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ABSTRACT

The hardness and elastic modulus of three bulk materials are computed form the load and
displacement data which are measured during basic nanoindentation test and compared with values
determined by independent means to assess the accuracy of the method. The results show that
moduli and hardness can be measured to within 2 %. CSMi(continuous stiffness method) technique
is used to measure the hardness and elastic modulus profile through depth of three different
semiconductor process thin film. The results show that for C' or Cl' ion implanted polyimide, as
DOSE increase up to 4E15 hardness and elastic modulus increase; for silicon nitride film deposited
on silicon, hardness and elastic modulus increase as the volume ratio of NHs : SiHa , which had
been used for deposition, increases up to 20.0; and for silicon carbide film on silicon, the hardness
and elastic modulus profile changes distinctly as the relative amount of oxygen in deposition gas
mixture changes.
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Fig. 2. Schematic representation of load versus indenter displacement
showing quantities used in the analysis as a graphical interpretation of
the contact deothm

1.2. Continuous stiffness measurement (CSM)
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o] (111yH e Alf3lgon vrd g2 silicon substrated F33F #AsFA 2heh(3100 ~ 6000 A),
el Adrah(6000 A)NAAAR Az, O ol &L C oloe= E.E’i% A TG00 ~ 1800 nm}
polyimide(Kapton: 76um){(#Z AT A #Hzh Folw el Az =70 Table 1, 2 8 Zoh

Table 1. Production conditions for silicon nitride films and silicon carhide films on
silicon substrate.

Sample HE ZdE& | FACA) Gas Ratio{ NHz/SiH,) iz g3
1 2.02 5500 40
2 1.99 5300 65 Silicon Nitride

Plasma CVD
8 6000 200
B B Gas Ratio
Sample HE =R FAA) -
Silla | Gtls | O | Silicon Carbide

9 6000 1 10 1 Plasma CVD
10 6000 1 [ a0 | g |30T, FalE ond
11 6000 1 10 12

Table 2. Production conditions for C!' or C' beam implanted polyimide{Kapton).

NEY S oRR ES waoie mm | OEEAN AEE S TR
0 Polyimide(Kapton) Pristine Kapton - -
(76 pm)

j PolyimideKapton) . cr 400 keV E5 05
2 Polyimide{Kapton) CI 1 MeV 1E15 1.1
3 Polyimide{Kaptonr) ar 7 MeV 4E15 11

L 4 Polyimide(Kapton) Ccr 2 MeV 4E15 1.8
3 Polyimide(Kaptcn) cr 1 MeV 1E13 1.1
6 Polyimide(Kapton) cr 1 Mey | 1El4 1.1
7 Polyimide(Kapton} cr 1 MeV 1E16 1.1
8 Polyimide(Kapton} C 1 Mey 4E15 16
9 Polyimide{Kapton) C 400 keV 4E15 .89

F) * * dose(YPAtel 2 FF / AE W)

o] &8 E dgMNYP L U%E" MTS A7} A 2 8F Nano indenter 11 2 dtdodl, o] #FAe 71253
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Table 3. Experimental conditions for basic and CSM nanoindentation.

]
A2 | Tyoe |7 Pre-Loadin Peak Load
g ) . eak Loal
52 Peak Load/Disp. Loading Rate Holding
A basic 50 mN 2.5 mN/sec 50 sec
B basic 2 500, 300, 100 nm 35, 2, 2 nnvsec 50 sec
C basic 2 7.3 1 mN 03, 0.14, 0.05 50 sec
mN/sec
D CSM - 500 nm 6 nm/sec -
E CsM - 300 nm 2 nm/sec -

QAo g mE APge A HE unloading A peak load®l 5% 33& 1002 £ #A8HHA
717 o e A e £Zo MEST (thermal drift rate)3 BRI 7| EalHed o) Fd
BAAFe AT AN 2 g8g sHe ] A#AMelck ol R el ABFIvE €32 FHREH
atE oI gl EE ozt £1T oUlE FAHE e Ao oiAr AL 44 ¥Ee 7] &
AF WG £& £3A71 o) 9FE AH wE ez JelYA g@o olel & HLE FFA 9
holding 717+5¢t 239 M3 AR 259 ATeE A4 EA(time dependent plasticity)el 2§ A
olg}r] Bor REE 9 w3 2g @3 mielztz Adsle Ade & Fyst glvtxe £k 5%
o] sFAA FA £ Ade] FHAE BFES 2F AAGRed thermal drifts] 2§ HHL ol
e vyez wAsFE)

AP g =N ¥)— (HT thermal drift rate)x A| 7t

gAAS ALFe gYUAEFE 48 55-M9Y data®l HF unloadingFELZEEH (H~G)H &
Abgate] Aabstded ZBate AL Fe)7] Yo 2 AHe 7 z2AdA 5] EAdYE st
o Ade HEe HAsgo o ANEE Yo Alde] mARAHL Fd L diamond tip area
function elef s} o}

A(h) = 245k +483 .84k + 81.9494Y% + 0.092504 21" + 0.035156 K/
+ 34705211+ 8 2794512 + 19,9022 1% + 26 0847/

As 4 wreb sl Aadel jon implanted polyimide ¥ere]l fgole) ©E A= 9 @A,
REE 2457 et CSME o] &F vl23lF Y+ ELS Table 34 E 23 o2 syon 7|& 7
282 adrE Ane vasged olde] AERAL Table 39 C 2HCZ &k o8 whete
geiziole] w2 Pz 2 ddASF SP9%4E Buk B2 A% 92 HEo Fused Silicas] st
of CSM A8 712 AHE sl e olue) AP 244 Table 39 D8 BR 34t EEF CSM
AHe 7+ AF ZAdA 58480 gAY S de d& gYAold wE sAdAds, dAxgsEd 44
pooling, stsiZeldl st UYdd F o] onmztz o ® HER 1 TFRAE Aats 7 3
o g deled et At

3.25% 9 x3

Bulk A8 e BAAs 2 A: SAEFAE Ae g Table 4% 27} Aluminum, fused silica
22 w4 E4o] AL iz dEe) gl 2809 silicon 9EA L 7L BRyid ARE HF
Al HI ol A|FE Agoel e AAWIL = FAR vLEF GUAMNHA A SGF-HEFHe
23g AN sAdAes AEgto], aluminum® AZ S Adstz, 71€ Rag FEF 2% o4
Aeole Beoln Yaghe & 5 Utk vadE AdPAI A} E Gl BE uke 2o] 5 YA
HAAS g HFgelw Eud AR F aluminumP fused silica 2 VA A+LE Simmons and
Wang'U2l B3 E fused silica® FEE Oliver's] A3E, siticon $239 B4AFY AEE Anstis
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Table 4. Comparison of measured moduli and hardness with values in the literature.

Literature Modulus and Hardness Nanoindentation Moedulus and

Material (GPa) Hardness (GPa)
Aluminum single crystal Hi 70} g : 3022
Fused Silica ff : ;% IE : ;Bé
Silicon single crystal (111) 15 f ig% I};’ : 113%
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Fig. 3. A plot of hardness and elastic modulus versus
indentation depth for CSM test on fused silica.
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He 244998 32 A5 FxE FFs7] dd M ddeigls RE dAFe Foln E3
CSMell 97 ¢hgldele ME A449 4% 23 wye 24W7 He ¢3¢ 3ol 7
g ZYHctn o 5 gl
@, gA4ATE 20 ~ 30 nm Zo]AlMEE zeroE HZslE FFE Boled olAL fused silica
E4o1art 2ok A oA 236 oF dejgtn 2 F g 948F 4gAHe %7] data
= 35 ¥de] 2% dol(volts)oZ 7| E£Hd o] data® mNT nmE EAEE 512-938 datas
A7 AMME MEY Z1EH0 nmyE Fr] 43 49 EEQ4Y AL AAd 3B guo4S
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g 2 A7 gl Z2Y 9 am o3t FAY gt e 2 ~ 5 nmfsec AR sHgE 2e
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NPtz O WWE Fig. 39 csMAte A4 EAsged, 5 Adrr & 9L o 5+ gl
FEgHRF 2 Fe AHY S4dArs £ Aol W& AR F9 2yt EHA HS
oA d 2 olfi A HT HAAAMY stiffness WEHZL ka7 g Eod I dEHA o7t
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Fig. 4. A plot of hardness and elastic modulus versus
indentation depth for CSM test on pristine Kapton
{polyimide).
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Fig. 5. Plots of elastic modulus{ieft) and hardness{right) versus indentation depth for
one pristine polyimide film and same energized(l MeV) C' or CI' ion implanted
polyimide films showing dose and ion effect.
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Fig. 6. Plots of elastic modulus(left) and hardness(right} versus indentation depth for
one pristine polyimide film and different energized C° or Ci ion implanted polyimide
films showing implantation energy and ion effect. Dose for all samples is 4E15 Mfem’.
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Fig. 7. Plots of elastic modulus(left) and hardness(right) versus indentation depth for
silicon nitride films deposited on silicon under different gas ratio.
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Fig. 8. Plots of elastic modulus(left) and hardness{right) versus indentation depth for
silicon carbide films deposited on silicon under different gas ratio.
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Fig. 9. Plots of elastic modulus(left) and hardness(right) versus indentation depth for silicon nitride
film deposited on silicon under the gas ratio of SiH«<CeHsiQ: = 11108, showing good agreement
between the results of CSM and basic nanoindentation.
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