0.39 pm
hr=0.33 pm
hp= 027 pm
m=1.2616
Epsilon= 078
R2=1.000
Ap=4.20 pm®
Welast= 0.01 pl
Wplast= 0.00 p)
Whtotal= 0.01 pl -

m

<« =|=

Dinitial value was set in the Frame compliance field of the “Indenter Ranges” tab
for UNHT Fig.1, p. 15 or "Ranges” tab for NHT Fig.4, p. 17/MHT Fig.9, p. 24
(hardware configuration); see from chap. 3.1.3, p. 15
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5.13 GENERATING SURFACE MAPPING (IMAGE)

The surface mapping feature is used to create 3D image(s) from each (one at a
time) selected result parameter of a matrix of measurements, which were
performed at different positions on the (same) sample.

This feature generates image(s) where each pixel location represents a
measurement position and each pixel color represents a different measurement
value of the selected result parameter.

For each active group (all its measurements)

[

File Instrument  Administration  Window About

Document 4 A A
E di A P D Q The (matrix) group should

Group 4 Properties... .
contains at least 4 measurements,

Indentation 5 Adjust curves scales,..

Group relevant

Analysis y : select Edit/Group »/
T , e ‘“’facemapp'”g---t} Document/Generate a surface
mapping... from the menu bar.

Select one result parameter in the
list (standard O&P Oliver & Pharr
analysis method, other method(s) in
addition if available/added).

l Export to the gallery

l - Export to file ... l

Poissen's ratio

Q Generally the most interesting

parameters are HIT, HVIT and
EIT.

Shows the number of the measurements for the selected

parameter, Q the min. number should be 4 otherwise

an Information window will appear (If an analysis method
is manually added (afterwards), it should be done for the
other measurements of the current group, at least 4).

[ Exprt tothe gallery To export the corresponding image (parameter selection
above) in the gallery of the result analysis window.
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Surface mapping image are added to the gallery

— with other images (if previously grabbed).
Double click the image to open it in the window
below.

The Edit an image window below allows some settings on the
opened image (Title name, comments, image features...); refer to
the Common Scratch & Indentation software manual -
Manipulating document windows - Managing images gallery
- Managing picture.

Edit an image

Title Picture info

Group name1 - EIT (Q&P)| 1) [ Relevant sample name : Scratch
Comments g_rayscale image
Size : 801 x 801 pixels
size ! L9E+002 pm x 1.9E+002 pm
depth amplitude : 2.79450E+002 GPa
Date of measurement: 8/2/2017 18:25

RS EL N -

190.00
127.00
63.40
pm
0

0 um 6340 127.00 190.00

372,000

316.000

260,000

204,000

148,000

GPa
92.500

1 to know which measurement group tab and which parameter
were previously selected to generate the image, the Title name
field is automatically filled in with these information (can be
changed if necessary)

—  Exporttofile . To export the corresponding image (previous parameter
selection) in .SUR file format, for an external analysis
with another software like Image Plus; refer to the
Image Plus software manual.
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This window allows:

i Save your surface file as

‘_(:\ g) | ..+ Exported generate mapping image Ex... - | | Search Exported generate map... 0

e

Organize » Mew folder

MName Size Date modified

. Favorites
Mo items match your search.
4 Libraries

1% pC

f! MNetwork

<

File name: Examnple]

Save as type: ’Surface file(*.sur)

'~ Hide Folders

Then click [ swe |,

H70IB101EN-A Indentation V7 Software Manual

- Choosing a location
where to save the
surface file.

- Typing a File
name:
The default file
format is .SUR
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6 TROUBLESHOOTING

6.1 F.A.Q.

Refer to the *measurement head* user manual - chap. F.A.Q.

6.2 ERROR MESSAGES WHILE USING THE INSTRUMENT

Refer to the *measurement head* user manual - chap. Blocking error
messages.

6.3 UNPRINTED ITEMS

Some indentation measurements or images are not printed on the document; this
may occur when:

Measurements unprinted

,
v I (Ee .
& e en it [Example_

Printer File Instrument  Administration  Window About

E .l]l A "I" The Print extent for
the Groups and/or

the Indentation

tests specify that

<All relevant>

measurements should

MName

b
WAPCH-PE-DCIVAPC .

Select paper size :

Document

Group

Indentation

Document model

| - be printed, and some
ame -~
- groups/measurements
Complete document chvanced are not designated as
- Acquisition Rate .
Print extent Linear Loading relevant’
Mazx load : 5.00 h th
Loading rate : 1€ change e
<Al relevant> Unloading rate : grOUFg)(S)/
Indentation tests measurement(S) as
<All relevant>
Information relevant.
Print extent Otherwise select the Print extent for the desired,

Groups

Group name 1 Groups:

<ALL> or “Group name”

[<AII> AND/OR

<All= .
<Al relevant> Indentation test:
Information <ALL> or “indentation #" measurement(s).

indentation # 2 k‘

Indentation tests
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Images unprinted

Edit a document model (I The document model specifies that only the

relevant images should be printed, and some
images are not designated as relevant;

Model name

Complete document

- -

- ~

’ \
| Document compositisn | Measurement report D,
~

Indentation information to beprnted ~ -
. [T New page for each measurerent
i [7] Measurerment parameters

i Curves
A [¥|indentation

[CIpd .
= Flfn change the relevant attribute of each necessary
B T user channel 1 image

B T user channel 2

[ Filter curves

4 Indentation 7.2.6 - [Example.mit]

. [¥] Analyses File [ Edit | Instrument Administration Windov

() Title enly Document 3 | ._H |II A -
@ Complete 1/2 m M
() Main results only Ak e Group b
i [] Dynamic Curves Indentation 3

,’—: ————— SN Analysis 3

N . Images ) .

~== Pictures

Oliver &

+FPFirt cach image in full page

) Allimages

Main results

-

Selected image
squared blue

Title
NOMAME elevant

Comments

| O A | 1 | ™
v Relevant
i [¥]Images . . . )
[7] Print each image in full page Otherwise select to print “all images"” in the
@ All images document model.
() Images relevants
174/191
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6.4 INSTRUMENT SEEMS TO BEHAVE STRANGELY

Verify that the field values of the ‘Ranges’ tabs') (in Hardware configuration
window) match with the values stated on the calibrations certificates, which are
provided with the corresponding instrument. Otherwise change them accordingly.
Refer to the Common Scratch & Indentation software manual -

chap. ‘Ranges’ tab(s).

-
STeP - NHT - Hardware cenfiguraticn
My configuration | User channels | Control unit & modules | Moters | Instrument adjustm&nt | Ranges | Dynamic ranges

Hardware coefficients

It is not recommended to change these values

+ Actuators coefficients + Sensor coefficients + Frame coefficients

Current -> Load coef Current -» voltage Frame compliance

= mN/mA & wa = pm/N
Voltage -» Current (fing) Voltage -» Dz (fing)

= mAv & umV
Voltage -» Current (large) Voltage -= Dz (large) Digital Bridge

[F] [

=) mAY | umV l f Auto tune Dz bridge...
Factory spring compliance

% mm/MN Bridge limits : H: 70.00% L: 30.00%
Current spring compliance

% mm/M

Validate range values
[ « QK } l x Cancel l
Fig.74 'Ranges’ tabs (e.g. NHT)
1) UNHT haS 3 ‘Ranges' tabS | Indenter ranges | Dynamic ranges | Reference Ranges
NHT has 2 ‘Ranges’ tabs | Rangesl Dynamic ranges|

MHT has only 1 “Ranges” tab
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7 SOFTWARE FORMULAS

Graphical views of indentation parameters:

7.1 TYPICAL INDENTATION CURVE

F /

Fm'a;' - A6

80.04

£0.04

40.04

20.04

0.0 mh |

00pm 0.2 ' 04 q 0§ ' e Y h
7 1
1
h, h h

Fig.75 Indentation test

Legend

a : Application of F

b : Removal of F

c : Tangent to curve b at Fn .
F : test force
Fnax : maximum test force

: permanent indentation depth

: tangent indentation depth

: contact depth of the indenter with the sample at F.x
max . Maximum indentation depth

: contact stiffness

: geometric constant

el

=

mm:rn:r:r:r
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7.2 SCHEMATIC REPRESENTATION OF INDENTER - SAMPLE CONTACT

Surface profile Initial surface
after load removal

Indenter

7.3 PARAMETERS DETERMINATION

Fmax: Directly on curve

S (Tangent method): Tangent fit: Fit start: 95 % of Fax
Fit end: 70 % of Frax
dF

S=|—
dh

m

M, hmax, hp @and S (O&P method):

Power law fit of unloading curve:

Fit start: 98 % of Frax
Fit end: 40 % of Frax

Equation:

h—h. )"
F=F_ | —"
N —h,

Where m, hmax, hp are fitting parameters.

e In case of creep or viscoelasticity still occurring during unloading, it may
happen that the h..« value in the results cannot be seen as a data point

on the curve.

e Due to complex behavior of contact mechanics at the end of the

unloading curve (roughness, tip shape, creep, viscoelasticity...), it may
happen that the h, value in the results cannot be seen as a data point

on the curve.
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S=m-F_ -(h_,

Calculation of S:

—hp)‘l

h.: Intercept of the tangent to the load-displacement data at
the maximum load on unloading (S) with the depth axis.

hr:hmax_ max/S

hc: hc:hmax_g'(hmax_hr)
e: Depending on the diamond shape
Indenter Shape m €
Flat Punch 1.0 1.0000
Cone 20[2(r—2)/ n=0.7268
Sphere/Paraboloid | 1.5 0.7500

In our case, ¢ is estimated using the m value!

(Table of 10 values and linear extrapolation between 2 values)

Ref.: J. Woirgard and al./Surface and coatings Technology 100-101 (1998) 103-109

B: Geometric factor (diamond shape dependent)
Circular p = 1.000
Triangular B =1.034
Square B=1.012
Ay (theoretical or calibrated)
A, =f(h)
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7.4 INDENTATION HARDNESS (Hit)

7.4.1 DESIGNATION OF H;t

Hrr = 0.5/10/20/30 = 222 000 N/mm?

\— HIT

F removal curve in sec.

Time for holding Fnax in sec.

Application time of F in sec.

F in Newton

7.4.2 DETERMINATION OF Hiy

Hir is @ measure of the resistance to permanent deformation or damage.

F

max
A in Pascal
p

HIT:

A, (theoretical or calibrated)

The determination of the exact area function for the given indenter is
required for indentation depth < 0.006mm (tip defect).
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Time taken to remove F during the fitted portion of
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7.5 INDENTATION MoDuULUS (Ert)

7.5.1 DESIGNATION OF E;r

Err = 0.5/10/20/30 = 222 000 N/mm?

\— EIT

Unloading time from holding time end to last
contact point

Holding time in sec. at F.x in sec.

Loading time in sec. from contact to Fnay

F in Newton

7.5.2 DETERMINATION OF REDUCED MODULUS (ER)

The deduced modulus is calculated from the following equation:

Jr-S
E =
" 2.5 JA ()

7.5.3 DETERMINATION OF PLANE STRAIN MODULUS (E*)

E* is calculated from the following equation:

With:

E; = Elastic modulus of the indenter (diamond 1141 GPa)
vi = Poisson’s ratio of the indenter (diamond 0.07)
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7.5.4 DETERMINATION OF E;y

Er calculated from the E* using a an estimated sample Poisson’s ratio (VS):
2
_E*.(1_
E; =E*1-v,")

As a reminder, typical values of v are:

e Ceramic: 0.1 to 0.3
e Metal: 0.2to 0.4
e Polymer: 0.3 to 0.4

7.6 STANDARD MEASUREMENT OF VICKERS HARDNESS (HV)

7.6.1 DESIGNATION OF HV

HV = 0.1 Vickers

Hardness value

7.6.2 DETERMINATION OF HV

F

max

V= 981-A (h ) in Vickers (kgf/mm?)

(diagonal measurement)

HV=F[kgf]= F -sin68°=2;2F-sin68°
A, A, D -

HV z1.8544-§

%:Zﬁ-tan68°z7

Where:
h is the indentation depth under applied load (corresponding to diagonal D)
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7.7 ESTIMATION OF HVir WITH INDENTATION HARDNESS (Hrt)
H. [MPa]= FIN]_ 981 F_[kg] _ 981 HV,,[Vic kers]
A, A,-sIna  sina

With Vickers indenter:
HV,; ~H,; /10.580
With Modified Berkovich indenter (M. Berkovich):

HV,; ~ H,, /10.800

7.8 INDENTER DEFINITION & SPECS, WITH AREA FUNCTION RELATIONSHIPS

For indentation depth > 0.006mm, a first approximation to the projected area may

be used:

Vickers Berkovich M. Berkovich Cube Corner
a: 136° 141.9° 142.3° 90°
a 68° 65.03° 65.27° 35.264°
sina sina Sina
4. 3J3- 3V3- 9/2
A4/ h? cos’a cos’a cos’a /
~26.43 ~26.43 ~26.97 =4.5
A,/ h? 4.-tan® o 3J/3-tan’« 3J/3-tan’«a 3\/§/2
P ~24.504 ~23.96 ~24.494 ~2.598
A/ A 1/sina 1/sina 1/sina 1Ysina =3/+/3
P T e1.0785 ~1.1031 ~1.1010 ~1.7320

a. = total included angle
a = angle between the axis of the diamond pyramid and the 3 faces
Ay = A = A; = (developed) contact area

Reminder:

A, = projected contact area
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7.9 MARTENS HARDNESS (HM) (FORMER DESIGN: UNIVERSAL HARDNESS HU)

7.9.1 DESIGNATION OF HM
HM = 0.5/20/20 = 8700 N/mm?
|— HM

Duration time of F in sec.

Application time of F in sec.

F in Newton

7.9.2 DETERMINATION OF HM

HM is measured under applied F.

HM is determined from the values given by the F/h curve during load time,
preferably after reaching the specified F.

HM includes the plastic and elastic deformation, thus this hardness value can be
calculated for all materials. HM value is defined for both pyramidal indenters
(Vickers and Berkovich). It is not defined for the Knoop or ball indenters.

HM is defined as F divided by the surface contact area of the indenter penetrating
beyond the zero point of the contact:

M=
A(h)
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e Vickers indenter:

4. sin(a).hz = =

A (h) = HM = ~
") cos’(a) and A.(h) ~ 26.43-h?

e Perfect Berkovich indenter:

As(h):?,.\@ : tan((x).hz . HM= F __F 2
cos(a) A, (h) 26.43-h
¢ Modified Berkovich indenter:
3-4/3 - tan(a) |, = =
As(h) = -h and HM= = 2
cos(a) A.(h)  26.97-h

HM is usually followed by the test condition in the following order:
- FinN,
- the time for the application of F in sec.
- the time during Fn.x is kept constant in sec.
- after equals sign, HM value.
Examples:
e HM 0.5/20/20 = 8700 N/mm?

HM is 8700 N/mm?, determined with a F of 0.5N, applied in 20s, constant during
20s.
e HM(Berkovich) 0.5/20/20 = 8700 N/mm?

Same as above but with a Berkovich tip instead of the standard Vickers tip.
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7.10 INDENTATION CREEP (Crr)

7.10.1 DESIGNATION OF C;t
Crr = 0.5/10/50 = 2.5 %
|— Crr (relative change of indentation depth)

Time (t; - t;) for holding constant F in sec.
See Fig.76, p. 185

Application time of F in sec.

F in Newton

7.10.2 DETERMINATION OF C;t

Cr :M.loo

Where:
h: is the indentation depth at time t; of reaching F (which is kept constant)

h, is the indentation depth_at time t, of holding the constant F

H t;
Fig.76 Expression of Cir

a: Application of F
b: F constant from ¢t; to ¢,

H70IB101EN-A Indentation V7 Software Manual 185/191



7.10.3 CREEP ANALYSIS

This analysis is used to determine the viscoelastic properties from the creep curve
(pause at constant force) with a sphere only.

C T T T = A h(t)
| Pmax
0o, ]
=
g
thald
* iR
Timln.t l > t
tr thola+tr
Example for the case of 2 elements
1 2
—\\\v NN\ —
CAVAVAYS - o)
=1 =1

The material response can be described with the following creep function:
(1) J(t) =C, -C,exp(-t/t,)-C, exp(-t/1,)

Then the indentation depth follows the below equation:
(2) h*'2(t) = B, —B,exp(-t/1,)-B, exp(-t/t,)

(for 1 element the constant terms are BO and B1 whereas for 3 elements there are
BO, B1, B2 et B3)

The analysis performs a fit of the indentation depth h(t) between tgr and (thoq+tr )
using the equation (2) giving the fit parameters of By, By, By, 11 et 1

Then the results are calculated using the following equations:

(3) Fe :3/(8\/§) tip Geometry Factor, where R is sphere radius

(4) RCF = tq"-—l[exp(tR /t,) —1] Ramp Correction Factor
R

(5) RCF, = :_Z[GXp(tR /Tz)_l]

R
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(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

I:mFG
— Bl
' F,F.-RCF
— BZ
° F,F;-RCF,

G, =
’ 2(C0 _Cl_CZ)

1
» " 2C,

G' =2G,(1-V)

E=2G"(1+v)

Ko E
3(1-2v)

where F,, is the max. test force

shear modulus - where v is the tested
material Poisson’s ratio

elastic modulus

bulk modulus
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7.11 INDENTATION RELAXATION (Rit)

7.11.1 DESIGNATION OF Ry

Rir = 3/10/50 = 0.01 %

Rir (relative change of F)

Time (t; - t;) for holding constant F in sec.
See Fig.77, p. 188

Application time of F in sec.

F in Newton

7.11.2 DETERMINATION OF Ryt

R, = ﬂ.loo

1
Where:

F, is the force at reaching the indentation depth, which was kept constant, in N

F,is the force after the time during which the indentation depth was kept constant,
in N

Fy

I f;
Fig.77 Expression of Ryr

a : Application of the indentation depth
b : Indentation depth kept constant from t; to t;
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7.12 ELASTIC PART OF INDENTATION WORK

Ny = Welast .100

total
With:

Wiotal = Welast + Wplast

Plastic part Wpjast / Wrotal follows as 100 % — nrr

A

Fmax- -

Welast
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7.13 TANGENT METHOD

The Tangent Method is also called the Linear Extrapolation Method. This assumes
that the first portion of the unloading curve is linear and simply extrapolates
that linear portion to intercept the displacement axis. This method is
applicable to materials that show a high degree of stiffness and a large deformation
so that the unloading curve is, to a good approximation, linear.

A simple linear fit through the upper part of the unloading data intersects the depth
axis at h,

S is given by the slope of this line
h. is then calculated as:

hc - hrnax _5'(hmax _hr)
Where:

¢ depends on the indenter shape.

7.14 POWER LAW METHOD (OLIVER & PHARR)

The Power Law Method recognizes the fact that the first portion of the unloading
curve may not be linear, and can be described by a simple power law
relationship:

F=k-(h—h,J

Where:
k is a constant and m is an exponent which depends on indenter geometry

A power law function is used to describe the upper part of the unloading data.

h—h
I:zl:max' -
e =N,

Where:
The constants m and h, are determined by a least squares fitting procedure

S (= 1/ C)is given by the derivative at peak load:

(dFj (M =0, )"

— . . — . . - A
e [ s o B
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h: is thus given by:

h —h, —om
S
hc is then:
hc — hmax _8°(hmax _hr)
Where:

¢ now depends on m
The tangent is found by differentiating the unloading curve and evaluating at Fax

The intercept of this tangent with the displacement axis yields h,
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If problems should be encountered, refer to this manual and to the
others mentioned.

Otherwise contact us,

;\-7 Anton Paar

www.anton-paar.com
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