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Electrochemical Characteristics of Zn Thin Films on Mg Alloy

Substrates Prepared by Ion Plating Method

Young-Jong, Kim

Department of Marine System Engineering

Graduate School of Korea Maritime University

Abstract

Recently, mechanical materials are requested to have the properties of
higher hardness, little wear, strong corrosion resistance, excellent quality
and decoration with gradual development of industries.

In order to possess these properties, many Kkinds of material surface
modification methods have been introduced and applied to the surface of
bulk materials.

Magnesium is the lightest metal among all structural metals(35% lighter
than aluminium) and has a good strength-to-weight ratio, vibration
resistance and EMR shield. Moreover, it is plentiful element, consisting
27% of earth crust and 0.13% of major source in ocean. However,
magnesium has not been applied as much as aluminum because of its
poor corrosion resistivity in most of all environments. Recent tendency in
electronics and mechanical engineering fields, aiming for high performance
and energy savings, requires the material to be light weight. Furthermore,

new materials wusually mean new bulk materials in the traditional



materials development. If a new surface coating technique can be
developed to improve its corrosion resistivity, magnesium will be a new
candidate in various fields applications.

In general, light metals, including magnesium, are difficult to plate
using conventional coating techniques such as chemical or electrochemical
processes. This is due to the presence of a easily-formed oxide layer. In
order to limit oxidization during coating, vacuum deposition techniques
can be used as an alternative to conventional techniques operating in wet
or dry conditions. It is well known that coated films, particularly those
deposited by plasma-assisted vacuum coating technique, are usually quite
different from the bulk material in their structures and properties. For
this reason, the plasma-assisted techinques, physical vapor deposition
such as sputtering method, has spreaded in various industrial applications.
However, few studies have been reported dealing with magnesuim with
new techniques.

In this work, Zn thin films were prepared on the magnesium
alloy(AZ91D) substrate by environmental friendly coating technique, i.e.
thermo-electron activated ion-plating method. The influence of gas
pressure and substrate bias voltages on the crystal orientation and
morphology of the films was investigated by X-ray diffraction and field
emission scanning electron microscopy(SEM). In addition the effect of
crystal orientation and morphology of the Zn thin films on corrosion
behavior was evaluated by electro—chemical anodic polarization tests in

deaerated 3% NaCl solution.



From the experimental results, all the deposited Zn films showed
obviously good corrosion resistance compare to the substrate of AZ91D.
It was observed that the morphology of Zn film was changed from
columnar to granular structure with gas pressure. The morphology of the
films was influenced not only by gas pressure but also by bias voltage.
The effect of increasing bias voltage was similar to that of decreasing
gas pressure. The influences of gas pressures and bias voltages can be
explained by applying the effects of adsorption and occlusion. Finally, it
was concluded that the properties of Zn films can be improved greatly by
controlling the crystal orientation and morphology with effective use of

the plasma ion plating technique.
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Table 2.1 Classification of material surface coating methods

Cathodic

Electro deposit extraction

Anodic oxidation

Wet process

Reduction
Electroless

deposit Chemical

reaction

Vacuum
Surface evaporation
Physical vapour Sputtering

coating deposit(PVD) Ton plating
. Ion beam

techniques ‘ ‘
implantation
Dry process Atmosphere

Thermal spray
Vacuum

Thermal CVD

Chemical vapour
deposit(CVD)

Plasma CVD

Photo CVD
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Fig. 2.1 Relation of pressure and temperature at plasma

Table 2.2 Division of glow plasma

2ol m@ Hol, Agew

Glow discharge(DC)

Inequable plasma

C a dische DC
(Low temperature plasma) orona discharge(DC)

RF discharge

Equilibrium plasma Arc discharge(DC)

(High temperature plasma) RF discharge
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2.2.2 CVD (Chemical Vapour Deposition, 33 Z29)
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Fig. 2.8 Schematic diagram of formation for metal surface
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Corrosion : O Separation of atoms from metal surface

® Reaction with environmental factors

In order to Corrode

Atoms must separate
l

Tonization

(at metal ion and free electron)

l

Differential potential

(because of internal or external inequality)

!

| Movement of free electron |

.

| Formation of corrosion cell |

.

| Corrosion current |

l

Separation of atoms from metal surface

(Quantity of separation is relate to their equivalent)

(---Faraday’s law)

l

Corrosion

Fig. 2.20 Definition of corrosion

_49_




Electrolyte

¥

@ Ion @
Oxidation Reduction
Fe — Fe* + 2e Oy, + 2H20 + 4e — 40H

Free electron
WML Ay ©
V\__/

Current

Metal

[ Condition of corrosion |
- Anode
- Cathode

Electrolyte
- FElectric conductor

- Closed circuit

Fig. 2.21 Schematic diagram of corrosion reaction
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Fig. 2.23 Anodic and cathodic polarization curves
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Fig. 2.24 Model of crystal growth of Zn film
under non-adsorption
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Fig. 2.25 Model of crystal growth of Zn film
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Fig. 3.1 Photograph of thermo-electron activated ion plating
apparatus.

Vacuum chamber

i

®

Substrate E% Ar
Bias DC N2

s |  Shutter

(D Cathode and substrate holder
«— @ | @ lonization electrode

e
\
©@ ©

Ionization__bf— T ® ® lonization filament
DC source —|_ 7 @ Crucible and anode
I ® Metal to be deposited
AC poyver'supply | |
for ionization filament l

Vacuum pump
AC power supply
for crucible heating

Fig. 3.2 Schematic diagram of thermo-electron activated
ion plating apparatus.
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(B) Substrate specimen : AZ91(Mg alloy for die casting)

Element| Al Mn Zn Si Cu Ni Fe Mg

mass %|8.3-9.7| >0.15 ]0.35-1.0| <0.10 | <0.030 | <0.002 | <0.005 |Balance

3.3 Zn vt AzxA

3243 o] FwE Zwe AEAW o e, 99.99%° Zng

ALO; =7k ¥ = AFAHE AT, A 4 rotary pump
g A3l ~x107 Torr7AA w7)ehEL, ¢f 40¥%r R oldE oil

diffusion pump® A&kl ~x10° Torr 714 €7 W& 83 u7159
thoolwl Ar 7F2=E oF 1PaZkA =4 AI71aL, 71t S Abole] -500V ¢
Biasd ¢t, -150Ve] o] 238} 74zt 20A9) o] 23 JHWE AFE A/
© 24 Ion bombardment cleanings 20 7F A A st 28 7|9 @ =

k222 9] Jon bombardment cleaning®] £y Fol= thA] AFEI)E ~

x10°® Torr7b# 2138 wj7] A7)

A2 100V, o3 7FEd e -150V, o3 A E A7+ 20A=2 ¢

detAl W om, Table 3.2¢1 Zn BFeo] Alzrx21-& vERW AT

3.4 Zn W 54 24 8 A7

3.4.1 Zn ¥t2 9 Morphology &%

1) 99 9 99 Morphology &%
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2 Ao Azt Zn ¥wbee] ¥ @ @ o] Morphology ## 2 Fig.
3.3o YEA wie} o] F=AE A xFHAU] 7 (SEM, Scanning electron micro-
scope, model : JEOL JSM-5410)& AF-&3tth. Al =g Zn vbube] ol A

YU 7B AP Lol o 203 ol AANN F, AN AAAA A %3
A, ¥W R wd Agde) dEAS FEaA &7 A Fehzxep A%
271 F(AnSs & F =H8ZE ok olw o] AFEA Fol o
ZhEAGe FWEg e Aol 20kV, 9He] HolE 15kVE FAHSo]
ole] 7hA wE& 2 doey 2 @A gt

2) A71s5t8H4 E543 A - F ¢ Morphology ##
7134 Mg @5 AZ91D A g #A 9]
Fig. 3.4 yetd vpe} o] 3skdn] 7 (OM, Optical microscopy, model :
Nikon EPIPHOT-300)& AkR&3sFith. ojuf ZH& nj&2 x2008], x5004),
A, B AP Az Zn wbeto] tiste] 7] 38)E)
A a4y -3 329 ExEA #3FS AHA AdEE SRTFE A

Fdol A" dEwts AR F, A2z Adxste] yAdE givet 29

342 Zn Wte] AARZFx &4

BoAdgola Aze wute] AAFxE e, 2ZAMFAHALS =457
HAsA XA 3 -AAAE o] &atHtt. XA FJAAX == Fig. 350 WA b
9} Zro] Rigaku Co.8] D/Max-20005 AF§3t i, 3 dd A§8 X442 Mo
ka2 FASROH, x-ray tubed AGI AF= A7 36kVe 26mA=E

setting 8t th. =g UH+= K-BE o] 8§31, FA5 %=+ 0.05deg./min, 20

_75_



Lo
g
oty
rlr
ol\
Dl
BN
o
)
AL
=)
o
‘0,
~N
[_El
ro
\'H-l
ofN
By
b
o
Sy
filo
iy
o
e
ol
EL
N
EL

o] Fa XA uwg BE JAolU Aol WElo] o3 F
(resputter) & A ZF(revaporation)® = k% ¢l FA

.

3.4.3 Zn wtute] A7se A A SA A7
D) A7gets 23a9

ofg] 7kA SAx7e] et AZE Zn W AFA T2 A71sEH T

SAAEREe e BFAEE A d7Fes 2L Ar b
Table 3.2 Deposition conditions of Zn thin films.
Condition ) .
Bias V. Vacuum Deposition
(V) (Ar Torr) Time(min)
Substrate
5x10"
0 5x10 °
5x10
5x10 !
AZ91D -200 5x10 20

5x10
5x10 !
-400 5x10
5x10
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Fig. 3.3 Photograph of scanning electron microscope

Fig. 3.4 Photograph of optical microscopy
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of o) =73 3% NaCl =89 T &5 AAstdon
Potentio-stati V= Gamry instrumentAl 9] CMS 100 F3 F A AT A|~H
S AE-3Fth Fig. 3.69 Fig. 3.7 742 2 Ao 21§ &5 7
85 AEEE Hola vk &5 A A (Polarization cell)© Fig. 3.60] X 0]
= A o] AldHAHA FF A F(working electrode) @ W& A = (counter
electrode)o] A= =3 SFo] Hiu /932 7]FEHF(silver/silver

chloride reference electrode, SSCE)¢] QA= 3WdFAZ FAsIA . oo

9] FAFE E(scan rate)T 5.0mV/secZ FHASH I, AU OVlA 2V7EA|
=59, 224 APAL 1.0x1.0em S =EA 7|3, 1 9o BEO x|
2 AdAstAt
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Fig. 3.6 Schematic diagram of polarization test system

Fig. 3.7 Photograph of polarization test system
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Classification

Ar gas press.

Top surface

Cross section

5x10°! Torr

5x10°2 Torr

5x10™* Torr

Fig. 4.1 SEM photographs for top surface and cross section of
7Zn thin films deposited at different Ar gas pressures

(a) bias voltage : OV (x5,000)
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Classification

Ar gas press.

Top surface

Cross section

5x10°! Torr

~ A«ﬂ‘w

5x10°2 Torr

5x10™* Torr

(b) bias voltage : 200V (x5,000)

Fig. 4.1 To be continued
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Classification

Ar gas press.

Top surface

Cross section

5x10°! Torr

5x10°2 Torr

5x10™* Torr

(c) bias voltage : —400V (x5,000)

Fig. 4.1 To be continued
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5x10% Torr

5x10* Torr

ov

-200 V

-400 V

(a) Top surface (x5,000)

Fig. 4.2 SEM photographs of Zn thin films deposited at
different Ar gas pressures and bias voltages
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5x10% Torr

5x10* Torr

ov

-200 Vv

-400 V

(b) Cross section (x5,000)

Fig. 4.2 To be continued
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prepared at various gas pressures and bias voltages by PVD
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Classification
Top surface Cross section

N2 gas press.

5x10°! Torr

5x10°2 Torr

5x10™* Torr

2um

(a) bias voltage : OV (x5,000)

Fig. 4.4 SEM photographs for top surface and cross section of
7Zn thin films deposited at different N2 gas pressures
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Classification

N; gas press.

Top surface

Cross section

5x10°! Torr

5x10°2 Torr

5x10™* Torr

(b) bias voltage : 200V (x5,000)

Fig. 4.4 To be continued
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Classification

N2 gas press.

Top surface

Cross section

5x10°! Torr

5x10°2 Torr

5x10™* Torr

(c) bias voltage : —-400V (x5,000)

Fig. 4.4 To be continued
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N2 gas

press.

Bias voltage

5x10°" Torr

5x10% Torr

5x10* Torr

ov

-200 V

-400 V

(a) Top surface (x5,000)

Fig. 45 SEM photographs of Zn thin films deposited at
different N2 gas pressures and bias voltages
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Fig. 45 To be continued
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Table 4.1 Surface free energy of Zinc

Crystal face

Surface free energy (J/m’)

298 K 3713 K | 4713 K | 573 K | 673 K
(002) 0.485 0.611 0.781 0.954 1.13
(100) 0.151 0.190 0.243 0.297 0.352
(101) 0.137 0.172 0.220 0.269 0.319
(110) 0.196 0.247 0.316 0.386 0.457

y= P - Uc¢/Z - N+ AS

Uc

AS

: Surface free energy

. Cohesive energy

- 101 -

: Number of the bond

. Coordination number

. Mean surface area of an atom

: 6.02x10 % number/mol (Avogadro number)
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Fig. 46 Geometry of crystallographic planes for the
hexagonal Zn lattice



(101)

Fig. 4.7 Schematic illustration showing (101), (100) and (002)

surface of hexagonal structure
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Fig. 4.8 to be continued
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Fig. 4.8 to be continued
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Table 4.2 Change of d-value on each face of Zn thin films
deposited at various Ar gas pressures
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d-Value(A)

Ar gas pressure(Torr)
ASTM
5x10 " 5x10 5x10 "
Bias\V. Face
24761 24787 2.4822
(002) 2.4730
(0.0031 1) | (0.0057 1) | (0.00921)
ov
2.0933 2.0950 2.0958
(101) 2.0910
(0.0023 1) | (0.0040 1) | (0.0048 1)
2.4764 2.4795 2.4886
(002) 2.4730
(0.0034 1) [ (0.00651) | (0.01561)
=200V
20935 2.0950 2.0985
(101) 2.0910
(0.0025 1) | (0.0040 1) | (0.00751)
24761 2.4791 2.4864
(002) 2.4730
(0.003117) | (0.0061 1) | (0.013471)
-400V
2.0935 2.0955 2.0967
(101) 2.0910
(0.0025 1) | (0.00451) | (0.00571)
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Table 4.3 Change of d-value on each face of Zn thin films
deposited at various N2 gas pressures

d-Value(A)
N-> gas pressure(Torr)
ASTM
5x10 5x10°* 5x10°"
Bias V. Face
2.4795 2.4855 2.4915
(002) 2.4730
(0.0065 1) | (0.01251) | (0.01851)
0oV
2.0953 2.0991 2.1004
(101) 2.0910
(0.0043 1) | (0.0081 1) | (0.0094 1)
2.4795 2.4865 2.5010
(002) 2.4730
(0.00651) | (0.01351) | (0.02801)
-200V
2 0953 2.0991 2.1063
(101) 2.0910
(0.0043 1) | (0.0081 1) | (0.01531)
002) 0 4730 2.4795 2.4872 2.4975
' (0.00651) | (0.01421) | (0.02451)
~400V
Qo) 50910 2.0953 2.0991 2.1024
' (0.00431) | (0.00811) | (0.01141)
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Fig. 4.18 Anodic polarization curves of Zn films deposited at Ar gas

pressures, in deaerated 3% NaCl solution
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Fig. 4.18 To be continued
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Before etching After etching

Fig. 4.22 OM photographs for top surface—etching of Mg alloy AZ91D
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Fig. 4.23 Digital camera photographs for electro—chemical polarization
of Zn thin films at different Ar gas pressures
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Fig. 4.23 To be continued
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Before polarization After polarization
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Fig. 4.23 To be continued
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Fig. 4.24 Digital camera photographs for electro—chemical polarization of
Zn thin films at different N, gas pressures
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Fig. 4.24 To be continued
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(c) Bias voltage : -400V

Fig. 4.24 To be continued

- 138 -



2.83
—=&—ZnO
2e2 L L %" Zn(002), -200 V
—
= ASTM : 2.81 A
~ 281 | - 5 .
(@)]
£
o 2.80k !
CU | “
o L
n
8 249 | .
g e 24886 A
© L ® - -
— 2 4764 A 2.4795 A
2.46 ! ) . . | . | . |
5X10* 5% 102 v

Ar gas pressure (Torr)

Fig. 4.25 Calculated values for lattice spacing of Zn-(002) plane in
Zn thin films at various Ar gas pressures
(Bias voltage : -200V)

2.83
—=&—7Zn0O
,es | L-~®Zn(002), -200 V
—
o ASTM : 2.81 A
~ 2.81 - [ [ ] |
O
£
(&) 2.80 )< =
8 /- -1
) e
() L __.---77 25010 A
O 2.49 e
= - 2.4865 A
© L
a1 2.4795 A
2.46 1 n 1 n 1 n 1 n 1
5X10* 5X 107 5X 10"

N, gas pressure (Torr)

Fig. 4.26 Calculated values for lattice spacing of Zn-(002) plane in
Zn thin films at various N2 gas pressures
(Bias voltage : -200V)

- 139 -



Fig. 4202 A2 Zn behel] digte] @719 3% NaCl & folA FA43 #

oot
filo
i
o
£
K
2
i)
H
ot

Fig. 4212 A2 Zn ¥behel] digte]l @719 3% NaCl & 4olx FA43 #
SH FA e YERRAL T TEAE F el BAIRle] Thasjte] S

% pEe AT tha AAE

o,
ol
=
ki
o
e,
4
N

N
=)
ol
2
K

ofo
I}
2
2
rlr
S
=2,
o
:CI>L_<‘
=
=)
2
K
R
N
)

o
o)

Hus AT w A A" wEeAA HolA 53 WyAAdS A
Aoz Azt A Znd HAZE At WolAE el & 1 U9}
dapebel Apololl AbavE golstAl k&l A ®Boh ¥y 1 AAA
g7k UE A 59 wEHd g s Aodoz it
AA FHolA Atgyuts viEolk: X AE HA @S Ao=E AzHET
Ty AAR Aol ¥ Fo] HIH A AgE Adbste Ae 2
stR R ofrldAes XA 3He ARERYH dojxd AW WA datd
Zn0 F9 Zn9 HH 9AAZQL81IA)S}Y #AE ZASAG. = BE
7 FoA M F& WAAS WER Bias d el -200Vel A5

A wZs A =, Fig. 423 2 Fig. 4242 Bias %ol 200V w) z}z}o
Ny 7F2=4fol A Al Zbgk (002)H o] HEAE d9F ZnOF 9 Zne Hx dApzt

- 140 -



o

A (281A)%e] #AE YErd Fojoh g ZolA Hol= npef o] 7pag)
o] F7tgel wet WHitA d @2 SUlste AYE Holal 3lal, 7h&gto]
5<10 " Torrd ®w ZnO oA Znol HZH AAAZQLIA) 7 231 5
of dntE A& & F vk F, sbzge] 5¢10° Torrd W7k sbg AL
woE st wEs Aow AzEn. ATt BZUAUAT we
(002)@ o] wigatA Hw ARPol e Agoh viANAR G0 F4

SR ods) W AuE FEU Wy YL FAsE Ao A

7k,

- 141 -



i

A 5% 2

or

2] o]

3
=

o]%

T2 Aol

“Mg

22

FEH YA 7L

4

9|

oAl A7} vb& Wl H

Zhel weh %

=
S

A ool YA 7F =& WHol vre wHoll H

—_
o

A=A, 2 oEd

P =

o]
H

7}

=
S

b gt

o
A2

T3
o]
o

Nle
T

&

N
~
i
~
o

)

s

=
L= 2NN

7t sl

=
S

0.004 ~0.03AAE=

weh e 34

ol
=

~0.015A

0.002

Ao 2zt

o W

=13
-

7h ekl

=
S

o]

2~ =
—=

ojwf, FUZxANA Ar 7F2~ET Ny 7}

.

)
o

H

- 142 -



g]

==
o

e

.

S A
Gl

2 A

715t

' Torrol 4 A 28+ Zn
ol 31

1} o]

al ol

h

5x10
O 4%

/n
=0
T

P AZ91D K

hEs

o4 4 of
o

%
Npoz A

Ion plating® ol ols] %<

3

Eex
[¢]

™ o

w2
o

—
™
§ iT
woow
T
<° A
CN
)
< = .
ﬂw ._OT ,Ul
o R
¥ =9

T =0
B e o
¥ =\
17_Al1_ fife]

T M
B T O
et ol o
A Tt o]
N ox W
T = N
o L e
o N

'~
CIC
IR
S

ey

() j— 0
N mw o
= B

o

£

=S
o

- 143 -



1. o] &=, “sHas” d4EAA (1999)

2. A&A, AYE, 9edqf, oA ¥Y, ‘Azt 37, AtolElmt]of,
pp. 2~7 (1999)

3. M. M. Avedesian, et al., “Magnesium and Magnesium Alloys”, The
Materials Information Society, pp. 7-11 (1999)

4. M. Takaya, “=7 72D EKMAE", FHEl, vol. 44, no. 11, ZZm il
2z, p. 10 (1993)

5. MG, “AAY TV —T 427K LB Zn-Mg & & IR O EBLE - pp. 1~2

6. ZBE:  “Properties of New Corrosive Resistive Magnesium Coating
Films”, Korean Society of Marine Engineers, vol. 20, no. 5, p. 104
(1996)

7. A& “Advanced surface coating techniques using plasma”, ¥ [E
A B B 222 6, pp. 393-404 (2000)

8. Wb MR- o CECZEEAN BB 2 M, HAUKSEIIE, pp. 9~13 (1992)

9. Mg - WL e AL Bl 25 2 M, pp. 77~108

10. WA Sl “7I7x~7mR 7o JEHE” pp. 71~88 (1993)

1. PR 2 HaefA, B % 535 o FrEii”  ppl3~23 (1998)

12. H. B. Jovanovich:  “The Materials Science of Thin Films” |,
Milton Ohring ACADEMIC Press. Inc, pp. 109~131.

13 Mo & 0 77X @A SN, pp. 19 (1990)

14. 4%, nd¢ w9, “Fgx=vt F5£37 ) U=EAAL pp. 23~62

(1992)

- 144 -



15.
16.

17.
18.

19.

20.
21.
22.
23.
24.
25. %
26.
217.

28.
29.

30.

31.
32.

‘R BEREE DI L —" | FIA47 a2 T /0y — H ) L¥EFEA (1994)

R. V. Stuart, ©F f1, ik G “EZe . i - 28RS
pp. 6~17 (1985)
R. N. Wenzel, Ind. Eng. Chem., 28, 988 (1936)

J. E. Mahan, “Physical Vapor Deposition of Thin Films”, A
Wiley-Interscience Publication, pp. 153-264 (2000)

B. Chapman, "Glow Discharge Process”, A Wiley-Interscience
Publication, pp. 139-184 (1980)

oltid HAA, “gHERAUL", FHAL pp. 1-6 (1992)

INABT, et al, ‘KM LN B0 2” ) R E A, pp. 1-4 (1987)
#* FA, “FH 9" Trans. W45, dAA (1996)
9, AeEART", &9, pp. 163-177 (1996)
HA R &5 At 2=, “Eab & L ", pp. 1-37
Aol 3], A8 st Bsk=oAF (1990)
Uy, R B Aol et diT @A dET]E S (2000)

D. A Jones, "Principles and Prevention of Corrosion”, prentice Hall,
pp. 1-115 (1996)

A. M. Texen, Phys. Rev., pp. 442~443 (1961)

R. F. Bunchah: “In Deposition Technologies for Films and

Coatings” , edited by R.F Bunshah (Noyes, New JERSEY) (1982)
N T, AT TVUAT AL D SR Mgl — T A 7B T AR, Al
B2 oR5 (1993)

B, CEZIGH R AR B AR o SLEE G 7, p. 60

V. Stuart, “A[" - HZ2 - @l - 250 R) 77 B R (FE) pp. 1-30
(1883)

- 145 -



33.

34.
35.

36.
37.

K. D. Leaver and B. N. Chapman, “Thin Films” , The Wykehan
Publications, pp. 6-9 (1971)

HNIEX, et al, “[RUBIEEHN" , HARZRF2, pp. 10-12

M. J. Verkerk and W. A. M. C. Brankaert, “Thin Solid Films”, p. 77
(1986)

J. D. Reimer, J. Vac. Sci. Technol.,, A2, p. 242 (1984)

ERA, ISR, W A e, AR, p. 382 (1990)

- 146 -



	제 1 장 서론
	제 2 장 기본 이론
	2.1 표면코팅처리 기술의 분류
	2.2 플라즈마를 이용한 표면코팅처리
	2.2.1 플라즈마 기초
	2.2.2 CVD (Chemical Vapour Deposition, 화학 증착법)
	2.2.3 PVD (Physical Vapour Deposition, 물리 증착법)

	2.3 글로 방전과 스퍼터링
	2.3.1 글로 방전
	2.3.2 스퍼터링

	2.4 표면과 표면반응
	2.4.1 금속의 표면
	2.4.2 분자의 흡착
	2.4.3 산화와 환원
	2.4.4 금속의 부식

	2.5 박막
	2.5.1 박막의 정의
	2.5.2 박막의 특징
	2.5.3 박막의 형성



	제 3 장 실험방법
	3.1 실험 장치
	3.2 시험편의 준비
	3.3 Zn 박막의 제작조건
	3.4 Zn 박막의 특성 분석 및 평가
	3.4.1 Zn 박막의 몰포로지 관찰
	3.4.2 Zn 박막의 결정구조 분석
	3.4.3 Zn 박막의 전기화학적 내식특성 평가



	제 4 장 실험결과 및 고찰
	4.1 Zn 박막의 몰포로지 관찰
	4.1.1 Ar 가스 도입에 의한 몰포로지 변화
	4.1.2 N2 가스 도입에 의한 몰포로지 변화

	4.2 Zn 박막의 결정배향성 분석
	4.2.1 Ar 가스 도입에 의한 결정배향성의 변화
	4.2.2 N2 가스 도입에 의한 결정배향성의 변화

	4.3 Ar 및 N2 가스의 흡착 및 흡장에 의한 Zn 박막의 형성관계 고찰
	4.4 Zn 박막의 전기화학적 내식특성 평가


	제 5 장 결론
	참고문헌

