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A study on Creep of Plate PMMA in Thermal-Nanoindentation
Process for Hyperfine pit structure Fabrication

E. K. Lee, Y. N. Jung, C. G. Kang"

Abstract

Thermoplastic resin takes place stress relaxation and creep according to temperature and time. In room temperature,
time dependent deformation (TDD) of polymer was carried out at previous study. In this study, it evaluates time
dependent deformation to relate temperature. Nanoscale indents can be used as cells for molecular electronics and drug
delivery, slots for integration into nanodevices, and defects for tailoring the structure and properties. Therefore, it is
important to control pattern depth for change of indent depth by creep when using Nanoindenter. For evaluating TDD at
high temperature, it is occurred thermal-nanoindentation test by changing hold time at maximum load. Temperature is
putted at 90C, hold time at maximum loads are putted at 1, 10, 50, 100, 200, 300 and 500s.

Key Words

: Nano-Indenter, Time dependent deformation(TDD, A]Z+¢]&2 W& 75, Hardness (%), Elastic

modulus (8+4 A 4), Creep (B @A), Stress relaxation (-5~ £+3}), Thermal Nano-indentation test (& 7t

U= 44 g), Polymer (&2 ¥), PMMA(polymethylmethacrylate,

.M 2

UiedZAEHL2HY FH Eﬂf?} FoE
daZgold dFolY Mol H &
Aot ghom Axte] gz stel vEAH o] A
FAQ WEA, LCDFA A Fesdon W
EA 99& st gk 34 2 s
a4 A= ﬂ“ﬁl M= s o

YT EAONY AL
£ AxE AlAME £

P AT fgl AHE A
W R DB FFo] T8t

289 gihadgqy AL x7

m
(]

FHlA A 2 AuTbEe =& H]%C’] A& s,
FA0 Utk 29 48] AREHE 3
1. #4dEa sojnag=Aq4&£FAHF A (NCRC)
2. FAuieta 33‘27}%”“1&-%;@%
# 2R RAY e 7] AF Y, E-mailicgkang@pusan.ac.kr

Zvidreadeol=

o] Qom[i]-[3] &Y 71AH EHXNE EAHs
E Al ojd A7 YnxHEL FE AYR A,
Uicrinlolx~oto] AAS g &F, V=A%
3 dlolg] BE F ohgd Fopdd 288

T QT4
3E-HY 53 YxggdAs g4 2 2R
Poto] nHH I A EH HHAF (time
dependent deformation; TDD) & & HA =T}
ety YAl g o] &3t PMMA & #2
Had-dad 249 7148 B4R SA S 3§17
A A= 243} (stress relaxation), 28 (creep)
7% 22 TpD 9o Il d A7 7t AP o
oF 3tH, ol &AM E FYHII. olHYg A
T Aze] M2 oyt T IHPILL
FRU=dPgAdgdAE YEdE ddolH

- 273 -



=2 N
2 d7oME PMMA Aol d7h}ngiglal
FolA 2AsE TDD @4l AZY g A5o
A e 2ARE] At YeddH 9 hot

2.1 A% U M|
A7t ddAadL  9std  Nanoindenter XP
(MTS, USA) 9 t}o]olZ2= #2304 (Berkivich)
YAE AE3FATE EF hot stageE A] &35} A
HE 7ME31% 2 hot staged] Hu L£x= duw
HOog 200ColH, o}l2&7t2g AEY A%
400C74A] 7}Eo] 7}538teth Fig. 1 & £ 9o
AHEE W E23n gt BE FA 7‘31 e
U3 gk @A AA A e colors
42 29 wAHL ¢ 20 mE EI’_QE Atk u}
2 A FERA ANE FAAIY] Y59 7}
& ol #AAAZ AL, 739 HEIY AHA
Ao BAREO] AW 2HWABL mA

-

Atk AgHo2E 2 mmFAY Ba Zajogy)
eta8d ol E (polymerthylmethacrylate, PMMA) &
AHE3EITH PMMAY] 498 2 pile-up, IFHZ
o] A= AFM ]9l XE-100 (PSIA, Korea) &
AR&-8F

Top view

~oP Berkovich

Roundness of edge pyramid tip
R>20nm

$=65.3°,5=12.95°

" Side view
Fig. 1 Geometry of Berkovich tip
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Fig. 2 Effect of hold-time at peak load on the load-
displacement curve of PMMA
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Table 1 Comparison of measured roughness data

1s 10s | 50s | 100s | 300s | 500s

Velocity of
deformation | 2402 | 59.1 | 205 | 165 | 74 5.0

(nm/s)
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Fig. 5 AFM image of nanocindents on PMMA suface
under different hold-time at peak loads:
(a) 1, (b) 10, (c) 300 and (d) 500s

4. 2 B

A PMMAS UERYPAELE F5lo
HEgo] 71418 Ao =

o g T2 AES :

(1) PMMA 90°C9] L= z70A 83 24943
HAEEANA A AUSHF Lopw ¢ 20mN) o A 9
FFRIAIZHS 1, 10, 50, 100, 300, 500 28 Z7}A)3)
of mwz} FAHPHAN] wE Yo7t Fee
dF At

) EgraAe 3¢
V2 dAASE, AR %9]
Rt

(3) =7 S7HEFSE 7IAH Aol 3
o 7}g8 f-AAIT] WE thermal reflow ¥4}
A3t T AeWE7 A od, o]
44 F vehg F de A4 BAoY wEtA
thermal reflow @72 #&317] 93 Hgo] Hast

ol

Jol o3 g1zl

1741 A Ao %‘io}

N

N

> b
of

=)

FIF

Aol 98 GEo BN LE7}

At AAAES dEol 2

7 01&10111 A Azl 2
RetA vhebge.

% 7]

E d7E 235499 zAd7AY 7z
34-?‘1}31}21] (FANZ: D00309)2} XY o] FHE
AFYTh

-S|

Ho
ret

[1] W. S. Chang, B. S. Shin, K. H. Whang, 2004,
Nanoprobe Application Technologies, J. Kor. Soc.
Prec. Eng., Vol. 20, No. 3, pp. 5~14.

[2] B. Cappella, H. Sturm, S.M. Weidner, 2002,
Breaking polymer chains by dynamic plowing
lithograpy, Polymer, Vol. 43, pp. 4461~4466.

[3] K. Wiesauer, G. Springholz, 2000 Fabrication of
semiconductor nanostructures by nano-indentaion of
photo resist layers using atomic force microscopy, J.
Appl. Phys., Vol. 88, No. 12, pp. 7289~7297.

[4] X. Li, B. Bhushan, 2003, Fatigue studies of
nanoscale structures for MEMS/NEMS applications
using nanoindentation technique, Surface and
Coating Technology, Vol. 163-164, pp. 521-526.

- 276 -



