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1 ABOUT THIS REFERENCE GUIDE

1.1 IMPORTANT: ACQUISITION SYSTEM CONFIGURATION

REMINDER: Refer to the same section in the Common Scratch & Indentation
reference guide.

1.2 INTRODUCTION

1.2.1 ABOUT THE INDENTATION SOFTWARE

By choosing an Indentation Tester from the complete range proposed 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, statistics and advanced reporting functions.

The Indentation Software (for Windows® 7 64 bits and Windows® 10) provided by
Anton Paar enables a complete integration of various data in a single document.

1.2.2 ENCLOSED CONTENT

This document describes the Indentation Software features.

Some Indentation Software features are common with Scratch Software. If the
information is not described in this document, refer to the Common Scratch &
Indentation software reference guide.

For explanations (set up and use) of each Indentation head, refer to its
corresponding user manual or reference guide.

For information concerning the Video Software, refer to the Video software
reference guide.

1.2.3 HOW TO USE THIS DOCUMENT?

If the components and software (Indentation) are not yet installed on the
acquisition system, refer to the Common Scratch & Indentation software
reference guide in section Installation. Otherwise if they are installed, first refer
to the Common Scratch & Indentation software reference guide in section
Starting which describes how to start the software.
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1.2.4 GENERAL NOTE

In this document the images may differ from the actual product.

The software print screen images that show V7.0.x or V8.0.x version are also
applicable for V9.0.x version.

'Indentation head' means Indentation measuring head.

If not specified, the descriptions in this document concerns all following Indentation
instruments of Anton Paar:

e Step - MHT/MCT/NHT/UNHT/UNHT Bio, or UNHT HTV if <High temperature>
radio button is selected in My configuration tab (section 2.1.1.2)

e TTX-NHT/UNHT/UNHT Bio

Otherwise each concerned platform/Table Top and/or Indentation head is
mentioned.

'Step' means it is applicable for all platform generations/types. Otherwise the
concerned platform(s) is specified (e.g. Step 700, STeP 4...)

If not specified, 'measurement(s)' means indentation measurement(s):

e for single measurement
OR

e for matrix of measurements.
'toolbar' means software main toolbar.

'key(s)' means keyboard key(s).

For troubleshooting see section 5.

1.2.5 TYPOGRAPHICAL CONVENTIONS

Refer to the same section in the Commmon Scratch & Indentation software
reference guide.

1.2.6 ABBREVIATIONS & SYMBOLS

Physical quantity symbols are according to the ISO 14577 standard.

Abbreviations Designations Units
Symbols
ADO adjust depth offset
AFM Atomic Force Microscope (imaging head)
Ap projected contact area m?
Cum creep Martens hardness %
Cir indentation creep %
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COSs Conscan confocal (imaging head)
.DCF / .dcf dynamic (sinus) calibration file
E* plane strain modulus Pa
Err indentation modulus Pa
¢ (Epsilon) geometric constant
Er reduced modulus Pa
.FDOP / .fdop Saxonian (_SIO) Inst.itute of Surface Mechanics
Software file extension
F test force N
Frax maximum test force N
h indentation depth under applied test force m
hc contact depth of the indenter with the sample at Fmax m
Hir indentation hardness Pa
HM Martens hardness Pa
Nmax maximum indentation depth m
hp permanent indentation depth m
hr tangent indentation depth m
HV Vickers hardness Vickers
HVir Vickers hardness calculated from Hir Vickers
INDBCK / .indbck Indentfation Software configuration backup file
extension
INI/.ini file initialization file
m power law exponent
Micro Combi Tester (measuring head)
applicable for:
MCT MCT : first generation
MCT3 : hew generation
MCT3V : Vacuum prepared new generation
Microindentation Tester (measuring head)
applicable for,
MHT o MHT : first generation
o MHT3® : new generation
> MHT3V : Vacuum prepared new generation
MIT / .mit Indentation Software document file extension
Nanoindentation Tester (measuring head)
applicable for:
NHT NHT? : second generation
NHT3 : new generation
NHT3V : Vacuum prepared new generation
v (Nu) Poisson’s ratio
R2 (RA2) Coeffici_ent of determination for the linear fit
regression
Rt indentation relaxation %
Oo&P Oliver & Pharr
S contact stiffness N/m
H70IB103EN-C 10




Surface Testing Platform

applicable for new generation Step X00:

Step 100 : for 1 head + optional VID
Step 300 : for 1 head + VID with air system
Step 500 : up to 3 heads + VID with air system
Step 700 : up to 3 heads + VID with air system and
enclosure
Step 700 Noise-Control : up to 3 heads + VID with active
electronic system and enclosure

also applicable for 1st generation STeP:

Step _ _
STeP 4 : dedicated for 4 units
STeP 6 : dedicated for 6 units
STeP 5V :Vacuum Surface Testing Platform
dedicated for 5 units
(primary vacuum pump)
STeP 5 HV : High Vacuum Surface Testing Platform
dedicated for 5 units
(primary & secondary vacuum pumps)
it is also applicable for previous CPX/OPX Platform:
CPX Compact Platform (similar to STeP 4)
OPX Open Platform (similar to STeP 6)
TTX Table Top
also applicable for Table Top Platform first generation
Ultra Nanoindentation Tester (measuring head)
applicable for:
UNHT : 15t generation
UNHT UNHT3 : nevsJ generation
UNHT3® HTV  : High Temperature new generation
UNHT3 V : Vacuum prepared new generation
UNHT Bio Anton Pa_lar Bioindenter (measuring_ head)
also applicable for UNHT? new generation
VID optical video microscope (imaging head)
Welast elastic reverse deformation work of indentation N.m
Wiast plastic deformation work of indentation N.m
Wiotal total mechanical work of indentation N.m
Nit elastic part of indentation work %
INFORMATION:
1 N/mm? = 1 MPa
1J=1Nm

1 Vickers = 1 kgf/mm?

H70IB103EN-C
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2 MANAGING THE INSTRUMENT

2.1 HARDWARE CONFIGURATION

INFORMATION: The tabs/features which are common for the Scratch and
Indentation instruments are described in the Common Scratch & Indentation
reference guide in section Managing the instrument / Hardware
configuration / Instrument configuration (common tabs).

To reach the following window (Fig.1) and to validate/save the current settings of its
tabs, refer to the same document and section previously mentioned.

2.1.1 MY CONFIGURATION TAB

5TeP - NHT - Hardware configuration

My configuration  User channels  Cantrol unit & modules Motars  Instrument adjustrment  Verification Ranges  Dynamict 4 | *

Fig.1 Instrument - Hardware configuration window with tabs

2.1.1.1 Common (UNHT/NHT/MHT)

Tosca sample interface

This feature is inactive; it is reserved for future use.

Tosca sample interface

2.1.1.2 UNHT

Configuration This inactive box is automatically checked to activate the
Hardware generator— (standard) Sinus hardware present on the UNHT.

Select a following radio button:

Heating . .

@® No heating <No heating> To perform ambient measurements.

(O Heating stage Or

O High temperature <Heating stage> To perform measurements under elevated

temperature with optional Peltier (100 °C)
or 200 °C Heating Module; see
section 3.11.
Or
<High temperature> To perform measurements under high
temperature with STeP 5 HV - UNHT HTV.

2.1.1.3 NHT

Heating Although it is possible to perform the measurements on NHT under

[ Heating stage elevated temperature, it is not recommended, because the
thermal drift of the instrument can be too high. Therefore, it is
advised to keep this box unchecked to perform measurements at
ambient temperature.

H70IB103EN-C 12



Medule Sinus

| Hardware generator

2.1.1.4

Head

Electronic bridge

Heating

| Temperature

This box should be checked to activate the optional Sinus
hardware present on the NHT; the corresponding software
features become active.

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

MHT

In almost all cases this box should be unchecked.
(It is only checked if the head is equipped with an Electronic
bridge, which concerns only a few previous special MHT versions.)

To perform measurements under elevated temperature with
optional Peltier (100 °C) or 200 °C or 450 °C Heating Module,
check this box and see section 3.11.

Uncheck (default) to perform measurements at ambient
temperature.

2.1.2 VERIFICATION TAB

This tab allows setting parameters used for verifying the instrument and also
defining a reminder when verifying the instrument.
INFORMATION: The verification only works with instrument equipped with Sinus

mode option.

See section 2.2 for the instrument verification procedure and results.

Step - NHT - Hardware configuration

My configuration User channels  Control unit & modules Motors  Instrument adjustrnent  Verification  Ranges  Dynamici * | *

h low limit 1

I

F/5* min 200 2| am¥/mN 29
F/S"max  [1650 3| nmimN
I T I

{. Reset to defaults

nm

Fig.2 Verification tab with (advised) default parameter settings for NHT

Passive graph (on the right side):
It shows the F/S? curve which is constant with fused silica (SiO?) sample. The
green frame zone of the graph is the tolerance of this constant.

H70IB103EN-C
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h low limit, F/S? min and F/S? max fields:
To change the 3 default values corresponding to the instrument measuring head

(see the following <Reset to defaults> button), that are used to compute the
verification results (section 2.2).

IMPORTANT: Only an expert user may change these 3 default values.

Reminder box:

To remind the user to perform a new verification procedure (section 2.2) on the
instrument measuring head, check this box (default) and set its following field.
Uncheck to not remind.

Reminder field:
To set the number of days (default 90) after which the user should be reminded
(if the previous box is checked) > After the defined number of days has elapsed,
before starting a new measurement (Indentation Y icon on toolbar, section 3.6),

a Confirmation window recommends the user to perform again the verification
procedure (section 2.2).

Confirmaticn

The instrument reached the verification date, an instrument
verification is highly recommended. Do you want to continue
measurement anyway 7

<Yes> button:
To continue the current measurement(s).

<No> button:
To cancel the current measurement(s).

<Reset to default> button:

To set automatic default (advised) values for each parameter of the instrument
current measuring head.
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2.1.3 'RANGES' TAB(S)

IMPORTANT: Refer to the Common Scratch & Indentation software reference
guide and carefully read section Managing the instrument / Hardware
configuration / 'Ranges' tab(s).

2.1.3.1 UNHT 'Ranges' tabs

UNHT has the 3 following 'Ranges' tabs.

5TeP - UNHT - Hardware cenfiguration

User channels  Control unit & modules Motors  Instrument adjustment  Indenter ranges  Dynamic ranges Referenceranges \[ 4| *
Indenter Hardware coefficients
It is not recommended to change these values

Fn Sensor Dz sensor

() Calibration v1 (O Calibration v1

- -

Y
- hd -

4|k

(®) Calibration v2 (®) Calibration v2

ANO (fine) AND (large) AND (fing) AND (large)
0.5 (fine) 0.5 (large) el (fing) el (large)
el.5 Slepe (fing) .5 Slope (large) el Slope (fine) el Slope (large)

C (fing)

.
.
.
.

C Slope (fing)

.
.
.
.

C(large)

C Slope (large)

C (fing)

C slope (fing)

C (large)

C slope (large)

+ Spring + Frame coefficients

e
b Import calibration

Validate range values

Compliance Head facter Frame compliance

Fig.3 UNHT Indenter ranges tab

.
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5TeP - UNHT - Hardware cenfiguration
My configuration User channels  Control unit & medules Motors  Instrument adjustment  Indenter ranges Dynamicranges | 4 [ ¥
Dynamic

,z ---------------------------------- ~a

+ Command ¢+ Dynamic coefficients \‘
1

1
Fn coef (fine) X Mobile Mass '
1
|:| mM/Y : g Click here to start dynamic calibration
1
: Spring Stiffness procedure 1
Fn coef (large) 1 i 1
2 1 N/m " Calibrate !
mhY : Damping Coef :
! N.s/m !
1 1
. . . . 1
'\ See UNHT & NHT Dynamic calibration (Sinus), I
R p. 19 S

N e e o e e e e o o e e o o o o m— — — — -

Validate range values

Fig.4 UNHT Dynamic ranges tab

5TeP - UNHT - Hardware configuration

User channels  Control unit & modules Motors  Instrument adjustrment  Indenter ranges  Dynamic ranges  Reference ranges ‘n‘* e

Reference Hardware coefficients

It is not recommended to change these values

+ Measurements
Fn coef (fing)

miMY

Fn coef (large)

Validate range values

Fig.5 UNHT Reference Ranges tab

1) 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.

H70IB103EN-C
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2.1.3.2 NHT 'Ranges’' tabs

NHT has 2 'Ranges' tabs.

My configuration User channels  Control unit & medules Motors  Instrument adjustment  Verification  Ranges  Dynamic | 4

Hardware coefficients
It is not recommended to change these values
+ Actuators coefficients + Sensor coefficients + Frame coefficients

Current -» Load coef Current -> voltage Frame compliance

Voltage -> Current (fing) Voltage -» Dz (fing)

man P L -

b d
VA i
Veoltage -» Current (large) Voltage -> Dz (large) Digital Bridge

Bl

" Auto tune Dz bridge...
Factory spring compliance

mm;/N

.

Bridge limits : H: 70.00% L: 30.00%
Current spring compliance

See NHT Digital bridge,
¥ mm/N \p. 18 ,

-~ ——

h
5 Impert Calibration Validate range values

Fig.6 NHT Ranges tab

*

5TeP - NHT - Hardware configuration

User channels  Control unit & modules Motors  Instrument adjustment  Verification Ranges [Dynamic ranges

- ~

+ Actuators ceefficients ,’ + Dynamic coefficients \

Current -> load coef Mebile Mass

+ Sensor coefficients

:

Spring Stiffness
MN/m

Current -=» voltage Damping Coef

Voltage -» Dz (fing)

Voltage -» Dz (large)

See UNHT & NHT Dynamic
calibration (Sinus), p. 19

1
1
1
1
1
1
1
1
1
1
M. 5,."m 1
1
1
1
1
1
1
1
1
1
1

\ Calibrate /

Validate range values

Fig.7 NHT Dynamic ranges tab

1) Select (1 time max.) the right cursor to display (fully) the last tab or select the left to

display (again) the first tab

H70IB103EN-C
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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 (Fig.6), click l 4 Auto tune Dz bridge... ]

Bridge limits : H: 70,00% L: 30.00%

The Dz Bridge tuning window appears (Fig.8).

INFORMATION: l e RN ] | a special area used for factory

setting (not dedicated for the user) is available but an access code is needed to use
it.

Clickl 1 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 s SRS ] | New limits H: 51.00% L: 31.00%

1.20E-04 " |

7.20E-05—

2.40E-05—

2.40E-05—

7.20E05—

1.20E-04_|

a 20000
fie-a Q@ Q

Fig.8 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.6),

Digital Bridge

‘ i Auto tune Dz bridge... |

Bridge limits : H: 51.00% L: 31.00% the new Dz bridge limits appear.

INFORMATION: If the tuning is performed again (after previous limits : H: 51.00% L: 31,00%
the first time), the New limits should be the same or New limits H: 51.00% L: 31.00%
almost the same as the previous limits - only a few % of o
difference should be displayed. in Fig.8

UNHT & NHT Dynamic calibration (Sinus)

The Dynamic coefficients fields and <Calibrate> button are located in the Dynamic
ranges tab of the UNHT (Fig.4) and NHT (Fig.7).

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

INFORMATION:
With NHT

If is inactive, it means the optional Sinus hardware is not present
(section 2.1.1.3) and this calibration cannot be performed.

Motars | Instrument adjustment | Indenter ranges | Dynamic ranges | Reference Rang| *

+ Dynamic coefficients

Mobile Mass
[F]
= 9
Spring Stiffness
=] J
@ Nm ‘ ’ Calibrate
Damping Coef

Click here to start dynamic calibration
procedure

M.5/m

¥

Fig.9 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.
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First it is recommended that an ADO has been successfully ., performed
(section 3.4.2).

Then click l 4 Calibrate l to open the following UNHT or NHT Head Dynamic
Calibration window (Fig.10).

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 Positioning the indenter to 18,69 [%]... + Posit Freq = 56,367 [Hz]
§ St Dynamic Calibration () Mass Calibration running... + Command Position . K = 1439.464
(") Phase Calibration running : x [Hz] g ~ som Log = 9.875
o — - 9 | % | \ Mass= 11 875 [g]
A It calioration parameters (C» Removing the indenter... Damp= 0.231 [N.s/m] I
0. 00E-D4 |
12604 200E04 | Software version: 7.1.11
Calibration Date: 28.06.2016
1.08E04 161E-04—
9.6E03 1.22E-04 —
3.4E03 3.24E-05— I ri Load ]
,
7,203 432605 I H S ]
nm Mod
6E03 4.00E06_| I = Exnatl ]
T T T T T T T T T T 1 T T T T T T T T T 1
0 s 0.40 0.80 120 180 200 0 Hz 20.00 40.00 60.00 80.00 100.00 —
sTOl
o Q@@ [+ v e JJeaalr v (@ s
Results
628 | ["8.00E03
503 — [~6.40E03
377 —4.80E03
2.51— —3.20E-03
1.26 — —1.60E-03
rad 7 r m/M
0_| [ O
T T T T T T T T 1
0 Hz 2000 40,00 60,00 80.00 100,00
e aar @ ,
. Phase . Theoretic Phase . Residual Phase . Gain
[ ¢ oK " x Cancel ]

Fig.10 Head Dynamic Calibration window (e.g. NHT)

[ 4 Load l To load a dynamic calibration from a .DCF file format.

[ = Save l To save the current dynamic calibration into a .DCF file
format.

[ = Export l To export the current dynamic calibration into a .TXT file
format.

[ 5TOP l To stop the dynamic calibration when it is proceeding.

Only for NHT

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

"
[ ,’ Edit calibration parameters l

[ f Start Dynamic Calibration ] 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
.f_lé\ command. Do you want to continue anyway?

If no ADO or non-successful
ADO has been performed

a5 (section 3.4.2), it is
recommended to perform
one by clicking <Yes>
button (section 3.4.4).

INFORMATION: Having a successful ADO %, prior starting the dynamic calibration
allows defining the indenter position to perform this calibration in the same
condition as a measurement (that is to say the most correct one possible).

This step requires the presence of a sample.

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

l 1{" Pesition control... l

Click l "I" Position control... l 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.

L¢ ok J‘ HK  cancel

Then click | & ok

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

LJ Ok J‘ M cancel

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.

e P

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

Contact stiffness threshold
50000 &3 uN 150 & uN/um

Characterization force

Indenter Reference
Pre-approach Pre-approach Contact force

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

Then in the Head Dynamic Calibration window (Fig.10):

The 4 following circle statuses (on window top left side) blinks green one after the
other (from top to bottom); wait.
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@ Positioning the indenter..,

0 Mass Calibration running...

(@ phase calibration running : 11.0 [hz]

¢} Removing the indenter...

l " Start Dynamic Calibration ‘

new Freq = 57.990 [Hz]
—1 K = 1557.572

Log = 9.761
Mass=11.732 [g]
Damp= 0.228 [N.s/m]

Software version: 71.13
Calibration Date: 30.08.2016

+ Dynamic coefficients

Maobile Mass
> & 9
Spring Stiffness
> = N/m
Damping Coef
—> % M.s/m

H70IB103EN-C

(The reference approaches for UNHT and) the
indenter pre-approaches.

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

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.

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

When this button becomes again active , the
calibration is completed as follows:

The new calibration values are updated on the
top right corner of the window and all new
curves are displayed accordingly in all graph
areas.

Click (approve).

In the Dynamic ranges tab (Fig.9):

All Dynamic coefficients field values are
automatically updated with the 3 new values
(approved) of the previous dynamic calibration.

CIickl " Validate range values ‘ (validation of these
new values).
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2.1.3.3 MHT Ranges tab

MHT has only one Ranges tab.

5TeP - MHT - Hardware configuration

My configuration  User channels

Hardware coefficients
It is not recommended to cha
+ Actuators coefficients
Voltage -> Force coef (fing)

Voltage -» Force coef (large)
Voice Coil Compliance
mm/ ™
+ Frame coefficients
Frame compliance

umyM

[
5 Impert calibration

H70IB103EN-C

Contrel unit & meodules Motors  Instrument adjustment  Verification

nge these values
+ Sensor coefficients
Force -» voltage (fine)

NV

Force -» voltage (large)
NV

Dz -= Voltage (fing)

lfale

pmY
Dz -= Voltage (large)
pmY

;

Validate range values

Fig.11 MHT Ranges tab

Ranges
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2.1.4 INSTRUMENT ADJUSTMENT TAB

My configuration User channels  Cantrol unit & modules Motors  Instrument adjustment  Verification Ranges Dynamic * | *

PID control N
Approach Kp Depth Kp Load Kp
Approach Ki Depth Ki Load Ki Section
| = | | 2 || = - - s 2.1.4.1
JriD debug mode (see documentation) ﬁ Restore factory settings
_/
Cancel Drift
Thresheold TimeOut
I:l [nrmy/s] I:l [5] Section
2.1.4.2
a Restore factory settings
- - o INFORMATION: A/l Sinus parameters in PID
= = = control area are inactive with:

e NHT, if Hardware generator box is
unchecked in My configuration tab
(section 2.1.1.3)

2.1.4.1 PID control area

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 <Restore factory settings> button to
restore the 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] [~} ] [~} [~} [
= = ) = = =
Approach Ki Depth Ki Load Ki Sinus Ki Sinus Fn Ki Sinus Depth Ki
[F] [~} [~} [~} [~} [
= = = = = =
al .
[ Restore factory settings
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Lck':ld/depth

Pause

Unloading
rate

»Time
| | | , Retract

Approach ; ; speed

speed i i i i

N \ A ’ ~ ’ )\W_)

Depth control Depth or load control Depth control
Fig.12 Control loop schematic description

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

2.1.4.2 Cancel drift area (stabilization)

During the automatic ADO process (section 3.4.4.2) and during the indentation
measurement process (section 3.8), a Stabilization step O stabilization30[s] (in Status
area) is performed to wait for an acceptable thermal drift before performing an
indentation.

Cancel Drift The stabilization ends:
Threshold TimeCut
& [nm/s] & [s] When the thermal drift is under the set
; Threshold field value,
g Restore factory settings
] OR

after the elapsed set TimeOut field value.

Click <Restore factory settings> button to restore
the factory values.
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2.2

INSTRUMENT VERIFICATION

INFORMATION: The instrument verification is only possible with the Sinus mode,
available with all UNHT and optional with NHT (the Hardware generator box should
be check in section 2.1.1.3).

Select "Instrument > Instrument verification..." from menu bar.

NHT-Demo §/M: 01-01010 Verification
Verification History

- 2019-02-2817-09.mit
. 2019-03-01-13-24.mit. €——
... 2019-05-28-07-06.mit

F/s2
~ @
1.86+3 —
1.6E+3 — -
_ s e s,
. (=) ] - o [=}
s} ¥ o 2 o
@ =3 < [s] -
¢ I )
1.4E+3 —
nm*/mN |
T I T T T
nm 200 400 600 800
o vQ @ @ &S
Result
Verification Date : 01.03.2019 13:24:52 hrmin > 1.50E-007 §/<2 min £/62 max
Status : v Target 135000000 nm*/mM  1649.99997 nm*/mN
Verified 1411.67126 nm*¥/mN | 1628.44651 nm®/mN

Indenter;

Berkovich [B-Z 56] (29.02.2019)

1- Define verification location

+ Install a 5i02 sample in the sample holder

+ Target a suitable location on the sample,

using positien control

Q{’ Position control...

2 - Proceed Verification

+ The sample will be marked by the indenter

i Proceed to verification

File

5
# Open Current File in Explorer
& Op p

Close

v

Fig.13 Verification window - E.g. good NHT verification results

2.2.1

RESULTS

The parameters used to compute each verification result are defined in section 2.1.2

Verification history list

To select (highlight) one of the verification measurement (files are created after
each automatic measurement - see following <Proceed to verification> button), in
order to see its results in the following F/S? graph and in Results area.

The current/last verification is the one at the bottom of the list.

F/S? graph

There are 3 ways to display the verification results in the graph,

Raw curve = jcon:

OR

Standard deviation § icon:

OR

Boxplots & icon:

H70IB103EN-C
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Results area

Verification History F/52
. 2019-02-28-17-09.mit @—— } %
. 2018-03-01-13-24mit
... 2019-05-28-07-D6.mit 1.8E-3

10

14E+3—

nm?/mh

nm 200 400 600 800
xto. v Q @ @ « .7

Result
Verification Date : 28.02.2019 17:09:15

hmin > 1.50E-007 /52 min f/s2 max

Status : x Target 1350.00000 nm*/mMN 1649.99997 nm*/mN

Verified 145318756 nm*/mN | 1673.75867 nm*/mN

Indenter : Berkovich [B-V 74] (12.02.2019)

Fig.14 E.g. Bad NHT verification results

Verification date: The date and time when the verification measurement has been
performed are displayed and correspond to the selected measurement in the
Verification history list, except if the file is renamed (it is possible but not advised;
see following <Proceed to verification> button to access to the files).

Status: If the verification results are good (Fig.13), a green tick appears. If the
verification results are bad, a red cross appears (Fig.14).

Indenter: The defined details of the indenter which has been used for the
verification measurement are displayed.

Results table: The detailed values are summarized in this table. The bad Verified
value(s) is highlighted in red and the good one(s) in green. As soon as one value is
highlighted in red, the previous Status displays a red cross (bad result).

IMPORTANT: In case of a current bad verification results (the last measurement
selected at the bottom of the list), it means there is a problem on the instrument.
The problem should be solved in order to perform a new verification procedure until
it is good. The problem(s) could be: The Indenter is not properly mounted on the
measuring head (indenter holder), the indenter is dirty, worn out, the sample is not
properly mounted (sample holder), the measuring head has a trouble or is bad
calibrated (Ranges hardware coefficients are wrong)...

2019-02-28-17-09.mit
2019-02-29-13-24.mit ~ § é
- 2018-05-28-07-06.mit @—— 1.8E+3 —

14E+3 —

nm*/mN

nm ZéD
o Y@ @@ NS

Result
Verification Date : 28.05.2019 07:06:41

Status: «
Fig.15 E.g Current (last) verification is good
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File area

<Open files in explorer> button:
To open the software dedicated folder location where each verification
measurement file is stored.

| v = | NHT-Demo SN 01-01010
Home Share View
« v P <« Local Disk (C:) » ProgramData » Anton Paar » Indentation » instrument verification » NHT-Demo SN 07-01010
Mame Date modified Type
3+ Quick access
2019-02-28-17-09.mit  06.03.201% 17:02 Indentation Document
[ This PC =] 2019-02-29-13-24.mit  09.07.2019 15:41 Indentation Document

& Network 2019-05-28-07-06.mit  28.03.2019 08:05 Indentation Document

2.2.2 PROCEDURE

It is advised to verify the measuring head at least every 90 days (section 2.1.2
under Reminder field).

1- Define verification location
+ Install a 5i02 sample in the sample holder

+ Target a suitable location on the sample,
using positien control

"I" Position contral...

2 - Proceed Verification

+ The sample will be marked by the indenter

i Proceed to verification

Prior to using the following buttons, the provided fused silica (SiO?) sample
should be properly mounted on the instrument sample holder; refer the
corresponding Indentation head user manual or reference guide.

1- Define verification location area

<Position control...> button:
To open the Position control window! in order to target a suitable location on
the fused silica (SiO?) sample, where to start the verification measurement
(see following button).

2- Proceed verification area

<Proceed to verification > button:
To start the automatic measurement for the verification. The measurement file
is created in the software and appears in the Verification history list.

1 Refer to the Common Scratch & Indentation software reference guide in section
Managing the instrument / Position control.
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2.3 OPTIONS/PREFERENCES/ISO NOMENCLATURE

To display ISO 14577 nomenclature

Select "File > Options..." from menu bar and then Preferences tab.

F ™~

Preferences | Company header | Document models | Export formats

Working units Analysis autoratically calculated INFORMATION: .
Force e The feature below is
 micronewten () Tangent applicable with Marten
Penetration depth 7 g:'::l:rrgdopd:ﬁrnalysm hardness’ Tangent
[nanometer(nm] Creep Analysis and €.g. Oliver &

Adhesion analysis Pharr ana|ysis
Indentation work Ferz methods (section
[picojoule (ph 45)
Displacement
[millimeter (rmm)
Modulus [¥]150 14577 Nomenclature Check [¥115014577 Nomenclature
|gigepascal (GP2) to display the analysis
Hardness results in ISO 14577
[megapascaI(MPaJ format (Fig.17).

l L' Reset to defaults l

(v o J(x e |

Fig.16 Preferences tab in Options window

' Mg oharr o In the analysis result area (Fig.84) the Main
results and Additional results values are

Main results H ;
HIT(0.01/30710730)- 9945.4 MPa displayed in ISO 14577 format.
EIT(0.01/30/10/304 73.846 GFPa
E* 0 01/30/10/30 =)75.786 GPa

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

H\rpqthesis ]

Paisson's ratio(nu)= 016 see the details of the nomenclature in
Additional results = accordance with the

H 05 Vickers 3

122 % ISO 14577-1:2002 standard.

Fig.17 ISO 14577 nomenclature

See also:
e section 1.2.6 (Abbreviations & symbols)
e section 6 (Software formulas)

INFORMATION: [ 15014517 Nemenclature. UNChecked in Fig.16 is the default format.

Main results
HIT= 9945.4 MPa
EIT=73.846 GPa
E*= 75.786 GPa
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2.4 CALIBRATION

INFORMATION: The Distance and Center tabs which are common for the Scratch
and Indentation instruments are described in the Common Scratch & Indentation
software reference guide in section Managing the instrument / Calibration
(common tabs).

To reach the following window (Fig.18) and to validate/save the current settings of
its tabs, refer to the same document and section previously mentioned.

5TeP - UNHT - Calibration

Sensorranges Distance Platform Center Default Values

Fig.18 Instrument (e.g. Step - UNHT) - Calibration window with tabs

See the following sections which described the detailed parameters of each tab
concerning only the Indentation heads.

INFORMATION: Sensor ranges and Default values tabs are available only with
UNHT/Bio. Platform tab is not available for TTX-NHT.
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24.1 SENSOR RANGES TAB (UNHT/BI0)

5TeP - UNHT - Calibration
Sensorranges Distance Platform Center Default Values

Indentation range

+ Reference load range + Indenter load range + Depth range
®10mN ® 10 mN ®) 10 prm
() 50 mM ()50 mM () 50 pm

Fig.19 E.g. Step - UNHT with fine ranges

INFORMATION: For UNHT Bio there is no reference. Therefore the + Reference
load range radio buttons are inactive.

The UNHT Bio + Indenter load range and + Depth range values are different than
the UNHT.

STeP - UNHT Bio - Calibration(Same parameters for TTX)

Sensorranges Distance Platform Center Default Values

Indentaticn range

+ Indenter load range + Depth range
4 mN ® 4 mh 20 pm
20 mM O 20 mN (®) 100 pm

This tab is also available in the UNHT/Bio Hardware parameters window; for the
detailed descriptions, see respectively sections 3.7.6.3 and 3.7.6.4.

H70IB103EN-C
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2.4.2 PLATFORM TAB (NOT FOR TTX-NHT)

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

STeP - MHT - Calibration

Distance Platform  Center
Approach specification

Table 7 retraction

1.500 5| mm

[ Auto return to safe pasition

Fig.20 E.g. Step - MHT

Table Z retraction field:

NOTICE

Risk of collision and damage
To set a value at which the motorized Z table automatically returns (lowered)
to its rest position after it has been raised (e.g. when the position control is
closed after a focus adjustment, or after a measurement...)
To save time, the field value 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).

INFORMATION: 1 mm is the initial value and 0.5 mm is the min. value. The unit
of the field is defined in the options (e.g. mm).

Auto return to safe position box:
To automatically return to the safe position at the end of each measurement,
check this box > The motorized tables/sample move to the extreme right front
position. This is the same position as clicking & on the main toolbar.
Uncheck to stay where the sample was before running the measurement(s).
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2.4.3 DEFAULT VALUES TAB (UNHT/BI10)

5TeP - UNHT - Calibration (Same parameters for TTX)
Sensorranges Distance Platforrn  Center Default values
Indenter parameters Reference parameters

Default pre-approach Default pre-approach

'C' Reset to defaults
Fig.21 E.g. Step - UNHT with both default values

STeP - UNHT Bio - Calibration (Same parameters for TTX)
Sensorranges Distance Platforrn  Center Default values
Indenter parameters Reference parameters

Default pre-approach

al| o nn =
- IUU x

'C' Reset to defaults
Fig.22 Step - UNHT Bio with indenter default value

Indenter parameter area

Default pre-approach field:

To define a value for the indenter pre-approach used in the 3 presets of the
hardware parameters (section 3.7.6.11).

Reference parameter area

Default pre-approach field:
To define a value for the reference pre-approach used in the 3 presets of the
hardware parameters (section 3.7.6.11).
INFORMATION: For UNHT Bio there is no reference. Therefore the related Default
pre-approach field is inactive.

<Reset to default> button:
To set the default values in the fields >
UNHT: Indenter 10 % and reference 40 % (Fig.21)
UNHT Bio: Indenter 5 % (Fig.22)
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2.5 MANAGING THE INDENTERS

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

File _Edit
‘ ri Adjust depth o

S Starta new ind

Select "Instrument > Indenters... "

from menu bar.
#+  Position contre

Indenters... l}

PP [ bt T

Edit indenters

Edit indenters

Configuration

Indenter in use

[Berkovich [B-Q 03] (25.07.2014)

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

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

\4
v'+
z
o

I

-

+| e

X
g

Fig.23 Edit indenter windows

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

Define a new indenter

Select indenter type

Vickers

Cube Corner

Spherical SE|eCt (dOUbIe C||Ck) the
Knooe type of the indenter which is
used (section 2.5.1).

Fig.4 Define a new indenter windo

3

#  Edit To modify the selected (highlighted) indenter in the
Configured indenters list (section 2.5.1).
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Before running a measurement

IMPORTANT: If there are several Configured

indenters in the list, do not forget to select the
[BE'kﬂ“}d‘ [B-Q 0] (22.05.2014) i Indenter in use with the last calibration date if
e Loy 03] (35 05, 2014) available (the calibration date in section 2.5.3, 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 (section 2.5.2).

Indenter in use

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

Not applicable.

Import/export

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

This window allows:

GT— - Choosing a location
< Export a indenter file

where to save the

|| » Exportedindenterfieeample  ~ |4 | indenter file.
Organize » New folder == (7]
I Name Size Date modified Ty, - Modifying the default File
' b name corresponding to
& Libraries ' the selected indenter.

M pC

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

Save as type: [Indenter file V& (*.ind) }_

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

< |

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

= Hide Folders

Then click
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 section 4.12.

+ 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
reference guide in sections:

o Customizing options / Document models tab
o Printing/PDF Document Reports

«« o owwaQq =

File Edit View Window Help

Document model Groups Scratch
[complete document <> [ 2 B % Tt (& /5 @ | =) () | 745
Group name
P Group name
Indentation # 1 Indentation # 1
Indentation parameters Indentation parameters
+ Stamfia.r.d App + Standard App
A.cqulsmon .Ra‘fei 10.0 [Hz] App Acquisition Rate : 10.0 [Hz] App
Linear Loaldlng Reti Linear Loading Retr
Max load : 10.00 mN . Dzs Max load : 10.00 mN Dzs
Loadlng rate : 20.00 memm. Loa Loading rate : 20.00 mN/min Loac
Unloading rate : 20.00 mN/min Fn.R Unloading rate : 20.00 mN/min FnRe
Pause: 100's Stiff Pause:10.0s Stiffi
Date: Date :
+ UNHT $/N: 50-00705 settings Hour + UNHT 5/N: 50-00705 settings Hour :
W oK
Indenters Indenters
Type : Berkovich Type : Berkovich
Serial number : B-Q 03 Serial number : B-Q 03
Material : Diamond Material : Diamond
Curves Cupyes

H70IB103EN-C
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2.5.1 INDENTER PROPERTIES WINDOW

l+ Add lor

General information Tip

|Berkovich
Serial number

Material

Diamond

Beta
[
1.034 =

Poisson's ratio

(=)

007 5
Young's modulus

1141005 GPa

Calibration

Date

Mo valid date

Fit Method

Click here to start the indenter
calibration procedure

‘ Calibrate

Serial number

x |

Material Beta
Type to add other materiall H |

*
Diamondg

Ruby
Poisson's ratio Young's modulus
& |2 apa
Radius Angle
15 &
% = um % =]

Type Calibration curve

This indenter has not yet been calibrated. It is highly
recommended that it is calibrated before use.

QL

S e ] is clicked in the Edit indenter windows (Fig.23).

INFORMATION: If the indenter is not
calibrated, its geometry is approximated to a
perfect shape tip.

For Berkovich and Vickers indenters, the
theoretical function Ap = 24.5 hZ is used to
approximate the area function.

Edit Fit Method

l ¢ QK H x Cancel |
Fig.25 Indenter properties window with no calibration/date

This field should be filled in.

Adapt (set) the material and values of all other
fields which will be used for the measurement
analysis results.

INFORMATION: The initial Beta value
corresponds to the indenter type selected in
Define a new indenter window (Fig.24).

INFORMATION: The initial Poisson’s ratio +
Young’s modulus values correspond to the
diamond material.

If Spherical or Flat Punch indenter type is
selected in Define a new indenter window
(Fig.24) these 2 additional fields appear.

* indicated on the indenter provided certificate

[ f Calibrate ] To (re)calibrate the indenter (section 2.5.2).

H70IB103EN-C
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2.5.2 INDENTER CALIBRATION (QUASISTATIC/SINUS)

[ 4 Calibrate is clicked in the Indenter properties window (Fig.25).

The calibration procedure starts.

2.5.2.1 Measuring a matrix of indentations

INFORMATION: Use a certified Fused silica sample with UNHT and NHT, or a

certified BK7 sample with MHT.

INFORMATION: Sinus calibration is not available (

Measuring a new matrix of sinus indentation

inactive) for MHT and UNHT Bio, and NHT without the optional sinus

module/generator (section 2.1.1.3).

w

[+ |
Automatic calibration of the indenter tip / Step 1-

1. Prepare the automatic indenter tip calibration

+ Choose your procedure

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

() Measuring a new matrix of sinus indentation

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

+ The calibratien 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 procedure.

Fig.26 Choose a calibration procedure

Select @ Measuring a new matrix of indentation for @ quasistatic calibration
OR @ Measuring a new matrix of sinus indentation fOr @ Sinus calibration and click l Next |

For MHT only

If the ADO is not yet successful 5 (section 3.4.2):

Confirmation

A new depth offset in FINE Dz range is needed, to adjust it and continue
calibration press "OK"
To abort press "CAMCEL"

H70IB103EN-C

Click <OK> button to start a
new ADO.

IMPORTANT: The fine Dz
range <100 um> radio
button should be selected in
ADO parameters window
(section 3.4.7.1).
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Otherwise if the current ADO is successful & (section 3.4.2):

Confirmation

To keep the current depth offset press "NO"
To abort press "CAMCEL"

e To adjust the depth offset in Fine Dz range press "YES"

Yes Mo Cancel

X

r |
Automatic calibration of the indenter / Step-
S ——

w

I___l 2. Choose calibration parameters

If the sample has already been
moved with a min. displacement
from the current ADO indent
(similar sample topography), click
<No> button to keep this current
ADO.

OR

If the sample has not been moved
or has been moved too much from
the current ADO indent (sample
topography may vary), click <Yes>
button to start a new ADO
IMPORTANT: The fine Dz range
<100 um> radio button should be
selected in ADO parameters window
(section 3.4.7.1).

@ E* Method

) EIT Method

+ Choose the calibration mode :

Oliver and Pharr mode

+ Enter sample certificate value

Plane strain modulus (E¥)
.% GPa

+ Or enter theorical values for your sample

Poisson's ratio

Young modulus

() User protocol file

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

@) Intensive (60 indentations at 12 different loads)

|

Fig.27 Calibration parameters (e.g. quasistatic UNHT)

Plane strain modulus (E¥)
@ E* Method |& oPa

OR

H70IB103EN-C

Select @ methed and set the Plane strain
modulus (E*) field value noted on the
certificate provided with the certified
used sample. Then press <Enter> key.
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Poiszon's ratio

@ EIT Method 1=

Oliver and Pharr mode

Young modulus

() Quick (40 indentations at 8 different loads)
() Intermediate (45 indentations at 9 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 53

E.g. Sinus for UNHT

Click|  Nee M |,

Select @ T methedand set the
corresponding (theoretical) values in
both fields.

& GPa

Select a quasistatic calibration mode.

INFORMATION: The number of the
indentations and loads for the matrix of
measurements are different for each
measuring head.

The Sinus mode is selected, set Measurements 15
which is the number of indentations for the
matrix single row. INFORMATION: Advised
value is 5.

INFORMATION: Automatic Constant Strain
Rate (CSR Sinus mN), load (mN) and
frequency (Hz) values (to perform later each
calibration measurement) are different for
NHT.

Automatic calibration of the indenter / Step 3—

3. Starting indentation

+ Press "Mext" to start.

+ The indentations are ready to run,

LCancel

Click Next (2g

H70IB103EN-C
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Wait time

Calibration Time

July
Mon Tue Wed Thu
1 2 3
7 g g 10
14 15 16 17
A 2 3 M
23 2 30 A

Minute

El I

D Waiting...

Set a delayed starting

2 5 If necessary, to select another measurement date (than today)
7 s in the calendar. If necessary, click [=] to go to the next month
(and then click [<] to come back).
Hour _ Minte _ To set the hour and minutes of the selected date when the
| = | = matrix of measurements should start if the below button is
clicked.
@ Wait To wait for the date and time previously set (above), before

starting the automatic matrix of measurements:

The remaining waiting time until the measurements start is
displayed [ waiting .. 4 H27 min 25 sec

OR
Direct starting
To start the automatic matrix of measurements (even if
has been clicked).
Then:

- Only for UNHT/Bio or NHT, first the ADO in progress window appears (see
descriptions from Fig.38). For these instruments, anyway an ADO is
automatically performed before running the calibration matrix of
measurements. There is no need to set any ADO parameters, they are
automatic (transparent) and optimized for this calibration.

- Just after, Indentation running... window (same as Fig.76) appears; wait for all
automatic matrix of measurements are performed. Once the last measurement
is completed, the following window appears and allows:
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Save a calibration file

Organize = MNew folder

0 Favorites
Bl Desktop
& Downloads

| Recent Places
4 Libraries
el Computer

cj MNetwork

Mao items match your search.

File name:  Calib_Data_Berkovich_B-Q 03_24_0?_2014Lmit

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

= Hide Folders

Then click .

Then, the following window appears.

H70IB103EN-C

- Choosing a location
where to save the
calibration measurement
file.

- Modification of the

default File name
calibrated indenter with
the date when the 1t
calibration measurement
has been started.

The default file format is
MIT
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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.28 E.g. Indent #3/12 is excluded (non-relevant)

22| (next) [44] (previous) To select next or previous load batch.
[ Indentations #1/1 } For Sinus, no load to select.
inactive
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‘ v Mutti ‘ 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
‘ o Set contact point ‘ To verify and refine if necessary the contact point for
setthecont:  all indent curves of the current load batch; see
~\ [~ sections4.1.1.1 and 4.1.1.2.
b
1
#2
23 l%
#4
#5
Then,
Keep only the relevant indents
Ii}lnf'ﬁnt“ > 0D Uncheck to exclude (from the calibration results; see
(8 Tnddene =4 Validation of the results, p. 46) each non-relevant
e.g. see Fig.28 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
4 F vs. time (force curves), or
1 h vs. time (depth curves)
OR
" To display the projected area vs. contact depth:

T.5E4

Only with quasistatic, the indents

of all loads are represented with

nm* = circles on the graph. Only the

' ' T ' ' ' I ' T relevant indents are displayed in
color.
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ku sjaaq

To display graph logarithm scales (selected).

To display only the relevant indents of the current load; see
Keep only the relevant indents, p. 44:

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

To zoom the indent curves on the graph; for the descriptions,
refer to the Common Scratch & Indentation software
reference guide in section Measurement Documents in
Curve view / Document window interface / Graph area
tools / Zoom.

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

IMPORTANT: 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.

H70IB103EN-C
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Validation of the results

According to the previous Contact area determination, p. 43, the red curve fits on
the crosses displayed on the graph of the window Fig.29:

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.29 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. 43.

When the curve is suitable, click and see sections:

e 2.5.3 (Calibration date)
e 2.5.4 (Fit methods Ar(h.) of the calibration)
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2.5.2.2 Loading indentations from file

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

section 2.5.2.1, exceptions:

- There are no parts related to perform measurements.

- SeleCt @ Loading indentations from file OR (@ Loading sinus indentations from file in Flg.26 (Chose a

calibration procedure in the Step 1 window).

- The following window appears and allows:

&, Open a calibartion file E
. v Berkovich calibrations - || Search Berkovich cali

Organize » MNew folder

. Mame
[ Favorites

|&| 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 |

H70IB103EN-C

- 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.
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2.5.3 CALIBRATION DATE

is clicked after a calibration (Fig.29) or| # =t s clicked in the Edit
indenter windows (Fig.23) for an indenter already calibrated.

The Curve results of indenter contact area (Ap) vs. contact depth (hc) from Fig.29 is
reported on the graph of the window below.

indenerproperte:
General information Tip
Type Calibration curve Ap=f(hc)
|Eerk0\.rich
) ~ 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.30 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.23);

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

INFORMATION: The date format depends on the acquisition system
setting; e.g. could be with this different format 25/07/2014.
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2.5.4

is clicked after a calibration (Fig.29) or| # e

FIT METHODS A:(h.) OF THE CALIBRATION

is clicked in the Edit

indenter windows (Fig.23) for an indenter already calibrated.

The Curve results of indenter contact area (Ap) vs. contact depth from Fig.29 is
reported on the graph of the window below.

General information
Type

|E erkovich

Serial number

Material

Diamond

Beta

1034 =

Poizzon's ratio
0075

Young's modulus
114100 Gpa

Calibration

Date

IE.U?.EUM
Click here to start the indenter
calibration procedure
l i Calibrate

Tip
Calibration curve Ap=f(hc)

2E0E]

1.BE0E—

1.2E06—

T
i}

ko @

hec =123.0 nm

@«

Ap = 493568.9 nm*

Fit Method

Ap [nm®] = BSplinesinterpolation( he )

/7

»

\
Edit Fit Method l

(Vo ][ X coa |

Fig.31 Indenter properties window Ap(hc) curve

Graph scale display modes

Also applicable in the following Edit Fit Method window (Fig.32).

Ap

OR

log

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.31).

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.32.)

Part of the curve in blue (Fig.31)

Theoretical function (Ap=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.

H70IB103EN-C
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Part of the curve in green (Fig.32)

For Oliver & Pharr fit methods: sphere equation passing by the 1%t 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 15t cross (lowest depth) of the calibration.

Part of the curve in red (Fig.31 and Fig.32)

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 @ esplinelnterpolation, If necessary select another fit method
either a @ Linear Interpolation | @ Oliver & Pharr QI @ @ 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: | % .

|
1.00E-12
LODE-3 >‘Ap = f(hc ) curve,
LO0E-14 e€.g. in scale

L.00E-15
m?
1.00E-16

T T — T T T — T T T T — T
1.00E-10 1.00E-09 1.00E-08 1.00E-07

m
a9 Q@ .
hc =24 nm Ap = 2774.0 nm*
i BSpline Interpolation
@ BSpline Interpolation Fit formula : Ap [nm?] Sp € te po at 0
. . Linear Interpolation
() Linear Interpolation
©) Oliver & Pharr : B i
Oliver & Pharr
24.50000000000(% 0000000000000 % 0000000000000 % 0.000000000000 %
0000000000000 % 0000000000000 % 0000000000000 % 0.000000000000 %

[—~]
0.000000000000 25

Wy

) Polynome 2

Polynomial fit

[ 5] [5) 5]
0.000000000000 & 0.000000000000 & 0.000000000000 & 0.000000000000 &

) [—~] )
0.000000000000 Z5 0.000000000000 25 0.000000000000 25

[ o “ K Concel ]
Fig.32 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 hc?, 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

0,000 =) 0,000000000000 % 0.000000000000 % 0,000000000000 %

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.qg. he + 1357806293 = 4

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

IMPORTANT: 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).

INFORMATION: ;' 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
@ Anton Paar Tritec Software EULA
. ApplicationData |, . g

Devices and Printers

Default Programs ’,
E Indentation ke F >
Samplefile HE|F| and Supp:::rt
+ InstrumX | »  AllPrograms
. Scratch >
4 Back | . Anton Paar 9

| |_‘Ts:r:r" programs and files pel | Shut down e |

. Indentation >

| .. ApplicationData

% v PC o» OS(C) » P Data » Anton P b Indentati 3 To Open the UNHT.INI
I - rogramLua nton Faar naen on - . . .
ig file in the Windows®

File Edit View Tools Help Notepad.
Organize * Eﬂpen - Print Burn Mew folder

= - Right click on it and

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

e 1 _ ) _ context menu
- Libraries __| IndentationInstrument.cfg 8KB CFGFile

| | IndentatienSoft.cfg B2KE CFG File | UNHT.INI =

= . n

™ pC L Indentors.cfg 1KB  CFG File L indentatio  “PER %

|.&, UNHTINI . 1KB Configuration settings

lag”

€ Network - Double click on it.

g UNHT.Im-NmepadM.Ei 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):

Select "File > Exit" from menu bar or click on the right top of the main
window and start again the software by double clicking on the acquisition
system desktop.

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.33 UNHT Approach Monitor window
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File Edit Administration  Window  About

a - 3 =
. ri B Adjust depth offset... E ‘.I.. o q'
F  Start a new indentation... S
++ Position control...
‘ Indenters...
Control indenters life time..,
Configure sample holders...
1} Calibrations...
ﬁ- Hardware configuration...
INIfile Reload INI file
Edit .INIfiIe...t

M,: - Motepa i
UNHTINI - Notepad | (sl o=l i S|

File Edit Format View Help

i ri Adjust depth offset...

F  Start a new indentation...

++ Position control...
‘ Indenters...

Control indenters life time...
Configure sample holders...

Jﬁ' Calibrations...

-ﬁ- Hardware configuration...
| IMI file

X

-

-~

File Edit Administration Window About

$ 59
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Reload JINI file %

CAs TRIT £l

Thanks to the INI file activation,
p. 52:

Select "Instrument > .INI file
> Edit.INI file" from menu bar
to open the Notepad .INI file.

The UNHT Approach Monitor window
(Fig.33) 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.33) 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.

Do not forget to then select
"Instrument > .INI file >

Reload .INI file" from menu bar to
activate the last .INI file
modifications (there is no need to
restart the software).
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3 TAKING A NEW MEASUREMENT

3.1 INTRODUCTION

For detailed manipulations and instructions, refer to each corresponding Indentation
head user manual or reference guide.

3.1.1 WARNING

IMPORTANT: When installing the sample in a sample holder AND when moving the
sample/(motorized) tables from the video microscope to the measuring head and
vice versa, avoid any collision with:

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

e the video microscope optical objectives

3.1.2 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.

3.1.3 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

oukwnE

Each of these steps is described in the following sections.
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3.2 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.

3.3 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 reference guide in
section Managing the instrument / Position control.

IMPORTANT: 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 .0 .

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

‘ .1 Open video ‘

For the video microscope module with Step (not with STeP 5): To lower the
module (if not already at the lowest position) click \ﬂ .

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.

Down

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 * /* /

\ oV o
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 (48 / %) and then before
starting the measurement procedure ().
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3.4 ADIUSTING DEPTH OFFSET (ADO)

3.4.1 AIM

The ADO is a procedure carried out to correctly setup the depth sensor
measurement range (offset of the contact point inside the measurement range) for
the next indentation measurement(s) (from an indenter calibration or a
measurement type):

- Because of the unpredictable sample surface topography.

- To optimize the duration of the measurement(s).

Reasons for which the ADO should be performed:
- After restarting the software.
- If the sample surface topography may vary between the measurements.
- If the 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.

3.4.2 ADO ICON STATUS

z Indentation 9.0.6 Demo

File Edit Instrument Administration Tools Window Abo

E & A P(d)Y @
| =

An arrow over the ADO icon displayed on toolbar means no or not successful ADO
has been performed. Therefore a (new) procedure should be started (section 3.4.3).

4
ADO
Fig.34 No/Not successful ADO icon

When the last (current) ADO has been successfully performed, a green disk with a
tick appears over the ADO icon on toolbar. Anyway, for any reasons described in the
previous section 3.4.1, a new procedure should be started (section 3.4.3).

A?{}

Fig.35 Successful ADO icon

3.4.3 ADO STARTING
3.4.3.1 Manual

Before starting the ADO, use the Position control to ensure that the current location
on the sample surface is free of previous indents and clean; refer to the Common
Scratch & Indentation software reference guide in section Managing the
instrument / Position control.

To start the ADO (section 3.4.4), select "Instrument > Adjust depth offset..."
from menu bar or click ADO % / % icon on toolbar.
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3.4.3.2 Automatic

If the current ADO is not successful 4% (section 3.4.2), it can be started from a
measurement type. The following window appears to set an offset positon (from
current position) and the ADO parameters before performing the automatic process.

Insert an adjust depth offset

Insert an adjust depth offset with the following position and parameters

Edit adjust depth offset parameters and position

Defta X Characterization Force : 25 mN

-100.000 = Approach distance : 1300 nm
Approach speed : 100000 nm/min
Delta ¥ Dz sensor in fine range
-100.000 : Stiffness Threshold : 500 pMN/pm

Indentation count : 1
dimensiens in X
0.000 pm to 0.000 pm

dirnensiens in Y

3
0.000 0,000 ‘/ Edit adjust depth offset parameters
J pm to 0. Hm

X o

Fig.36 Insert an ADO offset window

Delta X and Delta Y fields:
To set the ADO relative position values from the 15t point of the matrix.
IMPORTANT: This location on the sample surface should be free of previous
indents and clean.

<Edit adjust depth offset parameters> button:
To set the ADO parameters (section 3.4.4.1).

<OK> button:
To start the ADO automatic process (section 3.4.4.2).

3.4.3.3 From indenter calibration or matrix measurement types

The ADO can also be started from:
- An indenter calibration; for details see section 2.5.2.
or
- From a matrix measurement type; for details see sections 3.7.5.8 (Simple
matrix), 3.7.5.10 (Quick matrix), or 3.7.5.12 (Multi-ADO for
Advanced matrix 3.7.5.9 or Visual advanced matrix 3.7.5.11)

3.4.4 ADO GENERIC PROCEDURE (UP TO 3 WINDOWS)

The ADO is composed by 2 or 3 windows (depends from where the ADO is started)
described as follows.
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3.4.4.1 ADO parameters 15t window

The Adjust depth offset parameters window allows setting the parameters which are
used to perform the ADO automatic process.

Adjust depth offset parameters

l___] Surface detection parameters
I Approach speed

A4

100000.G % | nm/min
Characterization force Contact stiffness threshold
25.00 % | mN 5000 % | HN/um
Presets
|Defautt v] ¢

=

Fig.37 ADO window (e.g. NHT with default presets)

Surface detection parameters area:
The fields are different depending on the current type of the measuring head;

they are described in details in sections 3.4.5.1 (UNHT/Bio), 3.4.6.1(NHT) and
3.4.7.1 (MHT).

"Presets" drop-down menu:

To select one of the following presets according to the material of the current
sample.

Presets

e gff@
Default
Ultra soft materials | ol
"Default"

For sample with hard material coating.
"Soft materials"

For sample with soft material coating.
"Ultra soft materials"

For sample with ultra-soft material coating.

<'Apply'> L_,, button:
To apply the current "Presets" drop-down menu selection - The field values
previously described are automatically set (updated) accordingly.

If the material matches with the selection, the parameters are suitable to
perform a successful ADO.

<OK> button:

To valid the current settings. And also to run the following automatic process
(section 3.4.4.2), only if the ADO has been started:

- Manually (section 3.4.3.1)
OR

- From the indenter calibration, only for MHT (section 2.5.2).
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3.4.4.2 ADO in progress 2" window

The Adjust depth offset in progress window is performing the automatic (semi-
automatic for MHT without electronic bridge) process sequences using the
parameters previously described (section 3.4.4.1) - An indentation is performed.

Adjust depth offset in progress Adjust depth offset in progress
+=totore-inf - Less Info
Status Status Command
[m] ] Indenter Command
sl
O O E£aa—|
[0 Approaching with the indenter... [ Approaching with the indenter...
Bridges
[0 Contact [0 Contact o]
[ Stabilization [ Stabilization
1.0E+4—|
[0 Sample characterization [0 Sample characterization
27
[0 Could not reach the surface [ Could not reach the surface " X q
Additional information
Dz: 15337.1 nm
Raising the indenter Raising the indenter
o 9 o 9 Fn 0.0 mN o | mu
Parameters Parameters o 07
Characterization Force : 25 mN Characterization Force : 25 mN T T T T T
Approach distance : 1500 nm Approach distance: 1500 nm 0s 5 10
Approach speed : 100000 nm/min Approach speed : 100000 nm/min =
DF Sensor i fine ronge De et i fme renge xo v Q@ @
Stiffness Threshold : 500 uN/pm Stiffness Threshold : 300 uN/um
[ Close window automatically [ Close window automatically

Fig.38 Minimized or developed Adjust depth offset in progress window

This window features are described as follows. The real-time sequences are different
depending on the current type of the measuring head; they are detailed in sections
3.4.5.2 (UNHT/Bio), 3.4.6.2 (NHT) and 3.4.7.2(MHT).

Parameters area
The parameters which have been set in Adjust depth offset parameters window
(Fig.37) are summarized.

<Cancel> button:
If necessary, to stop the process and cancel the ADO > not successful ADO %,
icon is displayed (section 3.4.2). Otherwise wait until the end of the process.

+ in More Info area (top of window):
To develop the window for more information, such as Command, Bridges,
Additional information and graph areas.
— in Less Info area to minimize the window (default).

Close window automatically box:
In order to automatically close the window after the process is completed, check
this box (default).
Uncheck this box so that the window is not closed automatically || |

. [ Close window automatically
- OK button appears to manually close the window. [ o] X oo

When the window is closed (Fig.38), the user can verify that the current ADO is
successful % (section 3.4.2). If not .8 the procedure should be performed again
until it is successful.
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3.4.4.3 Sample displacement after ADO 3™ window

INFORMATION: This section is not applicable if the ADO has been started from a
matrix measurement type or from the indenter calibration (also a matrix), because
the ADO indent is then anyway shifted (part of the matrix - Delta X/Y).

When the ADO in progress window (Fig.38) is closed, the following Sample
displacement after ADO window appears.

IMPORTANT: 7o avoid performing the next 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 ADOQ

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

X motorized table ¥ motorized table

100.00C =51l 0.000 % | pm

Fig.39 Sample displacement after ADO window

X motorized table field:
To set another min. displacement value! for the motorized X table.

Y motorized table field:
If necessary, to set a min. displacement value! for the motorized Y table.

<OK> button:
To move the motorized table(s) to the position |
values set in the fields described above; wait. a

<Cancel> button:
To cancel the displacement (no move). However it is recommended to then use
the Position control window to move the sample into another suitable location;
refer to the Common Scratch & Indentation software reference guide in
section Managing the instrument / Position control.

1 It depends on the current sample material: Approx. 20 x hm
Pay attention to the unit (e.g um in Fig.39), which is defined in the options; refer to the
Common Scratch & Indentation software reference guide in section Customizing
options / Preferences tab (units).
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3.4.5 UNHT/UNHT B10 PARAMETERS AND SEQUENCES

3.4.5.1 Detailed parameters

Adjust depth offset parameters

I:l Surface detection parameters
¥ I Approach speed Contact force
25000.0 /21| nem/min 30002 0N []Quick Mode
Characterization force Contact stiffness threshold
500.00 5| uN 150.0 5 | pN/um
Indenter Reference
Pre-approach Pre-approach Contact force
| 102 % | 202 % | 500,00 = ||.|N
Presets Section 3.4.4.1
|Default v| C

Section 3.4.4.1

X o
Fig.40 UNHT ADO window (e.g. default preset for hard sample)

Adjust depth offset parameters

I:l Surface detection parameters
¥ I Approach speed Contact force
25000.0 /21| nem/min 30002 0N []Quick Mode
Characterization force Contact stiffness threshold
200.00 5 | uN 150.0 5 | pN/um
Indenter Reference

Pre-approach

wn
Ll
.o
32
=
)
Ll
un
=1
=
=
=
Ap

Presets Section 3.4.4.1

|Defau|t v| L-

Section 3.4.4.1
X oo

Fig.41 UNHT Bio ADO window (e.g. default preset for hard sample)

INFORMATION: There is no reference with UNHT Bio (Fig.41). Thus the
corresponding Reference area fields are inactive.

The field values of the applied preset (section 3.4.4.1), if the preset corresponds to

the type of the sample which is used, are suitable to perform a successful ADO.
However each following value can be separately adjusted if necessary.

Surface detection parameters area

Approach speed field:
To set the speed at which the indenter/(UNHT) reference approach the sample
surface.
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Contact force field:
It is the same parameter as the one described in the hardware parameter
preferences (section 3.7.6.9), but here it is used during the ADO automatic
process.

Characterization force field:
To set the indenter force to be applied for indenting the sample.

Contact stiffness threshold field:
It is the same parameter as the one described in the hardware parameter
preferences (section 3.7.6.8), but here it is used during the ADO automatic
process.

Quick mode box:
Only available with matrix measurement types (section 3.6).
To speed-up the ADO automatic process (section 3.4.4.2), check this box; the
reference stays in contact with the sample and the indenter is not fully retracted
(moved up) till the end of the matrix.
Uncheck for standard ADO process.

Indenter area

Pre-approach field:
To set the indenter pre-approach before the first approach starts (the indenter
moves up out of its rest position: 100 % which corresponds to the fully extended
(lowest) position of the actuator displacement).

Reference area (for UNHT)

Pre-approach field:
Similar description as for the indenter field (described above), exception: It is
applicable for the reference.

Contact force field:
Similar description as for the indenter field (described above), exception: It is
applicable for the reference.
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3.4.5.2

Detailed sequences

Reminder: Extra UNHT Approach Monitor window (Fig.42) can be hidden or
displayed with the UNHT.INI file (section 2.6).

UNHT Approach Monitor

Indenter Command

37.09 %

FnCommand: 124245.860 pN
€ Servo On

O Large Range

Reference Command

FnRefCommand: 500,000 pM
@ Servo On

Fn
[ Bridge Adjust

[ Bridge Adjust

Dz REF
[ Bridge Adjust

[ ||| % | g |
@ FineRange @ Fine Range @ Fine Range
[ 20008588 uN | [ 3352467 nm | [ 497368 uN |

Status
[ Qui

[] Quick Indenter Approach

() HW Sinus Active
Sinus Frequency : 0.000 Hz
Sinus Amplitude : 0.000 pN

Adju

- @

ck Z Appreach [] Reference Approach

[ Slow Z Approach

7 Table: 11426.776 pm

stFnRefToload Done

Fig.42 Extra UNHT Approach Monitor window

For the description of the window common features, see section 3.4.4.2. Otherwise

wait for the end of the automatic process (described as follows).

Adjust depth offset in progress

Less Info

Status

Approaching Table Z..,

Approaching reference

Contact
Stabilization

O
O
[0 Approaching with the indenter...
O
O
O

Sample characterization

[0 Could not reach the surface

[J Raising the indenter

Parameters

Command
Indenter Command
45%

Reference Command

Bridges
Fn Bridge

Dz Bridge

FnRef Bridge
5 R

Additional information
Dz: 295283 nm

Fn contact: 30 pN
Characterization Force : 500 pN
Approach speed : 25000 nm/min
FnRef contactload :500.000 uN
Stiffness Threshold : 150 pM/pm

Close window automatically

4~ 3.06-4—
.
1 208-2
1.06+4—]
2
]
nm
pne o
[ T I T I
0s 50 100
0 v Q @ @

Fig.43 UNHT/Bio ADO in progress (extended) window
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INFORMATION: The following sequences concerning the reference are not

applicable with UNHT Bio (to be ignored).

The window (Fig.43) real-time
sequences are described on the left

The instrument actions are described

Command area (extended window)
Indenter Command (beige) and
Reference command (blue) progression
bars has decreased (from 100 %); this
can be observed in UNHT Approach
Monitor window (Fig.42) under the same
(vertical) progression bars.

Bridges area (extended window)

Fn Bridge (red), Dz Bridge (green) and
FnRef Bridge (blue) progression bar has
fluctuated; this can be observed in UNHT
Approach Monitor window (Fig.42) under
the same progression bars.

Status area
Approaching Table Z... (green) square
blinks.

Command area (extended window)
Reference command (blue) progression
bar decreases.

Status area
Approaching reference... (green) square
blinks.

Command area (extended window)
Reference command (blue) progression
bar increases.

H70IB103EN-C

on the right

With TTX/Step (not with STeP 5), the
motorized head/module approaches
(moves down).

The Indenter and Reference retract
(move up) to the pre-approach values
(section 3.4.5.1), except +15 % is
added for the reference.

The Fn, Dz and FnRef sensor bridges are
automatically adjusted (could be quick).

The motorized Z table slowly approaches
(moves up).

When the sample surface contacts the

reference, the motorized Z table stops

and the reference actuator is retracted
(moved up) by 15 % - The Reference
returns to its initial pre-approach value
(section 3.4.5.1).

The reference approaches (moves down)
with the Approach speed (section
3.4.5.1) until it reaches the Reference
Contact force (section 3.4.5.1).
INFORMATION: The reference touches
~10 % above the Reference pre-
approach value (section 3.4.5.1).
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Status area
Approaching with the indenter... (green)
square blinks.

(extended window)
Indenter area
Indenter command (beige)
progression bar increases.
Additional information area
Fn (red) and Dz (green) values are
displayed.
Graph area Fn (red) and Dz (green)
curves are displayed.

Status area
Contact (brown) square lights.

Bridges area
Dz Bridge (green) progression bar has

fluctuated; this can be observed in UNHT
Approach Monitor window (Fig.42) under
the same progression bar.

Status area

Stabilization (brown) square lights and
the decreasing stabilization time is
displayed (in sec.).

Status area
Sample characterization (brown) square
lights and its progression bar increases.

Additional information area (extended
window)

Sample characterization coefficients are
displayed.

H70IB103EN-C

The indenter approaches (moves down)
with the Approach speed (section
3.4.5.1) until ...

.. it contacts the sample.

- The indenter has either reached the
Contact stiffness threshold or the Contact
force (section 3.4.5.1).

The Dz sensor bridge is adjusted.

Wait for the drift stabilization (cannot be
set by the user, automatic algorithm).

The indenter position slightly varies
(indenter is still in contact); this can be
observed in UNHT Approach Monitor
window (Fig.42) under Indenter
command (beige) progression bar.

An indentation with the Characterization
force (section 3.4.5.1) is performed to
evaluate the sample mechanical
properties.

As previously described, the indenter
position slightly varies.

The ADO is defined.
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Status area
Rising the indenter (green) square
blinks.

Command area(extended window)
Indenter Command (beige) and
Reference Command (blue) progression
bars decrease.
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The Indenter and Reference retract
(moving up) to their Pre-approach values
(section 3.4.5.1).

In case of Quick mode box has been
checked, the indenter is retracted only
a little bit and the reference stays in
position (contact with sample) till the
end of the matrix of measurements.

The motorized Z table retracts (moves
down) to its rest position.

In case of Quick mode box has been
checked, the motorized Z table stays
in position (sample against reference)
till the end of the matrix of
measurements.

And then with Step (not with STeP 5),
the motorized head module retracts
(moves up).

In case of Quick mode box has been
checked, the motorized head module
stays in lower position (down) till the
end of the matrix of measurements.

At the end of the process, both indenter
and reference return (move down) to
their extended rest positions; this can be
observed only in UNHT Approach Monitor
window (Fig.42) under Indenter
Command (beige) and Reference
command (blue) vertical progression
bars (increase to 100 %).
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3.4.5.3

Indenter Reference

—

Summary schematics (with Step)

Module

ol

Head

Sample
Z table

¥
ADO

Motorized head module
approaches (moves down)

Adjust depth offset parameters

Surfsce detectson parameters

Appraach speed

%0000 = | nemstmin

Contact force

30,00 = | mi

Characterization force

500,00 21| N

Contact stiffness threshold

Indenter

Pre-spprosch

102 %

1500 5 | ubpm
Reference
Pre-approach Contact force
&0 5 % 500,00 5! | uM

C Indenter approaches (moves
down} with
D Indenter detects sample

contact with
[Contact stiffness threshaold

or |Contact Forcg]

E Driftis stabilized

Indenter and reference
retract (move up) to the
Indenter Pre-approach and
Reference Pre-approach
(set value +15%) positions

Fn, Dz and Ref sensor
bridges are automatically
adjusted before Z table
approach (3.)

Dz sensor bridge is
automatically adjusted before
indentation (F)

F Indentation into sample with
[Characterization forcd

ADO is defined ,gc_

With matrix
measurement types

) Quick Mode

A Motorized Z table
approaches (moves up)
until sample contacts the
reference

G Indenter fully retracts (moves
up) to top position (0%)

Then reference also fully

retracts to top position

If A Quick iede] | indenter retracts
just a little for next matrix
measurement and reference
stays in contact

Reference retracts (moves
up) to its initial

|Reference Pre-approach
position

Motorized Z table retracts
imoves down)

If B Quick Meode] | it is not
retracted till end of matrix
(reference still in contact with
sample)

Adugt depth olfvet s progeeis

+ Maorg info

A
B

Appeoscharsy with the indanter_. [

Stabilzaten |

O
O
o
O cortect [}
O
O

Semple charscterization

0%

O Could not reach the sudfsce 1)

[0 Raising the indenter G

Paramseters
Charscterization Force : 1 mb
Approach dntence; 1500 nm
Approach speed ; 100000 neymin
Dz sensor infirse range
Stiffness Thresheld ; 450 e

B Cloe window sutcmatically

B Reference approaches

moves down) with
[Eﬂpproach spead until
|Reference contact forcd
against sample
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| =Rl &R R (P

Motorized head module retracts
(moves up)

If E2QuickMode] , it i not

retracted till end of matrnx

Then indenter and reference
fully extend to bottom rest
positon (100%) = Initial {D.)

1} This emor could happen
in sequence 8.
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3.4.6 NHT ADO PARAMETERS AND SEQUENCES

3.4.6.1 Detailed parameters

Adjust depth offset parameters
[___] Surface detection parameters
Approach speed
v I i
1000000 2| nrn/min
Characterization force Contact stiffness threshold

25.00 21| mN 500.0 (21| pN/pm

Presets Section 3.4.4.1

|Default v| L.;

Section 3.4.4.1

« OK x Cancel
Fig.44 NHT ADO window (e.g. default preset for hard sample)

The field values of the applied preset (section 3.4.4.1), if the preset corresponds to
the type of the sample which is used, are suitable to perform a successful ADO.
However each following value can be separately adjusted if necessary.

Surface detection parameters area

Approach speed field:
To set the speed at which the indenter approaches the sample surface.

Characterization force field:
To set the indenter force to be applied to indent the sample.

Contact stiffness threshold field:
It is the same parameter as the one described in the hardware parameter

preferences (section 3.7.6.8), but here it is used during the ADO automatic
process.

Quick mode box:
Only available with matrix measurement types (section 3.6).
To speed-up the ADO automatic process (section 3.4.4.2), check this box; the
reference ring stays in contact with the sample and the indenter is not fully
retracted (moved up) till the end of the matrix.
Uncheck for standard ADO process.
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3.4.6.2 Detailed sequences

For the description of the window common features, see section 3.4.4.2. Otherwise
wait for the end of the automatic process (described as follows).

Adjust depth offset in progress
- LessInfo

Status Command

Close window automatically

O Indenter Command i
O
1.0E+5 —
O Approaching with the indenter...
Bridges
[0 Contact
2
[ Stabilization
[0 Sample characterization 5.0E+4 —|
4
Could not h the surf 4
L1 Could not reach the surface Additional information
O Dz: 129398.8 nm
Raising the indenter
g Fn: 1.5 mN Am | MM
Parameters 0~ 7
Characterization Force : 25 mN [ T T T T T T T
Approach speed : 100000 nm/min Os 20 40 60 80
Stiffness Threshold : 500 pM/pm x1.0 - Q Q O.

Fig.45 NHT ADO in progress (extended) window

The window (Fig.45) real-time sequences
are described on the left

Status area
Approaching Table Z... (green) square blinks.

Status area
Approaching with the indenter... (green) square
blinks.

An adjusting bridge pop up appears and its
progression bar increases.
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The instrument actions are
described on the right

With TTX/Step (nhot with STeP 5),
the motorized head/module
approaches (moves down).

Then with Step (not with

STeP 5), the Z motorized table
approaches (moves up) until the
sample contacts the reference
ring.

The indenter pre-approaches

(moves down) and ...

... the Dz sensor bridge is
automatically adjusted a 1t time
(could be quick).
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Status area

Approaching with the indenter... (green) square

blinks.

(extended window)
Command area
Indenter Command (beige) progression bar
increases.
Additional information area

Fn (red) and Dz (green) values are displayed.

Graph area Fn (red) and Dz (green) curves
are displayed.

Status area
Contact (brown) square lights.

Status area

Stabilization (brown) square lights and the
decreasing stabilization time are displayed (in
sec.).

An adjusting bridge pop up appears and its
progression bar is increasing.

Status area
Sample characterization (brown) square lights
and its progression bar increases.

Additional information area (extended window)
Sample characterization coefficients are
displayed.

Status area
Rising the indenter (green) square blinks.

Command area (extended window)
Indenter Command (beige) progression bar
decreases.
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The indenter approaches (moves
down) with the Approach speed
(section 3.4.6.1) until ...

... it contacts the sample.

- The indenter has reached the
Contact stiffness threshold
(section 3.4.6.1).

Wait for the drift stabilization
(cannot be set by the user,
automatic algorithm).

(This sequence could be quick.)

The Dz sensor bridge is
automatically adjusted a 2" time
(could be quick).

An indentation with the
Characterization force (section
3.4.6.1) is performed to evaluate
the sample mechanical
properties.

The ADO is defined.

The indenter retracts (rises) until
its top (rest) position (0 %).

In case of Quick mode box has
been checked, the indenter is
retracted only a little bit till the
end of the matrix of
measurements.
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With TTX/Step (not with STeP 5),
the motorized head/module
retracts (moves up).

In case of Quick mode box has
been checked, the motorized
head/module stays in lower
position (down) till the end of
the matrix of measurements

Then the Step (not with STeP 5)
Z motorized table retracts
(moves down).

In case of Quick mode box has
been checked, the motorized Z
table stays in position (sample
against reference ring) till the
end of the matrix of
measurements.
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3.4.6.3

0. . Module

Summary schematics (with Step)

Adpst depth offset pararmeters

ol

Suiface detectson parsmeters

Approach gpeed
100000 =1 | rorvimmain

With matrix

measurementtypes

[ ik Made

Charseterization farce

Centact stiffness threshold

Referencering 25002 | mM 5000 5 | NSum
Z table
5 Dz sensor bridge is
’ automatically adjusted
N before indentation (E)
ADO E Indentation into sample
) with
Motorized head module [ [Characterization farcd]
approaches (moves down)
ADO is defined @,
B. F Indenter fully retracts

A Motorized Z table
approaches (moves up)
until sample contacts
fixed reference ring

(moves up) to rest top
position

If [ Quick eae] | it retracts
just a little for next
matrix measurement
reference ring stays in
contact)

Adust depth olfcet w plogeeis

+ More info

A

Conkect C

Stabilzation [}

O
O
B Appeoaching with the indenter—. |}
O
D
O

Sample characterization

s

B Indenter pre-approaches
(moves down)

Dz sensor bridge is
automatically adjusted before
indenter approach (4.)

Motorized head module
retracts (moves up)

If [E2 Quick Modke] | it is not

retracted till end of
matrx

B Indenter approaches
moves down) with
C Indenter detects sample
contact with

[Contact stiffness threshold
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D Driftis stabilized

Iy

Motonzed Z table retracts
(moves down)

If [ Quick oze] | it is not
retracted till end of
matrix

O Could ot resch the suface 1)

[0 Raisingthe indenter |-

Pararmsetert
Charactenzation Farce : 19 mM
Approach dutance ; 1500 nm
Approach ipeed ; 100000 nen/min
[z sensor in frse range
Shiffness Theeshold ; 850 phlem

B Close window sutcmatically

" This error could happen
in sequence 4.
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3.4.7 MHT ADO PARAMETERS AND SEQUENCES

3.4.7.1 Detailed parameters

Adjust depth offset parameters i Contact force
1
I___] Surface detection parameters i 2530% mM
Approach speed Contact force &
T I PP sp E

Characterization force Contact stiffness threshold

1,000 2 | N 10000.0 = | pN/pm

Appreach distance Dz range

e ®100 um -Finel)
R =g aiy
1000 U eseesed
Q1000 m <«

Indenter

Pre-approach

=]
Ak
-0
]

Presets Section 3.4.4.1

|Defau|t v| L.-

Section 3.4.4.1

« 0K x Cancel
Fig.46 MHT ADO window (e.g. default preset for hard sample)

The field values of the applied preset (section 3.4.4.1), if the preset corresponds to

the type of the sample which is used, are suitable to perform a successful ADO.

However each following value and Dz range can be separately adjusted if necessary.

Surface detection parameters area

Approach speed field:
To set the speed at which the indenter approaches the sample surface.

Contact force field:
It is the same parameter as the one described in the hardware parameter
preferences (section 3.7.6.9), but here it is used during the ADO automatic
process.

Characterization force field:
To set the indenter force to be applied to indent the sample.

Contact stiffness threshold field:
It is the same parameter as the one described in the hardware parameter
preferences (section 3.7.6.8), but here it is used during the ADO automatic
process.

1) Dz range values can be different for old MCT versions.
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Approach distance area field:

For this parameter, see description in section 3.7.6.7 (hardware parameter
preferences) under MHT approach distance, p. 126.

Dz range
Dz range area radio buttons:

IMPORTANT:

- If the ADO procedure is started from the indenter calibration
(<Calibrate> button is clicked section 2.5.2), the fine Dz range must be
selected here (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
(e.g. <100 um>) but if the depth saturates, then select the large Dz range.

- Later in the hardware parameter preferences (section 3.7.6.6), the Depth range
radio button which is selected should be the same as the ADO Dz range radio
button selected here (fine: e.g. <100 ym>) for the current successful ADO.
Otherwise an error message appears,; see section 5.2.

Indenter area

Pre-approach field:

To set the indenter pre-approach before the first approach starts (the indenter
moves down out of its rest position: 0 % which corresponds to the fully retracted
(highest) position of the actuator.

The min. and recommended value is 10 %.
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3.4.7.2 Detailed sequences

For the description of the window common features, see section 3.4.4.2. Otherwise
wait for the end of the automatic process (described as follows).

Adjust depth offset in progress

Less Info
Status Command
] Approaching Table Z... Indenter Command 0.010—
O
[0 Approaching with the indenter...
Bridges
[0 Contact 05|
[ stabilization
[0 Sample characterization b
Could not reach the surf ]
D) Could not reach the surface Additional information
Dz: 163.1 pm
Raising the indenter
= g Fn: 0.0 N _
Parameters N

Fn contact: 0.03 N
Characterization force: 1N
Approach distance: 5 pm
Approach speed : 200 pm/min

Dz sensor in fine range

Stiffness threshold : 10000 pMN/pm

Close window automatically

x Cancel

Fig.47 MHT ADO in progress (extended) window

The window (Fig.47) real-time sequences
are described on the left

Command area (extended window)
Indenter Command (beige) progression bar
increases.
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The instrument actions are
described on the right

The Indenter pre-approaches
(moves down) to the value set in
Pre-approach (section 3.4.7.1).
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This extra Adjusting Dz range window (Fig.48)
appears over window Fig.47.

Adjusting Dz range

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

+
Error from target: 0.24 pm i

(Recommended : a positive light
error)

+ Press "OK" when this adjustment is
OK

« 0K x Cancel

Fig.48 Adjusting Dz range window

Status area
Approaching Table Z... (green) square blinks.

Status area
Approaching with the indenter... (green) square
blinks.

Status area
Contact (brown) square lights.

Status area

Stabilization (brown) square lights and the
decreasing stabilization time are displayed (in
sec.).

Dz range adjustment 1

Turn! the wheel to adjust the first
DZ range targeted Approach
distance (section 3.4.7.1) used
for the next measurement(s)
performed later:

With the special tool long pin
(or with the old centering tool,
or a small Allen key), turn?! the
wheel to adjust the Dz vertical
cursor preferably into the
central green position or into
any yellow (down: positive
error from target/up: negative
error from target).

Then click <OK> button to
continue (this window Fig.48 is
closed).

The motorized Z table
approaches (moves up) until the
sample contacts the reference
fork.

The indenter approaches (moves
down) with the Approach speed
(section 3.4.7.1) until ...

. it contacts the sample.
- The indenter has either
reached the Contact stiffness
threshold or the Contact force
(section 3.4.7.1).

Wait for the drift stabilization
(cannot be set by the user,
automatic algorithm).

1 The rotation direction (an arrow) is displayed on the extra window (Fig.48).

/
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Fig.48 appears again over window Fig.47.

Status area
Sample characterization (brown) square lights
and its progression bar increases.

Additional information area (extended window)
Fn (red) and Dz (green) values are displayed.

Additional information area (extended window)
Sample characterization coefficients are
displayed.

Status area
Rising the indenter (green) square blinks.

Command area (extended window)
Indenter Command (beige) progression bar
decreases.
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Dz range adjustment 2

Adjust the other Dz range; see
the same instructions as
previously described in Dz range
adjustment 1, p. 77.

An indentation with the
Characterization force (section
3.4.7.1) is performed to evaluate
the sample mechanical
properties.

The ADO is defined.

The Z motorized table retracts
(moves down).

The indenter retracts (rises) until
its top (rest) position (0 %).
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3.4.7.3

Reference fork

Summary schematics (with Step)

Adjust depth offset pararneters

Module

Suiface detectson parsmeters

iwmam-w-

Approach gpesd

L

Contact farce

EIL

= Tuin the whiel &n the Rdtnamast
a5 chown on thee picture bo come into

bt FEngE

H Charpctesization force Centact stifiness theeshold
[ 10002 N [ 100000 ]
d il n_'lum
Approach distance Dz range
(W 100 um % = Praw "0k” whan this sdjuntmment is
Sample =i = ok
P - - (31000 urn

e v o (Ko

P-c approach

105 % Fig. 1

¥
ADO

Fig. 1 Appears to
manually adjust [Dz rangé]
of sensor bndge before
indentation (E), using
Approach distance for

A Motorized Z table

C’]i'

following measurement(s)

B Indenter approaches
moves down) with
C Indenter detects sample

contact with
[Contact stiffness threshald

or [Contact Forcg

D Driftis stabilized
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Iy SIS

15

Motorized Z table retracts
(moves down)

Adjust depth olfcet w plogeeis

Charsctenzation Force | 79 mbl
Approach dotence ; 1500 nm
Approach ypeed : 100000 ny'min

approaches (moves up) E Indentation into sample o e
until sample contacts with St
reference fork [Characterization force] . A
O
ADO is defined %, B Apsosching wihtheindercec [}
2 O '-.'.l;rh:t{:
B Indenter 0 D
[mD‘u’ES dDWﬂ] [0 Semple charscterization
F Indenter fully retracts
. = ]
Fig. 1 Appears to manually (moves up) to rest top
adjust DfSEf‘ISDr pDSitiDn (U%] 1 Could mot reach the suface 1)
bridge before indenter O] FRaisingthe indenter |
approach (3.) Paramaters

sensor in firse range

Stiffness Thoeshold ; 430 phlen

B Chote window sutomatically

" This error could happen
i sequence 3.

79




3.5 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 (section 3.7.5), 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 1
617|838 an 100
13 14 15 16
Minut r
o 0 2 2 23 e 1000
29
27 28
01 Fa0.0
I:‘ Waiting...
01 0.0
0o+ H40.0
00 F20.0
0.0 mh | 00 m
I T T T T T T 1
=3 15 30 45 ] i) 90

l A Irmmediate Unload l

See the same information than described in Wait time, p. 41, for the indenter

calibration matrix of measurements), exception: It is applicable here for a single

measurement or for a matrix of measurements.

INFORMATION: A delay of max. 2 months can be set.

H70IB103EN-C
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3.6 SELECTING THE MEASUREMENT (TYPE OR PROTOCOL)

Select "Instrument > Start a new indentation..." from menu bar or click ¥ on
toolbar. The window allows selecting a new measurement (single indentation
measurement or matrix of several indentation measurements). The measurement
type which is selected in the top list should be set. Each (available) measurement
protocol at the bottom of the list is a measurement type (top list) which has been
previously selected, set and saved (its parameters could be modified is necessary).

Define a new measurement

Measurement type

(®) Define a new measurement

(If a protocol is

Adjust Depth Offset - i
selected, its

Advanced parameters are

Sinus displayed here)
1) (Impact Mode

Constant multicycle

Progressive multicycle .

CMC List

User defined profile

Simple matrix A

Advanced matrix Matrix

Quick matrix types

Visual advanced matrix
1) |Temperature Scan v ~7

(O Use a protocol

Saved
Protocol example 2 ?
prOtOCO|(S) | protocol example
Default Thin films .
Standard (PVD =3um, galvanic coating, bulk) List
protocol(s) —
in bold !
\

Fig.49 Define a new measurement window

<Define a new measurement> radio button:
To select (highlight) one active! measurement type in the (top) list.
OR
<Use a protocol> radio button:
To select (highlight) one available measurement protocol in the (bottom) list:

- To save (or delete) a measurement type as a protocol, see section 3.7.7
and to manage the protocols, refer to the Common Scratch &
Indentation software reference guide in section Managing the
measurement protocols.

1) Each inactive measurement type cannot be selected as it is not applicable for the current
measuring head.
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- Depending on the current measuring head, default protocol(s) in bold and
at the end of the (bottom) list are present (e.g in Fig.49), with pre-defined
parameters for certain dedicated sample type.

IMPORTANT: The sample in use should correspond to the selected default
protocol.

INFORMATION: These default protocol(s) cannot be deleted or managed,
only their corresponding measurement type parameters can be modified if
necessary.

<OK> button:
To open the window of the measurement type or protocol selected in a list.
INFORMATION: Double clicking a measurement type or a protocol in a list does
the same effect.

The required parameters of the corresponding measurement type window should
be set (or modified for a protocol if necessary) before running the
measurement(s); see the following sections for:

e the main description of a measurement type window
section 3.7.1

e the common loading rate parameter description
section 3.7.2

e the common acquisition rate parameter description
section 3.7.4

¢ all required parameters for each measurement type window;

see from section 3.7.5
[ ]

e the preference parameters dedicated for each measuring head;
see from section 3.7.6
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3.7

SETTING THE MEASUREMENT TYPE PARAMETERS

3.7.1

MAIN DESCRIPTION OF A MEASUREMENT TYPE WINDOW

A measurement type is selected in Define a new measurement window (Fig.49).

Legends:

Parameters to be defined: set/select

Acquisition rate

Constantlmulticycle

Multi-cycle indentation parameters

Depth' or Load

Multicycle:
number/pause

(section 374) \ Acquisition rate
| 100 = Hz
Loading rate
ion 3.7. . .
(section 3.7.3) |4 Linear loading Quadratic loading
in function of
time Oln depth (Load control)
Oln depth (Depth control) ® In load
Max load
Unload down to
: 40 % i
Loading rate -
rofile in
profik —
function of Loading rate

Unloading rate
60.00 % [ mh/min

60.00 /% | mMN/min

Pause

e e e e e — = o e — e — ————
AN
Estimated time e - RS \Estimated memaory size
z
< 00914 h 455.6 KB
Cycles

Mumber of cycles

H

Pause between cycles

5

Sawve as protocol

Hardware parameters

+ Step - NHT SaI'\I_1_2335&?8_9D_sgtl:mg~
4 Approach distance : 1500 nm
Approach speed : 2000 nm/min
Dz sensor in fine range

Stiffness threshold : 500 pMN/pm

Current setting

~———— -—— - ———

To define (set) the
measuring head
hardware parameters
(section 3.7.6)

\________,

3

4

| | H  Gncel

Change

v

Fig.50 Measurement type window

\ 4

To save the current parameters
as a measurement protocol
(section 3.7.7)

To start the measurement(s) with the
current parameters (section 3.8)

From section 3.7.5, see the specific required parameters for each measurement

type window.

1 With Load or Depth control

H70IB103EN-C
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3.7.2 ESTIMATED INFO FIELDS

Estimated time Estimated memory size

| 0:09:14 | 459.6 KB

Estimated duration field (in Hour:Minute:Second):
It provides an estimation time that is necessary to perform the measurement(s)
defined in the current measurement type window (time is refreshed with different
parameters).
INFORMATION: In addition, number of day(s) may appear.

Estimated memory size field (in KB):
It provides an estimation of the software RAM memory size that is necessary to
perform the measurement(s) defined in the current measurement type window
(time is refreshed with different parameters).
IMPORTANT: In case of a red warning message appears at the left bottom of
the window, decrease parameter(s) until the message disappears. Otherwise the
software may crash during the measurement(s).

3.7.3 LOADING PROFILES

The measurement(s) is performed with one of the loading profiles described below.
Depending on the selected measurement (Fig.49), several loading profiles are
proposed (one can be selected).

3.7.3.1 Linear loading/Constant time loading

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

F=k-t
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3.7.3.2 Quadratic loading

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

F=k-t°

3.7.3.3 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
t P
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3.7.4 COMMON ACQUISITION RATE PARAMETER

Common parameter to all measurement types; see from section 3.7.5.

Acguisition rate

L e

Acquisition rate field: To set the acquisition rate. The value corresponds to the
number of data point recorded per second during the
measurement(s).

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

However, there is no field to set for the following measurements types:

e Standard measurement type section 3.7.5.1, value is fixed to 10 Hz

e Sinus measurement type section 3.7.5.3, value is automatically calculated
(20x the Sinus frequency value)

e User defined profile measurement type section 3.7.5.7, value depends on the
load profile segments which are created

e Quick matrix measurement type section 3.7.5.10, value is fixed to 400 Hz
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3.7.5 PARAMETERS OF EACH MEASUREMENT TYPE

A measurement type is selected in the Define a new measurement window (Fig.49).

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).

3.7.5.1

The Standard measurement type is the simplest single indentation measurement,
performed in 1 cycle of automatic linear loading/unloading; section 3.7.3.1.

INFORMATION: About the acquisition rate, see section 3.7.4.

Max load field:

Load Time fixed parameter:

Unload Time fixed parameter:

Pause field (in sec.):

H70IB103EN-C

Standard

Standard

Standard indentation parameters

Max load

25002 | mN

Load time: 305

Unload time: 30 s

Section 3.7_.5

Estimated time

0:03:25 .

Estimated mermory size :
7T8.2KB |

Section 3.7.7

y
H Save as protocol

Profile description

Hardware parameters

+ Step - NHT 5/M: 123456 settings
Approach distance: 15300 nm
Approach speed : 2000 nm/min
Dz sensar in fine range
Stiffness threshold : 300 uN/pm

Section 3.7 6
SCCtOR—o-

79O
4

s’ Change

I

Section 3.8

Fig.51 Standard window parameters

To set the max. load to be applied.

load (above) within 30 sec.

After the pause (below), a linear unloading rate is
computed to fully unload within 30 sec.

To set a pause at the max. load before unloading.

Value sets to 0 = no pause.

A linear loading rate is computed to reach the max.
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3.7.5.2 Advanced

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

Advanced

Advanced indentation parameters

Acguisition rate

HzSection 3.7.4

- ——————— Section 3.7.3

f
H Save as protocol

Linear loading | Quadratic loading | Constant strain rate

+ 5TeP - MHT 5/M: 123456 settings
(O Max depth (Load contral) Loading rate Fn contact: 0.01 N
1 Approach speed : 16.6 pm/min
(O Max depth (Depth contral) M/min Dz sensor in fine range
o Load in fine range
S P g
b sausE Stiffness threshold : 10000 uN/un
(® Max load m s
N Unloading rate
/i
|Imm - S trPiuimr =t
ection 3.7.2 ! .
1
| Estimated time Estimated memory size : Section-3-7.6
.
! 0:01:30 72.2 KB R4 Change
Section 3.7.7 Section 3.8

Load profile

Hardware parameters

Fig.52 Advanced window parameters

Linear loading tab
Quadratic loading tab
Constant strain rate (CSR) tab

below:
p. 89:
p. 90:

To select the corresponding loading profile. The related set of parameters is

described as follows.

Linear loading tab

<Max depth (Load control)>
radio button/field:

or
<Max depth (Depth control)>
radio button/field:

OR
Max load radio button/field:

Loading rate field:

H70IB103EN-C

To select a depth mode:
Load controlled measurement. The load
increases linearly at the defined load rate
until the max. depth defined is reached.
or
Depth controlled measurement. The depth
increases linearly at the defined loading
rate (um/min) until the max. depth is
reached.
OR
To select the load mode and to set the max.
load to be applied.

To set the loading rate to reach the max. depth
OR max. load (above).
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Hazardous result

INFORMATION: With Max depth (Depth control) radio button selected
(previously described), if Approach speed field value in Hardware parameters
window / Preferences tab (section 3.7.6) is at least 4 times faster than Loading
rate field value (previously described), the measurement may have hazardous
results.

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

o + 5TeP - MHT 5/M: 123456 settings
() Max depth (Load control] Loading rate Fn contact: 0.01 N
T T v » Approach speed : 16.6 pmy/min
7 —— pp P gt
@® Max depth (Depth control) L06[2] um/min Dz sencor in fine range

Pause field (in sec.): To set a pause at the max. depth OR max. load before
unloading.
Value sets to 0 = no pause.

Unloading rate field: To set the unloading rate to fully unload after the pause.

Quadratic loading tab

Load profile
Linear loading | | Quadratic loading | Constant strain rate
Max load Time to max load
), -
Pauze
-]
Tirne to unload
[,
Max load field: To set the max. load to be applied.

Time to max load field: To set the time to reach the max. load (above).

Pause field: To set a pause at the max. load (above) before unloading.
Value sets to 0 = no pause.

Time to unload field: To set the time to fully unload after the pause (above).
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Constant strain rate (CSR) tab
Linear loading | Quadratic loading || Constant strain rate N

() Depth control

vy G
AR =

(®) Load control

Min load 01005 N
Moxload | 100/Z|N

Load profile

Loading rate/load ',

0.0300 3 | 1/s

Pause

[,

<Depth control> radio button: To select the depth mode and ...

Min depth field:

Max depth field:
OR

To set the min. depth at which the constant
strain rate starts.
To set the max. depth to be reached.

OR

<Load control> radio button: To select the load mode and ...

Min load field :
Max load field:

Loading rate/load field:

Pause field:

To set the min. load at which the constant
strain rate starts.
To set the max. load to be applied.

To set the loading rate to reach the max. depth
OR max. load (above).
Typical range values = from 0.01 to 0.1[s™!]

To set a pause at the max. depth OR max. load
(above) before unloading.
Value sets to 0 = no pause.

An automatic linear unloading rate is performed to fully unload after the pause

(above).
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3.7.5.3 Sinus

INFORMATION: Sinus measurement type is not available (|5ni: inactive) in
the top list of Define a new measurement window (Fig.49) for MHT, UNHT Bio, and
NHT without the optional Sinus mode/generator (see section 2.1.1.3).

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. This measurement type allows obtaining a depth related analysis; see
section 4.8.1.

Sinus
Sinus indentation parameters Load profile
Linear loading | Constant strain rate
Max load Mazx. sinus amplitude ™~ “
1000.00 /5 | KN 100.00 5[ uN “\
AN
Loading rate Sinus frequency
RV min d |7 Hardware parameters
Unloading rate Sinus driving mode + Step - UNHT 5/MN: 123456 setting
= - Fn contact: 300 pN
2000.00 % | uMN/min (® Constant depth Approach distance : 1500 nm
P (0 Linear load Approach speed : 2000 nm/min
Zause Dz sensar in fine range
5 Lead in fine range
FnRef in fine range
FnRef contact load : 500,000 N
: Section 3.7.2 \ Stiffness threshold : 150 pM/pm
I Estimated time Estimated memeory size :
1 .
0:04:00 192.5 KB Section-3-7:6
3
.’ Change
Section 3.7.7 Section 3.8
H Save as protocol x Cancel

Fig.53 Sinus window parameters

Linear loading tab below:

Constant strain rate (CSR) tab  p. 93:
To select the corresponding loading profile. The related set of parameters is
described as follows.

Linear loading tab

Max load field: To set the max. load to be applied.

Loading rate field: To set the loading rate to reach the max. load
(above).

Unloading rate field: To set a linear unloading rate to fully unload

after the pause (below).

Pause field: To set a linear pause at the max. load (above)
before unloading.

Max. sinus amplitude field: To set the sine wave max. amplitude for the
loading (above).
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Sinus frequence field: To set the sine wave frequency for the loading
(previously described).

Sinus driving mode area To select the sinus amplitude driven with
<Constant depth> radio button: constant depth (Fig.54). Square root

OR evolution of sine amplitude.
<Linear load> radio button: OR

To select the sinus amplitude driven with
linear load (Fig.55). Linear evolution of sine

amplitude
& Acquisition Debug - m] X
v v @ =
3| 10— 04— 1 _|
R I I e
62— | ] 1 02—
1.01
== 1 | | { | | | | s _
5+ 5 4 4
60—
17 0.4995 —
100
55.5 [ | R
% mN
58— o— mN mN | bea %eRH
| 0_| 0_| mN mhN 0_| 0_| mN 0
| 5.5 T
Os 50 100
x10 v Q @ @ |/
Time=2s Wl FrRef = 0.5003 mh W Int=327.6mN W Dz=4325nm
State: Wo-0 W Cmd=5851% B Fn = -9.841E-005 mN
M Err = 0.1633 mN M Theo = 0.2656 mN W SinCmd = 0.02379 mN

Fig.54 Constant depth driving (Acquisition debug window’ purple area)

-

gy Acquisition Debug - O X
v v ® (=
3+ 10—| 0.4—|

62—
1.0E+3—

"""""

60—

o | mn 1 aad mh
sg— 0— MM mN Deg %RH 0.4590 — nm
o 0 mH mh 0 o o

T T
Fig.55 Linear load driving (Acquisition debug window' purple area)

1 To display the acquisition debug window (after measurement is performed), see
section 4.2.
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Constant strain rate (CSR) tab

Load profile
Sinus indentation parameters
Linear loading | | Constant strain rate |'L|IJ

Min load Max. sinus amplitude _.,.M‘PII‘

0.000 | uN 100,00 5| pN
Max load Sinus frequency
Loading rate/load Sinus driving mode

0.1000 5[ 1/ (®) Constant depth

(O Linear load
Pausze
:
Min load field: To set the min. load at which the Sinus

constant strain rate starts.

Max load field: To set the max. load to be applied.
Loading rate/load field: To set the loading rate to reach the max. load
(above).

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

An automatic linear unloading rate is performed to fully unload after the pause
(below).

Pause field: To set a pause at the max. load (above)
before unloading.

Max. sinus amplitude field: 3 same parameters than described for the
previous Sinus Linear loading tab, p. 91.

Sinus frequence field:

Sinus driving mode area
<Constant depth> radio button:
OR
<Linear load> radio button:
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3.7.5.4 Constant multicycle

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

Constant multicycle

Multi-cycle indentation parameters Load profile

Acquisition rate ."F\_ J}r\. fn\. ,-"ﬂ'\.

H:Section 3.7.4 [N \/ \/ \
/ \ '\ \J \

<«-- Section 3.7.3 --» :

Linear loading Quadratic loading

Jn depth (Load control) Hardware parameters
(O In depth (Depth contral) @ In load + Step - NHT 5/N: 1234567890 settings
Wax load Approach distance : 1500 nm
ax loa

Approach speed : 2000 nm/min

400 % 10,00 2 | mN Dz sensor in fine range

Stiffness threshold : 500 pN/um
Unload down to

Loading rate Unloading rate
40.00 (= | mN/min 40.00 ;2| mN/min

Pausze
20%s
' Section 3.7.2 i
| Estimated time Estimated memory size |
1
1
0:11:47 586.5 KB
Cyeles Section 3.7.6
Mumber of cycles Pause between cycles -
Section 3.7.7 Section 3.8

H Save as protocol x Cancel

Fig.56 Constant multicycle window parameters

Cycles area

Number of cycles To set the number of cycles to be NVAYFA »a
field: performed. A T VA T
Min. value = 2 '

Slates!

The following parameters are the same for all cycle repetitions which are
performed (above).

Pause between cycles To set a pause to be done between
field: each cycle (above).
Value sets to 0 = no pause.

Linear loading tab p. 95:

Quadratic loading tab  p. 95:
To select the corresponding loading profile. The related set of parameters, is
described as follows.
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Linear loading tab

<In depth (Load control)> or

<In depth (Depth control)>

radio button:

Max depth field:

Unload down to depth field:
OR

<In load radio> button:

Max load field:

Unload down to field:

Loading rate field:

Pause field (in sec):

Unloading rate field:

Quadratic loading tab

Linear loading Quadratic loading

Max load Time to max load

To select the depth mode, either controlled by
load or by depth and ...

To set the max. depth to be reached for each
cycle.
To set the min. depth to be reached for each
cycle!

OR

To select the load mode and ...

To set the max. load to be applied for each
cycle.

To set the min. load to be applied for each
cycle!

To set the loading rate to reach the max. depth
OR max. load of each cycle (above).

To set a pause at the max. depth OR max. load of
each cycle (above) before unloading.
Value sets to 0 = no pause.

To set the unloading rate to reach the min. depth
OR min. load of each cycle (above) after each
pause (above).

After the last cycle, it is fully unloaded.

Load profile

\AviVi)

[ To00E]mn I
Pause
Unload down to 5
mN Time to unload
i
Max load field: To set the max. load to be applied for each cycle.
Unload down to field: To set the min. load to be applied for each cycle!
Time to max load field: To set the time to reach the max. load for each cycle
(above).
Pause field (in sec): To set a pause at the max. load for each cycle (above)

before unloading. Value sets to 0 = no pause.

Time to unload field: To set the time to reach the min. load for each cycle
(above) after each pause (above).
After the last cycle, it is fully unloaded.

1 Exception: The last cycle is fully unloaded.
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3.7.5.5 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 max. depth or
max. load increases for each measurement cycle (the min. depth or load remains
the same for all measurement cycles).

Progressive multicycle

Multi-cycle indentation pararmeters Load profile
Acquisition rate n
Auto~=------ AN
HzSection 3.7.4 D AWA
)_,r'“ . u_f’ Y, / \\_ I,u" '\\
- / |
<-- Section 3.7.3 --»

Linear loading = Quadratic loading

Hardware parameters
(O In depth (Load control)

(O In depth (Depth contrel)

@ In load + Step - UNHT 5/N: 123456 setting

Fn contact: 300 uM

First load
100.00 5 | LN

Unload down to

Approach distance : 1500 nm
Approach speed @ 2000 nm,//min
Dz sensor in fine range

Lead in fine range

FnRef in fine range
FnRef contactload : 500,000 pN
Stiffness threshold : 150 pM/pm

50.00 2| pN

I
=
4k
IZ I
o
=
=)
o
o

100 1000.00 =] uN

Leading rate Unloading rate

A00.00 5| uM/min 400.00 % | pN/min
Pause
205 s
X Section 3.7.2 !
| Estimated time Estimated memory size |
1
0:06:55 383.8 K8
Cycles

Section 3 7 6
>€CHOR-=-—7-0

Number of cycles Pause between cycles

5 [ ’

Section 3.7.7 Section 3.8

H Save as protocol x Cancel

Fig.57 Progressive multicycle window parameters

Change

Linear loading tab p. 97:

Quadratic loading tab  p. 97:
To select the corresponding loading profile. The related set of parameters, is
described as follows.

Cycles area

Number of cycles field:
Pause between cycles field (in sec):

Same parameters described in Cycles area
(p. 94) of the Constant multicycle
measurement type.
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Linear loading tab

<In depth (Load control)> or
<In depth (Depth control)>
radio button:
First depth field:
Unload down to depth field:
Max depth field:

OR
<In load> radio button:
First load field:
Unload down to field:
Max load field:

Loading rate field:

Pause field (in sec):

Unloading rate field:

Quadratic loading tab

Linear Loading | Quadratic Loading

First load
100.00 & pN

Time to max load

1500 & s

Unload down to

003 —

= =

Pause

Max load

— Time to unload
1000.00 ,i, HM ————

1500 & s

First load field:
Unload down to field:
Max load filed:

Time to max load field:

To select the depth mode, either controlled by
load or by depth and ...

To set the max. depth? for the first cycle.

To set a min. depth for each cycle?

To set the max. depth? for the last cycle.
OR

To select the load mode and ...

To set the max. load for the first cycle?

To set a min. load for each cycle?

To set the max. load for the last cycle!

To set the loading rate to reach each cycle max.
depth OR max. load (above).

INFORMATION: See the same information
described in Hazardous result, p. 89 of Advanced
measurement type.

To set a pause at each cycle max. depth OR max.
load (above) before unloading.
Value sets to 0 = no pause.

To set the unloading rate to reach the min. depth
OR min. load for each cycle? (above) after each
pause (above).

Load Profile
Auto <& - r.

To set the max. load! to be applied for the first cycle.
To set a min. load to be applied for each cycle?
To set the max. load! to be applied for the last cycle.

To set the time to reach each cycle max. load (above).

1 Between the first and the last max. depth/load and depending on the number of cycles,
the software computes a linear increment for each cycle intermediate max. depth/load.

2 Exception: The last cycle is fully unloaded.
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Pause field:

Time to unload field:

To set a pause at each cycle max. load (previously
described) before unloading.
Value sets to 0 = no pause.

To set the time to reach the min. load for each cycle!?
after each pause (previously described).

3.7.5.6 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 min. load increases for each measurement cycle, as well as the max. load.

Unload down to

Max load

Section 3.7.7

CMC
Continucus Multi-Cycle Indentation Parameters Load profile
Acguisition rate AUto < n
‘‘‘‘‘ A
. - {
HzSection 3.7.4 \,q /N
SN SN |
SN N iy, “\
Section 3.7.3.1 v
Constant time loading \AUtO
] Hardware parameters
First load Time to max load
mh < + Step - NHT 5/M: 123456 settings
- 100075 s Appreach distance: 1500 nm

10002 | %
Time to unload
100,00 % | mN
10,00 5 |s

(O Linear max load increment
(® Quadratic max load increment

. Section 3.7.2 1
| Estimated time Estimated memery size |
! 0:09:10 505.3KB '
Cycles Section 3.7.6
Number of cycles Pause between cycles
3
Section 3.8

H Save as protocol x Cancel

Approach speed : 2000 nm/min
Pause Dz sensor in fine range
10=] < Stiffness threshold : 500 pMN/um

-

Fig.58 CMC window parameters

The related set of parameters of the unique Constant time loading tab is described

as follow.

H70IB103EN-C

98



Cycles area

Number of cycles field:
Pause between cycles field (in sec):

Constant time loading tab

<Quadratic max load increment>
radio button:

OR

<Linear max load increment>

radio button:

First load field:

Unload down to field (in %):

Max load field:

Time to max load field:

Pause field:

Time to unload field:

H70IB103EN-C

Same parameters described in Cycles area,
p. 94 of the Constant multicycle measurement
type.

Load Profile

To select an automatic -
quadratic increment for
each cycle max. load P AVAVYEA
until the last cycle. A -

OR

To select an automatic  tezdProfie

linear increment for

each cycle max. load —;;4"',.»*" \ /
until the last cycle. A

To set the max. load. to be applied for the
first cycle.

To set each cycle min. load. The value is a
percentage of each current cycle max. load.
The recommended range value for Oliver &
Pharr analysis is from 5 to 40 %

The last cycle is fully unloaded.

To set the max. load to be applied for the last
cycle.

To set the time to reach each cycle max. load
(above).

To set a pause at each cycle max. load
(above) before unloading.
Value sets to 0 = no pause.

To set the time to reach each cycle min. load
after the pause (above).
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3.7.5.7 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
Acguisition rate 2007 > .
. rofile area
1000 H:Section 3.7.4
Segment st Load in brown
First(Linear Load 10.00 mMN ' 20.00 mb/min + o
Pause in Load 20 s 160+ Sinus in red
Quadratic Load 20.00 mNin 20 = —|
Linear Sinus 15.00 mN ; 45.00 ml in; 200 @5 . Copy Depth in blue
Pause Sinus 55 2.00 @ 5.0 Hz = ]
I Linear Depth 150,00 nm ; 500.00 nm/mi ./ Edit
C5R Load 12.00 mN;0.101/s
Last |Linear Depth 0.00 nm ; 20000 n : == Remove
List 1204

* i Clear

Hardware parameters 8.0

+ Step - MHT 5/N: 1234567890 settings B
Approach distance : 1300 nm
Approach speed : 2000 nm/min
Dz sensor in fine range
Stiffness thresheold : 300 pN/pm

40

00mN_|

Section 3.7.6

;
#  Change | 0:06:12 2614 K2

Estimated time Estimated memory size

Section 3.7.7 Section 3.8
I H Save as protocol l « aK H x Cancel l

Fig.59 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.60).

<Add> button: To create a new segment (type/parameters) at the bottom of the
list.

<Copy> button: To copy the selected (highlighted) segment at the bottom of the
list.
If necessary, the segment can be modified.

<Edit> button: 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;SUO.Elﬁm;'min
C5R Load12.00 mN;0101/s

Linear Depth 0.00 nm; 200,00 nm/min

<Remove> button:

<Clear> button:

To

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 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.

remove the selected (highlighted) segment from the list.

To clear all segments from the list.

A Warning window asks to confirm one of the previous
deletions (<Yes> button) or not (<No> button).

Profile description

W/

User segment parameters

=1
=
Ak

Final load
Section 3.7.2 0.00 2| mN 0.00 =
Linear Load A
Linear Load End Depth
Linear Depth Loading rate/Load
Linear Sinus 0.00 = 0.0010 = | 1/
Pause in Load Segment
Pause in Depth type
Pause Sinus 0.00 =

Quadratic Load

C5R Depth
C5R Sinus

o
A=

Sinus constant depth Sinus linear load

CSR Load 0.00 mM ; 0.00 1/=

Fig.60 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.

The active set of parameters for each concerned segment type is described as

follows.

Loading profile parameters

Final depth or
For:

Linear Load End Depth/
Linear Depth/

CSR Depth

H70IB103EN-C

Final load field:
For:

Linear Load/

Linear Sinus/
Quadratic Load/

CSR Load/CSR Sinus

To set the final depth or final
load to be reached.
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Sinus amplitude and Sinus frequency fields: To set the sinus wave amplitude
For: Linear Sinus/Pause Sinus/CSR Sinus and sinus frequency to add for
the loading.

<Sinus constant depth> or <sinus linear load>

radio button (inactive for Pause sinus): TO_ S’_eleCt one of the sinus
driving modes described in

section 3.7.5.3 under Sinus
driving mode area.

INFORMATION: A message in red: 'Warning: Outside operational frequencies 1-
40 HZz' could appear. To obtain a correct Sinus analysis, it is recommended to set
the Sinus frequency value from 1 to 40 Hz (other values do not block the
measurement).

Loading rate (unit selected in options) field: To set one of the 3 active
For: Linear Load/Linear Load End Depth/Linear Sinus |0ading rates in order to
or

reach the final depth or final

Loading rate (always in nm/min) field: load (previously described).

For: Linear Depth

or

Loading rate/Load (always in 1/s) field:
For: CSR Load/CSR Depth/ CSR Sinus

OR OR
Time to final load (always in s) field: To set the time to reach the
For: Quadratic Load final load (previously
described).

Pause parameter(s)

Pause field: To set a pause after the segment.

For: Pause in Load/Pause in Depth/Pause Sinus With Pause sinus segment type, set
also the Sinus amplitude and Sinus
frequency (above).

INFORMATION: The last segment should be unloaded to "0”.
<OK> button: To valid the current segment settings in the list (Fig.59).

INFORMATION: An Information window message appears in case of a parameter
in not properly set.
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3.7.5.8 Simple matrix

The Simple matrix measurement type performs a matrix of identical indentation
measurements with a (same) defined X & Y spacing. The matrix of measurements
starts from the current position of the tables.

Simple matrix
Indentation matrix definition

Delta X

Delta ¥

| 0.500 = | mm

| 0700 = |mm

Indentation count X

Distance X
o mm
r
1

Indentation count ¥

Distance ¥

0 mm

Estimated time

Indentation parameters

— “
—] V4 Edit Indentation parameters

#

+ Standard A
Acquisition rate : 10,0 [Hz]
Linear loading
Max lead : 1.00 N
Loading rate: 200 N/min
Unloading rate: 2,00 M/min
Pause:150 s

+ Step - MHT 5/N: 1234567890 settings
Fn contact : 0.01 N
Approach speed : 16.6 um/min

Indentation count 1 0:21:37

Dz sensor in fine range
I nad in fine ranne

1
Estimated i
6 : S Ty T [Jinclude an adjust depth offset
. 1085.3 KB
3
:Section 3.7.2 ‘, Edit adjust depth offset parameters
Section 3.7.7 Section 3.8

H Save as protocol x Cancel

Fig.61 Simple matrix window parameters

Indentation matrix definition area

Delta X and Delta Y fields:
To set the (relative) distance between each measurement (Indentation
parameters area, p. 103) for the X and Y axis.

Indentation count X and Indentation count Y fields:
To set the number of measurements for the X and Y axis.

Distance X and Distance Y info fields:
According to the setting of the parameters above, the distance between the first
and the last measurement for the X and Y axis are displayed as information.

Indentation count info field:
The total number of the measurements which are performed (+ 1 if Include an
adjust depth offset box is checked, under Parameters for ADO, p. 104) is
displayed as information.

Indentation parameters area

<Edit Indentation parameters> button:
To select one of the following measurement types, the same one is used to
perform the whole matrix of measurements.
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Select the indentation type MeaSU rement type

Indentation type To select (highlight) a measurement
Adjust Depth Offset type.
ST | O\ bytton: o
Constant multicycle To open the corresponding window of the
Progressive multicycle
cmMC _ selected measurement type.
e o Double clicking a measurement type does
Quick matrix Matrix of matrix the same effects.
Advanced matrix
Visual advanced matrix

The corresponding parameters should be

set as same as described in the following
v X Conce sections.

INFORMATION: Adjust Depth Offset is not useful for a Simple matrix of
measurements (see Parameters for ADO below).

Standard 3.7.5.1 Advanced 3.7.5.2
Sinus 3.7.5.3 Constant multicycle 3.7.5.4
Progressive multicycle 3.7.5.5 CMC 3.7.5.6
User define profile 3.7.5.7
Matrix of matrix is possible,
Simple matrix a 2" window as same as Fig.61 is superimposed
Quick matrix 3.7.5.10
Advanced matrix 3.7.5.9

Visual advanced matrix 3.7.5.11

Parameters for ADO

Include an adjust depth offset box:
Only if necessary, check this box to include an ADO before performing the matrix
of measurements.

<Edit adjust depth offset parameters> button (useful if box above is checked):
To set the parameters for the included ADO (section 3.4.4.1).
The ADO automatic process (3.4.4.2) begins once the matrix of measurements is
started (<OK> button Fig.61).
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3.7.5.9 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]

Approach distance : 1500 nm Black cross(es):  remaining definition(s) of the list
Approach speed ; 2000 nm/min

Dz sensor in fine range

Stiffness threshold : 500 pM/um

7.27
Stendard [1:1] I + i l
Advanced [1.5;1] _|
Advanced [2; 2]
AdB;l] l n =L I + T+
User defined profile [2; 1.5] L Y |
Adjust Depth Offset [7; 5] l K4 Edit I 33
Constant multicycle [7.5; 6] . +
Standard [8 : 6] List l — S— I
T . . .
1 Select 8 modify position ,,| A cross can be selected directly in this graph,
v Initial X Increment the related definition become selected
L) L . . . .
0000 mm 100088 rom (highlighted) in the list.
Initial ¥ Increment
00003 mm | 1000 % mm 207 +
+
- + + +
I . Clear l
03
Estimated time Estimated memory size +
) ‘ 0:26:05 1236.0 KB
Indentation parameters
+ Advanced -
Acquisition Rate : 10.0 [Hz] L4 mm : : : :
aﬂealr‘ndad;'agoo N 1.9 mm 04 27 5.0 73 96
ax load: g mi
Loading rate: 100.00 mMN/min . TEETIy . .
Unloating rete 10000 mi/min Red cross: selected definition in the list
Pause:50 s Blue cross(es): ADO definition(s) of the list
+ Step - NHT §/N: 1224567890 sestings Light blue cross: selected ADO definition in the list

Section 3.7.7 . Section 3.8
R (v a ) X e ]

Fig.62 Advanced matrix window parameters

The corresponding position of each measurement definition from the list is
represented with a cross in the Indentation position graph. Each measurement
definition is 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.63).

<Add> button:
To create a new definition (type/parameters/position) at the bottom of the list.

<Copy> button:

To copy the selected (highlighted) definition at the bottom of the list.
If necessary, the definition can be modified (see <Edit> button below).

<Edit> button:
To modify the selected (highlighted) definition in the list.
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Indentation definition Indentation definition

Sancard EH} dafdﬂ To change the chronologic order of the
: anced [3 ; . .
Advanced 151 Standard [1:1 measurements which is performed, select
[15:1] ;1]
Advanced [2: 7] Advanced[15;1] (highlight) any definition, drag it and drop it
Advanced [2; 2] . .
User defined profile[2:15] | User defined profile[2;1.5]  €lSewhere in the list.
Ariviet Mambl MiFFeat 170 K1 Adinict Nenth Mffcet [T+ 61

<Remove> button:
To remove the selected (highlighted) definition(s) from the list - Several
definitions can be selected by pressing <Ctrl> (or <Shift>) key prior to clicking.

<Clear> button:
To clear all definitions from the list.

Warning

| Do you want to delete all selected parameters 7

A Warning window asks to confirm one of the previous deletions
(<Yes> button) or not (<No> button).

When one of the <Add>, <Copy> or <Edit> buttons previously described is clicked.

Indentation position Indentation parameters
Parameters

+ Standard
Acquisition Rate : 10.0 [Hz]
Linear Loading
Delta ¥ Max load : 50.00 mN
—6.000% Loading rate: 100.00 mMN/min
Unloading rate : 100.00 mMN/min

Pause: 50 s

Delta X
LAl
8.000 5

+ Step - NHT 5/M: 1234567290 settings
Approach distance : 1500 nm
Approach speed : 2000 nmy/min
Dz sensorin fine range
Stiffness threshold : 500 pMN/um

l

(= X coo |

" Fig.63 Indentation position window parameters -.

For each current (selected) definition:

Delta X field:
To set a relative position for the X axis.

Delta Y field:
To set a relative position for the Y axis.

<Edit> button:
To select one of the following measurement types.
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Select the indentation type
Indentation type

Adjust Depth Offset
Advanced k
Constant multicycle
Progressive multicycle

cMmC
User defined profile

Simple matrix

Quick matrix Matrix of matrix
Advanced matrix

Visual advanced matrix

Measurement type:
To select (highlight) a measurement
type.
<OK> button:
To open the corresponding window of the
selected measurement type.
Double clicking a measurement type does
the same effects.

The corresponding parameters should be
set as same as described in the following
sections.

Adjust Depth Offset 3.7.5.12
Standard 3.7.5.1 Advanced 3.7.5.2
Sinus 3.7.5.3 Constant multicycle 3.7.5.4
Progressive multicycle 3.7.5.5 CMC 3.7.5.6
User define profile 3.7.5.7
Matrix of matrix is possible,
Simple matrix 3.7.5.8
Quick matrix 3.7.5.10
Advanced matrix a 2" window as same as Fig.62 is superimposed

Visual advanced matrix 3.7.5.11

To modify positions for several measurement definitions (regular positions)

INFORMATION: 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]

Hl| Advanced [1.5;1] k‘
Hll Advanced [2; 2]

Press <Ctrl> (or <Shift>) key and select (highlight)

[ r—— several definitions in the list.

User defined profile [2
Ardinet Nenth Mffcet 17

For the X axis

italX To set the initial (absolute) position for the first selected
&5 mm (e.g. 0) definition (highest position selected in the list)
! Increment To set the increment (relative) distance between each
H |& mm 1 remaining selected definition (from top to bottom in the
(e.g. 1) list).
To modify the current positions according to the selection

and the 2 settings (above).

H70IB103EN-C
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For the Y axis

Iitial v Inerement Same as previously described, exception: It is applicable
| mm = mm for the Y axis. The selection in the list should be done
(e.g. 0 and 1) again.

Indentation definition

Advanced [1:1]
Advanced [2; 2]
Advanced [3 ;3]

User defined protile [«
€.0. |adinct Nenth Nifcet I

E.g. the X and Y positions of the selected definitions have
been modified.

To set same preferences (hardware parameters) for several measurement
definitions

To set in one time the same hardware parameter preferences for several
measurement definitions, see the following descriptions.

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> key and select (highlight)
several measurement definitions in the list.

Then right click in the definition list area and select
"Changes preferences for selected
indentations" from context menu.

Changes preferences for selected indentations The same parameters (In Hardw_are parameters
L3 ~ window / Preferences tab) described for the
corresponding head below can be modified for all
selected definitions in the list:

UNHT section 3.7.6.1
UNHT Bio section 3.7.6.2
NHT section 3.7.6.5
MHT section 3.7.6.6

Once the parameters are validate (<OK> button
is clicked in the Preferences tab),

A Confirmation window asks if the new
parameters should be applied.

Click <Yes> button to apply the
modifications. Otherwise click <No>
button to not apply the modifications.
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3.7.5.10

Quick matrix

The Quick matrix measurement type is similar to Simple matrix section 3.7.5.8, it

performs a matrix of identical indentation measurements. However between each

measurement of the matrix, the reference stays in contact with the sample to speed
up the approaches (and therefore the measurements).

Set the proposed parameters for 1 cycle of linear loading/unloading (section

3.7.3.1).

INFORMATION: [t is not possible to use the quick matrix with the MHT.

Quick matrix

Indentation parameters
Max load

30000 & | uM

Time te load / unload

[ w)-

Pause

s

Indentation matrix definition

Delta X

[ sinus

Delta ¥

100000 = | prm

| 150000 = | um

Indentation count X

Indentation count

5:|

| 1=

Distance ¥

Distance X

I Section 3.7.2 !
1

Indentation count ! Estimated time

Estimated memaory size

| |

Section 3.7.7

y
H Save as protocol

00732 |

3981.3KB

Pr

ofile description

Hardware parameters

+ Step - UNHT 5/M: 123456 setting
Fn contact : 300 pM
Approach distance: 1500 nm
Approach speed : 2000 nm/min
Dz sensor in fine range
Lead in fine range
FnRef in fine range
FnRef contact load : 500.000 pM
Stiffness threshold : 150 N/ pm

Section 3.7.6

»

3

V4 Change

#

3
#  Edit adjust depth offset parameters

Section 3.8

Fig.64 Quick matrix window parameters

Indentation parameters area
Max load field:

To set the max. load to be applied.

Time to load/unload field:

To set the time to reach the max. load (above) and also to fully unload after the

pause (below).

H70IB103EN-C
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Pause field:
To set a (linear) pause at the max. load (above) before unloading.
Value sets to 0 = no pause.

Load Profile

Sinus box:
To load with a sinus wave, check this box |

Sinus frequency field (active if Sinus box above is checked):
To set the sinus wave frequency for the loading.

Indentation matrix definition area

Refer to the same Indentation matrix definition area described in the Simple matrix
measurement type, p. 103.

<Edit adjust depth offset parameters> button

To set the parameters for the mandatory ADO (section 3.4.4.1).
The ADO automatic process (section 3.4.4.2) begins once the matrix of
measurements is started (<OK> button Fig.64).

3.7.5.11 Visual advanced matrix

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

Tebie displacerent Warning SN =) The Table displacement Warning window asks to
move the sample under the microscope. Before
I\, Doyouwantto move under microscope ? clicking <Yes> button, verify the sample height to

avoid any collision. Clicking <Yes> button opens
the following Visual advanced matrix (Fig.65) and
Video windows (Fig.66).

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 the following Video window (Fig.66)
2 With the following Visual advanced matrix window (Fig.65)
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Current sample position
Visual advanced

Selection Position control
\,
List of indentations . i
Adjust Depth Offset [10.164 ; 16.851] l + Add I wo— Active graph
Standard [10.157 ; 16.78] - _
Standard [10.273 ; 16.787] > I
Standard [10.211 ; 16.729] ,’ Edit l 40—
Adjust Depth Offset [12.11 ; 16.939] _
Advanced [12.106 ; 16.78] 4‘ R l I
Progressive multicycle [12.362 ; 16.937] k o — 20— ]
Sinus [12.312;16.742] .
— Remove —
. 0
List T
mm
1 012345678 9101112131415161718192021 2223242526

Ellipse l Speed
@ Very Fast l (% Vector move l
@ Fast

@ Medium
l ‘ o l @ Slow Delta X
==l @ Very slow | 12392 mm

|| Use absolute position for the map

Delta ¥
Indentation parameters Keyboard control I 16.646 mm
+ Advanced . Reference Forward
Acquisition Rate : 10.0 [Hz] O < Left E Right = X
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
Approach distance : 3000 nm
Approach speed : 100000 nm/min I FgaEE mm
Retract speed : 2000 nm/min .‘ B e 1
Dz sensor in fine range 1
Stiffness Threshold : 500 pM/um 1
1
Estimated time 1
i 74503 |‘
Section 3.7.7 1 Section 3.8
l H Save as protocol l || I ¢ oK l l x Cancel l

Fig.65 Visual advanced'\matrix window parameters
|

% Video 7.2.6 : UI124xSE-C_4103108
" File Tools Video options Help

CE—— » @IEGX 0 Q

Active screen area

Y
o
=]

Light -
% ol

w
3

8

Jlllllllllllll

Cursors =

o & =

} Grab =

=
o
=]

Objective

5.0x - Objective v E]

[ ;hs Calibrate ]

Current microscope positon
on sample position
\

. 200 um
llIIIIIHIIHIIIHIIIHIIIHIIITlllllllllllllllll[l
-500 -400 -300 -200 -100 0pm 100 200 300 400 500

X=-2525pm-Y=37308pm |  X=259-Y=19 | DX=5097 um-DY = 4087 ym | Field: 1019817 um

Fig.66 Video window with defined indentations
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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

- <Add> button.

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. 113.

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. The selected
(highlighted) definition in the list appears with a red square.

Parameters for each selected measurement definition

List of indentations List of indentations

Adjust Depth Offset 10164 16881] | Adjust Depth Offset 0164, 16381] 10 Change the chronologic order of the
Stangord 10157 1678 | measurements, select (highlight) any

Standard [10.273 ; 16.787] ¥ Standard [10.157 ; 16.78]

;16 Standard [10.273 ; 16.787] definition, drag it and drop it elsewhere in
Adjust Depth Offset [12.11 ; 16.939] Adjust Depth Offset [1211 ; 16.939] .
Advance_d [12.106 ;16.78] Advanced [12,106 ; 16.78] the ||St-

Dranmraccinee wan Wirerla MY 2R 016 O3 Dranrarcice wanlbime-la 117 26214/ 00

Measurement type/parameters

<Edit> button: To modify the measurement type of the selected (highlighted)
definition in the list (Fig.65).

Select the indentation type Measurement type:
Indentation type To select (highlight) a measurement
Adjust Depth Offset type.
Advanced g <QK> button:
Constant multicycle To open the corresponding window of the
rogressive multicycle
CMC selected measurement type.
User defined fil . .
Simple matrit _ _ Double clicking a measurement type does
Quick matrix Matrix of matrix the same effects
Advanced matrix b
Visual advanced matrix
The corresponding parameters should be
set as same as described in the following
sections.
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Adjust Depth Offset

Standard
Sinus

Progressive multicycle
User define profile

Matrix of matrix is possible,

Simple matrix

Quick matrix

Advanced matrix

3.7.5.12

3.7.5.1 Advanced 3.7.5.2
3.7.5.3 Constant multicycle 3.7.5.4
3.7.5.5 CMC 3.7.5.6
3.7.5.7

3.7.5.8

3.7.5.10

3.7.5.9

Visual advanced matrix a 2" window as same as Fig.65 is superimposed

<Edit co-ordinates>

button:

Position

To manually change the position of the selected
(highlighted) measurement definition in the list:

Change coordinates .

Set other coordinate value(s) than the current

Edit coordinates

position.

X EEEY mm

OR

¥ 16780 & mm

[\/ oK

” x Cancel

<Remove> button:

<Clear> button:

H70IB103EN-C

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
| O a O
6
4 4 .~
-] 6 o \Y;
before after

To remove the selected (highlighted) measurement
definition(s) from the list - Several definitions can be selected
using <Ctrl> or <Shift> key before selecting (the definition
square(s) also disappear from the Video screen).

To clear all measurement definitions from the list (and from
the Video screen).
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To set same preferences (hardware parameters) for several measurement
definitions

List of indentations

Adjust Depth Offset [10,164 ; 16,581]
Standard [10.157 ; 16.78]

Standard [10.273 ; 16.78 . .
oot (10011 16.120) Same as described in To set same preferences

Adjust Depth Offset [12.11;16.939] (hardware parameters) for several measurement
Advanced [12.106; 16.78]

Progressive multicycle [12.362 ; 16.937] definitions for the Advanced Matrix, p. 108.
Sinus [12.312 ; 16.742]

Changes preferencesrf\or selected indentations
b I

Absolute reference position for protocol

Use absolute position for the map  Check this box to always keep the same matrix

box. 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. 115.

Uncheck to position the sample at the current

position.
Methods to move
Pasition control
60—_
40—:
= b
20— ]
0 E. I To move the sample/motorized table(s) use
A L) the Position control area; for descriptions,
spcd = refer to the Common Scratch &
Very Fast e Vector move - - .
0 ‘ Indentation software reference guide in
Medium . - -
E ® s Dets X section Managing the instrument /
Wery slow 12392 mm P -
i " Position control, exception: Some
Keyond contol [ et mm functions are not applicable here.
Forward
<teit  (*] Right> X
«|[CTRL | [+ ,Wmm OR
+ v
Mlmmum:las:\::ae:antn.lﬂﬂ . ; |
FEEEEE mm
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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]
MAdjust Depth Offset [12.11 ; 16.939]
Advanced [12.106 ; 16.78]
Progressive multicycle [12.362 : 16.937]
Sinus [12.312 ; 16.742]

Lie

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.

<Set reference> To set a new reference at the current sample/motorized tables
Button: position.

Position control Position controf

60—

@
2

=
=
=
]
\IHlHII‘\IHlHI

.u
=
\I\Il\ll\ 11
o
B

=Y
o

[T
1920212223242526

78 91011121314151617181920212223242526

efore after

HEHEE
123456

3
3

3
3
= —
-

=

=

<Edit reference> To manually set a new reference B to another position:
button:

Change coordivares SN Set different coordinate field value(s) than the

Edit coordinates

M — current position.

INFORMATION: The current position value(s)
can slightly differ from the one(s) shows on the
Position control active graph due to the indenter-
l v ” X Conce I microscope distance calibration correction.

¥ 18.219 (%

2

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

<QOpen video> To reopen the Video window if it has been closed.
button
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Ellipse

To fit an ellipse shape for the matrix, first min. 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]

<Ellipse> button:

| Ellipse Matrix Generato

Radius offset

Beqin
-100.000000 (&

End
120.000000 &

Paoints

T T 1
543.00 526.00

3

v o« | X

Fig.67 Ellipse Matrix Generator window parameters

T
261.00

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

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

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

H70IB103EN-C 116



When <OK> button is clicked in Fig.67, 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 [644.253 ; 208.296] —
Standard [399.324 ; 177.763]

Standard [506.008 ; 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] -

| »

New computed indentation definitions (e.g. 30) for the elliptic matrix
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3.7.5.12 Multi-ADO for Advanced matrix & Visual advanced matrix

REMINDER: For the ADO purpose, read the beginning of the section 3.4.

One or several automatic ADO(s) can be performed at the beginning and/or
between the indentation measurements for the Advanced matrix (section 3.7.5.9) or
Visual advanced matrix (section 3.7.5.11).

Select the indentation type

Select (double click) the Adjust
Depth Offset (ADO) measurement
type and set its parameters (section
3.4.4.1).

Indentation type

Standard k

Advanced

Constant multicycle
Progressive multicycle
CMC

User defined profile
Simple matrix
Advanced matrix
Quick matrix

Visual advanced matrix

v, X
Fig.68 ADO selection

Cancel

- 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.

paarced vz S Visat svanced i
Selection Selection—
First - - Indentation definition 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: 2] Standard [10.273 ; 16.787]
Advanced [3:1] Standard [10.211 ; 16.729]
User defined profile [2 ; 1.5] Between > USt DEtl ;16.939]
Between > Adjust Depth Offset [7; 5] ance :16. -
CoJr15tant fﬂulticycle [7.5:6] Progressive multicycle [12.362 ; 16.937] List
Standard [8 ; 6] Sinus [12.312 ; 16.742] :
Between - - - Between - - —» v

INFORMATION: Before starting the matrix of measurements, if there is not at

least an ADO in the first position of the list, a Confirmation window asks to
continue:

Click <Yes> button if a successful ADO §, has previously been performed
(section 3.4.2) and is suitable (location) for the whole matrix area. Otherwise
click <No> button 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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3.7.6 MEASUREMENT HARDWARE PARAMETERS (HEAD)

,~ Change ‘/

w

Click <Change> 4 Change ‘ button located at the right
(or left") bottom of the following measurement type window,

Type Section
Standard 3.7.5.1
Advanced 3.7.5.2
Sinus 3.7.5.3
Constant multicycle 3.7.5.4
Progressive multicycle 3.7.5.5
CMC 3.7.5.6
User define profile* 3.7.5.7,

to modify the hardware parameters.

Parameters set in
measurement type windows

Lq?d /Depth
Pause
Loading Unloading
rate
»Time
: | 5 Retract
Approach | ; ! speed
speed i i i i
—_—
. i Retract !
, | time
N A :
5 Y ; Py ; . .
Depth control ' Depth or load control Depth control

Parameters are set in Hardware parameters window - Preferences /
Sensor ranges tab(s) according to the measuring head

Fig.69 Measurement schematic

See the following sections which described the hardware parameters used during
the measurement(s).

Some preference parameters are dedicated! for each type of measuring head and
some are common? for all types of measuring heads.

The preference preset feature? allows setting automatic suitable values according to
the kind of sample material in use.

1 UNHT (sections 3.7.6.1, 3.7.6.3 and 3.7.6.9), UNHT Bio (sections 3.7.6.2, 3.7.6.4 and
3.7.6.9), NHT (section 3.7.6.5), MHT (section 3.7.6.6 and 3.7.6.9)

2 Approach distance (section 3.7.6.7), Contact stiffness threshold (section 3.7.6.8),
Adhesion (section 3.7.6.10)

3 Preset (section 3.7.6.11)
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3.7.6.1 UNHT Preferences tab

Step - UNHT - Hardware parameters

Preferences  Sensor ranges

Indenter approach parameters Reference approach parameters

Approach speed Approach distance Approach speed

2000.0 % | nm/min 1500.0 ;5| nm 6000002 | nm/min

Pre-approach Section 3.7.6.7 Contact load
Contact stiffness threshold Contact load Pre-approach
Section 3.7.6.8 15002 ] uN/um 300,000 2| N %

Reference-indenter auto-tuning
Betract speed Retract time

- [ Active

o Section 3.7.6.10 —

Optical analysis after measurement Section 3.9
Presets

[Defautt v] L.-
Section 3.7.6.11

« oK x Cancel
Fig.70 E.g. Step - UNHT with default (presets) parameters

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

Indenter

Approach speed The Approach speed field 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 max. loads higher than 1000 pN, set a value higher than
2000 nm/min, especially for soft materials.

Contact load

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

surface 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 pN = <100 pN

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 uN); see
also section 3.7.6.9.
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Reference

Approach speed

The Approach speed field determines the velocity at which the

| I_zl

& nm/min - rafarence approaches the sample surface; advised (standard)
value 60000 nm/min
% | The reference Contact load field is used to detect the sample
= H

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
||§| o

= % 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
sample...).

OR
Reference-Indenter Auto-Tuning - Check the reference-indenter auto-tuning box to perform an

7| Active auto adjustment of the pre-approaches between the

Pre-approach
reference and the indenter: the indenter 10@& % and
Pre-appreach
reference W@ %= become inactive. According to the last

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

INFORMATION: 100 % is the lower/rest position.
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3.7.6.2

Section 3.7.6.

UNHT Bio Preferences tab

Step - UNHT Bio - Hardware parameters (Same para meters for '|_|'X)

Preferences  Sensor ranges

Indenter approach parameters

Approach speed Approach distance

20000.0 5 | nm/min 1500.0 5[ nm
Pre-approach Section 3.7.6.7
Contact stiffness threshold Contact load

8 150.0 % | pN/pm 20.000 5| uN
Betract speed Retract time

o Section 3.7.6.10 —

[ Optical analysis after measurement Section 3.9
Presets
[Defautt
Section 3.7.6.11

G

Reference approach parameters\

Reference-indenter auto-tuning

All parameters
related to the
reference are

>‘ inactive as there
is no reference on
the UNHT Bio

Active

/

x Cancel

Fig.71 E.g. Step - UNHT Bio with default (presets) parameters

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

retraction.

Approach speed
|% nm,/min

Contact load

UM

@

Pre-approach

(WM

The Approach speed field determines the velocity at which the
indenter approaches the sample surface.

The indenter Contact load field is used to detect the sample
surface during the approach; see also section 3.7.6.9.

The Pre-approach field 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 UNHT? Bio User Manual in section Indentation measurement
process / Performing an indentation measurement / Define indentation
measurement parameters.
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3.7.6.3 UNHT Sensor ranges tab

Preferences Sensor ranges
Indentation range

+ Reference load range + Indenter load range

Step - UNHT - Hardware parameters (Sa me pa rameters for '|_|'X)

® 10 mN ——————P @ 10 mN ——————— ® 10m
seep ()50 mM =esssssnannnsannnns P (50 mMN =esssssnannnnn

+ Depth range

except fine Depth range:

+ Reference load range + Indenter load range

®20mN ®20mN

(D100 mN (D100 mN

With optional extended ranges, all values are doubled,

+ Depth range

® 10 pm
(100 pm

x Cancel

Fig.72 E.g. Step - UNHT 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.

INFORMATION: This tab is also available in the Calibration window (section 2.4.1).

3.7.6.4 UNHT Bio Sensor ranges tab

Step - UNHT Bio - Calibration (Same para meters for 'I—I'X)
Sensorranges Distance Platform Center Default Values
Indentation range

+ Indenter load range + Depth range

[P Proumnnn---a- >0mn
20 mN -->Ozo N m— @) 100 ym
\ || Large

Radio buttons
related to the
reference are
inactive as there is
no reference on the
UNHT Bio

H70IB103EN-C

Similar than UNHT section
3.7.6.3, exceptions:

- No reference.
- Range values are different.

- It is recommended to use
the large depth range.
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3.7.6.5

NHT Preferences tab

Step - NHT - Hardware parameters (Same parameters for TTX)

Preferences

Instrument approach parameters Depth range

Approach speed Approach distance (®40 pm Fine
2000.0 % | nm/min 1300.0 5 | nm

: (200 pm ee=ees -
Contact stiffness threshold Section 3.7.6.7 Large

Section 3.7.6.8 W/

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

retraction.

Approach speed

) e
|E.l nm/min

Depth range

40 pm

Betract speed Retract time

<«—— Section 3.7.6.10 —/

Presets

[Default v] L_'

Section 3.7.6.11

« oK x Cancel

Fig.73 E.g. Step - NHT with default (presets) parameters

indenter approaches the surface.

See typical values in the table below:

The Approach speed field determines the velocity at which the

Hard material
<1 mN > 1 mN

Soft material

1000 to 1500 nm/min 2000 nm/min 4000 nm/min

Select a suitable Depth range according to the used

above) but if the depth saturates during the following

“w0um Measurement, then select the large depth range.

H70IB103EN-C

sample/application; it is recommended to use the fine range (e.g.
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3.7.6.6 MHT Preference tab

Step - MHT - Hardware parameters

Preferences
Instrument approach parameters Indentation range
Approach speed + Load range + Depth range

®10N ¢——— @100 um Fine
Contact stiffness threshold Contact load o 01000 <
0N rrrmnarapns urm e
Section 3.7.6.8| 10000.0(%| iN/um 0010 | N Large

Betract speed Retract time
<+——Gection 3.7.6.10 —
Presets
[Defautt v] b

Section 3.7.6.11

¢ OK x Cancel

Fig.74 E.g. Step - MHT with default (presets) parameters, except fine ranges

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

Approach speed The Approach speed field determines the velocity at which the

& um/minindenter approaches the sample surface.
See the typical values in the table below:
Hard material
100 um - Depth range - 1000 ym
8 or 16.6 pm/min 16.6 um/min
Contactlosd The Contact load is used to detect the sample surface during the
Sl approach; see also section 3.7.6.9.

See the typical values in the table below:

Hard material
- Depth range -

100 ym
0.01 N

1000 um
0.03 N

+ Leoad range

1 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.

IMPORTANT: The Depth range should be the same as the ADO Dz
range, p. 75 which has been selected for the current successful
ADO. Otherwise an error message will appear; see section 5.2.

10N
30N

+ Depth range
1)

100 pm
1000 pm

1) Range values can be different with old MCT version.
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3.7.6.7 Approach distance parameter (UNHT/Bio/NHT)

AF’F’LM“E;‘E The Approach distance field is only available for the measuring
|5 om 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 tab; see from section 3.7.6.

This parameter allows the increasing or decreasing of the indenter
approach distance before starting to record the measurement.

INFORMATION: The value of the presets corresponding to the
type of the used sample (section 3.7.6.11) is suitable.

MHT approach distance

Otherwise for MHT without electronic bridge, this parameter can be only changed
in the current ADO parameters window; see section 3.4.7. 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
I m
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.75), after the measurement has been
performed.
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~| |~ o~
EE v ~

238E03 | 1.20 |
L.9E03 — 0.16
L43E03—  -D.8T
Approach distance
()
value |Z nm
95200~  -1.91
477.00  -2.94—
nm mh AF
175 _| 595 _| g y
T T T T T T T : . |
036 s 34.90 69.50 104222.00] 139.00 173.00
x1.0 - Q Q Q| i 3
Time=90.55 s Fn=0.00 mM Pd=1757.61 nm
2|3 4|5 ‘ 1/5 » M

Fig.75 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 section 4.1.1.
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3.7.6.8 Contact stiffness threshold parameter (All heads)

All heads use this parameter to detect the sample surface with the indenter.

Contact stiffness threshold

|& uN/um

Contact stiffness threshold field:
To set the stiffness threshold at which the contact between the indenter and
sample surface should be detected (detection sensitivity with a stiffness
algorithm).
It is recommended to set the value of the preset corresponding to the type of the
used sample (section 3.7.6.11). If necessary (for more accuracy), it is possible to
slightly decrease the preset value; IMPORTANT: However by decreasing too
much the value, the contact can be detected in the air.

Except NHT, other heads also use the following Contact load parameter (section
3.7.6.9) to detect the sample surface. 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).

3.7.6.9 Contact force parameter (not with NHT)

Additionally to the Contact stiffness threshold parameter (section 3.7.6.8), the
UNHT, UNHT Bio and MHT instruments also use the Contact load field (unit selected
in options) to detect the sample surface with the indenter/reference (UNHT). 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).

Contact load

||_;|
(=]

Contact load field:
To set the force at which the contact between the indenter/reference(UNHT) and
sample surface should be detected.
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3.7.6.10 Retract speed & time parameters for adhesion

Retract speed Retract speed and Retract time field values can be changed for

II' each new measurement in Preferences tab; see from section
(unit selected 3.7.6.
in options)

_ The value of these parameters allows studying the adhesion
Retract fime between the indenter and the sample.

Both parameters manage the unloading during the adhesion

phenomenon.
I/’—\\\
& AR SRR DA =
060 N7 [ 200,00

Retract time

0.45—

0.30— —-200.00

| Adhesion Force

015 —-400.00

—-G00.00

ok nm

015 _] | -800.00
I T T T T T T T T T

15000 s 162,00 17400 186.00 198.00 210.00

See section 4.6 to obtain the adhesion force.

H70IB103EN-C 129



3.7.6.11 Preset of the preference parameters

In each Preferences tab of the Hardware parameters window (see from section
3.7.6) there is the "Presets" drop-down menu located at the left bottom of the
window. Suitable automatic values according to the kind of sample material in use
can be set with this feature.

Step - UNHT - Hardware parameters
Preferences  Sensor ranges

Indenter approach parameters Reference approach parameters

Approach speed Approach distance Approach speed

e I H Y
2000.0 5| nm/min 153000 (5| nm 60000.0 = | nmymin
Pre-approach Contact load
Contact stiffness threshold Contact load Pre-approach

150.0 2| uN/pm 300,000 | uN 03 %

Reference-indenter auto-tuning

Betract speed Retract time .
Acti
Video
Optical analysis after measurement
Presets
[Default ICE
« OK x Cancel
Presets
|V
Default
Ultra soft materials | o

"Presets" drop down menu:
To select one of the 3 following presets according to the material of the used
sample,
"Default"
For hard material.
OR
"Soft materials"”
OR
"Ultra soft material”

<'Apply'> (_, button:
To apply the current "Presets" drop-down menu selection - The parameters are
automatically set accordingly.

INFORMATION: For the UNHT/bio, the indenter and reference Pre-approach fields

automatic values are defined in the Default values tab of the Calibration window
(section 2.4.3).
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3.7.7

Located at the left bottom of each

measurement type window
(see from section 3.7.5)

Protocel name

Save as protocol l

Enter new protocol name

Protocol example 1

(X oo |

[\/ oK

. 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

H70IB103EN-C

SAVE AS PROTOCOL (CURRENT MEASUREMENT TYPE SETTING)

To save the current setting of all parameters as
a measurement protocol (including hardware
preference parameters section 3.7.6).

Edit (type) a new
protocol name and

to save the
protocol.

Each saved
protocol will appear
in the protocol list
of the Define a new
measurement
window (Fig.49)
and can be selected
later.

To erase a protocol,
only from the list of
the Define a new
measurement
window (Fig.49),
right click on a
protocol and select
"Delete" in the
context menu.
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3.8 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

[ Approaching Table 7...

O Approaching reference 48.43 %
[ Fine approach...

B Indentation running...

[0 Removing the indenter...

Ref bridge Fn: 47.5%
Ind Bridge Dz : 58.6% Fn:576%

Indenter
+ Command
+ Position

Dz: 2906.7 nm 100000 nm

W Contact

+ Mormal load
Fn: 41 mN 10,0 mN

Il

+ Standard
Acquisition Rate : 10.0 [Hz]
Linear Loading
Max load : 10,00 mMN
Loading rate: 20.00 mMN/min
Unloading rate : 2000 mMN/min
Pause: 100 s

+ UNHT 5/M: 50-00705 settings
Fn contact: 0.02 mM
Approach distance: 3000 nm
Approach speed : 2000 nm/min
Retract speed : 2000 nm/min
Dz sensor in fine range
Load in fine range
FrRef in fine range
Stiffness Threshold : 150 pM/um

N

/ Indentation1 /1 ¢— NO. Of measurem

Current measurement
parameters

2007
6.0
Combined curve
1207 Normal load (Fn) vs. Depth (Dz)
8.0+
4.0+
00 mr
‘Dnm IDIU 2DID 360 l1DID 500‘
User channel curve(s) [0
ents (if matrix)) Lioon
120+ Fa0o0
50 //R Depth curve (Dz) Laono
4.0+ // Hiooan
/ / Normal load curve (Fn)
0.0 mh_| L0 nm
s 1

l £ Immediate Unload l

T
an

7

Fig.76 Indentation running... window

IMPORTANT: 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 Approaching Table Z... /

O

B Approaching reference 4843 % /El
O Approaching with the indenter... / O Approaching Indenter / O Stahilization 30 [s]

M Indentation running...

O Removing the indenter...

H70IB103EN-C

(inactive with TTX-NHT)
(active with UNHT)
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Stabilization

Before the indentation starts (. Indentation running...), O stabilization 30 [5] |S bllnklng and

displays a decreasing time info (e.g. starts from 30 [s]); the stabilization time
is set in section 2.1.4.2.

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.

INFORMATION: With UNHT and UNHT Bio, the extra UNHT Approach Monitor

window (Fig.33) can be displayed or deactivated with the UNHT.INI file;
see section 2.6.

H70IB103EN-C 133



3.9 ANALYZING/VISUALIZING THE INDENTATION(S)

This section is applicable if:

Microscope / video

g Dlvicosopeinsts - Microscope installed box has been checked and <Video

) | "8 O optical Microscope Microscope> radio button has been selected (providing the
@ Video Microscope video microscope is present on the instrument); refer to the
e wa  Common Scratch & Indentation software reference

guide in section Managing the instrument / Hardware
100 configuration / My configuration tab.
Video

- Optical analysis after measurement box has been checked in
the UNHT or UNHT Bio - Hardware parameters window /
Preferences tab (respectively sections 3.7.6.1 or 3.7.6.2 ).

waring I B At the end of the indentation

measurement process: when the
l\ ﬂ%:ﬁ;:i\::gm n*.m\reunder.therrfic.roscopeto\risualizeyour Indentatlon runnlng WlndOW -

Check sample height to avoid collision (Flg-76) CloseS, thIS Warnlng WlndOW
appears.

Optical analysis after measurement

Click <Yes> button to open,

the Video window (Fig.78) and Analyze indentation window (Fig.77), in order to
(if necessary):

- Refine the indenter-microscope (objective in use only) distance calibration.
- Analyze/visualize the indentation measurement(s) and capture image(s).

Or click <No> button and go to section 4.

[ Section 3.9.2 —|
Analyze indentation v
Indentation pesition X g 4 N
_ pa m Curve toolbar
10 25,007
0.5+ ,IL‘
20.00 —
00 + + +
Graph
0.5+ in
10 15.00 — |
mm 0.0 00 01 02 02
Indentation definition LA
Standard [0 0] 10.00 |
Standard [0.1; 0] Im”age <
Standard [0.2: 0] . ; aller
Indentation |IS—t| ] gallery
5.00— .
Speed Grab image
= ® Very Fast
@ Fast 1 5  videoimage
@ Medium
. N
- @ Slow mo / MultiFocus image
Verv slow T T T T T T T T T T
& Very slov 0 nm 500.00 1503 1.5E03 2603 258 Include 3D mapping
10 v Q @ @
Conscan image
Keyboard control Indentation parameters
Forward + Standard ~ AFM image /
+ Acquisition Rate : 10.0 [Hz]
<Lt Right » i Parametgrs pf the §e|ected ‘—z“
«|[cTRL] [+ Mes load 2000 mi indentation in the list w = @
T Loading rate: 40.00 mN/min
Unloading rate : 40.00 mN/min .
Backward . Pause: 50+ Section 3.9.1 = | 3 Hardness enalysis ——
Minimum displacement 0.250 pm -
Section 5.9.2
" Finish analysis

Fig.77 Analyze indentation window Section 3.9.4
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B To reopen the Video window.

Selecting an indentation

Indentation 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

Standard [0.2: 0] L area.

Methods to move for adjustment

Use these functions to adjust the sample position; refer to the

u u S:p:t Fast Common Scratch & Indentation software reference guide
\ﬂ ggécla-Jm in section Managing the instrument / Position control (some
® ey sow described functions are not available here).
R INFORMATION:
T oard - <PgUp> and <PgDn> GUI buttons appear in keyboard control
e U'RL o area when a motorized Z table is present on the instrument
v (e.g. not the case here with a TTX)

Backward

Minimum displacement 0.500 pm

= - The displacement area is limited in the zone of the selected
indentation in the list.

Original indentation position

To move back to the original position (of the selected indentation
in the list).

Table displacement WamingL L-J

H
A%

I Doyouwantto return to the original point ? Click <Yes> button to
confirm.

3.9.1 REFINING INDENTER-MICROSCOPE (OBJECTIVE IN USE) DISTANCE
CALIBRATION

It is possible to refine the calibration of the distance between the indenter and the
video microscope (only for the objective into working positon) from this Analyze
indentation window (Fig.77), and also using the Video window (Fig.78).

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 and properly adjust the focus
using <PgUp> / <PgDn> keys in case of motorized Z table (Fig.78).
IMPORTANT: Be sure the imprint corresponds to the selected indentation in the
list.
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INFORMATION: 7o have the crosshair in the middle of the Video screen, check
Crosshair box in the Video window; see Video software reference guide for
description of all features.

T Video 7.26 : UI124xSE-C_4103108377 =R
File Tools Videooptions Help
— s T
B = [un2sse-c 4103108377 ~| s6mzes ] @ X Q =
20— Light -
. % %
] 5]
n . 0 250% 100
10— ” N
n | Cursors -
i / Egm] |
: : = @ =
: »
- y 4 Grab -
= ¥
0 pm— ” ’ =
] . B Dsce
= A ¥ Crosshair
n / =
1 r 4 Calotest
] 4 Measurement
. ) @ Hardness
F R
10— N\
A _— Objective -
Zl 100.0x - Objective 100x @

~ i Calibrate

"~
=3

rrrrrfrrrrrrr T rr T T Ty r T T T T T r T T T T T T T rrrTrT
-20 -10 0pm 10 20

X=320pum-Y=-1978 ym X=344-Y=481 DX =254 ym - DY = 20.5 ym Field: 51x41 pm CTRL + Click to mq

Fig.78 Indentation imprint centered under Video screen crosshair

. To refine the calibration of the distance between the indenter and the
=+ objective into working position, only when the indentation imprint is centered
(Fig.78). The calibration is not applied to the other objective(s).

Tabledisplacementw_ [&J It IS recommended tO C||Ck

<Yes> button in order the
A backlash ti ded bef toring th
A caliziatiaosn ;no\remen is recommende ore storing the new Software performs a backlash

Proceed now ? movement before storing the
new calibration; wait.

e = Ciick <Yes> to save the new

calibration X, Yand Z
distance values?) in the
corresponding fields of the
Calibrate Indenter Microscope
distance window?

Otherwise click <No> button and restart from Centering , p. 135 until the
imprint is centered.

1 X, Y distances between the indenter and objective into working position and Z distance, in
case of motorized Z table, between the sample surface and objective into working position
(focus).

2 Refer to the Common Scratch & Indentation software reference guide in section
Managing the instrument / Calibration (Common tabs) / Indenter-microscope
distance calibration procedure.
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3.9.2 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. 135, the features below can be used:

Contact point

Curve toolbar

~ \ % If necessary, the contact point can be refined from here

~ . Otherwise it can be refined later during the result
analysis; see the similar explanations as described from

See section 4.1.2 section 4.1.1.1.

Grab image(s)

Each of the following active buttons from this Analyze indentation window
(Fig.77) allows image capture(s) from the current Video screen (Fig.78): Edit an
image window appears (Fig.79).

Before capturing image(s) below, ensure the focus is adjusted (with Z motorized
table, see Methods to move for adjustment, p. 135 or with TTX-UNHT use the
thumbwheels).

To capture image(s) from the live Video screen,

‘G Video image ‘ (standard) images.

Multifocus image only if the instrument is equipped with a
motorized Z table. Otherwise the button is inactive; see
MultiFocus image(s), p. 138.

Include 30 mapping

B conscanimage To capture images from the conscan and/or AFM, if the
— corresponding options are available; otherwise the buttons are
inactive.
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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 reference guide in section Measurement Documents in Curve View
/ Manipulating Document windows / Image Gallery.

Edit an image.

Title Picture info

| | NONAME]| [7] Relevant Color Image
Size : 960 x 768 pixels
G t:
» SOMMERS Depth amplitude : 0.00 pixel
& acquisition type : video

Image
gallery

R Ny ™ Glow = e Convert picture to grayscale before manipulating it.

I\

Fig.79 Edit an image

When is clicked, each image is stored (as thumbnails) in the

image gallery of Fig.79 but also of the Analyze indentation window (Fig.77); in
each image gallery, double click on a thumbnail to (re)open the corresponding
image (if there are more than 3 thumbnails, use| 4 [/ %  |tosee
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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Multifocus image

3D mapping
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3.9.3 OPTICAL VICKERS HARDNESS ANALYSIS

First adjust the optical hardness Vickers measurement: Place the cursors (center
and 4 edges) over the Vickers measurement imprint on Video screen (Fig.80); refer
to the Video software reference guide in section Using the Video Software /
Hardness (Indentation) (selecting Vickers measurement).

]
T Video 9.0.5 - u] X

File Tools Video options Help

B = [fmae ©|[12911033 | H o] X Q B B D

: / : Hardness

Opm : > ' 6.59 HV 0.001

: : " D1=1694pum

| o | /' D2= 1694 pm
\

/
Objective -
1.0x - Image calibration | =
’ ;%? Calibrate
-30 -20 -10 0um 10 2 £
| X=-889um-Y=2826um |  X=245-Y=16 | DX=37.2um-DY=301um | | Field:7460um | CTRL+Clicktomove | <3

Fig.80 Vickers optical measurement adjusted on Video screen = Vickers analysis

(Do not close the Video window)

ELS -
‘ﬁpﬂ analysis

L

&  Finish analysis

<Hardness analysis> button (Fig.77):
To save the current optical Vickers analysis (Fig.80) in the 2 following places.
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- The optical Vickers analysis is saved in the image gallery (Fig.77). When the
image is opened, Edit an image window (Fig.79) shows the analysis details.

Edit an image

'% the \ Picture info

I et I [JRelevant
Comments
Hardness: 2.64 HV 0.000 Analvysi
Diagonal 1: 16939.109 [nm] nalysis

Diagonal 2: 16939.109 [nm]

v

N
Image | : N r— =
Image BRBH[UNI R B o [¥

- The optical Vickers analysis is also saved later in the analysis of results
(section 4.5). INFORMATION: This analysis cannot be defined as automatic or
added manually afterwards, it is coming only from Analyze indentation window

(Fig.77)

w Indentation 9.0.3 Demo - [Exarmple.MIT]
File Edit Instrument Administratior

ReH (5L
Auto-created group i

BRI @ D7
g

Method

Optical Vickers

Main results Analysis

Hardness: 2.64 HV 0.000

Additional results
Diagonal 1: 16939.109 [nm]
Diagonal 2: 16939109 [nm]

3.9.4 ENDING THE OPTICAL ANALYSIS

I &/ Finish analysis | To end the optical analysis (Fig.77).

Click to close the Analyze

indentation window (Fig.77).
IMPORTANT: It will not possible to
come back.
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3.10 SAMPLE DISPLACEMENT AFTER THE MEASUREMENT(S)

After the measurement(s) have been performed (section 3.8) or after visualizing the
indentation(s) (section 3.9), the following window appears.

IMPORTANT: 7o avoid performing the next calibration/measurement indent inside
the current indent (current position), the sample/motorized table(s) position should
be shifted of a minimum displacement?

Sample displacement after Measurement

It is recommended to move the sample away frem the measurement
zone: set a minimum displacement

X motorized table ¥ motorized table

0,500 | mm 0.000 2| mm

« oK x Cancel

Fig.81 Sample displacement after measurement

X motorized table field:
To set a min. displacement value! for the motorized X table.

Y motorized table field:
If necessary, to set a min. displacement value! for the motorized Y table.

<OK> button:
To move the motorized table(s) to the position values set in the previous fields;
wait.

Moving the table

e ¥ou

<Cancel> button:
To cancel the displacement (no move). However it is recommended to then use
the Position control window to move the sample into another suitable position;
refer to the Common Scratch & Indentation software reference guide in
section Managing the instrument / Position control.

1 It depends on the current sample material: Approx. 20 x hm
Pay attention to the displacement unit (e.g. mm in Fig.81), which is set in the options;
refer to the Common Scratch & Indentation software reference guide in section
Customizing options / Preferences tab (units).
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3.11 HEATING MODULE MODE

3.11.1 ACTIVATION
This mode and following descriptions are applicable only if:

» <Heating stage> radio button is selected for UNHT (section 2.1.1.2)
*» Heating stage box is checked for MHT (section 2.1.1.4)

3.11.2 ADO

The Temperature area appears in the ADO window (Fig.82).
For the standard ADO descriptions and parameters, see section 3.4

| Adjust depth offset parameters

l___] Surface detection parameters
I Approach speed Contact force

I | urn/min N

Characterization force Contact stiffness threshold

1.000 5| N 10000.0 5| uN/pm
Approach distance Dz range
(®100 pm
5015 | um
=I| M (1000 pm
Indenter
Pre-approach
0% %
/ Temperature \
[Iheating mode enabled
Sample target temperature  Heating slope Temperature stabilization
| ‘ 00 Z]-cmin 030 Z] -c/min
| \ Turn off heaters after measurement /
Presets
[Defautt v]

Apply

X o

Fig.82 E.g. MHT ADO window with heating module mode

Heating mode enabled To enable the heating of the module before

box performing the ADO process, check this box
(communication with Heater Software).
Otherwise uncheck (default) to perform a
(standard) ADO at ambient temperature.

Sample target temperature To set the target temperature value that will

field be automatically set and applied in Target
temperature field of the Heater Software.
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Heating slope
field

Temperature stabilization
field

Turn off heaters after measurement
box

<OK>
button

To set the heating slope value that will be
automatically set and applied in Slope field of
the Heater Software.

To set the stabilization temperature to wait
before the ADO process starts.

To turn off the heater of the module after the
last measurement of any started matrix
measurement types (section 3.6), check this
box (default).

Otherwise uncheck to keep the heating
module at the target temperature until
manually turned off by the user through the
Heater Software.

If the previously described Heating mode
enable box is checked, the Heater Software
should be opened by the user before clicking
this button (otherwise, a Confirmation
window appears).

Then, to heat the module according to the
previously described parameters, click this
button.

3.11.3 TEMPERATURE SCAN MEASUREMENT TYPE

The Temperature scan is active in Define a new measurement window (section 3.6)

at the very bottom.

Define a new measurement

|~ Measurement type

(@) Define a new measurement

Standard

Advanced

Sinus

Impact Mode
Constant multicycle
Progressive multicycle
CMC

User defined profile
Simple matrix
Advanced matrix
Cuuick matrix

Visual advanced matrix

i lle a nrotacal

Select this measurement type.
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Temperature Scan
Temperature parameters
Temperature min
°

Temperature steps

oz

Indentation matrix definition

Delta ¥

Indentation parameters

-
Temperature max = ,’
— we-

Indentation repetition

Edit Indentation parameters

Temperature Scan ~

2 X 4indentations
Delta ¥ : 1.000 mm, Delta ¥ 0.000 mm
Indentation parameters
+ Standard
Acquisition rate : 10.0 [Hz]
Linear loading
Max load : 1.00 N

Delta ¥ Loading rate : 2.00 N/min

| 1.000 = |mm

Unloading rate : 2.00 Nfmin

e
| L.000 (51| mm Pause : 10.0 5

Indentation count X

Indentation count ¥ Fn contact : 0.01N

| 3

Approach speed @ 16,6 pm/fmin

7 table retract : 1.5 mm

Dz sensor in large range

Load in large range w

| 4

Distance ¥

| Distance X

| 3 mm

1
H Save as protocol

| z mm .
/ Edit adjust depth offset parameters

»

Cancel

v ) 4

Fig.83 Tehdp'erature scan parameter window

The standard parameters are similar to the ones described for the Simple matrix
measurement type (section 3.7.5.8), except for the following ones.

Temperature min
field

Temperature max
field

Temperature steps
filed

Indentation repetition
field

<OK> button

Later, the statistics view allows to display the results versus temperatures (Refer to

To set the minimum temperature for each measurement.

To set the maximum temperature for each measurement.

To set the desired delta temperatures between the min
and max (previously described); the software adjusts
automatically the different temperatures (based on the
steps value) and performs the measurement at each
temperature.

To set the number of measurements (defined through
<Edit Indentation parameters> button). The distance
between each measurement performed at the same
temperature is defined in Delta X field and the distance
between measurements performed at different
temperature steps is defined in Delta Y field.

Before clicking this button, ensure that the Heater
Software is opened.

Then, to start the defined temperature scan matrix
measurements, click this button.

the Common Scratch and Indentation software reference guide in section
Measurement documents in statistics view).
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4 ANALYSIS OF RESULTS

After the measurement process of the indentation(s) is completed, the main result
analysis window appears (Fig.84).

Adjustments (analysis method, curve display, contact point, overlays...) and
parameter changes (indenter, Poisson’s ration...) can be performed in 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 o and ; refer to the Common Scratch & Indentation

software reference guide in section Measurement documents in curve view /

Document window interface / Information/measurement tabs /

Measurement tab.

Indentation info

-
o5 Indentation 7.2.6
File Edit Insfument Adminjss

Grofip name 2

lon Window About

ﬂqﬂhge-ago?@

Additional toolbar (p. 147)

Additional r result area
HVIT= 23.1

CIT0.02/30/5=385 %
nlT=3587 %
Fmax=0.02 N
hmax= 207 pm
5= 0.0552 MN/pm
he=181 pm
hr=171 uym
hp=-099 um
m= 84267
Epsilon=0.73
R2=0.999
Ap=80.23 ym*
Welast= 0,01 p)
Wplast= 0.01 p)
Wtotal= 0.02 p)

-« |

| Relevant

+ Standard
Acquisition Rate : 10.0 [Hz]

Linear Lea
Max load :
Leading ra
Unloading

Measurement
parameter area

m

15.00 —

10.00 —

~ A
LA O v o = ]

Method 25,00 ]

Oliver & Pharr
Mﬂirnlreguzl?sn GP: Overlays

=L, a

HIT 45299 GPa Result curve(s)

E*= 5.3076_GPa 2000 graph area(s)
Hypothesis [ Analysis type(s)

Poisson's r & k

«--=

- 5.00 -

2
=

hmax=2.07m

hc=1.81um
hr=1.71pm

I
0 pm

«-=

T T
0.50 1.00

%10

-l @ @ [/« Zoom tool ]

Pause:5.0F

= Y Time=13.04 5

Information 1 E 3

\.

Fn=7.86 mN Pd=1.20 pm

Info from the graph curve cursor

Fig.84 Result analysis window (curve view default setting)
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Additional toolbar

Analysis methods;

section 4.5

Analysis curve(s);
section 4.7

\/_L‘ it

Overlays;
section 4.4

Contact point; section 4.1.1

Indentation curve(s);
section 4.1

(A~ [4 =

Display; section 4.1.2

Filter; section 4.1.3

Export; section 4.1.4

4.1 INDENTATION CURVE(S)

For each active measurement

The indentation curve icon in the additional toolbar shows (selected):

- The displayed indentation curve(s) (section 4.1.2)

- The indentation curve features:

Contact point(s) (section 4.1.1)
Smoothing (section 4.1.3)
Export (section 4.1.4)

The indentation curve(s) and features can be hidden (if unselected). Only if
the analysis curve(s) is active and selected A (section 4.7).
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4.1.1 SETTING THE CONTACT POINT

From the result analysis window (Fig.84), there are several ways to open the Set
the contact point window (Fig.85), which allows to verify, refine (change) the
contact point for each available measurement of each desired active group:

,
Finienion 726 Earperll

File Edit Instrument Administration
b 1 Lt
Ea M S0 J

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...

Print preview...

+ Advanced
Acquisition Ra
Linear Loading
Max load : 0.50
Loading rate :
Unloading ratg
Pause:100 s

Apply curve settings
Information =

Print...

Delete all analyses...

,

File Edit Instrument Administration Window About
b 1 L]
Bk (S0 dhasd
Group name 2

—

12

+J -RRT {
Method -

Oliver & Pharr ‘ ‘

'!jg “

[ »\

Main results
I HIT= 0 2A2R GPs

H70IB103EN-C

- For the active group tab, select

"Edit > Group > Change contact
point..." from menu bar.

Right click on the desired group tab
and select "Change contact
point..." from context menu.

For the active measurement tab
Select "Edit > Indentation > Set
contact point..." from menu bar
(only the contact point for this
measurement will be opened).

Right click any measurement tab
and select "Set contact point..."
from context menu.

For the active group tab, click &
on additional toolbar.
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Set the contact point

~ e~
FE~ ~ O

1 441,007 | 1.66E03 | o || 256037
#2 .
3 Left graph Right graph
#4 1 ) 1
#5
307.00— 1.63E03— | ‘ 2E03 —
173.00— 1.61E03— 15603
<= - == - - -
41,40 1E03
95,10~ 1.56E03 500,00
N .
—229.”007 1.5450!7
T T T T T T T — T T T T T —— T T T
93.00 s 95.00 97.00 9890 101.00 0200ho - 0 nm 3000 5000 2220000 120,00 150.00
e Ta Q k1 e a a- :

Time=10285s Fn=24213 N Pd=1660.74 nm

I « OK H X Cancel ]
Fig.85 Set the contact point window (default settings)

4.1.1.1 Contact point features

Left graph

—_—

setthecont: 1T there are several measurements, the measurement numbers are
E displayed on the left top of the window. The active measurement is
fn]L? highlighted and its corresponding curves are displayed on the left graph.
#1

#2 To verify or refine (change) the contact point of each indentation
; measurement, select (one at a time) each active measurement by:
sz} t, select ( t a time) h acti tb
#5 - Clicking the measurement number #
- Pressing the <'Up arrow'> or <'down arrow'> key
In case of a single measurement, there is no measurement # number
displayed: it is the active measurement.
j:[ To center the left graph displayed curves on contact point.
If the zoom tools are used, click this icon to center the left graph, where
the important zone to verify/refine the contact point is displayed.
The zoom tools and cursor information are available
on both left and right graphs; refer to the similar
aaa ght grap

explanations as described in the Common Scratch
& Indentation software Reference guide in
section Measurement documents in curve view
/ Document window interface / Graph area
tools / Zoom.
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To display/hide the indentation curve(s) in/from the left graph:
Pd depth h vs. time O

and/or 0.04E03 " | 3.06E03 " |
En force F vs. time
and/or
s stiffness vs. time

6,32E03 — 3.01E03 —

36E03— 2.96E03 —

INFORMATION: By default,
only depth and force are 1
displayed which is at ‘ :
least advised to verify/refine R wfbd’
the contact point.

-1.83E03— 2.86E03—

W nm
4.55603_| 251E03 _|

T — T T T T T T T 1
gsal>)  s730 89.30 91.40 9340 9540 ~

e Ta Q a r

Time=85355 Fn=-380 uN Pd=2820.56 nm

Fig.86 Stiffness curve is displayed in addition

~ To restore the contact point automatically detected by the software.

INFORMATION: By default after the measurement process, the contact
point for each available measurement is automatically detected /.
(inactive).

See section 4.1.1.2 (verify/refine contact point).

Right graph area

The right graph always displays the available measurement combined curve(s),
force F vs. depth h

—

settheconti 1 e selected active

2E03

~ E _measurement # (highl_ighted
fnJL? in the left top of the window)
:; curve is displayed in dark red s
.3 color.
#4
£5l¥ If the mouse cursor is placed

1E03 —

on any measurement #, the
corresponding curve becomes
highlighted.

H70IB103EN-C 150



4.1.1.2 Verifying/refining the contact point

The contact point is automatically detected (- inactive in Fig.87) 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.

F R
o~ |

Y+ O
oy S

845603 | 1.69EMN - SE04 |

#2

#3 Automatique

contact point

6E03 — 1.65E03 4E04 —

3.56E03 — 1.61E03— 3E04—

2.16E03 1.59E03 h
1.11E03— 1.57E03 — 2E04 —
-1.34E03 — 1.54E03— 1E04 —
un
uN nm o_|
T T T T = T T T T T T T T T T T T T T T T
H 46,50 4830 =20 52,00 53.90 - 0 nm 150,00 300.00 450,00 600,00 750,00
= oA @ ol e a a

Time=42.80 s Fn=134 uN Pd=1621.76 nm

I o H ¥ cancel ]
Fig.87 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 section 4.1.1.1.

INFORANTION: 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 to use 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

/, S

/ \

/ \ -
\ Y _ -

The new and precise

contact point

y

Refined

H70IB103EN-C

To manually set (refine) 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 context menu.

If necessary, click X (it became
active in Fig.87) to automatically re-
define the contact point.

When the contact point changes
(different location), the curves and
statistics are updated and the analyses
are recalculated without leaving the
Set the contact point window (Fig.87).
This allows seeing in real time the
impact of the contact point.

E.g. Oliver & Pharr in the analysis
result area:

5B 4[|

Method -
Oliver & Pharr

Main results
HIT= 9.5282 GPa
EIT= 74.046 GPa
E*= 75.991 GPa

Hypothesis
Poisson's ratio(nu)= 016

Additional results

LIWTT— @27 47 Wiclerer

Main results values with autométic
contact point.

Method
Oliver & Pharr

Main results
HIT=9.3436 GPa
EIT=73.27 GPa
E*= 75.195 GPa

Hypothesis
Poizzon's ratio(nu)= 0.16

Additional results

LT = 074 47 Wiclemer

Main results values with refined (manual)
contact point.

Some Additional results values also
change accordingly.

152



4.1.2

A To display (by default) the force F vs. depth h combined curve.

INDENTATION CURVE DISPLAY

—
(4}~ [4)% = * -
A= 15.08—
F 4
12,00
9,00
6.00
2,00 —
; mh
U_ T T T
Iﬂ um -’J."JG 012 nlla n.|24 h 030
OR
To display/hide the following curve(s):
4 Force F vs. time
and/or
1 Depth h vs. time
s - ‘I
A~ 4 KA 5
o s ===zl 030
F " h
1200 -0.24
9.00— 018
500 012
3.00— -0.06
; mil pm
0_l T T T T T |_G
0s 1500 30,00 45.00 6000 Time 7500
and/or ...
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~| o~ | . Smoothing: -
LA Pd |~ |+ - =
15000 ] 097

~

Ucl User channel 1
and/or

Uc2 User channel 2,

1 I i | I
if activated n l"%vp’ww 'rﬂ‘t‘,"

120.00 —

and set prior to the

measurement(s).
60.00— —0.97
30,00 —0.97
mN mba
0_] | 097
T T T T T T T T T T 1
0s 15.00 30.00 45,00 60.00 75.00

+ To also display/hide the previously described curves on/from the graph.

EIEIPA

v Pd/Fn- Combined

E - Normal F The context menu allows a quick selection (overview) of
n ormal rorce
Pd - Penetration depth the curves.

Ucl - User channel 1
Uc2 - User channel 2

#+ To adjust the graph scale(s) for the displayed indentation curve(s).

- Also select "Edit >
Static curves Document > Adjust
B @ MinFn 9 Max Fn curves scales" from

000 mN 15008 mN Auto adjust menu bar to open this
B @ Minpd [¥] Max Pd window.

03()% um Auto adjust

0.00(% m
B 7 in ime Sr— For the detailed

0005 5 75005 o Auto adjust description of this
B (7] Min User Channel 1 Max User Channel 1 window, refer to the

0 E 0 Auto adjust Common Scratch &
[ ] Min User Channel 2 Max User Channel 2 Indentation S.Oftware

0E 0 ® Auto adjust Reference guide in
section Measurement
documents in curve
view / Manipulating
document windows /
Adjusting curve scale.
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4.1.3 FILTERING THE INDENTATION CURVE(S)

This feature is applicable with any indentation displayed curve(s) , or
(if activated)/ (if activated) on the graph; see section 4.1.2.

r—~ o —————

(4~ |4 = = AL I 5

- ———

[ A

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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4.1.4

7

= To export all indentation curves.

A = 2K

This window allows:

EXPORTING ALL INDENTATION CURVES

™

- Choosing a location

EExport
4N » ThisPC » Desktop » Example v O
MNew folder

Organize =

Mame Size
# Quick access

[ This PC

¥ Metwork

<

Search Example

Date modified

Mo items match your search.

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

File name: | [Selgli=NP

L< ]

Save as type: | 1000 points - Tab separated (*.TXT)

# Hide Folders

Save

1000 points .TXT file
format.

Cancel

Save as type: [1000 points - Tab separated (*.TXT) 3._

Then click <Save> button.

1000 points - Tab separated (*.TXT)
points - Tab separated (*.TXT) k

e Folders

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 uN/min
tmTaadTma ma+ s . 4 EMnnn nn vkt Fend e

"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
virkars

HUTT= RA1 4R

Measured values|

Time (s) pd (nm) Fn (pN) Fnref (pN)
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

H70IB103EN-C

SegmentID

- The indentation measurement
type and its parameters.

- All current analysis number(s)
and their results.

- The point values for each
curve: 1000 points
(resampling) or raw points
(measured points) previously
selected when exporting.
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4.2  ACQUISITION DEBUG (DRIVING CURVES)

To display the instrument driving curves and all signals, select "Edit > Indentation
> Show signals...".

« H

3 1 120 b b
g 04— 6.0E+4— r

2.0E+3— 2.08+3

100 3.15E+3 —
s02— 11.5—

1.0E+3 —|
1.0+ 1.0E+3

0.8 37.8 498.2 10.82 506.0 596.8 e 3.1E+3
— 3.
- | 1esT Al n fmm
o 0 0 ] o % ] 0 1l

| ! I ! EER | ' [
Os 20 B 40 &0
0 -a @ e s/
Time =355 I FrRef = 4962 N W Int=T7326 N M D:z=1351nm [
State: Wo-3 M Cmd=11.83% M Fn=2257 N W0

W Theo = 2217 uN M SinCmd = 3143 WN

On the left of the window, the Y axes for all curves are always displayed and the
related curve color square legends with names are displayed at the bottom of the
window.

'X axis time' ¥ icon:
To select the total time of the graph X axis. A context menu allows selecting one
of the several proposed times.

Show/hide curves ¥ icon:
To show/hide curves on/from the -
graph. A context menu allows a quick —
selection of the curves; each curve = D
name with its color square highlighted
is shown on the graph.

Clear graph '© icon:
To clear all curves from the graph.

Export =¥ icon:
To export all curves from the graph (even if some are not shown). A Save as
window appears: Browse where to save the export curve file on the acquisition
system, type a file name with the extension .TXT (not automatic) and click
<Save> button.

'Zoom' tools:
Same as described in the Common Scratch & Indentation software
reference guide in section Measurement documents in curve view /
Document window interface / Graph area tool.
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4.3 NHT SPRING COMPLIANCE

This section 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 = The spring compliance value is taken to calculate
HVIT= 95294 Vickers 3 - g =
CIT 0.05/30/10= 035 % the Main and Additional results.
nlT=64.25 % :

1 . . . .
_____________ ; v This spring compliance value is computed by the

Max load s 100000.00 N A software: it uses the Fn curve zone (approach)

Loading rate : 20000000 uN/min just before the contact point.
Unloading rate : 20000000 pM/min
Pause:100 s i . .
If the contact point is changed (section 4.1.1),
+ TTH-NHT S/MN: OL-007 settings

Approach distance : 2000 nrm the value is recomputed and the results

Approach speed : 1000 nm/min reca|CU|ated .
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

IMPORTANT: 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

SLITTEIESS F I ESEIIU o U Ny i
Spring Compliance : 0.072 mm/N measurement parameter area. Therefore check
Warning: Check contact point ) i i

~Facton, sing compTarce DB /N the contact point (section 4.1.1.)

The additional message “(Factory spring
compliance: valuet!)” is also displayed in the
measurement area.

1 Factory value was set in the Factory spring compliance field of the NHT Ranges tab (Fig.6);
see from section 2.1.3.
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4.4 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 (section 4.5), and with the
indentation combined curve displayed on the graph (section 4.1).

=~ ,——

1
1 1 1 W™ 3moothing: -
A~ BRI -
1

# Method - = aonT=

' Oliver & Pharr ,'
______ -

Main results 4
HIT=9.3436 GPa
EIT= 73.27 GPa

E*=75.195 GPa 10.00—

Hypothesis
Poisson's ratio(nu)= 016

Additional results
HVIT= 865.32 Vickers
CIT 0.04/30/10=1.21 %
nlT= 6577 %
Frax= 40,04 mM
hmax= 0.57 pm
5=170.4340 mMN/pm 7
hc= 033 pm
hr=0.34 pm
hp=0.28 pm
m=1.2617
Epsilon=0.78
R2=1.000 B
Ap=4.29 pm*
Welast= 001 p)
Whplast= 0.00 pJ
Wiotal= 0.01 pl

Ere— TN EET (2N=

m

30.00—

[#] Show ranges

20,00 Show tangent

Show Power Fit

= 10.00—

Show fit e:ctrapolation-<
[¥] Relevant

+ Advanced -
Acquisition Rate : 10.0 [Hz] mN

Show depths|
Linear Loading T

; . ; . : . ;
Max load : 40.00 mMN 0 um 015 0.30 0.45 0

Fig.88 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.

/ — !Showtangentl)

[ Show ranges 4)
Show Power Fit2)

/'{/ lg\-\

[T] Show fit extrapolation 3)

Show depths

l « 0K “ x Cancel l
Default setting (see Fig.84)

H70IB103EN-C

Check each overlay
property box which should
be displayed (uncheck to
hide).

U [inear

2) power law

3) In addition tangent is
extended

4) Upper and lower bounds for
the fit and tangent; see Set

range, p. 160

159



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):

14 - Click this icon on the additional toolbar.

&% Y[l

Method -

Oliver & Pharr
Main results
HIT= 23136 SPa - Right click in the analysis result area and select
E*=75.195 GPa Addnew.. "Properties..." from context menu.
Recalculate...
Hypothesis
Paisson's ratio(nu)4 Delete...
Additional results Delete all... L
HVIT= 865.32 Vick Properties 1
CIT 0.04/30/10=1.2 s Y
Set a percentage of Fmax to define
i Upper the upper and/or lower bounds for
; % = the unload fit (Oliver & Pharr and
% of FMax Tangent analyses) or for the load
- I fit (Hertz analysis).
Lower

l(_’ Default values l

(= (X e ]

Default analysis values:

Oliver & Pharr 98 % and 40 %
Tangent 95 % and 70 %
Hertz 98 % and 10 %

DB |k With new value(s) set above,

Method -
Oliver & Pharr

Main results

HIT= 9.3436 GPa the Main results and Additional results values are

EIT=73.27 GPa

E*=75.195 GPa recalculated in the analysis result area.

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

m

e 428505736 nm? IMPORTANT: If necessary, scroll down in the result
Welast=0.01 pJ analysis area to display the current upper and

Whplast= 0.00 pJ

Weotal= 0.01 lower bounds values (Unload fit or Load fit for

Er= 70567 GPa

Parameters
Unload Fit [40%,98%]

1 *[==

H70IB103EN-C

Hertz analysis) under Parameters section.
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4.5 MANAGING THE ANALYSIS METHODS

4.5.1 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 menu bar.

Active group (all its measurements)

f 3
% Indentation 7.2.6 - [Eﬁmplm

M File Edit I Administrati I , "
EA Fle Edit Instument Administiatic oo ot mECE > Group > Add new analysis...

‘ | e from menu bar.

G ame 1 JECTLEELE . .
P - Right click on the group tab and select "Add new
analysis..." from context menu.

o ° Change indenter...

Method Change Poisson's ratio

Oliver & Pha Change contact 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/\\!'

Active measurement

f .
% Indentation 7.2.6 - [Example.mit] -

Fle Edit Instument _Adminktet _ galact "Edit > Analysis > Add new..." from menu

b Lt
& = oL bar.
Groupnamez

L&
o Bk - Click % on additional toolbar.

Method
Oliver & Pharr

Main results Addnew-| - Right click in the analysis result area and select
"Add new..." from context menu.

Information 2 3

See the following Create a new analysis window (Fig.89).
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Create a new analysis

Analysis method

Martens hardness

Sinus moae Analysis
Oliver & Pharr
Creep Analysis
Adhesion analysis
Hertz

Select (double click) the desired
analysis method, e.g. Tangent.

| v

Fi89 Create a new analysis winow

B Uil 3|
o - --

Method
Tangent

Main results
HIT= 12811 MPa
EIT= 82.81% GPa

Hypothesis

Poisson's ratio{nu)= 0.16

Additional results
HVIT= 11864 Vickers
CIT0.04/30/10=1.21 %
nlT= 6577 %

Ermaw— AN DA ekl

| »

m

< ==

H70IB103EN-C

If there is already more than one analysis, a
new analysis method tab (e.g. 2) appears and
calculates the Main results and Additional
results values for this new (current) analysis
method; see each detailed analysis method
results from section 4.6 to 4.10.
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4.5.2

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

! Close

Merge files...

M save

Save As...

Export as old
Options...[:

Options
ey

Preferences |9

Select "File > Options..." from menu bar.

Working units
Force

| millinewton (mN)

Penetration depth

[nanometer (nm]

Indentation work

[picojoule (pd)

Displacement

[millimeter (rmm)

Modulus

[gigapascal (GPa)

Hardness

[megapascal (MPa)

)

l (._.' Reset to defaults ]

Analysis automnatically calculated

[ Martens hardness

Fil Tangent |
[71 Sinus mode Analysis

[/] Oliver & Pharr

[[1 Creep Analysis

[7] Adhesion analysis

[ Hertz

[]150 14577 Nomenclature

Uit [

Method
Tangent

Main results
HIT=12.811 GPa
EIT= 82.819 GPa

1 Hunnthecic 1

H70IB103EN-C

In the Analysis
automatically
calculated area,
check each desired
analysis method box
which should be
automatically
calculated after each
measurement.

E.g. 1 tab Oliver & Pharr and active 2 tab
Tangent analysis methods are automatically
created in the analysis result area after the
measurement(s); see each detailed analysis
method results/curves from section 4.6 to 4.10.



4.5.3

Delete all methods

DELETING ANALYSIS METHOD(S)

To delete all the analysis methods for each:

Active document (all measurements of its groups)

- Select "Edit > Document > Delete all analyses..." from menu bar.

Active group (all its measurements)

i 1
% Indentation 7.2.6 - [Examplem

kB &

OO0

|}
Method
Tangent

Main results
HIT= 15433
EIT= 76308

Hypothesis
! Indenter ny
Poissen's rati

Additional res|
HYIT=1429.3
nlT= 68.62 %
Frnax= 39582
hmax= 592.5]
S=146.0070
hr=323.14 n
Ap= 2564747
Welast= 5629
Wplast= 2573
Whotal= 8203

Parameters
Unload Fit [71

Relevant

+ Sinus
Constant str
Mazx load : 4
Min load : 1.
loading rate..

File Edit Instrument Administratiol

I=IQ

Group name | e rrr]
Group Properties...

Change indenter...
Change Poisson's ratio.
Change contact point...
Adjust curve scales...
Change frame complial

Group relevant

Add new group...

Add new analysis...

Generate a surface map

Frame compliance curv

Cut
Copy
Paste

Delete...

Print preview...

Print...

Export measurements
Export analyses...
Export SIO...

Apply current filter
Apply curve settings

Delete all analyses... [\:‘

Active measurement

LUGL I Idrge 1y

FnRef in fine rz

Information

H70IB103EN-C

Delete all anal).rses...ll\\5

Apply curve settings

=

- Select "Edit > Group > Delete all
analyses..." from menu bar.

- Right click on the group tab and select "Delete
all analyses..." from context menu.

- Select "Edit > Indentation > Delete all
analyses..." from menu bar.

- Right click on the group tab and select "Delete
all analyses..." from context menu.
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Active analysis method

1

Method
Tangent

Main results
HIT= 15503 MPa
EIT= 76492 MPa

Hypothesis

Add new...

Recalculate...

Delete...

Delete aII...I:e

[ DO .

- Right click on the analysis method tab, or on the
analysis result area and select "Delete all..."
from context menu.

A Warning window appears, Click to confirm the selected deletions or

click to keep them.

Delete the active method

i .
|2% Indentation 7.2.6 - [Example.mit] I

Main results
HIT= 15503 MPa
EIT= 76492 MPa

File Edit Instrument Adminis

I=IQB

Add new...

e [1

heMH
1

Bk

3

Method

Tangent

Recalculate.

ok

~

To delete the active analysis method:

- Select "Edit > Analysis > Delete..." from
menu bar.

- Click @ on additional toolbar.

- Right click on the analysis method tab, or on the
analysis result area and select "Delete..." from
context menu.

A Warning window appears. Click to confirm the active method deletion

or click to keep them.

H70IB103EN-C
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4.6 ADHESION ANALYSIS METHOD & RESULTS

See also section 3.7.6.10 (measurement preference parameters).

~=\
oo || Aftere_1 measurement(s), to_ manually create an
1=, adhesion analysis, see section 4.5.1 and
1 . e
. double click m e naker
Method Hartr
Adhesion analysis
Main results Otherwise before a measurement(s), see
Adhesion Force - -0.03 mN section 4.5.2, this | VEIEEEETEE hox was

Ll
Fig.91 Adhesion Force of current checked.
measurement is displayed

AT Y
& AR v iR =
0607

=== - [ 200.00

0.45— —0

0.30—

—-200.00

| Adhesion Force

015 —-400.00

01— —-E00.00

F<O

mhl nm
015 ] | -B00.00
T T T T T T T T T T 1
160,00 5 162,00 174.00 186.00 138.00 210,00

Click #+ on the additional toolbar and adjust the Min Fn scale (Fn<0); refer to the
Common Scratch & Indentation software Reference guide in section
Measurement documents in curve view / Manipulating document windows
/ Adjusting curve scale.
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4.7  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 sections for descriptions of the related icons.

SAEy PR 7 ¥ o7 e s Analysis and
= = = = = 7| 3043605 Ly 4

indentation curves
k}\ (section 4.1) can be
displayed on the
same time. In that

—————————— case, each analysis

339.14 452.18 565.23

I T T T
0 nm 113.05 226.09

I
I
-
o Q@ @~ : curve is displayed on
Cycle #=133 - Fn=5747.383 [pN] | h=21;.1f4 [nm] phi=0__.5§t§_| the upper graph and
% — W er-ros4s7i (es; - M E-67830.61 [Mpa] [l E'=656 each indentation
~ v . . .
~ R v i oo = curve is displayed in
et I the lower graph. The
e I height size of the
s I graphs can be
e adjusted by moving
g | up/down the cursor
— — between the 2 graph
N 0 nm 150,00 300.00 450,00 600,00 750,00
0 x| Q @ @ L[]« v areas
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4.7.1 ANALYSIS CURVE DISPLAY

TN

I o~

(A1) Er PRy v o 7+
o )

S043E05
0435E05 — \k
78259.00 —
32173.00 —
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 err-72546.71 (vea] M c=67830.61 [vpa] M E"=656

Fig.92 Displayed analysis curves on the graph

With Martens analysis method, only ++ is available below.

To switch between the 2 modes below (X axis scale):

peusd Depth mode; curves are displayed as a function of penetration depth
- (default)

OR
2 Cycle mode; curves are displayed as a function of the cycle numbers.

"

To show (by default)/hide the elasticity curve.
o To show (by default)/hide the hardness curve.

To show/hide the storage modulus curve.

2!

%7 To show/hide the loss modulus curve.
~ To show the tangent curve.
< To show 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

For the detailed description
of this window, refer to the
Common Scratch &
[ ibin sness Mo Sl _ Indentation software
0005 150.00 Auto adjust - .
Reference guide in
I [ Min EIT & Max EIT section Measurement
g 10518 facs documents in curve
B 7IMinE [V Max E' view / Manipulating
00 11593865 5 Auto adust document windows /
B @ MinE" 7] Max E* Adjusting curve scale.

000 MPa 1318898 (3] MPa Auto adjust

. [¥] Min Hit [] Max Hit
000 (% 1851391 (& Auto adjust

. [¥] Min tan<delta> [¥] Max tan<delta>
[ ] -
0.00 = 012 = Auto adjust

vor [T ¥ ona ]

4.7.2 EXPORTING ALL ANALYSIS CURVES

—— g %

1 1
(=)[4)
‘———

- To export all analysis curves, even if they are hidden from the graph; refer to
the similar explanations as described in section 4.1.4, exceptions:

- Type a File name

- There is only one .TXT file format available Swesstps [TA8 sepanted tetfie "t -] (rgwy).

- 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 §.009e-009 B.952E-006 3057 §.99e010 8. 277010 1.031e010 1.079e010 124

1 8. 285e-009 9.537E-006 3382 9.403e010 §.626e010 7.81E009 1.02e010 0.09054
2 §.394E-009 1.001e-005 3336 9. 308010 8. 546010 9. 355009 1.08e010 0.1095
3 8.433e-009 1.024e-005 3508 9. 661E010 8. 842010 6. 36E009 1.07e010 0.07193
4 8.457E-009 1.025e-005 3302 9.231e010 §.481E010 1.40BE0Q09 1.112e010 0.01661
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4.8 DYNAMIC ANALYSES

See also section 4.7.

4.8.1 SINUS MODE ANALYSIS METHOD & CURVE RESULTS

Method
Sinus mode &nalysis

Main results
See analysis curves

Hypothesis
Damping coef=44.700 [n.s/mm]
mobile mass=1.974 [g]
spring stiffness=2.391 [n/mm]

Parameters
5 periods per point
5.00 periods between each point

After a sinus measurement(s), to manually create a
dynamic sinus analysis, see section 4.5.1 and

1 agen L

Sinus mode Analysis
Plinar A1 Dharr A

double click M

Otherwise, before a measurement(s), see section
4.5.2, this box |V EIEENTNT was checked.

= ; .
B = T ¥
|'u§ Pd | # E H E E  wans S i “i" =

1621.00 B4667.00
929710 —7734.00 —
£972,80 —0800.00 —
ACAD &N Lo3osST hAn
12
OB | 1

Method
Sinus mode Analysis

Main results
See analysis curves

Hypothesis
Damping coef=44.700 [n.s/mm]
mobile mass=1.974 [q]
spring stiffness=2.391 [n/mm]

Add new...

Recalculate...

The Main results are
the curves themselves.

To filter and/or to display more points for the
displayed sinus analysis curve(s), click lﬁ on the

editaynamic . @dditional toolbar, or right click on the analysis

Delete...
Delete all...

result area and select "Properties..." from
context menu.

Parameters Properties...
5 periods per point —b—

5.00 periods between each point

Sinus analysis properties [N To set the following number of

periods. IMPORTANT: With odd
numbers:
Caution : period for

correct calculations
number must be odd

|% MNumber of periods per point

AND/OR

MNumber of periods per point

Mumber of periods between each point

l “ oK “ x Cancel

H70IB103EN-C

|% Mumber of periods between each point
See the following parameter

effects on the analysis displayed
curves(s) only.
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Number of periods per point: number 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).

-.E]

' g

s

:bvﬁaa"a-eaae*%v o

il

e Er’:-M wfe'%

T T
0 nmea =

e da QA

bl

347.23

0 nm

I
16491

I
329,82

I
494,73

639

'[}"f RN e R et P o e

0 nm

Main results
See analysis curves

Hypothesis
Damping coef=228.900 [n.s/mm)]
maobile mass=11.897 [q]
spring stiffness=1.498 [n/mm]

Parameters
11 periods per point

I
175.44

I
35089

I
526.33

701

With both default values = 5

ik

5

Mumber of pericds per point

0

MNumber of pericds between each point

and with the curve points [~]
displayed for a better
understanding; see the
Common Scratch &
Indentation software
reference guide in section
Measurement Documents in
Curve view / Document
window interface / Graph
area tools / Curve acquisition
line/points.

If the Number of periods per
point value is increased,

e.g. 11, each displayed curve
is filtered.

T 11]% Mumber of perieds per point

5.00 % Mumber of perieds between each point

If the Number of periods
between each point value
is decreased, e.g. 1, there

are more points dlsplayed for
each displayed curve.

5

Mumber of periods per point

} 1002

Mumber of periods between each point

[:I[:I (0]

INFORMATION: The Hypothesis values are coming from the

UNHT & NHT Dynamic calibration (Sinus) ,

p. 19.

The current Parameters set above (Number of periods fields)
are also displayed in the analysis result area.

1.00 periods between each point

H70IB103EN-C
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4.8.2 OLIVER & PHARR ANALYSIS CURVE(S) FOR CMC MEASUREMENT TYPE

5B |4 [ 3 |&][4)

Method -
Oliver & Pharr |:|
Cycle # 1 After a CMC measurement(s), to manually create
Main results a Oliver & Pharrmgmlxglﬁj see section 4.5.1 and
HIT= 94.479 MPa .
EIT= 23155 MPa double click |I e
E*= 2544.5 MPa
Hypothesis Otherwise, before a measurement(s), see section
hc out of calibrated range [140 nm, 1310 nm] A .
m out of O&P hypothesis 452, this box ||E was checked.

Poisson's ratio(nu)= 0.30

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).

PR o m — — — — — — ————_——— ————— ~

1 | |
o~

1 1 | [ o | | d | 1

|| # ‘EJ s ‘ : ‘ =,

N sNmm e mm i mm e e = e == = = 7

[ 4 4
] 75,53 L 1873.40 |

3665 —71405.00 —

310 nm) 37.77— 936.68
18,88 — 46834
MPa |  MPa |
0 0
- I T T T T T T T T T 1
0 nm 7305.60 1461100 21917.00 29222,00 36528.00
a0 Q@ & 47 »
Cycle #=30 Frnax=597806.014 [uN] hmax=36454.861 [nm] . HIT=20.64 [MPa] . S=2
~ ~ A, Smoothing: -
?'L‘rn Pd v"‘I":n ‘-P
7.5E05
N BED5 —
4.5E05 —
SE05 —
1.5E05 —
KM T
0
T
0 nm BEDS L2E04
a0 QR QA »

- | Time=1162.85s Fn=263686.84 uN Pd=21889.48 nm
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4.9 CREEP ANALYSIS METHOD & RESULTS

INFORMATION : Creep analysis method is only available for measurement(s) with
spherical indenter; otherwise it is inactive.

o B [ [

Method @ —-——-—-—~-
Creep Analysis

Main results

G- 0.00092377 GPa After a measurement(s), preferably with a
K= 0.0020665 GPa constant force and a significant pause time, to

manually create a creep analylss see section

Creep .Analysns

========= k

Additional results
FG= 83853 m~(-1/2

P e e o 4.5.1 and double click ‘I‘
GInf= 000068127 GPa

BO= 2.1965E-009 m™(3/2)

Element 1 i i
BT 0886E-010 m(3/2) Otherwise before a measurement(s), see section

Taul= 20.54 s ' 4.5.2, this box |V EEETE was checked.
RCFL= 3.6086
Cl= 9.249E-017 GPa*(-1)

R2= 0.930

Parameters
Element(s) count = 1

— E—
Mg wiEGE & [+ (A = Only display the h

~-= == EEE ——
depth curve and

display the single
overlay fir for this
analysis (Kelvin-Voigt
material model

element) .

Use the zoom tools

—1.2E03 40 - Q Q @ to
better see the fit on
the pause; see the
Common Scratch &

mm  INdentation
software reference
guide in section

: | Measurement
Documents in Curve

o view / Document
window interface /
Graph area tools /
Zoom and Curve

| . , . , , . , . . 0 acquisition

------ 4000 _ 80.00 120.00 160.00 200.00 line / points.

—1.6E03

m
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Element(s) setting

To increase/decrease the Kelvin-Voigt material model elements, click 14} on the
additional toolbar or right click on the analysis result area and select Properties...

o®| 4% [ I 2V A IR AR R A -

Method [T2E03
Creep Analysis

Main results Current fit with 1 element count |

G- 0.00095377 GPa i
E- 0.0024798 GPa (zoom in)

K= 0.0020665 GPa

—1.8E03

Additional results
FG=83.853 m"(-1/2)
G0=0.0007795 GPa
GInf= 0.00068127 GPa -1.6E03
BO= 2.1965E-009 m"(3/2)
Elernent1

Bl= 9.9886E-010 m~(3/2) 3
Taul= 2054 s
RCF1= 3.6086
C1=9.243E-017 GPa*(-1) —1.4E03

R2= 0.950 Add new...

Parameters Recalculate...

Element(s) count = 1
Delete... —1.2E03

Delete all...

Properties... .

nm
| 1E03

3

[ T T T T T T T T T 1
[N D — 0 s 20,00 40.00 E0.00 20.00 100.00

To set (increase or
Generalized Kelvin-Voigt material model decrease) the

Element(s)

I& count value;
e.g. increase to 2.

i
i
s,
-
#
&,

[
W
W
W
W
b1
P
i
P
i

[(.—' Default values =1

l C Default values " x Cancel l :lbe(;]\']/zljt as Shown

For each change of the element count above: The fit on the curve is adapted and in
the analysis result area, the Main results and Additional results values are
recalculated, and the current Element(s) count value is displayed.

Method [T2E03
Creep Analysis

Main results \
G=0.00095077 GPa

E= 0.002472 GPa

K= 0.00206 GPa

—1.8E03

Additional results
FG=83.853 m"(-1/2)
G0=0.0010927 GPa
GInf= 0.00067912 GPa -1.6E03
B0= 2.2034E-009 m*(3/2)
Elernent 1
B1=0.0015337 m*(3/2)
Taul= 25492 s
RCF1= 2.493E008
C1=2.0556E-016 GPa™(-1
Elerent 2
B2= 5.6861E-010 m*(3/2)
Taul= 26,693 s
RCF2= 2,5993
C2=7.3094E-017 GPa"(-l]/ . .
o E.g. the previous Element(s) field has been changed from 1 to 2 [ %%

Parameters |
Element(s) count = 2 nim
| 1E03

I I T T T T T T T 1
[N D — 0= 2000 40.00 B0.00 8000 100.00

—1.4E03
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4.10 HERTZ ANALYSIS METHOD & RESULTS

INFORMATION: Hertz analysis method is only available for measurement(s) with
spherical indenter; otherwise it is inactive.

———

1 1
10K I After a measurement(s), to manually
‘- O Q| :: create a Hertz analysis, see section
|l 4.5.1 and double click || B
Method
Hertz

Otherwise before a measurement(s),

Main results

EHz= 4323 MPa see section 4.5.2, this box |“EEH was
Additional results CheCked'
ErHz= 0.01 GPa
h offset= -44 54
Ro= 130 = The upper and/or lower bound
b value(s) for the load fit can be
arameters A .
Load Fit [10%,98%] changed; see the similar overlay
| O properties described in section 4.4,
P R exceptions:
ik '@' ~ N VA
:: ad EAHCERS Uy U2 v S - Here they are for the load fit.

[Ep——

1.5E03" ]

1.2E03 —

900.00 —

- The load fit is always displayed
and only the upper/lower bound
values (range) and/or
extrapolation fit can be
displayed/hidden.

o IO nm I BOOI.OO I L.-S:EOB I 2.4:503 I 3.2|E(13 /G
Fig.93 Hertz analysis Dm{;ﬁnge&
For each change of the upper/lower bound, }ﬁ

the load fit on the curve is adapted and in [ Show fit extrapolation
the result analysis area, the Main results

and Additional results values are

recalculated, and the Load fit values are

displayed.

&00.00 —

300.00 —
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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

60

= =Hertz fit on loading without offset

50

Hertz fit on loading with offset

Fn [uN]

40 Hertz’'s analysis

included in the

30 Indentation Software is

20

F =§'Er\/§'(h_hoffset)%

10

0 5 10 15
Indentation depth [pum]
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4.11 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 sections for the detailed descriptions.

4.11.1 INDENTER NOT CALIBRATED

B4 (|

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.25), the warning message

“11I Indenter not calibrated !!!” appears.

INFORMATION: 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 section
4.12.2.

4.11.2 m OoUT OF O&P HYPOTHESIS

5B YW

Method
Oliver & Pharr

Main results
HIT= 0.28139 GPa
EIT= 4.4716 GPa
E*= 49139 GPa

Hypothesis

m out of O&P hypothesis

]

Poisson's ratio(nu)= 030 4

Additional results
HVIT= 26.06 Vickers
CIT0.02/30/5= 406 %
nlT= 3751 %

Frnax= 1968 mMN
hrmax= 1987.34 nm
5= 00477 mMN/nm
he= 168764 nm
hr=157510 nm
hp= 975.06 nm
m= 24556

Ewncilan— 1N 72

H70IB103EN-C

-

m

Under Additional results area, 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.

INFORMATION: 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

(section 4.10).

m value can be changed (a little) by changing the
upper/lower value of the bounds; see the overlay
properties section 4.4.

¥

% of FMax

.

@
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4.11.3 OUT OF INDENTER TIP CALIBRATION

The indenter tip calibration process is performed between a min. and a max. force
resulting in a known contact depth range, hc

Fig.94 Indenter properties window (section 2.5.4)
Tip
Calibration curve Ap=flhc)

1.5E07 |

1.2E07 — Min he Max h¢
. < Indenter tip >

9F05 — known calibration range

6E06 —

3E06—

nm* ]

0_

[
0

o B ([l .
Mgriﬁ&Pharr

1

\

\

\

Main results \ PR
HIT=9.3019 GPa 1
EIT= 73.531 GPa ‘\
E*= 75.463 GPa \
1

Hypothesis \ 4 X

hc out of calibrated range []':6 nm, 557 nm] ]
Foisson's ratio(nuj= 0016 T

Under Additional results area, If hc is out of the
indenter tip known calibration range (Fig.94),

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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4.11.4 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 menu bar.

Active group (all its measurements)

-
5 Indentation 7.2.6 - [Example.mit] -

File Edit Instrument Administration V

& = a4

Group Properties...

Change indenter...

Change Poisson's ratio...ll\\!'

—

Active measurement

Change Poisson's ratio...
Change frame compliance...

Indentaticn relevant
Set contact point...

Cut
Copy
Paste indentation

Delete...

Export measurement...
Export analyses...
Export SI0...

Print preview...

+ Advanced
Acquisition Rate : 10.0 [Hz]
Linear Loading
Max load : 0.50 mN
Leoading rate : 1.00 mM/min
Unloading rate : 1.00 mMN/min
Pause:10.0s

Print...

Delete all analyses...

Apply curve settings

- | Time=0.26 s

Information 1 3 4 5 -] 7 3 9 10 1

Poisson's ratio

B - -] 2
E] l (._' Reset to sample value

[ '€ H MK Concel

H70IB103EN-C

- Select "Edit > Group > Change
Poisson’s ratio..." from menu
bar

- Right click on the group tab and
select "Change Poisson’s
ratio..." from context menu

- Select "Edit > Indentation >
Change Poisson’s ratio..." from
menu bar

- Right click in the measurement
parameter area, or on the
measurement tab, and select
"Change Poisson’s ratio..."
from 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 L[ 3
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

H70IB103EN-C

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 in Main results section is recalculated
accordingly.
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4.12 MANAGING THE INDENTER IN THE RESULT ANALYSIS

The indenter or some of its parameters can be changed.

12
+ BB
Method
Oliver & Pharr

Main results
HIT=9.5282 GPa
EIT= 74.046 GPa
E*= 75.991 GPa

Hypothesis

Additional results

nlT=65.78 %
Frnax= 40.03 mMN
hmax= 0.57 pm

he= 039 pm
hr=0.33 um
hp= 0.27 pm
m=1.2616
Epsilon= 078
R2=1.000
Ap=4.20 pm®
Welast= 0,01 p)
Wplast= 0.00 pl
Wiotal= 0,01 p)

H70IB103EN-C

Poisson's ratio(nu)=

HVIT= 88242 Vickers
CIT0.04,/30/10=1.22 %

5=1704327 mN/pm

0.16

-~

m

Recalculated results

For changes of the indenter properties
(some parameters/fit method); section
4.12.1,

AND/OR

for each change of the indenter; section
4.12.2,

the Main results and Additional results values

in the analysis result area are recalculated
for each concerned measurement.
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4.12.1 INDENTER PROPERTIES

To change some parameters of the current indenter for each active measurement
(only):

- Select "Edit > Indentation > Indenter

properties..." from menu bar
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

Stiffress Threshold 50| Print.. - Right click in the measurement parameter

Spring Compliance : 0.3 area, or on the measurement tab, and
Delete all analyses... " - "

X Pasition 40475 mm select "Indenter properties..." from

¥ Pasition :89.20 mm Apply curve settings context menu

+ Berkovich indenter =

::rlal ntllanlqer= E-ﬁﬂﬂ INFORMATION: If necessary, scroll down in
A the measurement parameter area to display
the current indenter information.

The Indenter properties window appears and
allows changing of:

- The indenter parameters, except the
indenter Type (section 2.5.1). The
indenter information is updated in the
measurement parameter area.

- The indenter fit method (section 2.5.4).

INFORMATION: 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. 181.

H70IB103EN-C 182



4.12.2

CHANGING THE INDENTER

To change the current indenter for each:

Active document (all measurements of its groups)

- Select "Edit > Document > Change indenter..." from menu bar.

Active group (all its measurements)

&

I =)

i Y
L5 Indentation 7.2.6 - [Example.mit] -

File Edit Instrument Administrati

I-I
Q IE
Smamm——

Group Properties...
Changeindenter...[’\\g

P S TGN P

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
Indenterprnpertil%..
Export indenter...

Change Poisson's rat
Change frame comp

Indentation 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

m i

[}
1
A\

-

Information 1 3 4 5 6 7| 8

Fig.95 Measurement parameter area

H70IB103EN-C

- Select "Edit > Group > Change
indenter..." from menu bar

- Right click on the group tab and select
"Change indenter..." from context menu

- Select "Edit > Indentation > Change
indenter..." from menu bar

- Right click in the measurement parameter
area, or on the measurement tab, and
select "Change indenter" from context
menu

INFORMATION: If necessary, scroll down in

the measurement parameter area to display
the current indenter information.
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Indenter used for this indentation

Indenter

This window allows changing of the
current indenter for the measurement(s)
previously selected.

[<Current one> vl

v x| X o ||

Indenter

| <Current one> -+ To change the current indenter, with
<Current one> another available 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. 181.

The indenter information is updated in the measurement parameter area (Fig.95 ).

4.12.3 EXPORTING THE INDENTER

Export indenter...
Change Poissen's rat
Change frame comp

Indentation relevant
Set contact peint...

Cut
Copy

Paste indentation

Delete...

Export measurement

Export analyses...

Ex SI0... . . . .
Retract speed 1 pm/m S For each active measurement, right click in
Dz sensorin fine range rint preview...
Stiffness Threshold : 50 — the measurement parameter area and select

Spring Comnpliance : 0.7 "Export indenter..." from context menu.

. Delete all analyses...
X Position :104.79 mm

¥ Position :89.20 mm s e The same Export a indenter file window as
described in Import/export, p. 35 appears.

+ Berkovich indenter
Serial number : B-A00
Material : Diamond
Calibration date : 14.10.2016

m

1
m
Frame compliance: 0.10 pm/N v

=

Information 1 ! 3 4 5 g 7| 8
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4.13 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 menu bar.

Active group (all its measurements)

File

=

Method
Oliver & Pha

Main results
HIT= 9.0893
EIT= 75.546

feroun nama 7

Group Properties...

Change indenter...

Change Poisson's ratio...

Change contact point...

Adjust curve scales...

r -
X Indentation 7.2.6 - [Examplem

Edit Instrument Administration

EwmM =2 .4

Wing

Change frame compliance... I:E}

SO P—

Active measurement

Change frame compliance... L\\}

Indentation relevant

Set contact point...

Cut
Copy

Paste indentation

Approach speed: 1 pm/r

Delete...

Retract speed : 1 pm/min

Dz sensor in fine range
Stiffness Threshold : 500

Spring Compliance : 0.70]

X Position :104.79 mm

¥ Position :89.20 mm

Print...

+ Berkovich indenter

Serial number : B-A00

Material : Diamond

Calibration date : 14.10.2(

Print preview...

Export analyses...
Export SI0...

Delete all analyses...

Apply curve settings

Export measurement...

Frame compliance : 0.10 pm/N ]

T

-

]

x1.0 hd

Time=0.23

Information 1 ! 3 4 5 & 7|8 9 10

Fig.96 Frame compliance current value

H70IB103EN-C

- Select "Edit > Group > Change
frame compliance..." from menu bar.

- Right click on the group tab and select
"Change frame compliance..." from
context menu.

Select "Edit > Indentation > Change
frame compliance..." from menu bar.

- Right click in the measurement
parameter area or on the
measurement tab and select "Change
Frame Compliance" from context
menu.
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Change current frame complm

- EIE wmN This window allows changing of the
[ current frame compliance value for the
Reset frame compliance
ngz &

@ Current frame compliance

measurement(s) previously selected.

v o | X oo |

Current frame compliance

& wm/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.96) and the Main results and Additional results values in the
analysis result area (below) are recalculated for each concerned measurement.

® B | Li [l

Method -
Oliver & Pharr 7

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

<« =|=

1 Initial value was set in the Frame compliance field of the Indenter Ranges tab for UNHT
(Fig.3) or Ranges tab for NHT (Fig.6) / MHT (Fig.11),; see from section 2.1.3.
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4.14 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

pocument — » [[7] b | A 4+ & °  INFORMATION: The (matrix)
Group v Properties.. group should contain at least 4
Adjust curves scales... measurements.

Indentation 4
Group relevant

Analysis » Select "Edit > Group >

Generate a surfacemapping...t} Document > Generate a
surface mapping..." from menu
bar.

Pictures 3

Select one result parameter in the

| [ Eporto the golley list (standard O&P Oliver & Pharr
analysis method, other method(s) in
addition if available/added).

l - Export to file ... l

Poisson's ratio INFORMATION: Generally the
he (0&P) most interesting parameters are
HIT, HVIT and EIT.

Shows the number of the measurements for the selected
parameter. INFORMATION: 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).

[ Export to the 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

B 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 reference
guide in section Measurement Documents in Curve View /
Manipulating Document windows / Image Gallery.

Edit an image

Title Picture info

Group name1 - EIT (Q&P)| 1) [ Relevant sample name : Scratch

Comments grayscale 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

372,000

316.000

127.00

260,000

204,000
63.40

148,000

GPa
92.500

0 um 6340 127.00 190.00

—  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.

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 this information (can
be changed if necessary)
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This window allows:

i Save your surface file as X

Organize » Mew folder ES

¢ Favorites Mame Size Date modified Type

_ - Choosing a location
Mo items match your search.
5 Libraries where to save the
surface file.

i pc

- Typing a File
name:
The default file
format is .SUR

f! MNetwork

<

File name: Examnple]

Save as type: ’Surface file(*.sur)

=~ Hide Folders

Then click [ swe |,
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5 TROUBLESHOOTING

5.1 F.A.Q.

Refer to each corresponding Indentation head user manual or reference guide in
section F.A.Q.

5.2 ERROR MESSAGES WHILE USING THE INSTRUMENT

Refer to each corresponding Indentation head user manual or reference guide in
section Blocking error messages.

5.3 UNPRINTED ITEMS

Some indentation measurements or images are not printed on the document; this
may occur when:

Measurements unprinted

-
! ‘ frd i i
|gfy Indentation 7.2.6 - [Example.mit]
Printer

File Instrument  Administration  Window About

Mame

WAPCH-PE-DCINVAPC

Select paper size:

Under the Print extent
area, the "Groups"
and/or "Indentation
tests" drop-down
menus specify that
"<All relevant>"
measurements should

Docurmnent model

MName
[Complete document _ be printed, and some
oo Rate groups/measurements
Print extent Linear Loading are not designated as
["';a"d'iizdr’afeﬂ:“la relevant > change
<Al relevant> Unloading rate: the group(S)/
Indentation tests measurement(s) as
<All relevant> releva nt.
Information
Print extent Otherwise select the Print extent for each desired drop-down
Groups menu
Group name 1 !
n n
Indentation tests Gr?'ups > ':" w ¥ ‘o
(Al <ALL>" or " 'Group name
<All=
<All reIE\lranth‘ AND/OR
Information "Indentation test > ..."
indentation # 2 bt <ALL>" or “indentation 'measurement number' ".
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Images unprinted

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
W Clrd

B

B T user channel 1
B T user channel 2

[ Filter curves

. Analyses
) Title enly
@ Complete
(2) Main results only

.
. [] Dynamic Curves

P -—

LT ~.
N . [V]Images
= = = PRt each image in full page

) All images

. [¥]Images

[] Print each image in full page
@ All images

() Images relevants

H70IB103EN-C

v | Relevant

The document model specifies that only the
relevant images should be printed, and some
images are not designated as relevant;

change the relevant attribute of each necessary
image

E ¥ ndentation 226 [Eean

File | Edit | Instrument Administration  Windov

Document > | ._H “l A .
= 1/2 m M
Grou 3
Auto-cre: -
Indentation 4
Analysis 4
Pictures

Oliver &

Main results

-

Selected image
squared blue

Title
NONAME

Comments

| - | CT |
Otherwise select to print <all images> in the
document model.
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5.4 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 calibration certificates, which are provided with
the corresponding instrument. Otherwise change them accordingly.

Refer to the Common Scratch & Indentation software reference guide in
section Managing the instrument / Hardware configuration / 'Ranges'

tab(s).
-
STeP - NHT - Hardware configuration
My configuration | User channels | Control unit & modules | Motors | Instrument adjustmékpt | Ranges | Dynamic ranges

Hardware coefficients

It is not recommended to change these values

+ Actuators coefficients + Sensor coefficients + Frame coefficients
Current -» Leoad coef Current -» voltage Frame compliance
= mN/mA & via = um/N
Voltage -» Current (fine) Voltage -> Dz (fine)
% ma % Y
Voltage -» Current (large) Voltage -> Dz (large) Digital Bridge
7] Gl
=) mAY & umAY l i Aute tune Dz bridge...
Factory spring compliance
% mm/™ Bridge limits : H: 70,00% L: 30.00%

Current spring compliance

% mmy ™

Validate range values

/o X e ]

Fig.97 'Ranges' tabs (e.g. NHT)

1 UNHT has 3 'Ranges' tabs | Indenter ranges | Dynamic ranges | Reference Ranges
NHT has 2 'Ranges' tabs | Rangesl Dynarnic ranges|
MHT has only 1 Ranges tab
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6 SOFTWARE FORMULAS

Graphical views of indentation parameters:

6.1 TYPICAL INDENTATION CURVE

I_'m'a ; -~ -ton.07

80.04

£0.04

40.04

20.04

0.0 mh |

00pm 0.2 ' 04

hy
Fig.98 Indentation test

Legend

a : Application of F

b : Removal of F

c : Tangent to curve b at Fmax
F : test force
Fmax : maximum test force

h, : permanent indentation depth

h- : tangent indentation depth

hc : contact depth of the indenter with the sample at Fmax
hmax : maximum indentation depth

S : contact stiffness

€ : geometric constant
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6.2 SCHEMATIC REPRESENTATION OF INDENTER-SAMPLE CONTACT

Surface profile Initial surface
after load removal

Indenter

Surface profile
under load

6.3 PARAMETERS DETERMINATION

Fmax: Directly on curve

S (Tangent method): Tangent fit: Fit start: 95 % of Fmax
Flt end: 70 0/0 Of Fma)(

dF

S=| —
dh

m

M, hmax, hp and S (O&P method):

Power law fit of unloading curve:

Flt Stal’t: 98 0/0 Of Fmax
Fit end: 40 % of Fmax

Equation:

m

[ =hs
N~

Where m, hmax, hp are fitting parameters.

F=F

INFORMATION:

- In case of creep or viscoelasticity still occurring during unloading, it may happen
that the hmax value in the results cannot be seen as a data point on the curve.

- 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

max

—h -1
Calculation of S: mex p)

h: Intercept of the tangent to the load-displacement data at
the maximum load on unloading (S) with the depth axis.

hr:hrmx_ rrax/S

e: Depending on the diamond shape
Indenter Shape m £
Flat Punch 1.0 1.0000
Cone 2.0 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 B = 1.000
Triangular B =1.034
Square B =1.012
Ap: (theoretical or calibrated)
A, =f(h)
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6.4 INDENTATION HARDNESS (Hi1T)

6.4.1 DESIGNATION OF Hir

Hrr = 0.5/10/20/30 = 222 000 N/mm?

Hir

F removal curve in sec.

Time for holding Fmax in sec.

Application time of F in sec.

F in Newton

6.4.2 DETERMINATION OF Hir

Hir is @ measure of the resistance to permanent deformation or damage.

F

max
A in Pascal
p

Hy =
Ap (theoretical or calibrated)

The determination of the exact area function for the given indenter is
required for indentation depth < 0.006 mm (tip defect).

H70IB103EN-C
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6.5 INDENTATION MODULUS (Ei1T)

6.5.1 DESIGNATION OF E:it

Err = 0.5/10/20/30 = 222 000 N/mm?

Err

contact point

Holding time in sec. at Fmax in sec.

Loading time in sec. from contact to Fmax

F in Newton

6.5.2 DETERMINATION OF REDUCED MODULUS (ER)

The reduced modulus is calculated from the following equation:

6.5.3 DETERMINATION OF PLANE STRAIN MODULUS (E*)

E* is calculated from the following equation:

With:

Ei = Elastic modulus of the indenter (diamond 1141 GPa)
vi = Poisson’s ratio of the indenter (diamond 0.07)

H70IB103EN-C
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6.5.4 DETERMINATION OF Eir

E:rr calculated from the E* using a an estimated sample Poisson’s ratio (Vs):
2
— * _
E, =E*Q-v,")

As a reminder, typical values of vs are:

e Ceramic: 0.1 to 0.3
e Metal: 0.2to 0.4
e Polymer: 0.3 to 0.4

6.6 STANDARD MEASUREMENT OF VICKERS HARDNESS (HV)

6.6.1 DESIGNATION OF HV

HV = 0.1 Vickers

Hardness value

6.6.2 DETERMINATION OF HV

F

max

V = 081 A (h ) in Vickers (kgf/mm?)

(diagonal measurement)

qv o Flkef] F 680:%-sin 68°

Ad p D
F
D

%:Zﬁ-tan68°z7

Where:
h is the indentation depth under applied load (corresponding to diagonal D)
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6.7 ESTIMATION OF HVir WITH INDENTATION HARDNESS (Hi1r)

_F[N] _9.81-Flkg] _9.81

HIT[MPa] : ~
A, A,-sSihna  sina

-HV,.[Vic kers]

With Vickers indenter:
HV,; ~H,/10.580
With Modified Berkovich indenter (M. Berkovich):

HV,; ~H,, /10.800

6.8 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
o 136° 141.9° 142.3° 90°
a 68° 65.03° 65.27° 35.264°
sing sina sina
4. 3V3- 3/3- 9/2
Aq/ h? cos’a cos’a cos’a /
~26.43 x~26.43 ~26.97 =4.5
A,/ h? 4-tan’c | 3J3-tan’a 3J/3-tan’a 33/2
P ~24.504 ~23.96 ~24.494 ~2.598
A/ A 1/sin 1/sin 1/sin 1/sin o = 3//3
‘ P ~1.0785 ~1.1031 ~1.1010 ~1.7320

a: = total included angle
a = angle between the axis of the diamond pyramid and the 3 faces
A4 = Ac = As = (developed) contact area

Reminder:

A, = projected contact area

H70IB103EN-C
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6.9 MARTENS HARDNESS (HM) (FORMER DESIGN: UNIVERSAL HARDNESS HU)

6.9.1 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

6.9.2 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) |, F F
A () =——=~<"-h = ~
() cos?(a) ang FIM A,(h)  26.43-h’

e Perfect Berkovich indenter:

As(h)=3'\/§ : tan(a).hz . HM-= F __F 2
cos(a) A (h) 26.43-h
e Modified Berkovich indenter:
3.3 - tan(a) |, E |:
A (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 Fmax 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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6.10 INDENTATION CREEP (Ci7)

6.10.1 DESIGNATION OF Cit
Crr = 0.5/10/50 = 2.5 %

|— Cir (relative change of indentation depth)

Time (tz2-t1) for holding constant F in sec.
See Fig.99

Application time of F in sec.

F in Newton

6.10.2 DETERMINATION OF Cit

o =%-100

Where:
hi is the indentation depth at time t1 of reaching F (which is kept constant)

h is the indentation depth_at time t, of holding the constant F

H t;
Fig.99 Expression of Cir

a: Application of F
b: F constant from t; to t
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6.10.3 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
] 1 >
Tim, § t t
R thola+tr
Example for the case of 2 elements
1 2
—\\\/ NN\ —
CAVAVAYS - =)
=1 =1

The material response can be described with the following creep function:
(1) Jt)=C, -C,exp(-t/t,)-C, exp(-t/t,)

Then the indentation depth follows the below equation:
(2) h*?(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 tr and (thoa+tr )
using the equation (2) giving the fit parameters of Bg, B1, B2, 11 et 12

Then the results are calculated using the following equations:

(3) Fs :3/(8\/§) tip Geometry Factor, where R is sphere radius

(4) RCF, = tT—l[exp(tR /rl)—l] Ramp Correction Factor

R

(5) RCF, ::_z[exp(tR /Tz)_l]
R
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6 C, =
(6) °“EF
B
(7) 1= L
F.Fs -RCF1
B
(8) 2 = 2
F.Fs -RCF2
1
(9) G, =
2(Co _Cl _Cz)
(10) G, =—=
2C,

(11) G'=2G, (1-v)

(12) E=2G"(1+V)

E

(13) K=312v)

H70IB103EN-C

where Fn, is the max. test force

shear modulus - where v is the tested
material Poisson’s ratio

elastic modulus

bulk modulus

204



6.11 INDENTATION RELAXATION (Ri1T)

6.11.1 DESIGNATION OF Rit

Rrr = 3/10/50 = 0.01 %

Rir (relative change of F)

Time (tz2-t1) for holding constant F in sec.
See Fig.100

Application time of F in sec.

F in Newton

6.11.2 DETERMINATION OF Rit

F-F
R, =—1—2.100
1
Where:
F1 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

H ty
Fig.100 Expression of Rir

a : Application of the indentation depth
b : Indentation depth kept constant from t; to t;
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6.12 ELASTIC PART OF INDENTATION WORK

Ny = Welast .100

total
With:

Wiotal = Welast + Wplast

Plastic part Wpiast / Wrotal follows as 100 % — nir

A

Fmax- -

Welast

H70IB103EN-C
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6.13 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 = hrrax _g'(hrmx _hr)
Where:

¢ depends on the indenter shape.

6.14 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:zFrmx' -
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 —h, )"

— . . — . . —_ L
T =M b | Frox (N =1,

max
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hr is thus given by:

hr:hmx_Fﬂ
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 Fmax

The intercept of this tangent with the displacement axis yields h,
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