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Micro Thermal Analysis of Polymer Materials Using
Scanning Probe Microscopy

Shuuji KANAYAMA*

Abstract

Most of the conventional thermal analytical methods such as DSC and TMA encounter difficulties in the
analysis of electronic materials under the ever-intensified trend of miniaturization and thinning. To
overcome such difficulties, a micro thermal analysisis proposed that is an application of the Scanning Probe
Microscopy technique. Local thermal analyses of polymer materials used in thermal-sensitive papers and
photo-polymers were tried using the micro thermal analysis. Asis shown in the paper, the usefulness of the
method has been proved in the local and minute thermal analyses of polymer thin films.
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Fig. 1 Schematic representation of the thermal probe.
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Fig. 2 Temperature calibration based on polymer melting.
110°C: PE, 260°C : PET, 25°C: room temperature.
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Fig. 4 Thermal conductivity of the sub-coating of TA paper.

A (surface)(Wm1K-1)

gboooooooboooooowphOOOO0OO0O0OO0ODOO
gbooobdobobowmbooooobobogooo
goobobboooooboboooooobbbo oo
booooooopvAOOOD O OO PVYAODOO O
gbooooOoboobooobobobooooobooooobono
gboboboooboooboobbobooboooboo
gooboboboobooboobobboobooboo
goboobooobooobboobooooo

312 TAOOOODOOOOODOOOOOooDOoDO
gooon

oboocooOoboooobobooooobonoooo

gboboobooooooooboobooobooboobon

Fig. 50 TAOODOOOQOOOODOOODOOOODOOO
gobooboooboboTAOODOOOODOOO

gobobooobooobobooobbooobooobbo

oobooooooobooooooooobobooo
AFMO OO XyODODOOOOOO3umOOOOOO
0 Separation Layer0O OO0 O0O0O0O0OO0OO0OOODOOO
gooooodoooooooooooooooooog
oooooDooooooooooooooooooog
ooooooooooon

W

Embedding Resin
YL
Separation L ayer
ML
Separation L ayer

CL

Polyethylene

=]

Fig. 5 Cross-sectional distribution of thermal conductivity of TA paper
(AC method). The paper consists of, from top to bottom,
protective layer (not detected), a yellow dye-forming layer (YL), a
separation layer, a magenta dye-forming layer (ML), another
separation layer, a cyan dye-forming layer (CL), a sub-coating
layer (not detected) and a polyethylene-laminated base paper.
Bright areas indicate high thermal conductivities, and dark areas
low ones.

N

oooooooooooobooboooooooooog
oboooooooooobooooooooooooooo
oboooboooooooooooooooooooooo
oobobooobooobobooboboboooooobooboo

3.2 OO0 TMADDODOOOoODO

obobooooboboooooooooooboon
oooObooooobooboooooobboobooa
ooooOO0o0ooooboobOO0oooooobobooooono
obooobooooboboooobooboooooboog
oo0bo0o0obD0o0obO0o0zooooooooooooo
OOFig.6000000000000DO0O0OPSOODODO
oooobooobOoboopPMMAOODOOOOOO8umODO
oboboooooooobooobooboboooooono
OO0o0O00 T TMAOOOOOOFig. 700 PSOPMMA D O
obooooboooooboooobooooboooooo
oooooooooooooooboobboooboogoon
gobopPSOODOOPMMAOOOOOOOOOO

obooooboooooooooooboooooooo
boooboooobobooobooooooboooo
obOoooTAODOOO0OO0OOO0OO0OOOO0OO0OO00O000OO0
oobobooobooooboooboboobooooooooo

0,00 nm

DI.I.I'H- 4 [VEad] BO Mo
Fig. 6 PS/PMMA blend Film (thickness : 1y m). Points 1, 2, and
3 : domains (bright), 4, 5, and 6 : matrix (dark).

a
=05
ras
€
3 448
5 =f
%]
c
©
]
—LF
=&

B0 87 MR P20 PR IEQ TR 200 250 240
Programmed Temperature (°C)

Fig. 7 Micro TMA of PS/PMMA blend Film (thickness : 1y m).
Points 1 to 6 correspond to those in Fig. 6.
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Fig. 8 Probe displacement at 220°C as a function of exposure
energy to photo polymers.
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Fig. 9 Micro TMA of a dry photoresist film. Measured in the
cross-section.
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Fig. 10 Depth profile of dimensional change in the surface-
exposed dry photoresist film.
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Fig. 12 Micro TMA curves of unit layers composing TA paper
obtained at the cross-section (See Fig. 5).
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Fig. 13 Dynamic mechanical analysis of unit layers composing TA paper
with use of monolayer model samples. Each sample was 10 to
20 p m thick and free of the cross-linking agent.
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Fig. 14 Micro DTA curves of PEN films with a heating rate of 600
K/min. Measured from the surface.
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Fig. 15 Conventional DSC curves of PEN films. The samples are
the same as in Fig. 14.
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