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Nanoindentation hints

1. First thingsto do prior to experiments.
a  Turn on the black Hysitron box (need to warm-up, 2 hours recommended)

Usual setting for 4 dials are:
a. Low Passfilter: 300

b. Output Gain 1 : 1000

c. Output Gain 2 : 1000

d. Display : 100
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b. Final polish the specimen (0.25 to 0.01 um) keep it dry or moist
c. Turnon AFM
1. Turnon the box under the desk. Switch is at the right back side

2. Turnonthe AFM PC, if it is not on. Open NanoScope version 5.12r3

2. Prepare Hysitron computer
e You may want to reboot the PC, while doing this, turn off the Hysitron box.
e Open “Tribo scope” software
e Find atransducer in ablack plastic box. Turn the power off while connecting it to the
Hysitron box (backside), turn the power back on.
e Check if theinitial setting values match to those on ainfo sheet in the black transducer box
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by Clicking “setup indent” - “ Set Transducer Constants” icon ‘

*Check Displacement Scale Factor
........ m = matches to the value on the sheet

*Max Force is smaller than the value
on the sheet
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*Machine compliance is 1.7 for black
shatft tip, lower for white ceramic
base(0.8) Please refer to the note on
the wall for right machine compliance
value for individual tip.
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e Drift correction Click “setup” > drift

e correction. Drift correction: change to 2 sec.
M awirnurn Drift Rate [rrns] g 0100 B} .
e Spring force compensation should be checked
M aimum Drift Time (3] 2l0 “\/" t00

Done

3. Prepare AFM
e Remove the optical lens.
e Fliptheswitchto select STM
e Click “microscopeicon”, select “STM” mode.
e Typeininitia valuesfor engaging (do not engage, yet) - refer Appendix D
e Set up fused silica quartz reference on the stage.
e Lower the stage to have enough clearance before placing the indenter by using lever (to
UP)
e Place the transducer+indenter over the silicareference.

4. Air indent to adjust Electro static force constant.
Open load function “air indent new” (Loading 10sec, Unloading 10sec, peak force 600uN)
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From indent screen, click setup = Advanced Z-Axis Calibration, following window will pop-up. Click
“Calibrate Transducer”. Instruction window will appear. Click Yesif you are ready.

Advanced Z-Axis Calibration

Calibrate Transducer

Status |Ealibration completed

Manual Bias Offzet

g 02000 % | Automated Bias Dffset ‘
Tranzducer Zero-Yolt Gap Tranzducer Zero-¥olt ESF
ﬂ 89255 pm g 002613 pMAT2




C:\Program Files\TriboScope41\Calibrations\default.... E3
File

Z - Axis

Load Scale Factar [m'/mg) 1.00

Dizplacement Scale Factor [mt/m) g 2002

Real-Time Electostatic Force Constant [uN A4 "2) I 002613

Machine Compliance [nmm] W
b aximum Force (i) IW
Dizplacement Gain 100
Advanced B TN (] #0200
Z-Axis Tranzducer ZeraYolt Gap [pm) gw Output 1 Ga] n
Caiblatn Transducer Zerodalt ESF [uM A2 W and Output 2
Gaindias

i |
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1) Change Displacement Gain to 100 (usually it is 1000 for the real measurement) and change
Output 1 Gain and Output 2 Gain dials on the front panel of the hysitron box to 100 (1000 for
measurement also).

2) Make sure “Displacement Scale Factor matches the value on the sheet in the transducer box.

3) Click Done

Instiuction E

Iz thiz the Desired Load Funiction?

Click Yesif you already chose “air indent new.|df”. If you click “No”, the program will stop at this
point. You have to close all the open windows manually, then select right load function and start z-axis
calibration again. (| think thisis one of the bugsin the newer version software they’ ve installed after
upgrading PC. | inquired about possible bug fix, but haven’t heard from hysitron, yet. | can remove
this sentence since right load fuction should be already selected if the user followed this instruction. --

Kuniko)

Re-zero front patel meter on TriboScope controller

Press [OK] when finished

Use two dialsin front of the hysitron box and adjust display value to 0.00., click OK.
You will seereal time plot window display force displacement curve going downward on the screen.



Instruction [ x|

Re-zero front panel meter on TriboBcope controller

Press [OK] when finished

Readjust the dials to 0.00. and click OK.

Y ou will see Curve Fit Plot ESF vs. Displacement screen. If the blue line isfitted straight up. Y ou have
successfully finished calibration.

(Sally, I will add bad exampleif I luckily get one in next revision)
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New values were automatically imported to the setting. Close “ Advanced Z-Axis calibration” window.

Before starting experiment go back to setup—~> Calibration. Change Displacement Gain back to 1000.
Change Output 1Gain and Output 2 Gain to 1000 on the Hysitron Box.

C:\Program Files\TriboScope41\Calibrations\default.... EJ
File

Z - Axis

Load Scale Factor [mi/mg] 1.00

Dizplacement Scale Factor [mbdpm] g 20.02

Real Time Electrostatic Force Constant [uHA2] I 0.02615

tachine Compliance [nmmM] 1.70
taximum Farce (M) I 941511
Dizplacement Gain
i g 0.2000
Advanced Biaz Offzet [\

Z-Axis Tranzsducer Zemoolt Gap [pm] g 30161

Calibrati 2l
SHRTaON ¢ sducer Zeiovolt ESF (iNAY2) 0.02615

s
]

ThoScope®

5. Indentation to fused silica standard



a. Click “openload function” icon from “set up indent” screen, choose “trapozoid3j.Idf” to be
ready to make real indents.
b. Typeinthevaluefor the “Peak Force” (usually we start with 8000 uN).

Change Peak
Force to 8000
=
6. Select an Area Function File (calibration file)
&

e From Set up indent screen, click “Define Area Function” icon
e Click “Open Areafunction” icon
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i:';gff”’ [CWIND DWS \Desktop!StefantHysitron\areafunction\Berkovich 1 7 |

Lok in: [ =3l Berkovich new 02150308 - &)

bertOmay-050mw(1 . 7).ara
bert 34pr-050m(1. 7] ara
ber! 3pr-05wWet(1.7) ara

b y{1.7).ara
berdune-05-Wet(1. 7). ara

= . ! ! 1 ' File pame:  [berz3lune-05-Dwi1.7) ara Load
- . — L |
Files of wpe: [~ ¥ Cancel
= —— : = =

e Select an areafunction file (Check tip number and wet/dry condition, right for your
application) and load it.

7. Indentation to Reference
e Lower theindenter very very close to the surface of the fused silica by using lever on AFM,
use binoculars for magnified view.
Adjust Hysitron box to approximately “00.00"
Make sure Scan Sizeis“0” at AFM computer
Make sure gains are connected, i.e. different from O
Click Green Arrow icon to engage

If you can not engage (false engagement, z position bar drops to limit), you have 2 options to try.

Option 1: Disengage. Then increase value of setpoint, integral gain and proportional gain. (8, 8 and 8, 10, 10 and 10,
instead of 5, 5 and 5). If you still can not engage with higher values, you should consider the contamination of the tip or
specimen surface or the tip is broken.

Option 2: Click “Motor” and “Step motor” and manually lower the tip until it engages correctly. (z : -20 to 20 V). To safely do
this, please do following. Type “0” in setpoint box, then adjust display of hystitron box to “00.00” manually with “zero” dial.
Then type the value you used to engage (such as 5) back into the setpoint box to control the force of contact, Use stepmotor
function to move the tip up and down. After the z-range bar is in good position, repeat typing in “0” in setpoint box and
confirm the hysitron box displays “0”, before you move on.



Increase scan size (10 to 30 um)

Look for aflat clean area to make indentations.

Offset to the area (Click offset - execute), then change the scan sizeto “0”.

|sthe Hysitron computer side ready to indent? (setup indent screen is on with correct value
typed in, no large drift observed in hysitron box display)

Change integral gain and proportional gainto “0”.

Immediately click “Make Indent” in the Hysitron side.

8. After the indentation is completed, save file screen will pop-up. Then you must immediately
change the integral and proportional gain back to 5.0 (or something you are using) with the AFM

computer.
9. Savetheindentation file.
Use filename easy to identify it. Factors suggested to be included in the filename; (load, wet/dry,

material), For example, if you nanoindented a dentin sample 1, with 400uN load in wet cell, you can
name the file as “den1-400w-1".

Thiskind of screen will appear after you save thefile.
Change “Unloading segment” to “3” and “Lower Fit %" to “65”.
ick “Execute Fit” to have Er and Hardness value cal culated.

swl G& Q=Y B4/ T

1976~ 1 |
1800~ | |- |- | Er(GPa) [ 00
» Hardness (GPa) [ 0.00

Contact Dopth frm) 0.0

M Force () 0.0
Wt Dot ) 0.0
ContactAmnfem’?) | 0.000E+0

 Ah_ B
P=Ak hf)

[ Power Law Coefficients

A 0,000
M| 0.00
m| 0.000

Y ou have successfully completed one indentation now!

Accepted Er and Hardness values on standard (Silica glass) are

Er: 69.6 (65-75) GPa,
H: 9.5 (8.5-10) GPa

Important!! Please record the valuesin Log Book.

10. Repeat indentations on standard with smaller peak forces such as 4000, 3000, 2000 to confirm the
system is calibrated and working properly.

Y ou do not have to disengage thetip if it isworking happily at the right z-limit (-20 to 20)
Use X or Y offset window in AFM PC to manually move the tip to a new position.



Berkovich tip has a triangular pyramid shape, if you indent with a large load or have a soft
sample, you will have a large indented and deformed area. In these cases, make sure to
move the tip far enough from the adjacent indents. On silica standard, separate indents at
least 5um with more than 5000 pN load.

11. Scan the area you’ ve indented to evaluate the shape of indents after finishing the series.
e Increase Scan Sizein AFM PC by 10 to 20 pum.
e Indents should be equilateral triangle shape for Berkovich indenters

Example of good indents

Example of
elongated indents

12. Disengage thetip by clicking red arrow in AFM PC

13. At the end of the experiment please do following procedure to make sure everything isworking in
good condition for your colleagues.

Clean the tip (Follow the instruction)

Make an indent with 8000 pN peak force to the fused silica

Savethefile on “Daily Log” folder on desktop

Record the values in blue log book.

14. Indentation of your real sample.
e Follow the same protocol.
e Record “Set Point” value, “Area Function” you used in your lab notebook.
e Indent depth around 150nmisideal.



Sample preparation hints

e Height should be less than 2.5 mm, more than 0.5 mm

e Surfaces are polished parallel.

e Sample hasto be glued to the metal stub using Cyanoacrylate adhesive (RDS Inc). Y ou cannot
use double stick tape. (Y ou end up with measuring modulus of the tape)

e Beawareif theglueinfiltrates or crawls up the sides of your sample and alters mechanical
properties. (use minimum amount of glue. Sample has to have enough thickness after final
polish after gluing)

I ndentation using wet-cell

e Prepare aplastic ring from aclear test tube

e Make athin rope of blue periphery wax

e Assemble sample and ring with periphery wax, so the wax seals the entire ring.

e Addliquidinthe wet cell using dropper or syringe. Depth should be half of the length of
indenter but should not touch the transducer.

e Transducer and Piezo scanner are not waterproof. They can dieif you wet them accidentally.
This experience was costly.

e Perform indentation on fused silicareference in wet cell.

e UseAreafunction for wet measurement.

Transferring the data to text or excel format
1. Selectright “AreaFunction file” for the data executed and exported.
2. Click “Multiple curve analysis’ icon. Add filesto be exported, click OK.

e =] Select Data Files to Analyze
EL B OR=R Ay ]
L e sl N O B . — B::g:;’” | CAWIND 0/ \DeskiopK uriko\Hysiron'ophiny3-15-05 =l
[ 1 I I
Loskc e [ (3 31505 =l

cont!-den-400w-edgl-1.hys contl-den-400w-edg2-1 hus mut]-mal-den-
cont1-den-400w-edg]-2 hys @] contl-den-400w-edg2-2 hys [38] mutl-mak-den-
cont!-den-400w-edgl-3hys . cont] -den-400w- E ] -mal-den-
cont]-den-400w-edg1 -4 hys contl-den-400w-edg2-4 hys mutl-mol-den-

cont!-den-400w-edg1-5.hys contl-den-400w-edg2-5 hys ] -mal-den-
cont]-den-400w-edgl-B.hys contl-den-400w-edg2-E hys rut]-mol-den-
KN |
File name: — [oant!-den-400w-2dg2-2 hys Add |
Files of type: I‘_hys j Cancel
Selected Files:
e e, e
Select File to Store Calculated Data 7| x| Fm—
E::gff“ | CvwIND DS ADeskitopKurik o Hysirarivaphin 3-15-05 =l Femove Al
Savejn: Ia 31505 j @I gl

[E] 31508 diy.twt
=] 91505 wet tet
=] 922 test tat

File narne: Save I
Save as ype: I [ ke j Cancel

3. Then, name the file and save. Hysitron software will automatically execute fit the area function
and save it in text format, which you can open from Microsoft Excel.



Cleaning thetip.
Please get training if you are not familiar with indenter cleaning.

--- How to clean indenter ---

1. Turn off hysitron box

2. Dip Kim-Wipe strip or Q-tip in acetone or ethanol, gently wipe the tip of the indenter. Acetone can
be found in yellow flammable cabinet in big lab(Rm.2201)

3. Rinsewith DI water, gently dry with canned air

4. Screw back to the transducer and turn on the hysitron box

Calibrating atip (Making new area function file)
See Appendix C

Trouble shooting
1. Indent shapeis not equilateral triangle.
a Indenter was bent!!
b. AFM scan rate and angle is making false elongation of image. - change scan angle
and rate
c. Indent was not done correctly e.g. false engagement, set point etc.
d. Sample surfaceisnot perpendicular to thetip
e. Tipiscontaminated.

2. Vaue of Hysitron box keeps drifting in wet-cell measurement.
a. Possible leakage of liquid!!
b. Air bubbles are trapped on the indenter or sample surface
c. System hasdrifted, test for drift at scan size = O, put current set point = 0, Hysitron
display should show 0.0; if different, zero the system and put current set point back
toitsinitial value (probably 3 and higher)

3. Cannot get good image
a. Tip may be contaminated. - Disengage and clean thetip
b. Integral gain and Proportiona gain values are incorrect.
C. Scanrateisnot correct

4. Transducer making funny buzz noise.
a. Board and transducer tend to oscillate if you have been working for long period. -
Disengage the tip. Turn off the Hysitron box then shutdown the computer. Let the
AFM have anice break.



Appendix A. Materias currently used

e Cyanoacrylate adhesive (RDS Inc)
e Periphery Wax (Surgident, Heraeus Kulzer Inc.)

Appendix B. Currently used system

e Multimode AFM Nano Scope 11 (DI instrument)
o Nanoscope software 5.12r3
0 Piezo Scanner : 4875jv
e Tribo Scope (Hysitron)
0 Tribo scope software v4.0.0.0
0 Sensor bias setting : -0.0320(V)
o0 Machine compliance: Unigue for each tip.
1.7 for black shaft Berkovich tip, 0.8 for white Berkovich ceramic shatft tip.
0 Berkovich indenter, 142.3°, 100nm tip radius
e On the transducer information sheet
0 Transducer ID: S/N5-060-68
Z axis
Tare: -348mg
Load Scale Factor (Force): 1ImV/mg

Displacement Scale Factor (Deflection): 20.015mV/um

Electrostatic Force Constant: 0.0278 uN/V?

Self Calibration Check: 476 mg
Maximum Force: 10.008mN

OO0 O O ooo

10



