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A Study on the Plate-Type Polymer Hyperfine Pit Structure
Fabrication and Mechanical Properties Measurement by
Using Thermal-Nanoindentation Process
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Abstract

It’s important to measure quantitative properties about thermal-nano behavior of polymer for producing high quality
components using Nanoimprint lithography process. Nanoscale indents can be used to make the cells for molecular
electronics and drug delivery, slots for integration into nanodevices, and defects for tailoring the structure and properties.
In this study, formability of polymethylmetacrylate(PMMA) and polycarbonate(PC) were characterized Polymer has
extreme variation in thermo mechanical variation during forming high temperature. Because of heating the polymer, it
becomes softer than at room temperature. In this case it is particularly important to study high temperature-induced
mechanical properties of polymer. Nanoindenter XP(MTS) was used to measure thermo mechanical properties of PMMA
and PC. Polymer was heated by using the heating stage on NanoXP. At CSM(Continuous Stiffness Method) mode test,
heating temperature was 110°C, 120°C, 130°C, 140C and 150°C for PMMA, 140°C, 150C, 160C, 170°C and 180T for
PC, respectively. Maximum indentation depth was 2000nm. At basic mode test, heating temperature was 90 C and 110TC
for PMMA, 1407C, 160C for PC. Maximum load was 10mN, 20mN and 40mN. Also indented pattern was observed by
using SEM and AFM. Mechanical properties of PMMA and PC decreased when temperature increased. Decrease of
mechanical properties from PMMA went down rapidly than that of PC.

Kéy Words : Thernal-Nanoindentation, Hardness, Elastic Modulus, Plate-type Polymer, Polymethylmetacrylate(PMMA),
Polycarbonate(PC), Nanoindenter, SEM, AFM
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Fig. 2 Layout of the thermal nano-indentation process

on polymer surface for hyperfine pit fabrication
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Table 1 Max. load of PMMA according to temp.
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Fig. 3 Load-displacement curve of PMMA
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Table 2 Max. load of PC according to temp.
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Table 3 reduction rate of mechanical properties

according to temperature reduction per 10T

PMMA PC

. 0 0,

Elastic modulus 29.55% 19.53%

H o, 0,

Indentation hardness 1.70% 1.58%

“

w s L P . o i
z n = k3 e
E, e S sy
H o 2] 0 T
£ & 73 E 228 S SR
@ 635 2, g8
5° i : S g
1 g 3
i i

22 a
. 2 s i !
o o 1m0 e R 1w T w1 P P T M P P A Y
Temperature{"C) Temperature(°C)
g e R
e oq SR
os S,
H 2o
'g o
£ 01 034
g \{'\uw
B Thgoa+ 9048
s i
]
2 o
L g | R

Temperature °C)

Fig. 9 Comparison of load, elastic modulus and
indentation hardness of PMMA and PC
according to temperature

o}
=

g 3438 yeERsEs & & Ao

PCY EruedAFAA 2,000nm7HA A
Al A3 S Table 2014 WERAAT
T % F R 257t &zt we
o] At vk

Fig. 72 PCS £xdld we
el otk 499 d4gES v

=2

_ort

gel=dMes &
Aol AR=HAAE
. 2T FUt
247171

Ao 7

i
__);l_‘
il
o £

f{; 4

o,

o

flo rok

&
r- e
Ruch

oo
flo
off 49 I o
i
B>
(e g 2o

NI )

o
X
i
£
5

e AMIIZEE X /A 17H H8F, 2008H/637



3.1.3 PMMASI PC H|X

2um-CSMH 2.2 A 383 PMMAS} PCE Bl w3}
o] Fig. 99 YeE 2x¥ste] ulgl pcrt
PMMA®] H|&led A3 Ho] A YEldon, &
To mE VAXELR F e, AR, B4
A49 W37l pcEY PMMAYE © 333 U
Wtk PMMASE PCO EAX] ZAES Table 39
etk 2x7F 10C8 7ZAF PMMAY H]
st PCY E4X ZAEol @A dEigS F<l
g 5 duch °l?ﬂﬂ /‘éé o] FFAA A A3
B 4L FE Aoz pudHT

3.2 7 et A8 (Hot stage method)

3.2.1 PMMA AXHQ| H 7Lt 2t AE
PMMAS Fedtld oA sFRiste o
2 498, 7tEHe] 2 sFAAFTY FFLo)
%72 93} Hot stage methodol] 93 TS A
A3+t Hot stage method A-22] basic mode2}t
Zol AAA FFAA qYF F FI}F L& AAS

o sFAARNMY A5 BHAE FHIL
A=A dP@AY 2xE PMMAY frE# o)

SE (Tg=105C) AF9 &0 90T, 110TE A
Azl o, 3FL 10mN, 20mN, 40mNoE AH
A E

Flg 102 PMMA <] }% 5% 2=

mlo

fet rfo O

—1—9} 3}“6'01 %7}?%#% Y Hol7t F7
4E F St
Fig 100149 Hudigrdzolet AHFZole W3}
£ table 40 YElHle, Fig 11°] PMMAS &
tﬂ(90°c 110TC) 359 W3t e dA43EE
< YT 2 EES 90T oA 3FY
IOmN 20mN, 40mN ¥i3tol wet g4 3] 5-843.3%,
43.1%, 42.5%= YJEFSR S, 110T oA = 40.8%,
38.4%, 37.4% % ERGTH @3 Eae g5 ¥
ste] Ggg A9 Wz ¢ o= Py, £
Tt &bz wel g Eo] WX nE A3
EEo] FofE Aoz gug)
PMMAS] 2=¥slel stFRsl) e
AEzkE Fig 12¢] JERGdh 71418 &4
9 ¥ A TS WX %
Z7te) mer BEAA7L 2 ish UL o
ol 27} F7 e ulel ExEe 9o &
7)4\2

SRl BAEA Ul A2
Z

638 /=M 1B X /M17H F8E, 20083

Table 4 Variation of Indentation depth according to

load of PMMA
10mN | 20mN | 40mN

Max. depth (nm) 1,688 | 2,397 | 3,533
90T

Residue depth(nm) | 960 1,358 | 2,031

Max. depth (nm) 1,986 | 3,091 | 4,699
110C

Residue depth(nm) | 1,175 | 1,905 | 2,942
° PVMA “ PMMA

Temp. 90°C Temp. 110°C
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Fig.10 Effect of indentation load on the load-
displacement curve of PMMA (a) temperature
90 C and (b) temperature 110°C
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Table 4 Variation of indentation depth according to

load of PMMA
10mN | 20mN | 40mN
Max. depth (nm) 1,894 | 2,705 | 3,893
140°7C
Residue depth(nm) | 1,152 | 1,626 | 2,382
Max. depth (nm) 2,412 | 3,290 | 4,695
110TC
Residue depth(nm) | 1,442 | 1,990 | 2,825
s “1 re 5 “1 pe ’
E Temp. 140°C £ Temp. 160°C .
§ 10 % 10

(a) Displacement into surface (nm) (b) Displacement into surface (nm)
Fig.13 Effect of indentation load on the load-
displacement curve of PC (a) temperature

140C and (b) temperature 160 C
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(a) 10mN - (b) 20mN (c) 40mN

Fig.18 AFM image of nanoindent on PMMA under
different indentation leads:(a) 10mN, (b)
20mN and (c) 40mN at 90C

Fig.16 SEM image of nanoindent PMMA and PC
surface according to temperature

10mN 20mN 40mN

PMMA

g

90°C (a) 10mN (b) 20mN (c) 40mN

Fig.19 AFM image of nanoindent on PC under

different indentation loads: (a) 10mN, (b)

PC 20mN, (c) 40mN at 140C

140°C| i
PC "
160°C

Fig.17 SEM image of nancindent on PMMA and PC (@) 10mN (b) 20mN (c) 40mN’

under different indentation loads

Fig.20 AFM image of nanoindent on PC under

different indentation loads: (a) 10mN, (b
exel F77t GdFA) e F Yok Fig @ 10mN, ®)

20mN, (c) 20mN at 160 T
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Fig.22 Surface profiles along line A, B and C in (a) Fig.
18 (Temp. = 140C), (b) Fig. 19 (Temp. = 160C)
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