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1. Version History

Version #:

Supersedes:

University of Saskatchewan
Department of Mechanical Engineering
Standard Operating Procedure # ME0016

1

n/a

The signatures below indicate that the person(s) responsible to
administer and supervise this procedure have read and agree to

abide by this SOP

Date

Handwritten amendments to the official procedures can be made by a single line
through the text, along with the date, and initialed by the authorized individual making
the correction. Changes are to be noted below. Formal changes to this SOP are made
on the date of revision or sooner, where required.

Section Changes made to official copy Date Initials

X.X, 6.7 | Software updated resulted in changes to June 25, R.P.
approach 2010

All Extensive updates due to new control system Sept. 2012 R.P.
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2. Introduction

This procedure details the proper operation of the NH-1 Nanohead for Nano-
indentation testing.

1. The CETR NH TYPE NANOHEAD MANUAL should be consulted for clarification, if
further questions or clarifications are required please contact Robert Peace at
966-5461 or via email: rob.peace@usask.ca .

2. ONLY AUTHORIZED TRAINED USER ARE PERMITTED TO USE THIS EQUIPMENT.

3. The below guide assumes that the sample tilt check and properleveling has
occurred (see the Nanohead manual for details).

3. Definition

e NH-Nanohead
e UMT/UMNT - Universal Materials Tester
e FS—Fused Silica (reference sample)

4. Personnel
SOP issued under authority of: Prof. Qiaoqin Yang, Mechanical Engineering
Persons authorized to perform this SOP:

By signing this form | acknowledge that | have read and understand this SOP, as well
as the applicable MSDS’s and that | will conduct myself in accordance with this SOP
and the generallaboratory rules.

NOTE: ALL SIGNATURES MUST BE PRESENT ON THE SOP LOCATED IN THE YELLOW
BINDER IN-ROOM 2C26 — Mechanical Engineering Materials Lab, digital copies of
SOP’s are made available for convenience only. Printed SOP’s are valid for 24 hours
only, after that time their accuracy must be verified with the OFFICIAL HARDCOPY
VERSION.

Name (Print) NSID Dep’t Signature Date

Robert Peace Staff ME
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NSID Dep’t Signature
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5. Safety

1) When Mounting a specimen to the metal stub there is a burn hazard due to the
high temperature, tongs should be used to handle the hot mounting puck and
gloves should be worn to avoid contact with the hot glue.

2) The bonding material used is Crystal Bond 509 Amber, and its MSDS is located on
the Mechanical Engineering Safety page.

3) Acetone is used to clean the metal stubs and possibly the samples of the Crystal
Bond, the MSDS for Acetone can be found on the Mechanical Engineering Safety
page.

a. Acetone MUST be used in a fume hood, with Latex gloves, NOTE: Nitrile
gloves are not compatible with Acetone.

b. All general lab procedures for chemical handling, labeling and disposal
MUST be followed for the Acetone and Crystal Bond used.

6. Procedure

Prior to Sample Insertion:

e Power to the UMT is generally left on permanently, if for some reason it has
been powered off, it must be on for a.minimum of 36 hours prior to testing.

e The NH Nanohead controller must be on for a minimum of 2 hours prior to
testing.

e Any major re-arrangements, such as switching between scratch and nano-
indentation require a minimum of 12 hours for equilibration after the re-
arrangement.
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Specimen Mounting Procedure

For Nanoindenation tests the specimens must be mounted on a metal stub (puck)
using a high rigidity adhesive such as Crystal Bond. In this lab we typically use
Crystal Bond 509 Amber.

1)
2)

3)

4)

5)

6)

7)

8)

6.2

e Crystal Bond 509 Amber Information:
0 Flow Point 121°C
0 Solvent: Acetone

Ensure that your specimen is clean, dry and free of grease or oils.

Place a mounting stub onto the hot plate and turn the hot plate to an
appropriate temperature (>121°C).

Allow the metal stub to heat up, you can check the temperature of the top
surface with a radiation thermometer (laser pointer kind).

Once the top surface is a suitable temperature put a small amount of Crystal
bond on the surface and wait until it flows (It will not flow like water, more like a
thick oil).

Place your sample on the Crystal Bond using tweezers and push down gently to
secure the specimen — ensure that you'do not touch the region that you wish to
indent on.

Remove the metal stub from the hot plate using metal tongs and place on a
metal or heat resistant surface to allow air cooling.

Turn off the hot plate.

Wait for the specimen to cool to room temperature before inserting into the
UMT for testing — if you do not wait it will affect your results.

Specimen Removal Procedure

After testing the-metal stubs must be cleaned to be 100% free of Crystal Bond.

1)

2)

3)

4)

Re-heat the stub using the hotplate, with the sample attached until the sample
can.be removed (using tweezers).

Turn off the hot plate and place the metal stub on a heat resistant surface an
allow it too cool to room temperature (handle the hot components with tongs or
tweezers).

Once the metal stub is cool, place it in a beaker containing Acetone (in a fume
hood, while wearing Latex gloves and using tongs), allow the Acetone to dissolve
the crystal bond.

Remove the Metal Stub, rinse with ethanol and dry, then return to the UMT
room.
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5) Collect the Acetone and ethanol waste in an appropriate labeled waste
container.

6) Wash the beaker and utensils used and collect the waste according to the
Laboratory Procedures provided in Mat0001 and Mat0002.

Cable Connections between UMT, Nanohead Controller and PC

6.4

Tip Cleaning and Installation — Only by a Trained Individual

Detailed instructions on proper tip cleaning PRIOR TO INSTALLING ON
THE NANOHEAD can be found in the NH-1 manual in section 3.1.
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e Never clean a tip when installed in the Nanohead, permanent damage
can result.
Detailed instructions on proper tip mounting onto the Nanohead are
shown in section 3.XX of the NH-1 manual.
6.5 Nanohead Installation
e Detailed installation instructions can be found in the NH-1 manual in
section 3.4, this should only be done by a trained individual.

6.6 Sample Insertion

e Samples should be inserted into the UMT chamber a minimum of 2 hours
prior to testing.

e The 2 hour timer begins when the UMT doors are shut;-and should they
be opened the timer is reset.

e For additional protection from thermal air currents a cardboard box
should be placed over the entire UMT after sample insertion.

e Only 1 sample should be on the granite block at a time, others can be
placed next to the block in the enclosure to allow them to acclimate.

6.7 Initial set-up

e Start the UNMT Software. Icon CETR titled UMT.

e Load the Options File. Options>Load (C:/TRIB/Option
files/Nanohead/NanoHead.opt) then click open

e Open the Graphs (Also called “real-time” in the Frequently used test
procedures provided.by Bruker)

i. This opensthe Nanoposition (nP) graph
ii. Click the graphs icon again and select NanoForce (nF) and then
“OK” to open the nF graph
iii. ~ Right click the nP graph and select “graph properties”, deselect
“Auto-center”, select “Manual” and change the Minimum to -100
and Maximum to +100, then click Apply

e Open Semi-automatic Panel (click on the wrench icon)

e Open Position Adjustment Panel (click on the box with arrows icon)

e Open the Microscope Panel (Optical image) and turn on the Vertical
Lamp (Also called “top-down-view” in the Frequently used test
procedures provided by Bruker)

i. Start the Frame grabber of the Microscope by clicking the green
arrow icon.
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Initial Manual Approach

The Nanohead should not be moved very far from the starting position for the
scripts (only a few mm left to right, forward to backward or up/down should be
required).

Use the positioning controls detailed in section 6.7 to position the Nanohead as
shown in Figure 1, with the camera prism directly over the sample at a height of
approximately 3.0 cm from the specimen surface.

' 'PE MNano-Indenter
Pristn Tip

Figure 1: Approximate Starting Position for Nano-indentation Scripts.
Use the optical microscope image to focus the TOP of your sample, as shown in

Figure 2 (a), Figure 2 (b) shows that you can focus through a translucent material
(such as the reference material Fused Silica (FS)), this is an unsafe distance as
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when the Nanohead moves for indentation it will assume the surface is the
thickness of the sample lower than it actually is, this could potentially result in a
collision (and the Nanohead can-not be repaired except by the manufacturer at a
very high cost).

IH_ ‘ r-l ‘

(a) Pre rIy ocused (b) Improperly focused, focus is on
the metal stub (i.e. through the
transparent sample), this can
result in damage to the Nanohead
if a script is started from this

position.

re 2: Properly focused specimen (a), focus through a transparent specimen
(b), with the metal mounting stub in focus.

Figure 3 shows the edge of the FS reference sample in focus, which can be used
as a focusing aid.
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Figure 3: In focus edge of FS sample.

6.9 Movement Control of the Nanohead

Up/Down (Carriage)
1. Semi-Automatic Panel
a. Carriage Tab
i.= Only For Long Movements and Only With A Large Margin For
Safety. Input desired direction and hit the » icon, can be
stopped at anytime by hitting the B icon.
b. Upwith Keyboard
i. Fast Movement: Alt+ T key
ii. Slow Movement: Ctrl + T key
¢.. Down with Keyboard
i. Fast Movement: Alt + | key
1. DO NOT USE when you are anywhere near the surface
(under 2cm) with the Nano Indentor
ii. Slow Movement: Ctrl+{ key
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Front/Back (Linear)
Forward: Bottom stage moves away from UMT doors.
Backwards: Bottom stage moves towards UMT doors.
1. Semi-Automatic Panel
a. Linear Tab
i. Input desired direction and hit the » icon, can be stopped at
anytime by hitting the B icon.
b. Forward with Keyboard
i. Fast Movement: Alt + > key
ii. Slow Movement: Ctrl + > key
c. Backward with Keyboard
i. Fast Movement: Alt + < key
ii. Slow Movement: Ctrl + < key

Left/Right (Slider)
Right: Nanohead moves towards computer.
Left: Nanohead moves towards door of room.
1. Semi-Automatic Panel
a. Slider Tab
i. Input desired direction.and hitthe » icon, can be stopped at
anytime by hitting the B icon.
b. Left with Keyboard
i. Fast Movement: Alt + < key
ii. Slow Movement: Ctrl + < key
c. Right with Keyboard
i. Fast Movement: Alt + — key
ii. Slow Movement: Ctrl + — key
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6.10 Frequently Used Test Procedures

The most commonly used test procedures for nano-indentation are provided as pre-
made scripts located in the document “Frequently Used Test Procedures” provided
by Bruker, the instruction for their use follows, the instructions provided by Bruker
assume that the Nanohead has to be moved into position, however this is not
necessary if it is already in the approximate position, which is why the INSTALL-
Module.cts script is not referenced below.

1. Single_Indent_Trapezodial_Vex_OM
i. This script does a single trapezoidal indent usinga 10mN.load.
1) Ensure that the sample position is in focus as indicated in section 6.6.
2) Position the specimen using the motor drives to an optically clean
position.
3) Load and run the script:
C:\Trib\Scripts\Nanohead\System\Settle VEX.cts
a. This will account for motor backlash.
4) Re-check the specimen position and if necessary repeat steps 2-3
5) Load and run the script:
C:\Trib\Scripts\Nanohead\System\Single_lIndent_Trapezodial_VEX_OM.cts
6) Once the script is finished the specimen will be under the microscope and
nearly in focus, use the fine Z (carriage) adjustment to focus the image.

Notes:

e The first sequence can be used to add a delay before starting the procedure
(which is recommended)

e The second.sequence is movement from the optical location to the indenter
location and MUST never be altered in anyway.

e The third sequence is a surface approach, which extends the Nanohead to its
maximum then retracts it and moves the carriage down, this repeats until the
surface.is found. This step results in a saw-tooth shaped graph on the nP graph if
the minimum and maximum nP values are -100 and +100.

e Thefourth sequence is the actual indent

0 Step 1: slow surface approach
O Step 2: actual indent — NOTE: this is the step where the 10mN load is
entered.

Step 3: 10s hold

Step 4: unloading

Step 5: hold for thermal drift

Step 6: retract tip

Step 7: retract tip by 5 um

O 0O O0OO0Oo
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The fifth sequence returns the Nanohead to the starting position.

2. Multiple_Indent_Trapezodial _VEX_OM

Notes:

1)
2)

3)
4)
5)

6)

i. This script does a grid of 9 indents (3x3) with a spacing of 50um
between each indent

Ensure that the sample position is in focus as indicated in section 6.6.
Position the specimen using the motor drives to an optically clean
position.
Load and run the script:
C:\Trib\Scripts\Nanohead\System\Settle VEX.cts

a. This will account for motor backlash.
Re-check the specimen position and if necessary repeat steps 2-3
Load and run the script:
C:\Trib\Scripts\Nanohead\System\Multiple_Indent._Trapezodial_VEX_OM.cts
Once the script is finished the specimen will be under the microscope and
nearly in focus, use the fine Z (carriage) adjustment to focus the image.

This is the same as single indent trapezoidal, except it does a 3x3 grid of indents.
The first sequence can be used to add a delay before starting the procedure
(which is recommended)

The second sequence is movement from the optical location to the indenter
location and MUST never be altered in anyway.

The third sequence is a'surface approach, which extends the Nanohead to its
maximum then retracts it and moves the carriage down, this repeats until the
surface is found. This stepresults in a saw-tooth shaped graph on the nP graph if
the minimum-and maximum nP values are -100 and +100.

The fourth:sequence is the actual indent and movement to the indent location

o
o

O 00O

(0}

Step 1: slow surface approach

Step 2: actual indent — NOTE: this is the step where the 10mN load is
entered.

Step 3: 10s hold

Step 4: unloading

Step 5: hold for thermal drift

Step 6: retract tip

Step 7: retract tip by 5 um

To do the grid pattern sequence 4 has movements built into it at 50um spacings.
The fifth sequence returns the Nanohead to the starting position.
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Script Configuration and Customization

The pre-created scripts MUST NOT BE ALTERED in anyway, but they are the best
basis for creating custom scripts. Two examples are provided for creating
custom scripts, the first is a single indent trapezodial with a different (than
10mN) load. The second is a Multiple indent trapezoidal script where the loads
vary between indents and the spacing between indents is also varied.

Example 1: Single Indent Trapezodial with a different load:

To create a single indent Trapezodial script with a different load do'the
following:

1) Open the script: Single_Indent_Trapezodial-VEX_OM.cts

2) Navigate to the 4 sequence and the second step called
“Loading_LinearForcebyTime_FixedTime” and select the “Carriage” tab as
shown in Figure 4.

1 si ngle_Indent_Trapezodial_VEX_OM.cts

) STABILIZE
v 8 MOWE_BATCH_OPTICS-TO-TOCL D st
D 1) Camiageur_Z_safeDestance_POST-Toggl
O 2) Camisgell_?_Safelistarce PENDING-Te |  Genetsl || Camisge | Lower Drive | Shier | Step Mobes
0 3) ToGaE
D 4) MOVE A [ 5taet t the currant leves
01 5) MOVE_E

[ &) CamiageDawh_2_Safelistance_PENDIN Frome | O

v 8 LocabeSpedmen_LiftTipByForce_VEX 0

J O 1) MOVE_Away ot Loadlng 0
B 2) move A Force

O 3) MovE_B Rieset Postion in

O 4) LecateSpecimnen [ the Bieginring of

D 5) LitTipEyForce this Step

O &) MOVE_RETURN_XY

O 7) MOVE_A

DO a) move B

[ 9) Resst_Ercoders-0i2
v JEB Sirgle Indark:_Trapezadial

1) Surf, h
C:g 2) Loading_LinearForceByTime_FrosdTime |-

O 4) unowding_Partial_LinearForcey Time_Fix
O 5) ThermalDrift
0 &) Unloading_Full
O 7) LitTiplyForce

v € MOVE_Reburn To SPECTMEN_VEX

RO 1) MOvE_a_Zero
O 2) MOVE_A
O 3) MOVE_E

v N MOWE _BATCH_TOOL-TO-0RTICS

GO 1) CamisgelP_2_SafeCistance_POST-Toggl
D 2) CamiagelP_7_SafeCistance_PENDING-TC
O 3) TOGRE
01 4) MOVE_A
D 5) move B
O &) CaviageDdwn_I_Safelistance_PENDIN
O 7) CamisgeDOWn_2_Safelistance POST-Ts

Figure 4. Loading Force in the Single_Indent_Trapezodial Vex_OM.cts script.
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3) Change the5mN load to the desired load i.e. 5mN as shown in Figure 5.

[7 Single_Indent_Trapezodial _VEX_OM.cts

€ STAEILIZE
&) MOVE_BATCH_CRTICS-TO-TOM,
O 1) Carriagellp_Z_SafeDistance_POST-Toggl
O 2) Carriagel_Z_SafeDistance_PENDING T4
O 3) TOGALE
D 4) MovE_A
O 5) MOVE B
O &) CarriageDOW_Z_SafeDistance_PENDIN
v D LocateSpecimen_LFtTipByForce_VEX
3 DO 1) MONE_AWAY XY

O 2) MovE_A

Db 3) MCVE_B

Dy 4) Locatespecmen

[ 5) LiftTipByForce

D &) MOVE_RETURN_XY

O 7) MOVE_A

Oy ) MOVER

O %) Reset_Encoders-KY2
' () Siehe Indent_Trapezodial
Dy 1) Sufacedpproach

_LinearForceyTime

[ 4) Unlosdirg_Partisl_LineasrForcetyTime_Fis
Oy 5) ThemmalCrift
O &) Unloading_Ful
O 7) LftTipByFores
v MOVE_Return To SPECIMEN_VEX
1) MONE_XY_Zero
O 2) MEVE_A
O 3) MOVE_B
MOVE_BATCH_TOOL-TC-OPTICS
1) Carriagel_Z_SafeDistance_POST-Toggl
O 2) Carriagell_Z_SafeDistance_PENDING-TY
O 3) TOGELE
O 4) MovE_A
O 5) MCwE B
O 6) CarriageDOwi_Z_SafeDistance_PENDIN
O 7) CarriageDOW_Z_Safelistance_POSGT-Ti

¥

O

tar@:rbr'w: Shder | Shep Moles

Slep

] Start b the currand leval
From: | 0 .-'rN

(N >

Loading
Force EE:*;‘ Fexadl]
his Step

Figure 5: Loading Force changed to 5mN.

4) The new script now ha
a.

5)

s to be Saved As a NEW SCRIPT.

DO NOT SAVE a modified script over an original one!
Save the new script (you can create your own script folder if you like, but

use a different name than the pre-built scripts) Figure 6 shows a new

script being saved into
a.

a user’s folder:

Single_Indent_Trapezodial_Vex_OM_5mN.cts
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Savein | |J) Peace P \-) 2 E,
- |

My Recent
Documents

Desklop

My Documents

-
%9
ty Computer
‘_} File narne: Single_lndent_Trapezadial VEX_OM_SmM.cts %
N
My Metwork | Save as type: Tribology Seript [*cts] -

Figure 6: Newly created script being saved to a user’s folder.

6) This new script can now be used.
Example 2: Multiple Indent Trapezodial with different loads and spacing

¢ In this script the Loads and indent spacings are controlled by external files
which can be altered to change the loading and/or spacing of the indents.

e |[f different loads are desired or some are to be eliminated a new layout
file must be created and the script saved as a different name, DO NOT
MODIFIY OR RE-NAME THE SUPPLIED TEST SCRIPTS.

To create asmultiple indent Trapezodial script with different load(s) and
spacing(s) do.thefollowing:

1) .Open thescript: Multiple_Indent_Trapezodial VEX_OM.cts

Thisscript creates a 3x3 grid of indents, using the movement pattern shown in Figure 7.
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YA

3 @ o o4
(-0.05, 0.05) (0,0.05) (0.05, 0.05)
6 9 7

O ¢ o >
(-0.05, 0) (0, 0) (0.05, 0) X
l@ @5 [ W
(-0.05,-0.05)  (0,-0.05)  (0.05,-0.05)

Figure 7: Movement pattern for Multiple_Indent.Trapezodial_VEX_OM.cts
Coordinates are in mm, 0.05mm=50um

2) Navigate to the 4™ sequence and.the sixth step called

“Loading_LinearForcebyTime_FixedTime” and select the “Carriage” tab as
shown in Figure 8.
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= Multiple Indent Trapezodial VEX OM.cts

=) v &P STABILIZE

1 [ 1) DELAY_Before_Proceed

= v @ MOVE_BATCH_OPTICS-TO-TOOL
[ 1) CarriagelUP_Z7_SafeDistance_POST-To
[ 2) CarriagelP_Z_Safelistance_PENDING

2 @ 3 ToGGLE [ Start at the currert level
D 4] MOVE_A

[ 5) MOYE_B From: | 0 W
[ &) CarriageDOWN_Z_SafeDistance_PEND -

=¥ @ LocateSpecimen_LiftTipEyFarce_VEX o |10 .mN
O 1) MOVE_AWAY_xY

0 2) MOVE_A Reset Position in
3 [ 3) MOYE R [the Beginning of
[ 4) LocateSpecimen thiz Step
5) LiftTipByFarce
6] MOYE_RETURM_XY
7) MOVE_A
&) MOYE_R
9) Reset_Encoders-2YZ
Multiple_Indent_Trapezodial
[ 1) MOVE_4¥_External_3x3_S0um
401 2) MOVE_4
O 3) MovER
[ 4) Delay

pever Drive | Slider | Step Notes

]
]
]
]
]
= &

[ &) Loading_LinearFarceByTime_FixedTim: )

[ 8 Unloading_Partial_LinearFarceByTime_
B 9 ThermalDrift
[ 10} Unloading_Full
O 11) LiftTipEyFarce
=i € MOYE_Return Ta SPECTMEN_YEX
[ 1) MOYE_RY_Zero
O 2) MOYE_A
B 3) MOYE_E
=¥ P MOYE_BATCH_TOOL-TO-OPTICS
[ 1) CarriageUP_Z_Safelistance_POST-Ta
[ 2) CarriagelUP_Z_Safelistance_PEMDING
60 3) TOGGLE
[ 4) MOYE_A
O 5) MOYE_E
&) CarriageDOWN_Z_SafeDistance_PEML
7) CarriageDOwh_7_SafeDistance_POS"

=)

Figure 8: Location of Indentation Force.

3) The load for thisscript is a single number with a white background, which
indicates an explicit load, in this case the load will be the same for each of
the 9.indents.

a. To change the load for all of the indents, simple change the load
number from 10mN to a different number such as 20mN as
shown in Figure 9.
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=l Multiple_Indent_Trapezodial VEX_OM.cts

= STABILIZE
[ 1) DELAY_Before_Proceed
= &) MOVE_BATCH_OPTICS-TO-TOOL
[ 1) CarriagelP_Z_SafeDistance_POST-To
[ 2) CarriagelP_7_SafeDistance_PEMDING
(B 3) ToGGLE
O 4) MOVE_A
[ 5) MOVE B
[ &) CarriageD0Wh_Z_SafeDistance_PENC
=" & LocateSpecimen_LiftTipByForcs_YEX
31 1) MOVE_aweay _xv
[ 2) MOVE_A
0 3) MovE_B
[ 4) LocateSpecimen
[ S) LiftTipByForce
[ &) MOVE_RETURM_XY
B 7) MOVE_A
O 8) MovE_B
[ 9) Reset_Encaders-xyz
= & Multiple_Indent_Trapezodial
[ 1) MOVE_Y_External _3x3_S0um
B 2) MovE_A
0 3) MovE_B
[ 4) Delay
[ 5) Surfacespproach
[ 6) Loading_LinearForceByTime _FixedTirm
B 7 Creep
[ 8) Unloading_Partial_LinearForceByTime_
[ 9) ThermalDrift
[ 10 Unloading_Full
[ 11) LiftTipByForee
=+ &) MOVE_Return To SPECIMEN_VYEX
[ 1) MOVE_HY_Zern
O 2) MoveE_A
B 3) MOVE B
= v ) MOVE_BATCH_TOOL-TO-OFTICS
[ 1) CarriagelP_Z_SafeDistance_POST-To
[ 2) CarriagelP_Z_SafeDistance_PEMDIMG
[ 3) TOGELE
O 4) MOVE_A
O ) MOVE_B
[ &) CarriageDOWN_Z_SafeDistance_PEND
[ 7) CarriageDOWh_Z_SafeDistance_POS"

B step
General | Cariage | Lower Drive | Slider | Step Notes

|:| Start st the current level

From: | 0

Reset Position in
D the Beginning of
this Step

Figure 9: Changed Indentation force to 20mN.

b. To change the loadand vary it from indent to indent, the load has

to be changed from “explicit” to “external file”

i. Click the blue box next to the load as shown in Figure 10.
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=] Multiple_Indent_Trapezodial_VEX_OM.cts

= v ) STABILIZE
[ 1) DELAY_Fefore_Proceed O step

= ) MOVE_BATCH_OFTICS-TO-TOOL —
[ 1) CarriagelP_7_SafeDistance_POST-To | | General |; Carriage §|Luwer Drive | Slider | Step Motes
B 2) CarriagelP_Z_SafeDistance_PENDING
g 3; TOGELE [ start o the current level

41 MOYE_A

D 5 MOVER (e ive I:l g
[ &) CarriageDOWN_Z_SafeDistance_PENL

=+ b LocateSpecimen_LiftTinByForce _YEX
B 1) MOYE_AWaY_sy

B 2) MovE_A Reset Posttion in
0 3y MOVE_B [[Dthe Beginning of
O 4 Locatespecimen this Step

0 5 LiftTipEyForce
D1 &) MOYE_RETURN_XY
0 7) MOYE_A
0 &) MOVE_E
[ 9 Reset_Encoders-XYZ
= &) Mulkiple_Indent_Trapezodial
[ 1) MOVE_xY_External_3x3_SOum
B z) MOYVE_A
B 3 MOYE_R
0 4) Delay
B 5) Surfacedpproach
B 6) Loading_LinearForceBy Time_FixedTim
0 7) Creep
0 8) Unloading_Partial_LinearForceByTime_
0 9) Thermallrift
B 10) Unloading_Ful
[ 11) LiftTipByForce
= & MOVE_Return To SPECIMEN_VER
B 1) MOYE_xY_Zera
B 2) MovE_A
0 3) MOYEE
= ) MOVE_BATCH_TOOL-TO-OPTICS
[ 1) CarriageUP_Z_safeDistance_POST-To
[ 2) CarriageUP_Z_safeDistance_PENDIMG
0 3) TOGGLE
0 4) MOVE_A
B 5) MOYE_B
B &) CarriageDOWN_Z_SafeDistance_PENL
B 7) CarriageDOWN_Z_SafeDistance_POS

Figure 10: Button to select External Force Control.

ii. A new window will appear as shown in Figure 11.

Script Parameter Properties: r5_<|
e M arne: Calculation Rule:

L by 2 || (Browse|

Figure11:) Explicit Option means the number inputted as in Figure 9.

iii. Select the dropdown menu which has “Explicit” in it and
select “External” as shown in Figure 12.

Script Parameter Properties:
Type: M ame Calculation Bule: || External File :

V| | | by | | | |Bru:uwse []Feset

Figure 12: External means the load is controlled by an external file.
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iv. Check the “External File” checkbox and an “External
Contents” bar will appear as shown in Figure 13.

Script Parameter, Properties:

Type: Mame Calculation Rule: Extemal File i
|E:-:tema| v| | | by | | |Bru:uwse [IReset
EW

(x ” Save

Figure 13: The External File check box must be selected to open the External Controls
Tool bar.

v. Enter the desired loads in the toolbar as shown in Figure
14.

Script Parameter Properties:

Type: M arme Calculation Rule: External File :
|E:-:tema| v| | | by | | | |Bru:uwse [1Fezet
Eut Earterke:

(181555151010510 ) [_Sae |

Figure 14: The Loads that are desired for this example to generate the grid shown in
Figure 15.

vi. Save the file to the appropriate location with an
appropriate name such as:
C:\Trib\Scripts\NanoHead\Peace\External_Files\Multi_15
10_5.txt where the Peace and _15 10 5 are your name
and a designation of your choosing. DO NOT overwrite
any other external files! In this example the loads will be
15mN, 15mN, 5mN, 5mN, 15mN, 10mN, 10mN, 5mN,
10mN

1. This will make a 3x3 grid with the top row having
5mN indents, the middle row 10mN indents and
the bottom row having 15mN indents (see Figure 7
for explanation and Figure 15 for the new load
settings).
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Y A
5mN O 5mN
3@ T\js o
(-0.05, 0.05) (0,0.05) (0.05, 0.05)

10mN 10mN9  10m
e @ oN7

>
(-0.05, 0) (0, 0) (0.05, 0) X
15mN 15mN 15m
1 .m .ng .I\i

(-0.05,-0.05) (0, -0.05) (0.05, -0.05)

Figure 15: Indentation grid with the new loads programed above.

4) The movements in x (slider) and y (linear) for this script are controlled by
external files using coordinates (the origin is set during initial surface
approach)

5) To change the spacing of the indent, the coordinates must be changed
and then the external file saved, DO NOT save over the original external
file, re-name it to a different file name.

6) In this example we will change the spacing as shown in Figure 16 and
Table 1.
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3 1
(-0.10, 0.10)
o o
(0,0.05) (0.05, 0.05)
° 9 o o
(-0.05, 0) (0,0) (0.15, 0)
1@ @’
(-0.05, -0.05) (0.15,-0.05)
.5
(0,-0:10)
Figure 16: Custom “grid” spacing for this example.
Table 1:” Coordinates for the spacing shown in Figure 15 (mm).
Point 1 2 3 4 5 6 7 8 9
(slizi(er) -0.05 0.15 -0.10 0.05 0.00 -0.05 0.15 0.00 0.00
(IinTaar) -0.05 | -0.05 0.10 0.05 -0.10 0.00 0.00 0.05 0.00

7) To change the x coordinates we need to edit and re-save the External file
for the slider movement to match the desired coordinates.
a. Navigate to the 4th Sequence and the 1st step
“Move_xy_External _3x3_50um”, then select the “slider” tab as
shown in Figure 17.
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=] Multiple_Indent_Trapezodial VEX OM.cts

= v P STABILIZE
[ 1) DELAY_Before_Procesd B step
= B MOVE_BATCH_OPTICS-TO-TOOL

[ 1) CarriagelP_Z_SafeDistance_POST-To | | General | Carriage || Lower Driye Step Motes

[ 2} CarriageUP_Z_SafeDistance_PENDING " i

O 3) TOGGELE Position “elocity

[ 4) MOVE_A Oigle O absaute (&) Incremert @manual O Automatic

[ 5) MOVE_B B

D 6) CarriageDOMN_Z_SafeDistance_PEND Initigl mm Working, | 0.2 . mimises
= v P LocateSpecimen_LiftTipByForce_YEX Einal:

[ 1) MOVE_sway_xy B Initial: mmisec

D) 2) MOVE_A Offset: | {-0.05000 . mm

1 3) MOVEB

B 4) LocateSpecimen Direction

[ 5} LiftTipByForce @ Lett

[ &) MOVE_RETURNM_ XY "

D 7) MOVE_A Oight

[ &) MOVEE Ocycle

)] Reset _Encoders- X\"Z

& M

01

=) v
b MOVE WY External |_3x3_S0um [CIntave Inmedistely
= Reset Position in the
O

) MOVE_B Beginning of this Step
7 Delay

) SurfaceApproach

) Loading_LinearFarceBy Time_FixedTir
| Creep

) Unloading_Partial_LinearFaorceByTime_
) ThermalDrift

03 Unloading_Full

1) LiftTipByForce

OYE_Return To SPECIMEN_VEX

1) MOVE_®Y _Zera

2 MOYE_A

3) MOYE_B
MOVE_BATCH_TOOL-TO-OPTICS

3
4
5
3
7|
g
9
1
1
= I

= v
3 CarriagelP_Z_SafeDistance_POST-Ta
) CarriagelP_Z_SafeDistance _PENDING
) TOGELE
) MOVE_A
1 MOVE_B
) CarriageDOWN_Z_SafeDistance_PEML
Y CarriageDOWN_Z_SafeDistance_POS”

Flelelzlelelel-lel=l=] - lel=l==l=l=l=] =)=

1
z
3
4
)
)
7

Figure 17: Location_of the Slider (x) movement for the grid spacing.
b. The “Offset” parameter is shown with a blue background, click the

blue box next to this parameter to open a new window to edit the
coordinates, as shown in Figure 18.
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= Multiple_Indent_Trapezodial VEX OM.cts

=¥ &P STABILIZE
[ 1) DELAY_Before_Proceed (B
= 8D MOYE_BATCH_OPTICS-TO-TOOL
[ 1) CarriageUP_Z_SafeDistance_POST-To | | General | Cartiage | Lower Drive
[ 2) CarriageUP_Z_SafeDistance_PENDING

| step notes

D 3) TOGELE Posttion Selocty
B 4) MOVE_A Olg\e O&bso\ute @Inc[emant G)Manual OAutomatic
[ 5) MOYE_B o
[ &) CarriageDOWwh_Z_SafeDistance_PEND Lty I:I mm Wiarking: . minfsec
(= ¥ &P LocateSpecimen_LiftTipByFarce_VEX Einal o

1 1) MOVE_Awny iy Initial: l:l [l
[ 2) MOvE_A Offzet | {-0.05000,
0 3) MOVE_E

4) LocateSpecimen Direction
B )] P Di
[ 5) LiftTipByForce @ Lett
[ &) MOVE_RETURM_XY

. | Right
[ 7) MOVE_# O
D) &) MOVE_B O cycle
[ 9) Reset_Encoders-x¥Z
(= & Multiple_Indent_Trapezodial

[ 1) MOYE_=Y_External_3:x3_50um [ tave immedistery
Oy 2) MOvE_A Reset Position in the
B 3) MOVE R Beginning of this Step
B 4 Delay
[ 5) surfacespproach
[ &) Loading_LinearForceBy Time_FixedTim:
B 7) Creep
[ 8) Unloading_Partial_LinearForceByTime

B 9 ThermalDrift

[ 109 Unloading_Full

B 11} LiftTipByForce
=¥ D MOVE_Return Ta SPECIMEN_VEX

B 1) MOVE_xv_Zero

B 2) MOVE_A

B 3) MOYE_B
(= v D MOYE_BATCH_TDOL-TO-0PTICS

[ 1) CarriageUP_Z_SafeDistance_POST-Ta

[ 2) CarriageUP_Z_SafeDistance_PEMDING
[ 3) TOGGELE
B 4) MOVE_A
[ 5) MOYE_B
0 &
[

Y CarriageDOWN_Z_SafeDistance_POS

Figure 18: Button to changed external file movement for the Slider (X).

c. Change the coordinates to those in Table 1 for “X” as shown in
Figure 19.

Script Parameter Properties:

Type: M ame Calculation Bule: Esternal File :

E:-:tEemaI v | | | by | | |E:'xTFlIB"ascript...'xS:-:E_:-:.t:-:l | Browse| [ | Resst
External contents: () Ofizets  (*) Coordinates
|-|:|.|:|5|:||:||:|, (0.05000, -0.05000, 0.05000, 0.00000, -0.05000, 0.05000, 000000, 0.00000 ” Save ]

(a) Original Slider coordinates
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Script Parameter, Properties:

Type: M arne Calzulation Rule: Esternal File ;
Euternal  w by ATk criptsvM anoH ead [ ] Reset
Esternal contents: () Offsets (%) Coordinates

005000, 015000, -1.10000, 0.05000, 000000, -0 05000, 0.15000, 0 00000, 000000

(b) New Slider coordinates

Figure 19: (a) Original x (slider) coordinates, (b) new x (slider) coordinates.

d. Save the File:
C:\Trib\Scripts\NanoHead\Peace\External_Files\3x3_x_demo.txt in
the appropriate folder, where demo is a.designator of your
choosing, and Peace would be your.-name. DO NOT SAVE OVER THE
ORIGINAL EXTERNAL FILE!

Click OK

8) To change the y coordinates we need to edit and re-save the External file
for the linear movement to match the desired coordinates. This is done
in a similar manner to the x coordinates, only it begins on the linear tab.

a. Navigate to the 4th Sequence and the 1st step, then select the
“Lower Drive” tab as shown in Figure 20.
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=] Multiple_Indent_Trapezodial VEX_OM.cts

= €D STAEILIZE
[ 1) DELAY_Before_Proceed O step
=+ ) MOVE_BATCH_OPTICS-TO-TOOL
[ 1) CarriagellP_Z_SafeDistance_POST-To General | Carriafje
[ 2) CarriagellP_Z_SafeDistance_PEMDING

Slider || Step Motes

D 3 TOGGLE Position “elocity
g ;; mg:g_; Distance: | {-0.05000 . - 02 .mm.l’sec:

B 8) CarriageDOWh_Z_SafeDistance_PEMD
= P LocateSpecimen_Lift TipEyForce_WEX
O 1) MOVE_AWaY_xy

[ 2) MOVE_A
B 3 MOVE_E Direction
[ 4) LocateSpecimen O Forward
[ ) LiftTipByForce
B 8) MOVE_RETURM_XY Q)Elackward
O 7) MOVE_A Ocycle
[ & MOVE_E
[ 9) Reset_Encoders-2YZ
= e_Indent_Trapezodi [ move Immedistely

dia
rral_3x3_S0um

Reset Position in the
O

By MOVE_B Bedinning of this Step
o .

4 Delay
[ 5) SurfaceApproach
[ 8) Loading_LinearFarceBy Time_FixedTim
B 7) Creep
[ 8) Unloading_Partial_LinearForceByTime_
B 9) ThermalDrift
B 100 Unloading_Full
[ 11 LiftTipByForce
= v B MOVE_Return To SPECIMEN_YEX
[ 1) MOVE_wv_Zero
[ 2) MOvE_A
B 3) MOVE_R
= v B MOVE_BATCH_TOOL-TO-OPTICS
[ 1) CarriagellP_Z_SafeDistance_POST-To
[ 2) CarriagellP_Z_SafeDistance_PEMDING
[ 3) TOGGELE
[ 4) MOVE_A
[ 5) MOVE_B
B 8) CarriageDOWh_Z_SafeDistance_PEML
B 7) CarriageDOWh_Z_SafeDistance _POS

Figure 20: Location of the lower drive (Y) movement control for the grid spacing.
b. The “Distance” parameter is shown with a blue background, click

the blue box next to this parameter to open a new window to edit
the coordinates, as shown in Figure 21.
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H Multiple_Indent_Trapezodial VEX_ OM.cts

= &) STABILIZE
[ 1) DELAY_Before_Proceed O step
2w ) MOVE_BATCH_OPTICS-TO-TOOL
[ 1) CarriagellP_Z_Safebistance_POST-To | | General | Carriage Slider || Step Notes
[ 2) CarriagellP_Z_SafeDistance_PENDING " §
D 3 TOGGELE Position “elocity
g ;; mg:g—g Distanc, 0z .mm.fsec:
[ &) CarriageDOWH_Z_Safebistance_PEND
(= P LocateSpecimen_LiftTipByFarce_YEX
B 1) MOVE_aweay sy
B 2) MOvE_A
[ 3) MovE_B Direction
[ 4) LocateSpecimen () Farward
B S) LiftTipByForce
D1 &) MOVE_RETURN_XY ©Backward
[ 7) MOVE_A O cycle
[ 8) MOVE_B
[ 9) Reset_Encoders-#YZ
= ) Multiple_Indent_Trapezodial [ Mave Immedistely

1 1) MOVE_xY_External_3x3_S0um

01 21 MOVE_A DReset Posttion in the
)] MO\:‘E_B Bedinning of this Step
[ 4) Delay

[ 5) Surfacedpproach
[ &) Loading_LinearForceByTime_FixedTim
B 7) cCreep
[ 8) Unloading_Partial_LinearForceByTime,_
1 99 ThermalCrift
1 10} Unloading_Full
B 11) LiftTipByForce
2w ) MOVE_Return To SPECTMER_VEX
B 1) MOVE_x¥_Zero
B 2) MOvE_A
[ 3) MOVE_B
2w ) MOVE_BATCH_TOOL-TO-OPTICS
[ 1) CarriagellP_Z_SafeDistance_POST-Ta
[ 2) CarriagellP_Z_SafeDistance_PENDING
[ 3) TOGGLE
B 4) MOVE_A
[ 5) MOVE_B
[ &) CarriageDOWN_Z_Safebistance_PEMD
[ 7) CarriaqeDOWN 2 SafeDistance POS

Figure 21: Location to.changethe Lower Drive (Y) grid spacing external file.

c. Changeithe coordinates to those shown for Y in Table 1 as shown
in Figure 22.

Script Parameter Properties:

Type: M ame Calculation Rule: External File :
E:-:tEerr'ua v| | | by | | |I::\THIB'xscript...'G:-:S_l,l.th| Browse | [ | Reset
Esternal contents: () Offsets (%) Coordinates

|-EI.E|5EIEID, -0.05000, 0.05000, 0.05000, -0.05000, 0.00000, 0.00000, 0.05000, 0.00000

(a) Original Lower Drive (Y) coordinates
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Script Parameter Properties:

Type: Y Calculation Rule: External File :

|E:-:terna| w | | | by | | |CZ"-.TH|E"-.SC[ipL.."-.3H3_','.th | Browse | [ Resst
External contents: () Offsets (%) Coordinates

|-IZI.I]5EIEID, -0.05000, 0.10000, 0.05000, -0.70000, 0.00000, 0.00000, 0.05000, 0.00000 H Save ]

(b) New Lower Drive (Y) coordinates
Figure 22: (a) Original y (linear) coordinates, (b) new y linear) coordinates.

d. Save the File As
C:\Trib\Scripts\NanoHead\Peace\External_Files\3x3_y demo.txt in
the appropriate folder, where demo is a designator of your
choosing, and Peace would be your.-hame. DO NOT SAVE OVER THE
ORIGINAL EXTERNAL FILE!

9) The new script now has to be Saved As a NEW SCRIPT.

a. DO NOT SAVE a modified script over an original one!

10) Save the new script (you can create your own script folder if you like, but
use a different name than the pre-built scripts) Figure 23 shows a new
script being saved into a user’s folder:

a. Multiple_Indent_Trapezodial Vex OM_5_10_15mN.cts

Save it |lf} Peace vl (W5 Ak
5 L) External_Files
4 :; |ﬂ Single_Indent_Trapezadial _YEX_OM_SrmM.cts
My Recent
Daocuments
(1
Deskiop
My Docurments
My Computer
- File name: | iple_Indent_Trapezodial WEX_OM_5 10 15ct » | [ Save ]
by Metwork, Save az bype: | Tribology Script [*.cts) - | [ Cancel ]

Figure 23: Saving the newly created script to a separate file.

11) This script is now ready to use.
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6.12 Other Types of Tests:
Frame Stiffness:
The frame stiffness calculation is covered in section 5.3 of the NH-1 manual, it is
completed in a similar manner to the Indent scripts and can be found in the
“Frequently Used Test Procedures” Manual.
An accurate frame stiffness is essential for repeatable and accurate results.
A typical value for this system is: 2.76N/um.
Tip Area Function:
The Tip Area Function calculation is covered in section 5.4 of the NH-1 manual, it
is completed in a similar manner to the Indent scripts and can be found in the
“Frequently Used Test Procedures” Manual.
An accurate Tip Area Function s is essential for repeatable and accurate results.
The tip will wear over time resulting in a slightly altered Tip Area Function, and
therefore this should be repeated periodically.

6.13 Data Analysis

Data analysis is completed using Viewer.exe icon on the desktop. A manual for the
viewer software is provided in the lab.

Supplement to Viewer Manual:
Basic.Data Processing for Indentations:

1) Open the data file in the viewer software.
2) Push the indentation process button as shown in Figure 24.
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UMT Test Viewer - [NH_Multiple_Indent_Trapezodial_rmXXXX_10mN_3x3_50um_3.tst]
lle Edt ¥iew Window Tools Help

W

Compress  Subtract Multiphy

Abs. Value  Fiker Peaks Trend Compare

D &4 A A
FFT Elasticity Indentation

Markers
Reread
ne.pm
2 d'54"
Screen

Export 0.50

Preview

=]

Prink

0.35

Scratch Depth Calculator

12 16 20 24
Time,sec

Step Info ==
R (mm) -0.0503
Load 10
V tram) 0
v (mminin) 0
Vnininy
Steps

Duratiors| 185 Remove

1) Gonstart Load i

F =
4) Constart Load ri
) Unlosting iF =1 mil T =1
&) Constart Load nF = 1 mh T
7) Unloading nF =0 mi T =1
5) Canstart Load ri
9) Canstart Load ri
10) Rough Approach
1) Loading nF = 10 mi T =1
12) Canstart Load nF = 10 mt
13) Unloding nF = 1 mi T=1
14) Constant Load nfF =1 mi
15 Unloading nF = 0mi T =1
16) Constart Load nf
17) Constant Load nf
18) Raugh Appraach T =
19) Loading nF = 10 mh T = 1
20) Constart Losd nF = 10 mf
213 Unloacing nF =1 mi T =1
22) Constant Load i =1 mi
23) Unloding nF = 0mN T =1
24) Canstart Load i = -1 mh
25 Constant Load iF = 0 mi
26) Rough Appraach T =88
27) Loading nF = 10 i T =1
28) Canstart Load i = 10 mi
23) Unloding nF = 1 mi T =1
30) Constant Load nf =1 mi
3 Unloading nF = 0mi T =1
32) Constart Load nF = -1 mh
33) Constart Load nf = 0 mi
34) Rough Appraach T =882
35) Loading nF = 10 ml T = 1
38) Constart Load nF =10 mf
37) Unloacing nF =1 mi T =1
38) Constant Load nF = 1 mi
39) Unloding nF = 0mN T =1%
< >

X - Axis
T, (sec) -

Parameters

Statistics (P, pm):
Mean | 0.3124
sD | onazee

Process Scrakchl Data for the Current: File

v Seale (T, pm) ¥ Seale

I M
N [ Auto

Min: Min:

[V At

==
—

Gricl

30 fug 2012 14:25:53 C:\TriblScriptsiflanoHe UMT ver. 1,136 257

[, mii

Loading Cycles Mavigatior:

MoveTo I =1 Start
Remave

P (m): 0.6423 at 14.164 sec

Process [v

Figure 24:

Indentation Process Button.

3) After processing a new window with 2 curves (Load vs. displacement
(depth), and hardness and Young’s Modulus vs. contact depth. As shown

in Figure 25.
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o Maz, Load (mi) 10.03C
Max. Disp. (o) 0.287

Load (mN)

NH_Muitiple_Indent_Trapezodial_rmXXXX_10mN_3x3_50um_3.tst

0144 0.216 0.288 0.360

Depth (um)

s
0.072

NH_Muitipie_Indent_Trapezodial_rmXXXX_10mN_3x3_50um_3.tst

104 76
102 74
o rs
100 72
Y
9.8 o 70
£ a
o
@ [4)
g 96 A L] 68
g
E
g Pe) a
T
9.4 66
iy
9.2 64
90 A 62
[}
838 ; ; ; = 60
0.1880 0.1928 01976 02024 0.2072 0.2120

Contact Depth, pm

edo ‘sninpow s.funoy

nF =a(nP-h,m
Pomrer Law Fit:
145903

m=| 1853

h - 0080
£

Cont. Stiffness (miiuny| 83.673

Cont. Depth 0.15%
Cont. Azea 1045
(ra®2):
Indentation Moduls  (GPa)
Redaced 0155
Voungs 72.568
Hardness (GPa): 9598049
Drft (mrussec) 000
Calrulate
% Fit
Upper:| 95  Lower | 50

Load vs. Displacement -

I atn
Y Hide
Max] Max Conect by
Bin Min j B j

Indentor

3255 Select

Frame Stiffness, Hm.

312020 Loaddependent

Specimen

Poissor's Ratin

017

Figure 25: Dual Curve Window.

4) To adjust the detected contact point select the indentation test and use
the “correct by” to shift the curve the entered amount, as shown in

Figure 26.
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H = = M. Load (mf) 10021
Max, Disp. (m): 0.296
o NH_Muitiple_Indent_Trapezodial_rmXXXX_10mN_3x3_50um_3.tst NH_Muitipie_Indent_Trapezodial_rmXXXX_10mN_3x3_50um_3.tst
nF =a(nP-h,m
Power Law Fit:
L -
Screen
1 102 736 "
Expart b -
£
728
12 104 @ & a Cont. $tiffess (bl fur
- —_— Cant. Dapth
Cont. Area
Preview - o~ (ra®2):
5 & 7.2 Indentation Moduhs
Print 5 L
704 £ Young:
_ 8 S 90 & = i
£ - .
E ¢
= ¢ 696 Hardnass
8 E £
- 6 =E 98 _,ﬁ Drift (nrfsec):
68.8 S
5
Calrulate
o
i i 68.0
S4Fit
i Upper: | 95 Lower | 50
=)
2z 96 %
n 66.4
0 T p r r ) 95 . : 65.6
0.07 0.14 0.21 0.28 0.35 019040  0.19232 0.19808  0.20000
Depth (ym)
Scal: Indentor
Load vs. Displazement - [3zss St
% o iy Frame Stiffhess, Him
Max] 312020 Losddependent
Min Specimen

Ready

Depth (um) = 0.343

Poissor's Ratio | 017

Load (mhi) = 15,9533

Figure 26: Adjusting the contact point of an indentation cycle.

5) Figure 27 shows an.indent that is shifted by 100nm to the right and once
corrected by the 100nm lies more in line with the other data points.
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Figure 27

: Improper contact point.

6) Figure 28 shows an.indent that is shifted too far to the left and has to be
corrected to be more in line with the other data points.
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Figure 28: Improper contact point.

7) Figure 29 shows an.individual indent’s nP vs. time graph after data
processing, the red line corresponds to the touch point (where the nP

starts to rise).
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Figure'29: Properly set touch point.

8) Figure 30.shows an.improperly set touch point (the same point as shown
in Figure 28).
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Figure30: Improper touch point.

9) To correctthe improper touch point you can right click outside the nP
axis to place the touch point manually, or use the “correct by” method
described in 4 above.

10) To cycle through the indents on the nP vs time curves you can use the
“loading cycles navigation” window highlighted in Figure 31.
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Figure 31: Load Cycle Navigation.

11) After.the touch points have been corrected by either method the
markers must be saved or the process will have to be repeated when the
file is re-opened. To do this push the Indentation Button (data process
button) and the Load vs. Depth and Hardness/Modulus vs. contact depth
graphs will appear, then push the Marker button on the left as indicated
in'Figure 32.
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Figure 32: Saving Markers.

12) If one.indent cycle seems to have a problem it can be hidden from view
and data processing by pushing the “Hide” button as shown in Figure 33.
Figure 33 has also had the y axes re-scaled for hardness and Young’s

Modulus for a different graph appearance.
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Figure 33: Hiding an indent cycle and re-scaled Hardness and Young’s Modulus axes.

13) Figure 34 shows the same data as Figure 33, only with the indent #2 not
hidden, you can see that its contact depth was significantly greater than
the other indents, which is the reason for it being hidden from data

processing:
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Figure 34: Indentation Data showing one indent with a significantly different contact
depth, same data‘as Figure 33, only with an indent cycle unhidden.

14) For more detailed analysis see the Viewer Manual Provided.

Additional Notes-on setting Contact Points:

o~ Typical Adjustment is 1-5nm

e Adjust until the beginning of the curve starts to appear noisy (this indicates that
the “plateau” region of the soft touch).

e Zoom in to do the correction so that only around the first 10% of the indent is
visible.

e [f curves on different locations on the same surface go over each other in this
range it is a good indication the touch point has been adjusted properly.

e Forsingle indent test the touch point correction has to be completed for each
test.
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e For multi-cycle tests the touch point is adjusted for the first contact only, with
the others automatically being completed — this is for multiple indents in the
same location (multi-partial-unloading)

7. Highlights / Critical Control Points

Do not open doors during testing.

Do not talk during testing.

Do not move during testing.

For Optimal Results set a delay timer and test around 10:00 PM.

PwwnNpeE

8. Reporting

Report any problems to the Departmental Assistant and your Supervisor.

9. Regulatory / Standards

The following SOPs must be followed while using the:Mechanical Engineering Labs:
MEO0O001

Mat0001

Mat0002

10. References

Bruker, 2012. Frequently Used Test Procedures, email correspondence.

Center For Tribology.(CETR), 2009. NH type Nanohead Manual

Center For Tribology (CETR), 2007, UMT Multi-Specimen Test System Viewer Manual
Version 2.15 Build 90.
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	6) Once the script is finished the specimen will be under the microscope and nearly in focus, use the fine Z (carriage) adjustment to focus the image.
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