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Data Interpretation 1: Fused Si
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Bulk fused Si

Also known as quartz

Application: optics, springs
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Fused Si: 1 mN

Are we happy with this data set...?
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Lets remove the bad measurement...
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Fused Si: 1 mN

Now its looking better...
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ﬂ = 7500 Fused Si 50 mN
Curves =] 1 T o0& Data:1 72.033
_ [GPa] Data: 2 71.378
I Curves 60.00 Data: 3 72322
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Fused Si: Good data or Bad data? alemn/ﬂ
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Fused Si: Good data or Bad data?

Method
Oliver & Pharr

Main results
HIT= 8492.2 MPa
EIT= 65.616 GPa
E*= 72.105 GPa

Hypothesis

Poisson's ratio{nu)= 0.30

Additional results

HVIT= 786.47 Vickers
CIT 0.005/30/15= 083 %

nlT= 6786 %
Frnax= 502 mM
hmax= 20043 nm
S= 0.0808 mMN/nm
hec=137.54 nm
hr=117.98 nm
hp=87.34 nm
m=1.3716
Epsilon= 076
R2=1.000

Ap= 590564.36 nm’

Welast= 234 92 pl
Wplast= 111.27 pl
Whtotal= 34619 pl

[] Relevant

+ Standard

Acquisition Rate: 10.0 [Hz]

Linear Loading

Max load : 5.00 mM

m

750 |

6.00—

4.50—

3.00—

1.50—

,_
e

-

Time=78.03 =

hc=137.54nm
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Fused Si: Good data or Bad data? alemn/ﬂ

Method - 7.50 ]
Cliver & Pharr

Main results
HIT=9436.9 MPa
EIT= 67.059 GPa
E*= 73.691 GPa 6.00 —

Hypothesis
Poisson's ratiof{nu)= 0.30

Additional results

HVIT= 873.96 Vickers
CIT 0.005/30/15=1.35 %
nlT= 5938 %

Frnax= 5.01 mMN .
hmax= 19539 nm
S= 00588 mM/nm
he=129.55 nm 3.00
hr=110.31 nm
hp= 8557 nm
m= 1.29049 E
Epsilon= 0.77
R2=1.000
Ap= 53045933 nm’ 1,50 —
Welast= 236.39 pl
Wplast= 10431 pJ
Wtotal= 340.71 pJ - i

m

4,50 —

hmax=195.39nm

[7] Relevant

[ T [ T [ f [ T

+ Standard - 0 nm 50.00 100.00 150.00 200
Acquisition Rate: 10.0 [Hz] (W - =
Linear Loading bl Q@;Q /@
Max load : 5.00 mN ~ | Time=8.86 s Fn=139 mN Pd=94.18 nm
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Fused Si: Good data or Bad data? alemn/ﬂ

Method - 7.50 ]
Oliver & Pharr ]

Main results
HIT= 14232 MPa
EIT=109.12 GPa
E*=119.91 GPa 6.00 —

Hypothesis
Poisson's ratio(nu)= 0.30

Additional results

HYWIT= 1318 Vickers
CIT 0.005/30/15= 351 %
nlT= 76,01 %

Frmax= 4.99 mMN -
hmax= 150.85 nm
S= 00750 mM/nm
he=101.90 nm 3.00 —
hr= 84.30 nm
hp= 3445 nm
m= 17481 E
Epsilon=0.74
R2=0.999
Ap= 35079179 nm® 1,50 —
Welast= 212.69 pl

Wplast= 67.13 pJ Fir =84, 30nm |
Wtotal= 279.81 pJ - ]
34.9 lﬂ
[ Relevant mI‘;

m

4,50 —

hmax=150.585nm

hc=101.50nm

+ Standard - 0 nm 40.00 80.00 120.00 160
Acquisition Rate:10.0 [Hz] [l = -
Linear Loading i Q@LO‘. /@
Max load : 5.00 mN ~ | Time=76.85s Fn=-0.06 mN Pd=74.50 nm
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: Good data or Bad data?

Method
Oliver & Pharr

Main results
HIT= 100.57 MPa
EIT= 6.9042 GPa
E*= 7.587 GPa

Hypothesis
hc out of calibrated range [19 nm, 532 nm]
Poiszon's ratio(nu)= 0.30

Additional results
HWIT=9.3136 Vickers
CIT 0.005/30/15= 036 %
nlT= 3876 %

Frax= 500 mM
hmax= 148265 nm
S= 00620 mMN/nm
he= 142237 nm
hr= 140202 nm
hp= 135200 nm
m=1.5336
Epsilon=0.75
R2=1.000

Ap= 4970614479 nm’®
Welast= 234.27 pl
Wplast= 354,99 pJ

[] Relevant

+ Standard
Acquisition Rate : 10.0 [Hz]
Linear Loading
Max load : 500 mM

L3

m
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Fused Si: Good data or Bad data? alemn/w

Can readjustment of the contact point save this measurement...?

1.82E03— 1.21—
29E03— 1.58—

1.64E03— 073
2.53E03— 064

146E03— 0.24—

1.28E03 — -0.24 —
1.81E03— -5.08 —

11E03— 073

nm | mN |

T T
3830 44.60 51.00 57.40 6380 -

| 1 | C

Time=0.25s Fr=0.00 M Pd=2.21 nm Time=53.75s Fn=1.10 mN Pd=2837.47 nm
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Fused Si: Good data or Bad data? alemn/ﬂ

E=76 GPa

Method
Oliver & Pharr

Main results
HIT=100.57 MPa
EIT= 6.9042 GPa
E*= 7.587 GPa

Hypothesis
hc out of calibrated range [19 nm, 632 nm]
Poisson's ratio(nu)= 0.30

Additional results
HVIT= 93136 Vickers
CIT 0.005/30/15= 036 %
nlT=39.76 %

Fmax= 500 mN
hmax= 148265 nm
5= 0.0620 mN/nm
hc=142237 nm
hr=1402.02 nm
hp=1359.00 nm
m= 135336
Epsilon= 0.75
R2=1.000

Ap= 49706144.79 nm®
Welast= 234.27 pJ
Wplast= 35499 p)

[C]Relevant

+ Standard
Acquisition Rate : 10,0 [Hz]
Linear Loading
Max load : 5.00 mN

6.00—

m

4,50 —

3.00—

1.50—

mh
0

Main results
HIT= 8092.2 MPa
EIT= 69.206 GPa
E*= 76.051 GPa

Poisson's ratio{nu)= 0.30
Additional results

HVIT= 748.43 Vickers
CIT 0.005/30/15= 2.84 %
nlT=62.02 %

Frax= 4.65 mMN

hmax= 19022 nm

S= 00631 mM/nm

hc= 13540 nm
hr=116.53 nm
hp=73.27 nm

m= 1.5870

Epsilon= 0.74

Before correction

»
Ln
=)
=

After correction

4.00—

m

3.00—

2,00

hmax =190, 22nm
hc=135.40nm

hr=116.53nm |

1.00—

hp=73.27nm

| T I T I f I T
0 nm 50.00 100.00 150.00 20

) Q@ e[

1e=2073s Frn=3.50 mM Pd=159.33 nm

[max-1ghz fsrm |
[

T
0 nm

O Jaaa~ 7

= | Time=7361s

T T T T T
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Fn=0.07 mN Pd=47.00 nm
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Fused Si: Good data or Bad data?

Method
Oliver & Pharr

Main results
HIT= 7581.7 MPa
EIT= 66.84 GPa
E*=73.451 GPa

Hypothesis

Paoisson's ratio{nu)= 0.30

Additional results

HVIT= 70215 Vickers
CIT 0.005/30/15= 145 %

nlT= 6711 %
Frmax= 5.00 mh
hmax= 20290 nm
5= 0.0654 mMN/nm
hec=145.52 nm
hr= 12645 nm
hp= 8862 nm
m=1.4948
Epsilon=0.75
R2=1.000

Ap= 650952201 nm*

Welast= 235.55 p)
Wplast= 11543 pl
Whtotal= 350.98 p)

[ Relevant

+ Standard

Acquisition Rate: 10,0 [Hz]

Linear Loading

Max load : 5.00 mM

m

7.50 |

8.00—

4,50 —

3.00—

1.50 —

A
E

-

Time=2073 =

hp=88.62nm f

hrE126.450m |

hmax=202.90nm
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Fused Si: Good data or Bad data? alemn/ﬂ

Method - 7.50 |
Oliver & Pharr

Main results
HIT= 7423 MPa
EIT= 66.205 GPa
E*=72.753 GPa 6.00—

Hypothesis
Poisson's ratio(nu)= 0.30

Additional results

HVIT= 68745 Vickers
CIT 0.005/30/15= 212 %
nlT=60.92 %

Frmax= 5.02 mM -
hmax= 20557 nm
5= 0,065 mMN/nm
he= 14712 nm 3.00—
hr=129.12 nm
hp=101.86 nm
m=1.3566 -
Epsilon= 0.76
R2=1.000
Ap= 675724.98 nm’ 1.50 —
Welast= 223,22 pJ
Wplast= 143.21 pJ
Whotal= 366.44 pJ - i

m

4.50 —

hmax=205.57nm

hr =129, 12nm |

hp=10 I.BGHQ

i ' T T | T T ' T
+ Standard - 0 nm 50.00 100,00 150.00 200.00
Acquisition Rate : 10.0 [Hz] (| - .
Linear Loading M QG}‘Q/@
Max load : 5.00 mN ~| Time=10.26s Fn=1.64 mN Pd=114.63 nm

[T Relevant
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Fused Si: Good data or Bad data?

Method
Oliver & Pharr

Main results
HIT= 5175.2 MPa
EIT= 56.701 GPa
E*= 62.308 GPa

Hypothesis
Poisson's ratio(nu)= 0.30

Additional results
HYIT= 571.89 Vickers
CIT 0.005/30/15=0.78 %
nlT=67.87 %

Frmax= 501 mM
hmax= 228.22 nm
5= 00621 mMN/nm
hec=164.04 nm
hr=147.55 nm
hp=131.98 nm
m=1.1930
Epsilon= 0,80
R2=10.999

Ap= 81146449 nm*
Welast= 230.36 pl
Wplast= 109.08 pl
Wtotal= 339,43 pl

[T] Relevant

+ Standard
Acquisition Rate: 10.0 [Hz]
Linear Loading
Max load : 5.00 mM

6.00—

m

4.50—

3.00—

1.50 —

mi

0 — I —

he'=164.04nm

pad
hrfAﬁESnm|
L

T38nm
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» Fused Si tends to crack at loads > 50 mN (with Berkovich)

150
100 -
E
c
, 50
Fmax = 30 mN
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 1000 2000 3000 4000 5000
nm
e 500
400 A
‘ g 30+
‘ / F S 200 -
\ | 1004 Fmax = 300 mN
\ 0 T T T T T T T T T T T T T T T T T
’ 0 5000 10000 15000
T - nm

www.nanoindentationcourse.co.uk



Fused Si: Dry vs. Liquid testing alemn/ﬂ

| Wet: H, = 902,47, E = 69.173 GPa
Dry: H, = 916.72, E = 69.531 GPa

20.0—

H and E unaffected by liquid

B0.0—

40.0—

20.0—

T T T T T T T T T T 1
0 Pd [nm] 2000 4000 500.0 800.0 1E3
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