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Trans. MRS-Japan, 24,75 (1999), Appl. Surf. Sci., 159, 62 (2000). JTAP 43, 281-286 (2004)

Applied Physics Letters 80, 3712 (2002), Appl.Surf.Science, 216, 41(2003)
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beam deflection principle

] PSD
light A B
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canti lever

monitoring deflection

|

surface stress change

Stoney's equation t
h
9 | Il

E: Young's modulus

X 0 v: Poisson ratio
R 1<« /1
0 5=2xsInB
6=Rsin®
5=2x2/IR ~ L212R
p) b
En EW ‘ é}

0 — =— :
6R(1-v) 3L (1-v)t

Stoney, G. 6., Proceedings of the Royal
Society of London 1909, Series A 82, 172.
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Plasma-Polymerized Allylamine Film

PPAA film structure depends on the plasma power.
Swell in water, swell under high humid air.
One side coating is possible on the cantilever.

Low power plasma P< 5W High power plasma P> 5W
“chain” “net"”
ow cross link igh cross link

Self-assembled monolayer
of dodecanethiol

to provide good adhesion

1 Au: 20nm (or 50, 60nm)
Cr: 2nm

Si or glass plate

[ swell in water up to double thick ] [ indicates not big swelling in water

Z. Zhang et al., Macomolecules (2003), stress of SAM; Applied Physics Letters 80, 3712 (2002)



Experimental result of PPAA swelling

Swelling signals of high & low cross link film
S.Igarashi et.al. Appl Phys Lett 88 143119 (2006)
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Young's modulus mearuement
of nano-order thin film

There was no tool to know the hardness of
nano-order films, as Young's modulus the bulk material.

, Hard film Soft film

| &0° 0> 3PESE hi(h+1) g@,

q;«(\e"a 2R (Esh*) + @) +2E,@ i@’ +3ht-+21

Eg;: Young’s modulus of MCS (165 GPa for Si)
E;;,,: Young’s modulus of film (unknown)

a. expansion coefficient (from SPR measurement)
H: humidity



Young's modulus of PPAA films

humid | 5W film (G Pa) | 90W film (G Pa) “r
5 0.57 0.82 o

15 0.36 0.58 ; 081
25 0.53 0.46 o

35 0.24 0.64 -
45 0.28 0.6 B

55 0.2 0.45 E o4f
65 0.08 0.18 "o

75 0.03 0.12 3 oz
p

Young's modulus of ~100nm PPAA films 0.0 I

| I | | I | | | | |
0 10 20 30 40 50 60 70O B0 GO

Humidity ( % )
"Active Young's modulus” of PPAA thin films
decrease with increasing ambient humidity.
The value is not real Young's modulus of PPAA material
but with water molecules.

[FBRDY > T EH L DBBIFERE LS L VEDEE 1R 2007-053334




Sensing of hydrogen in Metals

H+ ESD from SUS

Where are hydrogen molecules in a metal, .
in a grain boundary or in a grain?
Find the hydrogen-site and
find out the stress of it.

>> > 1t:E — 9 _fd: E No BN area BN area




Alkanethiol; CH3 (CHz)n-1SH

Stress of SAM adsorption %
wigsomain,  and desorption . %o o

compressive stress

2 Y Tensile stress and Compressive stress

% can be made using Self-assembled monolayer.
APL 80 (2002),
' iqn irradjation
021 3 l Art  1nAXx6osec
ey
R 1 (AR !; """"" | Under ion irradiation o
E asl T | tensile stress ~1 GPa »
pd ' o 4
= adsorption
@ 04f .
o
B 08 s Nieae
ial- n=12 | Stress turns over at only ion irradiated area.
Ion projection patternE=m) Stress pattern
10k | | asel
500 1000

2
ime [sec] Long molecule makes

big compressive stress
but.....
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stress (N/m)

Compressive-stress of dithiol SAM adsorption

-04F _'j DIthIOI, SH-(CHZ)“‘SH

o iR

Dithiol makes striped-phase of SAM on
gold (striped phase = lie down phase)

K. Kobayashi et al. Appl. Surf. Sci. 144-145 (1999) 435-438

-03 - —
ditiol adsorption stress

o2 1 ditiol10, dithiol8, dithiol6 _

compressiv>
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T
h
T

600 700 800 900 1000 1100 1200 2 »- Dithiol(n=6) o
exposure time (sec) 8 | s - 125-0s i
0.1 ! ! = 50 ° ) I
S0 o o ©® i
= Qe e e e | 9 @0 O
g _01 . . ' _ 0 . -
\Z_, . 10' 10° 10° 10* 10°
n -0.2 = adsorption time in liquid (sec)
)
O 03 q - : :
B .l ® | The compressive stress increase with
o5k | | | decreasing of carbon chain length.
0 5 10

number of chain length (n) Contrary to alkanethiol stress.




Thank you for your attention,
thanks to my group members,
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