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Proc nanoindentace?

(a) Brinell indentation
d1

Makroskopické mechanické zkousky
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(b) measurement of impression
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w+b Materials Testing Systems

Servohydraulic Multipurpose
Floor Standing with Actuator

Fatigue Test System
in lower base

These Tests systems meet the full spectrum of dynamic, fatigue and monotonic applications incduding TMF (Thermo-
Mechanical Fatigue), LCF (Low-Cycle Fatigue), Fracture Mechanics, HCF (High-Cydle Fatigue), High-Strain Rate and

Component Testing.

Mukipw,m s
Testing erhinm%::: Universgy

@ walter sbai ag - 1012, all ights resened
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Qur Servohydraulic Multipurpose LFV Series are
versatile and high-performance Test Systems available
in different, robust configurations covering a wide
range of monotanic, dynamic and fatigue applications
in the Aircraft & Aerospace, Automotive, Biomedical,
Steel, Fastener, Rail or Marine industries as well Civil

Engineering and R&D Testing Laboratories world-wide.

These servahydraulic systems are indispensable units
of many laboratories in the field of quality control
product development or scientific research.

The LFV Servohydraulic Test Systems are modular
constructed, covering the full spectrum of tests
requirements and can be configured to a wide range
of different test setups.

Owing to over 45 years of experience in the
production of a wide range of dynamic and

fatigue servohydraulic testing system in different
force capacities and configurations meeting the
requirements of quality control, production, product
research and development our machines include a
numerous of features and achievements guaranteeing
operational efficiency, safety and reliable testing with
minirmum down-time.
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Berkovich Tip

» 3-sided pyramidal tip

« a=65.35° (half angle)

« Multi-purpose tip

* Thin films >100 nm

« AlF: 150 nm radius of curvature
« Liquid cell tip also available

Cono-spherical Tip

+ a=060-120° (included angle)

» Very soft materials

+ Lower resolution imaging

+ AIF: 90° 1 um radius of curvature

Cube Corner Tip

» 3-sided pyramidal tip
 a=35.26° (half angle)
 Finetip

« Ultra thin films & nanostructures
« Sample fracture

« Higher resolution imaging

« AlF: 40 nm radius of curvature




(Makroskopickeé
zkousky)
Mechanické zkousky

6. Modernizace, upgrade pristrojl pro
mechanické testovani

1. Materidlové
zkousky

2. Testovani
komponent

5. Specidlni feseni

3. Testovani stavebnich
materiald 4. Kompletni a komplexni fesenf

PNIQAQO @B walieribai Testing Machines



7. Odborné zaskoleni

1. Krajeni a aplikacni podpora
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Loose objects/samples are generally not good enough

to put in the nanoindenter

* Recommended: Super glue the sample to a
magnetic AFM specimen disk (shown right)

» Super glue to a glass slide or clean wafer

* Smooth samples (wafers, glass slide) can be

adhered via air suction without gluing

Back of Stage

1 0min

Source: Mora-Macias et. al. (2017)
https://doi.org/10.1016/j.jmbbm.2017.05.031
JMBBM Vol. (Oct 2017) Vol. 74, pp.236-244
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i Difference between
indenter indenter

true contact area and
@ / projected contact
/_\/__ \/v\\ area based on depth
e —— T ————
surface

SURFACE PROFILE AFTER Surface after

LOAD REMOVAL
load removed
INDENTER

INITIAL

SURFACE _ Indenter

Initial surface

surrace proaLe Surface profile
UNDERLOAD  nder load

h = penetration depth
h. = contact depth = vertical distance along which contact is made
h, = surface displacement at perimeter of contact (sink-in)
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NG3338 5.00 KV 200nm

150,000 X SE A+B

No238S 5.00kV 200




NANO INDENTATION TESTER ELIONIX

N Action for Innovation

Nanoindentation tester
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1.Temperature control

» Prevent thermal expansion of samples and testing machines

» Temperature control in the environmental isolation shield at = 0.1°C

» Low thermal expansion material (Nobinite) is used for machine frame
and Sample holder /stage

» Reduce impact from environmental airflow

2.High precision positioning stage

» Adopts in-house developed high-precision stage technology from
Elionix Electron Beam Lithography system

#0.1um step in positioning

» Observe the material with magnification of 2,000x and
set the measurement point.
(standard objective lens 20x and digital zoom)

3.Active vibration isolation

CELIONI%’

» Vibration-resistant wedge-shaped high-precision stage
» Active vibration isolation table



NANO INDENTATION TESTER

ENT-5

4.Software

» Pop-up alerting for daily check : indenter tip
correction, temperature drift correction.
» Easy-to-use operability

#|t may differ from the actual product software

5.Data reproducibility 6.Maintainability

» Improved data reproducibility by suppressing the disturbances » Easy replacement of loading unit
from vibration and temperature changes

» Stable data even with continuous measurement

# Minimum downtime with easy-change loading units



.Applicahle to variable kind of materials

® Plating, hard-coat thin layer

® Resin, polymer thin film

® Ultra-thin DLC coating

® Functional resin, surface modification layer
® Fine particles and powder materials

Load[uN]
.

@ Nano indentation test
* Mechanical characteristics such as hardness and elastic

¥ | T v T

(] —r— —r—T— r — —r—r —
modulus on thin film or surface layer can be obtained. 0 5 10 15 20 25
* Analyze the load/unload curves to determine the Depth[nm]

characteristics. No need to observe indentations
® Compliant with ISO14577-1 / JIS £ 2255

@ Measurable materials

. ... Electronic Rubber, % Glass,
Polymer films  <g@p” components . Elastomer _/ Ceramic
(IC, LSI, etc.)

’ Various fibers, —_ ;
° Metal ’ Plastic / G:?:tujrsl fila Thin film / Coating




LOAD, P
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UNLOADING

LOADING

POSSIBLE
RANGE FOR
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h.For €=0.72

DISPLACEMENT, h

h...x = penetration depth

h. = contact depth = vertical distance
along which contact is made

h, = surface displacement at perimeter of
contact (sink-in)

Correction for sink-in:

S = dP/dh @ P,,,, = stiffness

hc = hmax - EPm.ﬂ/S

£ = geometric constant = 0.75 (paraboloid)
= 0.72 (conical)
= 1 (flat punch)



Deformace v pribéhu

zatizeni
Elastoplastic or
3 — | Fom Inelastic
Elastic Plastic //
hr = D hr = hrllﬂ /% |
o o
g g /

Displacement, h 0 Displacement, h

h, = h; = residual / final depth
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Measurement Example

@ Loading units

High load unit oy Low load wnit iy
1] 14 i
‘5‘ -
_ " /’}"
z z
E' 1] "E" as T
y [ § 5 1Il ] H : L : 1 & Il § L4

Depith[nm] Depth[nm])

High load unit Measuremeant axample [Fused silica)

Low load unit Measurement example [resist)
{Load : 100uN Owerlay Stimes)

(Load : 1 uN Overlay Btimas)

.sam ple holder Optional holders /iy

Heating holder Cooling holder Sample holder for Resin
*Sample size * Sample size embedding sample
10x 15 = t3mm 10x10xtTmm * Sample size
* Temperatura range * Temperature rangs Diameter 25 ~40mm
R.T~ 250C(High load) -30T~100T Height 8 ~14mm

R.T- 1BOT (Low load)

Standard sample halder (@ 50mm) “Customized holders to fix samples with special shapes are available.

@ Measurement example

Dynamic Instrumented Indentation

@ This is the method measuring continuous stiffness
distribution along the depth. Applying small
oscillation during loading course and calculate
hardness and elastic modulus.

@ Sample
Fused silica (blue), DLC coating (red)

@ Test results
Fused silica shows almost constant hardness
regardless of the indentation depth.
On the other hand, the DLC sample shows

gradual changing in the hardness from the
surface to the base material.

Underwater test (optional) /2

@ Hardness test in the water/sclution with
immersion objective lens and indenter.

Underwater sample
holdar
* Sample size

¢ 20mm = t3mm
# Schamatic

Sampla
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- Reduced  Hardness

A 4 -4 4 4 4 ED0.4 Modulus (MPa)
Mozne hlubsi poznani (GP)
Acrylic 5.20 GPa 356.5 MPa
Untreated +0.03 +6.09
002 Acrylic 4,97 GPa 335.1 MPa
Disinfectant A +0.03 +1.53
Acrylic 5.28 GPa 355.3 MPa

Disinfectant B + 0.05 +3.26

0o Acrylic 4.50 GPa 256.0 MPa

Image Scan Sze 30000 pm Disinfectant C +0.04 +3.26
Scanned Probe Microscopy (SPM) Image Average modulus and hardness
of acrylic sample post-indentation measured for each sample
1200 - Acrylic,
1000 _ Untreated
E;,‘ %00 | + Acrylic, soaked Single force-displacement curve
> 600 | 24hin of each sample overlaid as
£ ' Disinfectant A measured in this study
o
« 400 - Acrylic soaked
200 24hin
Disinfectant B
0 - Acrylic, soaked
0 500 1000 24hin
Displacement (nm) Disinfectant C

Praqolab



Test (standard function) Heating / cooling viscoelasticity test (optional) .y

@ What is a viscoelasticity test?
{Th!}s is the mathod to obtain u{nluith: modulus 1 .
E'l, the loss elastic modulus1E"), and the loss =
. DLC thin coating (red) . ’ T
coefficient (tand). Applying small oscillation at the 1 . Tensile test
% o)  Fused silica (blue) maximum loading. E - 4. : - Liw Ioad init
: ® sampie .l T
H Liltra High Molecular Weight Poly Ethylene 2 " e
E 10000 (N, (PE-UHMW) s 10 e =
e E
@ Test results 20 H_H“'“a
The result with low-load unit shows samea o
"2 = L . g e 1 tendency as tensile test. % -2 0 r:n :.:r 0 0 W e
Depth[nm] emperature[*C]
Palysirene
Compressive strength of micro particles test (optional) /iy .
@ This is the method to measure the fracture strength /deformation strength "E‘
of particles in which a load is continuously applied by a flat punch. =
Blass
JIS Z B844:2019 Test method of fracture and deformation strength of a fine particle ] 3
L
E &
? -
* Schematic ® Sample g
Glass(Particle size10pm==0.5um) P
Load : F Polystyrene(Particle size10pm=0.5pm)
Copper{Particle size10pmz=2um) " - ps - - i
@ Test results Depth[nm]

In ductile polystyrene and copper, the displacement
) changes continuously with the load.
L) Particle size:d |y prittle glass, discontinuous curve is seen when the glass is broken.
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ENT-NEXUS Ver. 8.10 [High load unit] [Indenter: Berkovich - #1234] (offline mode)
B Fie® BN edt®) B Viewly £ Analysis(a) W Testing@ @™ Operati nsion() BF Settings(s
Analysis Testing 2

b

stage position [mm] ed position [mm) I

X 195.9152 Axis X

ntry Rewnte Delete Matrix All clear Load

4 spot001 (1959
Bocic ¥
Aoxis ¥ ureD01

unload

Axis £

unload(

target

03 (195.

u 1 load-v

rel] ya (0.0C
spot004 (1959452, B7.8079, 5.1695)

measurel01 load-unload {load(

1). unloadi
TEMP drift [nmysec]

1), unload

(1.0
start

displa

Account
= end
£3.0 £ i
4 b Eray
0.0 » P - F -
25.0 »
o pasw
of
£0.0 1
A v JCWEM ¥ ¥ 14 a1
0.9933
ad @
A step distance [pm]
A st st Z % o ; - Moty el o

sition memaory [mm]
» exchange (120.0000, 100.0000, 0.0 - Authentication user name of mail sending server  Autherticat o pasew

/e to memory position

4 x¥ P Z

e to specified position Stop

Initialize stage

LED brightness
testing Cross mark mapping
show e @ hide L hide L ide
mage rotation [deg] ysis type
4 0.0 » T
Move to condition position Confirm

Start testing




@ REPORT OUTPUT (Original data)

ENT-5 Ver. 8.20 [Low load unit] [Indenter: Berkovich
F B cdine) war Analysis(A) Il Testing() @ Operat ) P Extension(X) ¥F Settings(S) @ Help(H]
Analysis Testing

Load(F) - Displacement(h) Chart

file:

spot:
measure:
data:

X

> N PDF eport data can be
obtained by function of “PDF
out put”.

K Fief) B ccite) B View(V) Chart(C)
B Open(O) Ctrl+0
Close(C)

Unselect

Select origin

Unselect

Select breaking Close all
UnSelect Save(S) Ctrl+S

2 14 ] 20 24 26 Save as(A)

10[pm] : A: Displacement [nm]
| ——

Print preview(V)

Demo data Print(P)

v_crm HfTcm |vs Indenter Fitting fitmin{U) | fit_ max{U) |Spring k [ PDF output
0.170 500.0 0.170 Berkovic 5 2 wer law | 2 El 99,508
0.170 9500.0 0.170 Berkovich | 65 20 95 Realtime | 99.808 Corieriio GV
¥l Data No. h_1 [nm] | ] e(m) [-] H_IT [GPa] HV* [kgf/mm2] HM [GPa] HM_S [GPa] EIT[GPa] C.IT[%] n IT [%] W_elast [N*m] W_plast [N*m] E_r [GPa]
|201-1 2365 22 0764 7.97 7363 3.83 . S
15021 2351 g ; 0.759 8.05 7437 3.86 491 7163 169 - - 69.30 Convert to CSV (join measures in spot)
M03-1 2319 . L 0.766 8,61 7955 3.94 5 73.27 e --- 70.79 . Recent files
|_-!__EH-1 2297 23. 0.760 8.56 791.1 4.00 73.67 71.15 z
1 22 22.85 768 8 54 4.10 5.1 7345 1.25 - - -- 70.95 Delete recent files
2340 X X 0.761 8.52 87.. 3.89 : 67.7
- 0.759 9.22 52 4.15 ]
2351 . i 796 735 3.86 7 - 68.46

Demo data Convert to CSV (only material property)

2348 . ! L 841 3.87

Average
Stdev
v

Max
Median
Min

Spot number

Copyright ELIONIX INC. All Rights reserved.
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Dotazy

Dekuji za pozornost

Ing. Stépan - Adam Havlicek
Product Specialist
Pragolab s.r.o.

havlicek@pragolab.cz
+420771 274 373

8 0600 @®

Kontakt
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