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Fig. 1. The dependence of the cutting angle on
the frequancy-temperature curves of AT-Cut
quartz crystal resonators.
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Fig. 2. A simplified model of a quartz crystal mi-
crobalance. {(a) At resonance, the wavelength is
equal to the quartz plate thickness. (b) An in-
crease in the quartz plate thickness resuits n a de-
crease in the resonant frequency (an increase in

the wavelsnght). (¢} The mass of a deposited
film is treated as an equivalent amount of the
quartz mss.
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2.2 EQCMe 34
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Fig. 3. Schematic of the EQCM apparatus.
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Fig. 4. Separate reference and working oscillators
with related frequency difference and isolator cir-
cuity:IC1=1/6 7404 INVERT;IC2=1/6 7417 HEX
Schmitt trigger INVERT;IC3=1/2 7474 Dual D
Flip-Flop;IC4=1/2 HP-5082-4364 Dual Optically
Isolated Gate;C,; =20pF silvermica;C,=50pF silver
mica;C;=25pF ceramic;and L=10/. V, and V,
are separate 5V battery supplies.
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2.3.1 Viscoelastic effect
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waved] #73 ZA7t @AE = gomz oy
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B grel T334 BE AN AEES crystal
9] impedance(or admittance) spectrum-& 2%

3lod viscoelastic property3 ¢l 3= @ o)

=



o] X

F3 AFN AL 317

t}. ¢4 2AF 29 conductance spectrumol] 4]
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2.3.2 High mass loading

FH FE AFq M dj$ & AF Fvle
T 2R Fy5e ¥AY BLE 9ndoz 2
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g A% Ws-Fag ‘i“;%«] HE 4ol

tan(nf s /foo) = —(Z/2Z) -
tan[xf , 24 m/ 4/ 0)"'*]

f, . : series resonance frequency at time t

f, - initial series resonance frequency

Z, - acoustic impedance of film(= g/ g)"'?)

Z, : acoustic impedance of quartz(= (o/)'H
4 . shear modulus of film g : density of film

. - shear modulus of quartz g, density of

quartz
k 2.3.3 Surface roughness
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2.3.4 Surface stress
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2.3.5 Interfacial slippage
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2.3.6 Nonuniform mass distribution

4 AFAe 4 9Ad wE differential
mass sensitivity gte] A @A o2 Ward T 9
d AR 339 Ae FHoz Ry
Gauss ¥ X 9| mass sensitivity® UERHY o0,
7hed AAAA A 0gH g R; F9
o2 Z4+% differential mass sensitivitys 7
sttt &9 "9 (plano-plano) 3 VEF AR}
© #% AFde] E53 3= (plano-convex) 9]
ZA7F MAE HAo wep B Wz
bt d&o] A& F$ Gauss &

diffential mass sensitivity & 4}X]

B

4 d3ld FHEBSH Sauerbrey 2loA] A}Lgh
0] 2% ¢l mass sensitivity ko] Uoix7] wjEo
EQCME o] 43 ®Hr A Ay A3 24
MM E 2L HAEo] o]FojH o} Fr}

3. EQOMg 0|83 %4 7S¢l ol of

M. Seo= EQCM& o]&3le pH 6.482 boric
acid-sodium borate &NUjelx HatgE Fe uluo)
¥4 % ¥5U8 ATE ZAAAGD BaM
(TPS 500, Maxtektk, Inc.)e] 44 22 @3 oz
£ 5MHz AT-cut& Al2-3}gt}. Fig. 5= Fe uitule)
cyclic voltammogrami} gravimetric curve® el
R o]t} Natural immersion At 2] A9 o4 10mV/s
9] £% 2 anodic scang& T F 1.5Vl A
cathodic scan& A Al31% t}. Cyclic scan -0.8V
ce~1.5Vsce Aboll A o2 A8 Fig. 5
9] gravimetric curvey= cyclic voltammogramel
A vepd Fe wieh 2o 4@ A5 2ol
Fa dd. A3 838 99 (active dissolution
range)dl M AF Zavl g gy, 1%
Bl 8l% = active-passive transition regionol] A =
233 4o AR F7ivt wA Ao Cathod-
ic scanAl R5e BE &3 @4 AF{FI v
ol web oAl Aok zavt dehdan g

Fig. 62 A% #3 dm3 R Felslq "Had
anodic charge q, Alo]9] A AAE g
W Roloh. qyEs He R RFy A3
S28Y Zt ZAd ¥ gm/dq,9 o2
#e g3 2ol 78 # Ao

Fe= F&* (ag)+2e 1)
dm/4g,=—2.9%x107"7(gC™")

Fe+2H,0=FeOOH+3H' +3¢ (2)
Adm/dq,=1.1x107(gC™")

F* (ag)+2H,0= FeOOH+3H +¢ (3)
Am/4q*=9.2x 107 7(gC")

Fig. 69] %7] A3 4 g9l 71€71(dm/h)E
-1.9x107(gCHez olZ2gozRE =A o
vn, wte (I (2)7F A . dojue )
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1 L 1 1
- 0 10 20 30 40 50
s q,/10°C-cm™?
<
LSr \/"_l 7 Fig. 6. Relation between the mass change, 4m
E 6.6x10°5.¢ and andic charge, ga requaired for passivation of
g 1 iron thin films.
S -10f i
/ 2 T r r T
-15 L 1 1 I
-1.0 -0.5 0.0 0.5 1.0 1.5 0 o, pH6.48 boric-borate ]
ENGHE N
ol N E=0V(SHE)
Fig. 5. Cyclic voltammogram(upper) and gravi- s NG
metrical curve(lower) of an iron thin fim in pH 6. . < dm/4q, ,
‘ P . e =-19Xx10" 4
48 solution. Z SN (g:CYH
S E=02V(SHE) N\ ™.,
7} A=At #¥ Kannazawa & 54 wg Am/day N,
N =-20x10°7 . N ™ .
A9ge] wet 43 Ewol Wolge] FHsAL -8 oy e ;
1 L i
old] wa £ Yre AE Wyt FA F 0 10 20 30 40

-3
©

Fd FAL AT Ao 8 ARt
(3)8] Fzy w3 e AP} Ao A3,
A% Z77t 73 & 98 (3)e] Fe wute] 2%
g8 utgdld " 17 ez Budgn

Fig. 7& OVSCEQ}‘ 'O-ZVSCE°“*1 43 23
Al (active dissolution)dll %1 Fe uwtabe] A
w3l dm3} anodic charge q, Alelgl BA & Y
el Aolth. Fig. 79 7] &7% wg (1)9 o
239 7l&rigiy WHolun .ol g =
o= AZ FWo FRG Holgol F4iz A
Mzgd ¥ o=
7177 A A= A

[=]
2]
S
(ferrous hydroxide) 2
o33 #ge vhg

Fe+2H,0 = Fe(OH),+2H" +2¢ (4)

Adm/dg, = 1.8x1077(gCh)

/107 %C-cm ™2

Fig. 7. Relation between the mass change, 4m
and andic chargs, ga for iron thin films sujected to

active dissolution at 0V(%—|E) and -0.2

V(SHE).

Dashed line represents the theoretucal slope of re-

action (1).

Fe utete] @43 dHdA whe
(4)7} BAlel doldod,
E
F gth. 23y AF EAAAe Ho
3 g4 et Az Wsd 4T
ERCRII- e

(L3 T3
Fig. 79 71&712%
we ()9 JdEE ¢ 20% FEE AL4E

e
7 o

)\1_—‘-1

o] ¢} o] EQCME R4 uwhgA AAAL &

A o]F HAL in-situx R FH, o
B2 yl7e AHgsg ddz ¥ F

ERERS

slehe
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AlZte g #3E + J= EQCME HAg AL
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& A
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EQCM2 nanogram $Z¢| njA A wszs
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