ive

creat
commons

)

E D

O N S D

M

O M

C

XN & XHEAl-

)
)
A
5%
<+

ioll
)
10
ak

&l

O

3
<D

0%

W0 s

~U)

<3

oll

RJ 4D oo
oS
”) <+ 1

~ 2 O]

LICk:

El-

ZHE Metor

LICH.

!

MEXE ZEAIGHHOF &

— o
:_CI

t

¢}

MNZERLEAlL A

K4 .
I
[
00 <
S
] =
Ww m
RC o0
= K’
0 oy
RC U
K &
S K
oF
)
J (@)
(o]

3l
ST
- .o
)
o 3 _Eu_JE
00 7 5
(@) LOr _
= 2 ol
o7 2 U

-
0 il
RM 5 O
= = %_”
S 19
JI Ay
5 80 gr
o=
[ ] [ ]

X ESLICH

HOd

HEAH0 2 0l8Ke als 219 ol o

E

ol

I 2

Oloiotol &

S}
=

0l N2 0| =3 & 72 (Legal Code)

Disclaimer |:|._'|

lection

Co


http://creativecommons.org/licenses/by-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-sa/2.0/kr/

Effect of Interlayer on Structure and Physical Properties of

Zn Series PVD Thin Films Coated on Steel Plate

REHE = Y B

20104 2H
OB WO KB R K BB
BB A 2| T OB R

*® — #



3

T—oel TR B fm o= RS
¥ IBEL < X & M
Rl TEELt 22 4¢ H
Rl TEEL < ¢ #E H
Rl TE2ELt XIS KR H
Bl TEEL: W& H

20094F 12H 28H

w BN KB
W A2 T8 R

*® — #



ED T} crreerreersssntenntnt sttt e
LISt OF FIQUIES cveeesseesserssesssemssssssenssenssssssssssenssssssssssesssssssinssasssssssesssssssassssss
LiSt OF TADIES +w+ereerrrererererererersesersruresesesessssssssesssesesesesssssssssssssesessssessnssssens
ADSITACE w+evererererserersrssesesesessmsssssssssesesesessssssssssesesesessssassssesesesssesessssssssssesens
FITEE A 2 sttt
1.1 AT B E E A s
1.2 Q1T U orererssnssisssssssssssis sttt
FETL TLG] ceverereesseeeessseessssesessseesss s SRR
HoE S AD LA CHBE ORF HHZ  oeeeeeerreeerrreersensrseesssinssaenens
2.1 PVDH o] o3 AFE ZE2UTO] FA LT s
2.1.1 ZEHFEFO] PG O L] crerereersrmresssmnsssssesssssnssssssssssssessssssssssssessss
212 F&nutute] EFZ R AR TEA] e,
2.1.3 T ZFQI B HJ E] FLE] creevrrressseressssessssssssssnsssssesssssssssssssssssssssssesssssssssssns
0.2 T HFO] T EFA] sorreeueresssersissenssss sttt
2.2.1 Z+E TEFA T TFH e s
2.2.2 TEA T TFO] TR T ceerrreerreeersersisiessss s
223 A2 O TR A3 DAY FILEHR] A e
FFTL BLG] ceverereesseeesssesssss s ss et bR RS s

M3E &A9 Hettl ME Zn-Mg 2o YIS LU X2
3.1 }\-]% ..............................................................................................................
3.2 /g‘;.j_' tg—lg .................................................................................................



3.21 ANFZZH O AT TR creeerererrsrrrrmsrnnmnniniiiin s 32

3.2.2 AT A T ceeevrrrrerern s 34
3.2.3 Zn-Mg HHEFS] A ZFHFHL s 35
3.2.4 Zn-Mg 8rate] EA 2] 2 FI} e 37
3.3 A AT @ LT e e 44
3.3.1 Zn-Mg 9 ate] B YAFA BA v 44
3.3.2 Zn-Mg 2ate] @ YAFA BA o 47
333 A& da 97114 AZE Zn-Mg Bt
E X TR BA 49
3.3.4 Zn-Mg 919t o] AR SFA] A v 52
3.3.5 Zn-Mg BHEFe] T EA T T} i 56
3.3.6 Zn-Mg HHEFe] WA A T T} e 66
3.3.7 Zn-Mg utebe] 22T BPg HAUE TF 70
34 @% .............................................................................................................. 72
ST TG cereeererreeeee e e 74
M4% Zn-Mg 2oto| URA SIAS 918 Al SAEC| FE 75
A1 A B e 75
4.2 AF HFH e e 77
421 AZZZH O A F FR]  crererrermrersreserserssmenestsseess e 77
A4.2.2 AG AT corererermerersmemssssnesisise et s 80
4.2.3 Al 27+2 A Zn-Mg BFgo] A ZHPE i 81
424 Al T35 7 Zn-Mg 99e 54 24 B I} e 82
4.3 A AT T LT et 84
431 Al 7= A Zn-Mg 9r2he] PAZA BA s 85
432 Al 7+ A Zn-Mg uHete] BEFZ R BA e, 87
433 Al 3743 4 Zn-Mg 2] ZHW G A o 92
434 Al 3% A Zn-Mg Hote] DEEA P} i 97



106

435 Al =72 A Zn-Mg o] J A EA I} e

111

=
=]

g4 vy

113

- 115

2
o
=

XH

M52 Al, Mg, Zn

- 116

Al

0
ur

116

- 118
- 118
- 121
- 122

=0

B

5.2.1 DC =¥ ¥

522 A¥AR

52.3Zn ¥ Mg ®¥9o] A ZHH

524 7Zn 2
53 Ad4dx 2 1

127
128
- 128

_ZE

xr
i

0

N
<
ol

o)
ar
o

531 Zn ¥ Mg

133

B

150
164

5.3.3 Zn 2 Mg HEFe] ZAAHTEA] B A] e,

534 Zn ¥ Mg
5357Zn 2

Fo] T2} WAEAY T crreererersniressiansenns

=] s
=1

- 181

0§
%
el
i

—

<

N

o)
ar
i

Mg H

202
204

uhute] 1

536 Zn ¥ Mg

- 206

=
il
B

B

K

208

- 211
- 211



- 215
- 215

H7F 220

622 AFA=R

o Az

1

=l

=13
=1

fat

o

l:}-

¥ Zn-Mg
¥ Zn-Mg &+F

o
o
‘z_o

N

Njo

}

6.2.3 Al

6.2.4 Al
63 4823 ¢ 2

A '
L =

i

o
o
ZO

N

Njo

T

223

_ZE

t

6.3.1 Al
6.3.2 Al
6.3.3 Al
6.3.4 Al

227

B

Y Zn-Mg &&
¥ Zn-Mg &

o
o
‘z_o

N

Njo

}

o
o
ZO

N

Njo

T

ZF

258

ZF

6.3.5 Al

- 273

S
H
0
i

—

0

bel W54 )

ZF

6.3.6 Al

- 287

S
H
0
i

—

0

289
297

gl o

6.3.7 Zn-Mg &5 279 Fx¢

- 299

=
mk
B!

wE

300

_iv_



List of Figures

Chapter 1

Fig
Fig

. 1.1 An example of acontinuous vapour deposition apparatus «--

. 12 FlOW Chart Of the inVGStigatiOH .......................................................

Chapter 2

Fig

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig

. 2.1 Model of crystal growth of Zn-Mg thin film under the
non-adsorption(high VACUUM) «swessseeesseremssemsssremsssisisinsssinseneass
2.2 Model of crystal growth of Zn-Mg thin film under the
partial adsorption(middle VACUUI) s serssreseessermseemsemssenmsenmmnnens
2.3 Model of crystal growth of Zn-Mg thin film under the
total adSOrPHONIOW VACULI) w+wesseesseesssersseessemssensseemsscassesmseessennans
2.4 Relation of normal road and friction force by scratch test
VY [ SSURURNT - - - T Y
2.5 Damage example generated in scratch test «eeeeeeremeeemeeenees
2.6 Effect of substrate thickness and thin film thickness for
critical 10ad Of SCratCh LESL - wrrorersrreresermammmsssasesesssnsnssssasasssassssses
2.7 Delaminative generation by rockwell C indentation «--wxeeeeee

. 28 ReSlﬂt Of hammering TOSQL sreererereererrerrestetniitiiiiiiiiti e

Chapter 3

Fig
Fig

Fig

Fig

Fig
Fig

. 3.1 Schematic diagram vacuum apparatus for Zn-Mg thin film --
. 3.2 Principal schematic diagram of energy dispersive
X-TAY SPECLIOSCOPY w+ereertesesessesssestssssestssssistssisisttisi sttt
. 3.3 Principal schematic diagram and apparatus of scanning
electron MICTOSCOPE APPATALUS ++swswsrerererssssssesmsmsssssssisitisisisisisns
. 3.4 Schematic representation of the AFM measurement =+«
. 3.5 Principal schematic diagram of X-ray diffraction apparatus --

. 3.6 Principal schematic diagram of scratch test apparatus -«



Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

3.7 Schematic diagram of potentiostat apparatus :--ooeeeseeeeeeemeeeeeeen 43

3.8 EDS graphs of Zn—-Mg thin film with the Mg composition

ratio (7.5~14% Mg, Oy MUCh) wwerreeseremseemsesmsesesssiisiniseciieeeenas 45
3.9 EDS analysis result of Zn—-Mg thin film with the Mg
composition ratio (7.5~14% Mg, Os Much) e 46
3.10 EDS graphs of Zn-Mg thin film with the Mg composition
ratio (7.5~14% Mg, Qg Jittle) eeeeeeessesememememeieies s 46
3.11 EDS analysis result of Zn—-Mg thin film with the Mg
composition ratio (7.5~149% Mg, Os little) -oeeeeeeememmrmemeee 47

3.12 GDS analysis result of deposited Zn—-Mg thin film
in mUCh OXygen atmosphere ........................................................ 48

3.13 GDS analysis result of Zn-Mg thin film deposited

il’l little oxygen atmosphere .......................................................... 48
3.14 SEM surface morphology of Zn-Mg thin film with
the Mg Composition Ratio (7.5~14% Mg, O; much) === 50

3.15 SEM images for top surface and cross section of evaporated

/n-Mg thin film with Mg composition ratio in little

OXYEEN  ALITIOSPRETE -+ revsseresssseremsmsresssrmisesiesisesisesesise i 51
3.16 AFM images for top surface morphology of evaporated

/n-Mg thin film with Mg composition ratio =w:weeeeeseeeeeeeee 52
3.17 HR-XRD patterns of Zn-Mg thin film at various Mg/Zn

ratio in much OXY@en atmoSPREre - weresseresscrisnsceienaces 54
3.18 HR-XRD patterns of Zn-Mg thin film at various Mg/Zn

ratio in little OXy@en atmoSpPREre « s wwseressereisereinereisnace. 55

3.19 XRD pattern relation of much O: content in evaporation

3.20 XRD patterns of Zn-Mg thin film with O, and Mg
Content .................................................................................................. 56
3.21 Acoustic emission and normal load of 92.5Zn-7.5Mg

thm fﬂm il’l mUCh OZ CONTENIT *rereerererrrereereeesesiieee, 58

_Vi_



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

3.22 Acoustic emission and normal load of 90Zn-10Mg

thm fﬂm il’l mUCh OZ CONLEIIL *wrrerrerrrerreerressnerrnenertetiintentineinienene 59
3.23 Acoustic emission and normal load of 89Zn-11Mg

thm fﬂm il’l mUCh OZ CONLEIIL *wrrerrerrrerrerresrnresenertntiintertineintenene 59
3.24 Acoustic emission and normal load of 87Zn-13Mg

thm fﬂm il’l mUCh OZ CONLEIIL wrrerrerrrerrerresenesrnenertttiintertineinteeene 60
3.25 Acoustic emission and normal load of 86Zn-14Mg

thm fﬂm il’l mUCh OZ CONLEIL *wrrerrerrrerreerresrnerenenertttiintertinentenene 60
3.26 Acoustic emission and normal load of Zn-Mg

thm fﬂm il’l mUCh OZ CONLEIIL *wrrerrerrrerreerresreerrnenertntiinteriineinienene 61

3.27 Acoustic emission and normal load of 92.5Zn-7.5Mg

thln fﬂm il’l httle OZ CONLEIIL *wrrerrrerrmrreremsrreserneeirtettinttintntetenene 61
3.28 Acoustic emission and normal load of 90Zn-10Mg

thm fﬂm il’l httle OZ CONLEIIL *wrrerrrrrrerereremssrsenartertntiantnteene, 62
3.29 Acoustic emission and normal load of 89Zn-11Mg

thm fﬂm il’l httle OZ CONLEIIE rerrrreerrerereremsrrnennrtrtntrinieene, 62
3.30 Acoustic emission and normal load of 87Zn-13Mg

thm fﬂm il’l httle OZ CONLEIIL *srrerrrerrerereremssrserartnsrtntianinineene, 63
3.31 Acoustic emission and normal load of 86Zn-14Mg

thm fﬂm il’l httle OZ CONLEIIL *wrrerrrerrerereremssrnerarensrtintiintntneene, 63
3.32 Acoustic emission and normal load of Zn-Mg

thm fﬂm il’l httle OZ CONLEIIL *wrrerrrrrrerereremssrserartntrtntiinirteene, 64
3.33 Relation between grain size and critical load =--=«sseeeeeeeeeseneeees 65
3.34 Relation between intermetallic compound and critical load -+ 65
3.35 Anodic polarization curves of Zn-Mg thin film measured

at 3% NaCl solution in the case of much O» content - 63
3.36 Anodic polarization curves of Zn—-Mg thin film measured

at 3% NaCl solution in the case of little O content «++---++-- 63

3.37 Passive current density (Ip) and Pitting current density(Ipt)
of Zn—-Mg thin film measured in dearated 3 % NaCl

- vii -



Fig

Fig

SOlutiOl’l Wlth Mg content increase ...............................................
. 3.38 Passive potential (Ep) and pitting potential (Ept) of Zn-Mg

thin film measured in dearated 3 % NaCl solution with Mg

content increase ..................................................................................
. 3.39 Corrosion resistance formation mechanism of Zn-Mg thin

film prepared with a evaporated element compound <«

Chapter 4

Fig
Fig

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

4.1 Zn-Mg phase dia@ram - wseeeseeesseemseemseemisimiiniessenssenenee.
. 4.2 Schematic diagram of vacuum evaporation apparatus
fOr ZN—Mg thin filIs «--seesseeesseeesseressesessesmssesmssesmisesisessseseseseeseseeses
4.3 Thin film formation procedures of PVD method «eeeeeeeeeeeeee
4.4 EDS graphs of (Zn-Mg)/Al thin film inserted Al interlayer -
4.5 EDS analysis result of Zn—-Mg thin film inserted Al
IEEIIAYEL w+eveersesersuserseserssss B ok B ossvnsisisssssssssissssssnsssiasssinsassssssssass
4.6 SEM photographs for top surface and cross section of Zn-Mg
thin films at Mg/Zn ratio with Al interlayer - eeeemeeeeennes
41 EDS analysis of cluster particle and surface morphology
WAth MG COMEENLT w++vereresseeessemsseressesessesussesisesassesesesesss s
4.8 EDS analysis of surface morphology by grain Size ««s««weee
4.9 EDS analysis of surface morphology by grain size(Al, O,) -
4.10 Increase of adsorption activity and effect of temporar
vacuum improvement with Mg/Zn content increase ==«
4.11 SEM morphology for formation mechanism
Of ZN-Mg thin filIm «-eeseeesseeessesessseemssesesesemsseemssesesesissseesssesesesessenes
412 Comparative analysis of Fe substrate morphology and
Al/Fe substrate morphology - s eeeseresserusrusseisimicinienes
4.13 XRD patterns of Zn-Mg thin film at various Mg/Zn ratio
WAth Al INEEITAYET -+ererreesseersseresseremseemsesusssimssesssesessssessesnsesessseeees
4.14 Intermetallic compound share of Zn-Mg alloy thin films

— viii -



Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

at various Mg/Zn ratio with Al interlayer e
4.15 Change of d-value on (002) on (101) plane of Zn-Mg

thin film at various Mg/Zn ratio with existence and

nonexistence Al INterlayer i
4.16 Formative relation intermetallic compound and solid

solution With M@/Zn INCrease « s swsswssssssmssssmssissisiisisissisiiis
4.17 (002)/(101) relative intensity of Zn-Mg thin film alloy thin

films at various Mg/Zn ratio with Al interlayer -« eeeeeee
4.18 Scratch channel of Zn-Mg thin film with Al interlayer -
4.19 Relation grain size and delamination width of Zn-Mg

thin film with Al interlayer -
4.20 Relation between MgZny intermetallic compound and delamination

width of Zn—Mg thin film with Al interlayer --«-sssseeeeesseeeeesaeeees
4.21 Relation between (002)/(101) relative intensity and delamination

width of Zn—-Mg thin film with Al interlayer «««-eeeeeeeeeeees
4.22 Acoustic emission and critical load of 92.5Zn-7.5Mg

thin film inserted Al Interlayer e,
4.23 Acoustic emission and critical load of 90Zn-10Mg

thin film inserted Al Interlayer e,
4.24 Acoustic emission and critical load of 89Zn-11Mg

thin film inserted Al Interlayer e
4.25 Acoustic emission and critical load of 87Zn-13Mg

thin film inserted Al Interlayer e
4.26 Acoustic emission and critical load of 86Zn-14Mg

thin film inserted Al Interlayer s,
4.27 Acoustic emission and critical load of Zn—-Mg

thin film inserted Al Interlayer e,
4.28 Critical load of Zn-Mg thin film and (Zn-Mg)/Al

thln fﬂm Wlth 02 eXiStenCG ...........................................................

4.29 Anodic polarization curves of (Zn-Mg)/Al thin film measured

_ix_



in dearated 3% NaCl solution with Mg content increase
Fig. 4.30 Passive current(Ip) of (Zn—-Mg)/Al thin film measured

in dearated 3% NaCl solution with Mg content increase -

108

Fig. 4.31 Passive potential(Ep) and Pitting potential(Ept) of (Zn-Mg)/Al

thin film measured in dearated 3 % NaCl solution with Mg

content increase ..................................................................................
Fig. 4.32 Rest potential(Er) of (Zn-Mg)/Al thin film measured in

dearated 3 %6 NaCl solution with Mg content increase -+
Fig. 4.33 Relation between passive current(Ip) of (Zn-Mg)/Al

thm fﬂm and Critical load ...............................................................
Fig. 4.34 Analysis of mutual relation about formation process and

adhesion of Zn-Mg alloy films with Al interlayer -«

Chapter 5
Fig. 5.1 Schematic diagram and vacuum chamber of DC sputtering
ADDATALLS +rve+++eesseeeessseeesssiebiiase bbb
Fig. 5.2 Ionization and activation state of Zn evaporation particle -
Fig. 5.3 Ionization and activation state of Mg evaporation particle -
Fig. 5.4 Shape of Zn, Mg, Al target for DC SPULLEr - seesseessseeemsseceeenns
Fig. 5.5 Plasma photograph of Zn target by DC sputter ««eeeeeeeeeeeeeeee
Fig. 5.6 Plasma photograph of Mg target by DC sputter -« eeeeeeseeees
Fig. 5.7 EDS graphs of Zn thin film deposited at various Ar gas
pressure in bias voltage —200 V «seseesereereeemeriscnieeneens
Fig. 5.8 EDS analysis result of Zn thin film deposited at various
Ar gas pressure in bias voltage —200 V sreresceiscreiereens
Fig. 5.9 EDS graphs of Mg thin film deposited at various Ar gas
pressures in bias voltage —200 V «eesseesreeemseriereiereiseneens
Fig. 5,10 EDS analysis result of Mg thin film deposited at various
Ar gas pressures in bias voltage —200 V «eeeereereerei.

Fig. 5,11 SEM photographs for top surface and cross section of



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Zn thin film deposited at different Ar gas pressures on

SPCC SUbStrate .................................................................................. 136
5.12 SEM photographs for top surface and cross section of

7Zn/Al thin film deposited at different Ar gas pressures

on Al interlayer .................................................................................. 13’7
5.13 SEM photographs for top surface and cross section of

Zn/Mg thin film deposited at different Ar gas pressures

on Mg interlayer ................................................................................ 138
5.14 SEM photographs for surface morphology of Zn thin film

deposited at various Ar gas pressures in bias voltage

5.15 SEM photographs for cross section morphology of

Zn thin film deposited at various Ar gas pressures in bias

VOILAGE —200 V rrevserssissssnsssisisssssssissssissssssssissssisssssssssisssssssisissasins 140
5.16 Grain size of Zn thin film deposited at various Ar gas

pressures in bias voltage —200 V seeeseeesereseressemmcemiciniennes 141
5.17 Cross section thickness of Zn thin film deposited at

various Ar gas pressures in bias voltage —200 V «eeeeeeeeeeee 141
5.18 SEM photographs for top surface and cross section of

Mg thin film deposited at different Ar gas pressures

O SPCC SUDSHIALE wwrereresesreresmsrsmsesssinnssssssessssssese s sssesessssssessns 144
5.19 SEM photographs for top surface and cross section of

Mg/Al thin film deposited at different Ar gas pressures

ON Al ANEEITAYET w++rereserererersseresssemssesesssisiesessesnsesesse s 145
5.20 SEM photographs for top surface and cross section of

Mg/Zn thin film deposited at different Ar gas pressures

ON ZN ANEETIAYEL -+rvversseersseemssesmssesmssesmsesateseiseseissesssesssessens e 146
5.21 SEM photographs for surface morphology of Mg thin film

deposited at various Ar gas pressures in bias voltage

_xi_



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

5.22 SEM photographs for cross section morphology of Mg thin

film deposited at various Ar gas pressures in bias

VOItage —200 V  ewerssssssisisssisssississssssssssssstinsssisssssssssinsasissasins 148
5.23 Grain size of Mg thin film deposited at various Ar gas

pressures in bias voltage —200 V e, 149
5.24 Cross section thickness of Mg thin film deposited at various

Ar gas pressures in bias voltage —200 V e 149
5.25 Geometry of crystallographic planes for the hexagonal

Zn 1attice .............................................................................................. 152
5.26 Schematic illustration showing (101), (100) and (002)

surface of hexXagonal SEIUCHUTE - wwsseerssermseemseemseimseiuseenenee. 153
5.27 HR-XRD diffraction patterns of Zn thin film deposited

at various Ar gas pressures on SPCC substrate ««eeeeeeeeee 153
5.28 Intensity on HR-XRD diffraction patterns of Zn thin film

deposited at various Ar gas pressures on SPCC substrate -+ 154
5.29 HR-XRD diffraction patterns of Zn/Al thin film deposited

at various Ar gas pressures on Al Interlayer ---ooooeeeeeemeeneeeeee 154
5.30 Intensity on HR-XRD diffraction patterns of Zn/Al thin film

deposited at various Ar gas pressures on Al interlayer - 155
5.31 HR-XRD diffraction patterns of Zn/Mg thin film deposited

at various Ar gas pressures on Mg Interlayer «eeeeeeeeeeeees 155
5.32 Intensity on HR-XRD diffraction patterns of Zn/Mg thin film

deposited at various Ar gas pressures on Mg interlayer - 156
5.33 Relative intensity of Zn thin film e 156
5.34 Relation of relative intensity and grain size of Zn thin film --- 157
5.35 HR-XRD diffraction patterns of Mg thin film deposited

at various Ar gas pressures on SPCC substrate «eeeeeeeee 159
5.36 Intensity on HR-XRD diffraction patterns of Mg thin film

deposited at various Ar gas pressures on SPCC substrate -+ 159

5.37 HR-XRD diffraction patterns of Zn/Al thin film deposited

- xii -



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

at various Ar gas pressures on SPCC substrate ««eeeeeeeeee 160
5.38 Intensity on HR-XRD diffraction patterns of Zn/Al thin film

deposited at various Ar gas pressures on SPCC substrate -+ 160
5.39 HR-XRD diffraction patterns of Mg/Zn thin film deposited

at various Ar gas pressures on SPCC substrate ««eeeeeeeeee 161
5.40 Intensity on HR-XRD diffraction patterns of Mg/Zn thin film

deposited at various Ar gas pressures on SPCC substrate - 161
5.41 Relative intensity of Mg thin film s, 162
5.42 Relation of relative intensity and grain size of Mg thin film - 162
5.43 Relation between vapour pressure and temperature on Mg -+ 163
5.44 Adhesion properties of Zn series thin film deposited at various Ar

gas pressures on SPCC substrate as results of scratch test 167
5.45 Delamination width analysis result of Zn thin film deposited

at various Ar gas pressures in bias voltage —200 V -eeeeeeeee 167
5.46 Relation grain size and delamination width of Zn thin film - 168
5.47 Relation between relative intensity and delamination width

Of Zn thm fﬂm ................................................................................... 168
5.48 Acoustic emission signals and frictional road of Zn thin film

deposited at various Ar gas pressure on SPCC substrate as

FESULLS OF SCIAtCR LESE wrrererrrreresrsrmsmmsrsimesssssesets e ssssse s 171
5.49 Acoustic emission signals and frictional road of Zn/Mg thin

film deposited at various Ar gas pressure on SPCC substrate

2S TESUILS OF SCIAtCh LESE wrewrrrrerrreresrrmrmsrsrsnsesssssnnesssssasassesnaesenns 171
5.50 Acoustic emission signals and frictional road of Zn/Al thin

film deposited at various Ar gas pressure on SPCC substrate

AS TESUILS OF SCIAtCh LESE srerrrrrerrresesrrermsssrmnsesssssesesssscasassssnaeseans 172
5.51 Critical road(Lc) of Zn thin film deposited at various Ar gas

pressures on SPCC substrate as results of scratch test - 172
5.52 Failure mechanism of Zn thin film deposited at various Ar gas

pressures on SPCC substrate as results of scratch test - 173

— xiii -



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

5.53 Adhesion properties of Mg series thin film deposited at
various Ar gas pressures on SPCC substrate as results of
ScratCh LS wrerrererrrer ettt

554 delamination Wldth Of Mg thln fﬂm .............................................

5.55 Relation between grain size and delamination width of
Mg thin filim e,

5.56 Relation between relative intensity and delamination width
Of Zn thln fﬂm ...................................................................................

5.57 Acoustic emission signals and frictional road of Mg thin
film deposited at various Ar gas pressures on SPCC
Substrate as reSUltS Of SCl‘atCh LESE  sreerererrereeers

5.58 Acoustic emission signals and frictional road of Mg/Zn
thin film deposited at various Ar gas pressures on SPCC
Substrate as reSUltS Of SCl‘atCh LESE  sreerererrreeersi

5.59 Acoustic emission signals and frictional road of Mg/Al
thin film deposited at various Ar gas pressures on SPCC
Substrate as reSUltS Of SCl‘atCh LESE  sreerererrreeereii

5.60 Critical road(Lc) of Mg thin film deposited at various Ar
gas pressures on SPCC substrate as results of scratch test

5.61 Failure mechanism of Mg thin film deposited at various
Ar gas pressures on SPCC substrate as results of
ScratCh LS wrereererrreree sttt

5.62 Relation between critical load(L.) of Mg and Zn thin film --

5.63 Adhesive relation between of single and multi thin film -

5.64 Anodic polarization curves of Zn thin film deposited at
various Ar gas pressures in deaerated 3 % NaCl solution --

5.65 Anodic polarization curves of Zn/Mg thin film deposited at
various Ar gas pressures in deaerated 3 % NaCl solution --

5.66 Anodic polarization curves of Zn/Al thin film deposited at

various Ar gas pressures in deaerated 3 % NaCl solution --

- Xiv -

179

180

180

181

186

187

187



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

5.67 Corrosion process mechanism of Zn thin film deposited

At VATIOUS AT GAS PrESSUTES wwrresrrssmssmmssmsssstisssisisississsssns 188
5.68 Basic anodic polarization curve of potentials and current

AENISIEY w#vrersresessnssessss s 188
5.69 Corrosion tendency of Zn thin film in dearated 3%

NaCl solution with rest potential() « - wwwssessrsssesmsnssnssinunns 189
5.70 Passive current density(Ip) of Zn thin film deposited at

various Ar gas pressures in deaerated 3 % NaCl solution -+ 189
5.71 Grain size and Current density(Ip) of Zn thin film deposited

at various Ar gas pressures in deaerated 3 % NaCl solution - 190
572 Corrosion tendency of Zn thin film in dearated 3 % NaCl

solution with pitting potential(E,), passive potential(E,)

and passive region(Ey—Ep) e 190
5.73 Grain size and (002)/(101) relative intensity of Zn thin

film deposited at various Ar gas pressures in deaerated

3% NaCI SOlution ............................................................................... 191
5.74 The effect of morphology of Zn thin film on corrosion

DIOCESS #+#+++e+s s esses st 191
5.75 Anodic polarization curves of Mg thin film deposited at various

Ar gas pressures in deaerated 396 NaCl solution :-«eeseeeeeeeee 195
576 Anodic polarization curves of Zn+Mg thin film deposited at

various Ar gas pressures in deaerated 3 % NaCl solution -+ 195
5.77 Anodic polarization curves of Mg/Al thin film deposited at

various Ar gas pressures in deaerated 3% NaCl solution -+ 196
578 Corrosion tendency of Mg thin film in dearated 3 %

NaCl solution with rest potential() « - wwssesrrssssmsnssnssinunns 196
5.79 Passive current density(Ip) of Mg thin film deposited at

various Ar gas pressures in deaerated 3 % NaCl solution -+ 197
5.80 Grain size and current density(Ip) of Mg thin film deposited

at various Ar gas pressures in deaerated 3% NaCl solution 197

- XV -



Fig. 5.81 Corrosion tendency of Mg thin film in dearated 3%

NaCl solution with pitting potential(E,), passive

potential(E,) and passive region(Fp—Fy) - wesseeesssreemssseees 198
Fig. 5.82 Corrosion process mechanism of Mg/Al thin film deposited

At VATIOUS AT GAS PrESSUTES wwerresrrsssmssmmssmssmssisssissstisisisssses 198
Fig. 5.83 Galvanic current and potential of Zn thin film

At AT GAS DIESSULES - eresrersseresseeemssesesssimssesesssimse s 201
Fig. 5.84 Galvanic current and potential of Mg thin film

At AT GAS DIESSULES - eresrersseresseremssesesssimsesisssimse s 201
Fig. 5.85 Relation between formation process, adhesion and

corrosion resistance of Zn, Mg thin film - 203
Chapter 6
Fig. 6.1 Schematic diagram and vacuum chamber of DC sputtering

apparatus for Zn—-Mg thin il . 212
Fig. 6.2 Ionization and activation state of Mg evaporation particle - 213
Fig. 6.3 Ionization and activation state of Zn evaporation particle - 213
Fig. 6.4 Ionization and activation state of Zn-Mg evaporation particle 214
Fig. 6.5 Plasma photograph of Zn, Mg target by DC sputter -+ 220
Fig. 6.6 EDS graphs of Zn—-Mg thin film deposited at various Ar

gas pressures in bias voltage —200 V e« 294
Fig. 6.7 EDS analysis result of Zn-Mg thin film deposited at various

Ar gas pressures in bias voltage —200 V wsesereereereieneens 294
Fig. 6.8 EDS graphs of (Zn-Mg)/Al thin film deposited at various

Ar gas pressures in bias voltage —200 V wsesereeresereineceens 29%
Fig. 6.9 EDS analysis result of (Zn-Mg)/Al thin film deposited at

various Ar gas pressures in bias voltage =200 V «eeeeeeeeeeeennnn 226
Fig. 6.10 Relation between crucible temperature and vapour pressure 227
Fig. 6.11 SEM photographs for top surface of 86Zn-14Mg thin films

deposited at different Ar gas pressures on SPCC substrate 229

- XVi —



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

6.12 SEM photographs for top surface of 92Zn-8Mg thin films

deposited at different Ar gas pressures on SPCC substrate
6.13 SEM photographs for top surface of 95Zn-5Mg thin films

deposited at different Ar gas pressures on SPCC substrate
6.14 SEM photographs for top surface of Zn-Mg thin film

deposited at various Ar gas pressures on SPCC substrate -
6.15 SEM photographs for cross section of Zn-Mg thin film

deposited at various Ar gas pressures on SPCC substrate -
6.16 Grain size of Zn—-Mg thin film deposited at various

Ar gas pressures in bias voltage —200 V e
6.17 Cross section thickness of Zn-Mg thin film deposited

at various Ar gas pressures in bias voltage —200V --eeeeeeeeeee
6.18 SEM photographs for top surface of (86Zn-14Mg)/Al

thin film deposited at different Ar gas pressures

on SPCC SUbStrate ............................................................................
6.19 SEM photographs for top surface of (92Zn-8Mg)/Al

thin film deposited at different Ar gas pressures

on SPCC SUbStrate ............................................................................
6.20 SEM photographs for top surface of (95Zn-5Mg)/Al

thin film deposited at different Ar gas pressures

on SPCC SUbStrate ............................................................................
6.21 SEM photographs for surface morphology of (Zn-Mg)/Al

thin film deposited at various Ar gas pressures in

bias voltage —200 V «wwrerrmrmirsiisiissiiisiii e,
6.22 SEM photographs for surface morphology of (Zn-Mg)/Al

thin film deposited at various Ar gas pressures in

bias voltage —200 V ettt
6.23 Grain size of (Zn-Mg)/Al thin film deposited at various

Ar gas pressures in bias voltage —200 V weeermmmsnnnn.

6.24 Cross section thickness of (Zn—-Mg)/Al thin film deposited

- Xvii —

230

231

232

233



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

at various Ar gas pressures in bias voltage —200 V «eeeeeeeee
6.25 The effect of gas pressures and Mg content on
(ZN-Mg)/Al thin film weeeeeeseesesesmsss e,
6.26 HR-XRD diffraction patterns of 95Zn-5Mg thin film
deposited at various Ar gas pressures on SPCC substrate -
6.27 Relative intensity on HR-XRD diffraction patterns of
95Zn-bMg thin film deposited at various Ar gas pressures
6.28 HR-XRD diffraction patterns of 927Zn-8Mg thin film
deposited at various Ar gas pressures on SPCC substrate -
6.29 Relative intensity on HR-XRD diffraction patterns of
927Zn-8Mg thin film deposited at various Ar gas pressures
6.30 HR-XRD diffraction patterns of 86Zn-14Mg thin film
deposited at various Ar gas pressures on SPCC substrate -
6.31 Relative intensity on HR-XRD diffraction patterns of
86Zn-14Mg thin film deposited at various Ar gas pressures
6.32 Relative intensity of Zn—Mg thin film -
6.33 Relation of relative intensity and grain size of Zn-Mg
thm fﬂm ................................................................................................
6.34 HR-XRD diffraction patterns of (95Zn-5Mg)/Al thin film
deposited at various Ar gas pressures on SPCC substrate -
6.35 Relative intensity on HR-XRD diffraction patterns of
(95Zn-5Mg)/Al thin film deposited at various Ar gas
DIESSUTES +++e+tresstrssssstsmsesssssssssssssesstsusisissssisssst s bbb bbbt bbb
6.36 HR-XRD diffraction patterns of (92Zn-8Mg)/Al thin film
deposited at various Ar gas pressures on SPCC substrate -
6.37 Relative intensity on HR-XRD diffraction patterns of
(92Zn-8Mg)/Al thin film deposited at various Ar gas
DIESSUTES +++e+tresstrssssstsmsesssssssssssssesstsusisissssisssst s bbb bbbt bbb
6.38 HR-XRD diffraction patterns of (86Zn-14Mg)/Al thin film

deposited at various Ar gas pressures on SPCC substrate -

= Xviii -

248

248

249

249

290

250
201

201

254

254

295

295

296



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

6.39 Relative intensity on HR-XRD diffraction patterns of

(86Zn-14Mg)/Al thin film deposited at various Ar gas

DIESSUTES +++etresstrssssstsmsesssssssssssssesstsusibissssisssst s bbbt bbb bbb 2556
6.40 Relative intensity of (Zn—-Mg)/Al thin film e 257
6.41 Relation of relative intensity and grain size of

(Zn_Mg)/Al thm fﬂm ........................................................................ 25’7
6.42 Adhesion properties of Zn-Mg thin film deposited at various

Ar gas pressures on SPCC substrate as results of

SCTatCh 17 1] ML LR P P T PP PP P PSP P PP PP PPEPPYRP PR 259
6.43 Delamination width analysis result of Zn—-Mg thin film

deposited at various Ar gas pressures in bias voltage

_200 V .................................................................................................. 260
6.44 Relation grain size and delamination width of Zn-Mg
thln fﬂm ................................................................................................ 260

6.45 Relation between relative intensity and delamination width

Of Zn_Mg thm fﬂm ........................................................................... 261
6.46 Acoustic emission signals and frictional road of 95Zn-5Mg

thin film deposited on SPCC substrate as results of

SCTALCR LESE wereerereeresreresesssmassesssss st 262
6.47 Acoustic emission signals and frictional road of 92Zn-8Mg

thin film deposited on SPCC substrate as results of

SCTALCR LESE wereereresresreresressseassessss sttt 263
6.48 Acoustic emission signals and frictional road of 86Zn-14Mg

thin film deposited on SPCC substrate as results of

SCTALCR LESE wereerereeresreressesssesesesssi et 263
6.49 Critical road(Lc) of Zn-Mg thin film deposited on SPCC

substrate as results of SCTAtCh LESE wwrwwrwrrrrrrrmrmrmreressrrieenesesnn. 264
6.50 Failure mechanism of Zn-Mg thin film deposited on SPCC

substrate as results of SCTAtCh LESE wwrwwrwrrrrrrrmrmmererrsrriernesesnn. 264

6.51 Adhesion properties of Zn—-Mg thin film deposited on SPCC

- Xix -



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

substrate as results of SCTAtCh LESt e 2%6
6.52 Delamination width analysis result of (Zn—-Mg)/Al thin film

depOSited in biaS VOltage _200 V ................................................. 267
6.53 Relation grain size and delamination width of (Zn-Mg)/Al

thm fﬂm ................................................................................................ 267
6.54 Relation between relative intensity and delamination width

Of (Zn_Mg)/Al thm fﬂm ................................................................. 268
6.55 Acoustic emission signals and frictional road of

(95Zn-5Mg)/Al thin film deposited on SPCC substrate

A4S TESUILS OF SCrAtCh tESE «wrereerererrerersmmrmsesssesesensssssesssessssessssesees 270
6.56 Acoustic emission signals and frictional road of

(92Zn-8Mg)/Al thin film deposited on SPCC substrate

A4S TESUILS OF SCrAtCh tESE «wrereerererrererrsmrssmmssenesnsessssesssesssssasssesees 270
6.57 Acoustic emission signals and frictional road of

(86Zn-14Mg)/Al thin film deposited on SPCC substrate

as results Of SCI‘atCh test ................................................................ 271
6.58 Critical road(Lc) of (Zn-Mg)/Al thin film deposited on
SPCC substrate as results of scratch test «eeeeeeeemmeemeemnnnne. 271

6.59 Failure form of (Zn-Mg)/Al thin film deposited on SPCC

substrate as results of SCTALCh LESE wwrwwrwrrrrrrrrrmmererrrrrieeesesnn. 279
6.60 Critical road(Lc) of Zn series thin film deposited on SPCC

substrate as results of SCTAtCh LESE wwwwrwrrrrrrrmrmmerrrrrrrseeesesnn. 279
6.61 Anodic polarization curves of 95Zn-5Mg thin film deposited

at various Ar gas pressures in deaerated 3 % NaCl

SOlution ................................................................................................. 275
6.62 Anodic polarization curves of 92Zn-8Mg thin film deposited

at various Ar gas pressures in deaerated 3 % NaCl

SOlution ................................................................................................. 276
6.63 Anodic polarization curves of 86Zn-14Mg thin film deposited

at various Ar gas pressures in deaerated 3 % NaCl

— XX —



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

SOlution ................................................................................................. 2’76
6.64 Passive current density(Ip) of Zn-Mg thin film deposited

at various Ar gas pressures in deaerated 3 % NaCl

SOlution ................................................................................................. 2’77
6.65 Grain size and current density(Ip) of Zn thin film deposited

at various Ar gas pressures in deaerated 3 % NaCl

SOhltion ................................................................................................. 2’77
6.66 Relation between relative intensity and current density(Ip)

of Zn thin film deposited in deaerated 3 % NaCl solution --- 278
6.67 Corrosion tendency of Zn-Mg thin film in dearated 3 %

NaCl solution with rest potential() « - wwssesrrssssmsnssnssinunns 278
6.68 Corrosion tendency of Zn-Mg thin film in dearated 3 %%

NaCl solution with pitting potential(E.), passive potential(E,)

and passive region(Ey—Fp) r e, 279
6.69 The effect of Mg of Zn-Mg thin film on corrosion process 279
6.70 Anodic polarization curves of (95Zn-5Mg)/Al thin film

deposited at various Ar gas pressures in deaerated 3 %

NaCI SOlution .................................................................................... 282
6.71 Anodic polarization curves of (92Zn-8Mg)/Al thin film

deposited at various Ar gas pressures in deaerated 3 %

NaCI SOlution .................................................................................... 283
6.72 Anodic polarization curves of (86Zn-14Mg)/Al thin film

deposited at various Ar gas pressures in deaerated 3 %

NaCI SOlution .................................................................................... 283
6.73 Passive current density(I,) of (Zn-Mg)/Al thin film deposited

at various Ar gas pressures in deaerated 3 % NaCl

SOlution ................................................................................................. 284
6.74 Grain size and current density(Ip) of (Zn-Mg)/Al thin film

deposited at various Ar gas pressures in deaerated 3%

NaCI SOlution ...................................................................................... 284

- XXi —



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

6.75 Relation between relative intensity and current density(I,)

of (Zn-Mg)/Al thin film deposited in deaerated 3 %

NaCI SOlutiOH ..................................................................................... 285
6.76 Corrosion tendency of (Zn-Mg)/Al thin film in dearated
3 % NaCl solution with rest potential(IE,) «««-eeeeerereeeeesieenieens 285

6.77 Corrosion tendency of (Zn-Mg)/Al thin film in dearated
3 % NaC1 SOIUtiOH Wlth Epty Ep and Ept_Ep ............................... 286
6.78 Corrosion process mechanism of (Zn—-Mg)/Al thin film at
Various Ar QAS PIESSULES trorertsresrsesssrtemttttiitiiiitiiitiit 286

6.79 Relation between formation process, adhesion and corrosion

resistance of Zn—-Mg, (Zn-Mg)/Al thin film e 288
6.80 HRTEM images and selected area diffraction pattern(SADP)

of Zn-Mg thin film with Al interlayer - 200
6.81 Analysis on crystalline structure of Zn—-Mg thin film - 294

6.82 Analysis on crystalline structure of (Zn-Mg)/Al thin film -+ 295
6.83 EDS analysis for cross section of Zn-Mg and

(Zn_Mg)/Al thll’l fllm ........................................................................ 296
6.84 Cross section morphology of Zn-Mg and (Zn-Mg)/Al
thll’l fllm analyzed by TEM ............................................................ 296

- XXii —



List of Table

Chapter 2
Table 2.1 Test method of various adhesion force -«:eeeermeremeeeeneeenee 20
Table 2.2 Evaluation result by a various method ««weeeeemeremreemeeeeeene: 28
Chapter 3
Table 3.1 Ionization energy of several elements «ooreeoeeerseermeremeeeeeenn 34

Table 3.2 Chemical compositions of evaporation metal and substrate
SDECIITIEY ++++esssesseeesseesssenssseess et 35
Table 3.3 Deposition conditions of Zn—-Mg thin film «eeeeeeeeeeeeeeeeeee. 36
Table 3.4 Critical load and acoustic emission of Zn—-Mg thin film
T 64
Table 3.5 Relation of current density and polarization potential with

eXiStel’lce o) 470 IR Y I 1 3 T~ I 69

Chapter 4
Table 4.1 Ionization energy of several elements «ooeeeeereemmnneesmeeennne 80

Table 4.2 Chemical compositions of evaporation metal and substrate

SPECIITIEIN +#++++++ssssessssesssssssss sttt s 30
Table 4.3 Deposition conditions of (Zn-Mg)/Al thin films «eeeeeeeeeeee 82
Chapter 5

Table 5.1 Ionization energy of several elements ««wwereeereeremrreemneeneenne 121
Table 5.2 Measurement result of Zn, Mg, Al target «--ccoooeeeeeeeerseeeenee 123

Table 5.3 Chemical compositions of evaporation metal and substrate
SDECIIIEIY +++++evssersseesssressesesseemsseass i 124
Table 5.4 Pre-sputter and bombardment cleaning parameters of Zn,
Mg thin film on the SUDSEFAtes « s wwswersreseememsermiensesiieennns 124
Table 5.5 Sputter parameters of Zn thin film on the substrates -« 125

= XXiii —



Table 5.6 Sputter parameters of Mg thin film on the substrates - 125
Table 57 Surface free energy Of Zn ............................................................. 152

Table 5.8 Relation between vapour—pressure and temperature of Mg - 163

Chapter 6
Table 6.1 Ionization energy of several elements «seeeeeereemmnremmininn. 214
Table 6.2 Measurement result of Zn, Mg, Al target -«----oooeeeemmeeeeeemaeeee 217

Table 6.3 Chemical compositions of evaporation metal and substrate

SpeCimen ............................................................................................... 21’7
Table 6.4 Pre-sputter and bombardment cleaning parameters of Zn,

Mg thln fﬂm on the SUbStrateS ..................................................... 218
Table 6.5 Sputter parameters of Zn-Mg thin film on the substrates -+ 219
Table 6.6 Sputter parameters of (Zn-Mg)/Al thin film on the

substrates ............................................................................................ 219
Table 67 Surface free energy Of Zl’l ............................................................. 245
Table 68 Surface free energy Of Mg ............................................................ 245

— XXiv —



Effect of Intedayer on Structure and Physical Properties of Zn

Series PVD Thin Films Coated on Steel Plate

IL-YONG BAE

Department of Marine System Engineering

Graduate School of Korea Maritime University

Abstract

When preparing for PVD thin films in vacuum condition, morphology and
crystal structure of the thin films are formed in accordance with deposition
conditions such as bias voltage, gas pressure and substrate temperature etc.. Also,
the influence of various residual gases that remain or whichever be made
within vacuum chamber can not be overlooked at all times. In addition the
adhesion property of thin film may show difference depending on the influence
of various residual gases having morphology and crystal structure of thin films
formed by PVD process in vacuum condition. In general, adhesion can be
improved by inserting an interlayer between substrate and thin film, reinforcing
bond through increased deposition area, suppressing plastic deformation by
reinforcement of substrate material, relieving stress gradient and making duplex

surface treatment by plasma.
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Accordingly, thin film formation mechanism and relationship with adhesion
which may change by inserting Al interlayer between steel substrate and Zn-Mg
thin film are studied. That is, various thin films were prepared using PVD
evaporation method on steel substrates depending on existence of Al interlayer,
thickness of Al interlayer and Mg content. Zn-Mg thin film for each Al
thickness existence of Al interlayer were investigated by observing morphology
observation, elemental composition, degree of deformation and crystal structure
analysis that considers the amount of Zn-Mg compound and distribution. Also,
evaluation of adhesion property of Zn-Mg thin film was performed by making
powdering test, scratch test and polarization measurement etc..

From the results, correlation between Al interlayer and adhesion of Zn-Mg
alloy thin film is as follows : If metallic Zn and Mg particles are evaporated on
Al interlayer-substrate, oxide such as ALOs; on the surface is removed by the
thermal energy generated by evaporation of Zn-Mg alloy thin film to scatter in
the form of ALO gas. Therefore, adhesion becomes excellent for the surface
between Al interlayer and Zn-Mg evaporation substance because of precise metal
bonding. Scratch test showed smaller exfoliation width for the substrate with Al
interlayer than the one having no interlayer. On the other hand, deposition
process of Zn-Mg thin film on Fe substrate having no Al interlayer is as
follows : FeO oxide layer on Fe substrate is partially destroyed by ion
bombardment cleaning. Then, FeO combines with Mg and Zn to form MgO and
Zn0O, remaining on the surface of the substrate. Such oxide films seem to reduce

adhesion of Zn-Mg thin film.
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(a) Incident of Zn, Mg deposition particle
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(b) Adsorption of Zn, Mg deposition particle

HSE

LSE

(c) Growth of high surface energy plane

Fig. 2.1 Model of crystal growth of Zn—-Mg thin film under

non-adsorption(high vacuum)
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(a) Incident of Zn, Mg deposition particle

(b) Adsorption of Zn, Mg deposition particle
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(c) Growth of low surface energy plane

Fig. 2.2 Model of crystal growth of Zn-Mg thin film under the

partial adsorption(middle vacuum)
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(a) Incident of Zn, Mg deposition particle

(b) Adsorption of Zn, Mg deposition particle
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LSE LSE S

(c) Nuclei generation of high & low surface energy plane

Fig. 2.3 Model of crystal growth of Zn-Mg thin film under the total

adsorption(low vacuum)
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Table 2.1 Test method of various adhesion force

oL Plastic
Classification i Test method
deformation
adhesion method (adhesives, .
_ , no tensile test
adhesive tape, soldering)
) cutting work, barrel
energy load to no ~ little AT _
insert the contact finishing, hammering
_ _ b scratch test,
muc
) indentation indentation test
non-adhesion centrifugal force,
method electromagnetic force,
energy load by no .
ultrasonic waves,
non—-contact .
laser failure
much compressive test
222 234 H71e £AH
CVDHell Wig =& o 404, PVDHel gk =& °F 1008 wu¢ =
(A 7IAF 2 thololE = W cBNE ZHE 2 A9])ol| YERH HIPH ] H]
&2 ZAS W, o 70 %7 2w HAE, o 10 %7 FEWelh
upebA of g 9 2%%94 W g 929 Jidel e Rl A 7
8 te ) 2.
(1) 23R H=EH
23 x| HAE2ERES Fig. 249 2Zo] GANA AlzxHS FT231, 14
o] B I = (acoustic emission), vFEHEWAS W 23] & dAnH
B BolA £4e wAlel AdsE L(YANF)E T 23 Hx
Ex V@A 2 24WEe AYE Qolnw vug RAsE 9L )
Aol HAAANG, WA, geIS] BYAAL FEZ RGN, A1, A0y
ol ztzbel W, &del wAel glolAE gt Fure FA, AAH A
4, gAstel vhae So| 9L Ak HAAA M= Fig. 2.5
vebdl whel 2ot st e] S whel Fig. 259 o] -4 wgo] 47
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Fig. 2.4 Relation of normal road and friction force by
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Fig. 2.5 Damage example generated in scratch test
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Table 2.2 Evaluation result by a various method

Coating ) Sputt- .
Ton plating ) PACVD CVD TRD | plating
method ering
Thin film )
] TiN
material TiC
TiN TiN | TiC | TiN TiN| + | TiCN vC Cr
TiN
Lot No. a|blc |d|e
Thickness
1214|113 2 2 2 6| 6] 6 17 7 16
()
B Dl Al B A D A
Scratch test
D|C|C C C C C C A
Micro
A|A|C D C C | Al Al A B A A
scratch
Rockewll B/| B/
) ) B|D|D D D | C | Al Al A B A A
indentation D|D
Hammering D|D A A| Al Al A A A A
Rotation—slip D |D D B | B | Al C| C B A D
bencing | D D|/A|A| D A|A|A A A A
Plastic
working Coining AlA D A A A A A
Extrusion D D A A A A A A

(Notes) Substrate : SKH 51, HRC 62~63
Ranking : A(good)~D(bad)
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A Zn-Mg BHebe Al Zslda, 718 92 Fig. 3.0 JEa®?. 1%
FA e s, 718EY, P AR, AdvH X ToE2 T
o Aa3E Auje] AFA = A4 27 cm, 29 24 cm, 7 2 cmEA]
AFEow AZEAT ol S Ao Ay A5t A= 2H Y
H X (rotary pump)® 1x10° Torr7bA] 83| w7 Atk 181, 82k 3

’ h

T~

S (oil diffusion pump)E o]-&&te] 1x10° Torr7kA w718 3, 2%2%94 A 2}
Zol wEt ArrtaE &8t 5837 Zn-Mg wHehe Az A AS
of digt FA Aeolx= dlF Aol (convectron gague)<} O]% Al o] ]
(ionization gague)E AFE3IATH AXFT 4L U7/ AlolA &= d7] el A
1x10°7 Torr7kxl Z4eo] 7bssta, uxly 44 ol AoAt 1x107°
Torr~1x10° Torr74# ZA4 o] 7Featgieh. S8 29
o o8] 0~-300 V7H# &F=Ho SHEdo] FHsesE

o

A e @B(Ta) BeNES] g8 27148 2P S s

ﬁ

[Ne

Substrate

Ar
Bias DC
source
Zn— Znd + Ze Mg— Mg + Ze
-
T 7n Crucible
1

l

Wacuumm pumg

Fig. 3.1 Schematic diagram vacuum apparatus for Zn-Mg thin film
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Table 3.1 Ionization energy of several elements

M — M M — M*
Element
Tonization energy (eV)
Mg 7.64 15.03
Zn 9.20 21.56
Ar 15.68 27.64
N 14.51 29.41
N, 15.8
o) 12.5
H>0O 13.0

322 4 AR

2 Ao AlgH AEE T2 7132 SPCC(Steel plate cold commercial)
Zay 2 T4 Zn, Mgol A& 1A, S8 7192 Al Zn, Cr,

Sn 59 v dHow Wo] AREHXE WiYA AI(SPCC : ]IS
G3l41)& olg3tdt. TFFHS & 9999 %9 Mg¥ ZnE AlE3sho
SPCC el S#altsth. Table 3.2 S#3a53 7|#9] 354 S
e Zlol o

Ao Alg¥ SPCCHIA2 A= #Hol¥(sand paper)® #200~ #2000 7}
A expA oz dAnksk 0.6 me 0.1 me LFHLHALO)E o] &3]
Mo A Avl(mirror surface finishing) S AA|stAth AW dnldE Al
2 Froll oalf 30%F HA et xWe] VI % LE=HE AAsA L,

1
AE L kel 247 08H PAse] RS g AU AR
[e]

ol
N
&

=3

i

-
ANPdHE EgEr dAFddlom 3083 2539 AHS 35 A FAudd &
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Table 3.2 Chemical compositions of evaporation metal and substrate specimen

99.99% Zn

(a) Evaporation metal :
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32 9 FF A FE] 1x10° Torre & 4
3 3 Aol Aol uvtute] AElE e itt. Table 3.3

# oEkere]l FA= 1.83~4.19 mdl AEHI 297~324 o]

Table 3.3 Deposition conditions of Zn—-Mg thin film

Condition Bias V.| Inlet | Vacuum Mg Zn—Mg Deposition | Schematic
(V) (Torr) CUSEENS || TS time (min.)| diagram
Substrate gas (wt.%) (¢m)
75 2.67
10 3.05
SPCC Zn-Me(1.8~4.2um)
0 Ar | 5x10= | 11 2.67 5
(O2 much) Fe
13 1.83
14 4.19
8.5 2.97
10 2.97
SPCC ) Zn-Mg(2,9~3.2un)
_ 0 Ar | 5x107% | 11 3.24 5
(O little) Fe
12 2.97
14 2.97
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3.2.4 Zn-Mg "tete] £4 4 3 37}

(1) Zn-Mg Hate] ¥ ZA 94 BA

N

Zn-Mg "ete]l 2AdaE 243871 flsted FAFY AR A (SEM,
scanning electron microscope, Hitach S-4200, 72 MAX : x300,000)° “&
Z+%]l EDS(energy dispersive X-ray spectroscopy)Z ©]£3Fo] FA1S A A
AL, EDSe SA A= va3 2o dAZ A7 AU s AAdd
AAb= 7hE ol AlH 3 S5k Aok olw Al A= R AR JAE
Axpoll ofs F-= Fol WAl "k Aol A WEE A 23 dzt
(secondary electron, SE)&= A|#H o] 1u]& o|v| X & YeuE IS 1A
HArk 22 Aol o) % AHZE € s dUAE w7 98 A9
Aol A= AA7E viztel2 HolHol 45 HA st A2 o3k 34
AN F A A AEE o] AE7F X-ray FEHE AAE=H o] dUAE

SAFoRM AlFe Aol ui A4 Ao ZhestA duh Fig. 3.2
EDS®] =74 <ol izt dae] &dol thaf vebl At

”

Conduction band

Fermi

level \\ Valence band
\v "
—-—
L-shell - ‘;\\‘ I‘— . Xeray
e

K-shell - - O

Fig. 3.2 Principal schematic diagram of energy dispersive

X-ray spectroscopy
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(2) Zn-Mg &9t & A

Z/n-Mg H¥rehe]l Fwo] djgh B4 LS EDSE &9, AlHe zZlo] whgko)
A& GDS(optical emission spectrometer)® Zl o] W8k £ (depth profiling)
< AA] s GDS EAH S e A ArrtAE o] &3 Al7IH =
PAEA "ot olggk Arol=o] AE] ‘W FE} %
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o] zZlolwtgr EA ¥ el 2AEA Fo wol &85 i, GDS #H|
o] B33 9E= 1656~460 nmeo] th.

(3) Zn-Mg Ht2te] Ex =X #3F

Zn-Mg vdhe] 3w 9 g ol E¥
model : Hitach, JSM-840A)2. 2 3}9)
AP A fste] &0 2 gAw e R Fdste] AT o
of Zx=A #FL A#E Zn-Mg #HEE -196 C
AA 5 AT AAA ZFAESd. oluf AFH I A= A= 10
mm=z 393, Al@He 2AE HEHAYS 15 kVE st Fig. 3.32
SEM #Hl ¢ et dEEE vehd Aot

SEM?9] 7]&7Ql dg& o534 2ok dAdS dAFRe] dede &
= (filament) & 7FE3sto] TAS HAA7F =02 7hEE o, S4F, 05~
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il
0%,
Lo

Stdol mAgsle] R &= XAS ALgste] 2AHS] YAEA o] 7}
dHAAE Ao A= o v H(field emmission, FE)dA&&
FE-SEM< 15 nmeo|3te] n&Essor nsde] s a8 5 ot}

olr
o
u)

Condenser leng

Objective lens

Electron lens

Characteristic x-ray Secondary
electron

Secondary

-y
. B
PeLL Electron detector

(Bxzcitationvalume for
secondary electron emission)

Electron beam

Specimen current L . o

¥ Transmittedelectron

Transmitted
Electron({scattersd)

(a) Principal of SEM measurement (b) Apparatus of SEM

Fig. 3.3 Principal schematic diagram and apparatus of scanning

electron microscope apparatus
(4) Zn-Mg 9o A Y EX2X 4
Fig. 3.4 AFM(Atomic force microscope) =4 &H|o] 7|22 g =
[@)

|
Bl AowA, gl fdAF F42 XE-100 Z2= Z4sdvh Al
=

=
A Abele A% WS ol gdtel AA5FY APES AN @vP oA
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Wk oby g} A EA} & A FAolrh. HA S AlEEH &
AA7IH &3 2o daret Amxde x5 Atold A3 zggol A
t} o] A% AgHe F2 ubg2 w2 3 (Van der waals force)o| ™, 71 =
71= 107 N o]atz= mekstt}, shx|uk o]& A ujekdl dlo] oA 7AE

g e d= A=y 28 A

X F Fepulsive
r
Force force
Intermittent
—contact t
A SE——
Distance
Contact , ,
(Tip—to-sample separation)
Non—contact l
: Attractive
force
(a) Relation of substrate and (b) Principle of contect and non—contect

cantilever

Fig. 3.4 Schematic representation of the AFM measurement

(5) Zn-Mg ¥tate] AR Tz F4]

Zn-Mg Htete] AAwdAd S #4371 98] HR-XRD(High resolution
X-ray diffraction)3]| dZ & o]&3sle] 3]sttt XA 3]d Fxo md
Bruker AXS D8 advance©]il, X-ray tube? A4 dF+= 242 40 kvet
40 mA® ¢17bste] 1.6kWel =38 Uetlidv. AH8E XS Cu ka® =
A3t on HEE K-BE o]L&3drt. FAEEE 002 sec/step, 2 O0%+2)

WeE 20°-80°2 Stk Zn-Mg whuhe] X-ray 34 el Wae 27
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T-H(X-Rays)

Filament \
o—— \

e —
Electron /

Target
(5]
High voltage

(a) Electron beam irradiation

Incident Amplifie

H-ray

sample

Eecorder

(b) Crystal orientation detection (c) X-ray diffraction apparatus

Fig. 3.5 Principal schematic diagram of X-ray diffraction apparatus
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(6) Zn-Mg ete] A5 H7t

T ks 9o

o S EE RHY PFAS FtdnAdoR =

33 SFNEE 787 Aok S tololms QHHE It £ %
2 o] E A7 1(0.1 mm/sec), 35S W= 01~10 NOZ WA 2~z
HAke] F&(track) ¥} ¥teE] % (deramination), A3}t (critical load, Lc), & &F
2l S (acoustic emission) o SA8ste] WAL ES Hrletdoh. 53], Ho] 1
AH wol= F9Y wmol=zo 93 FIAT Y HEol =4 yed = 3
on®w HUF wolzrt AFHA FEF ot7] f8iA mol= WA FAE

ARG B, 244 A AdEHE ALA5e] w1 ge] Wsv)
Jepdth geid z2E me] dd B4 AL gt 245 o

1003 7F & ASo= QEg S wAs A =459k

Frictional Penetration depth Acgus?:ic
force sensor Sensor emiss1on
\I ‘/ FEnSOr
Displacement(dx/dt)
(a) Principal of scratch test apparatus (b) scratch test apparatus

Fig. 3.6 Principal schematic diagram of scratch test apparatus
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(7) Zn-Mg 9r2te] A7)t WA 54 7t

Zn, Mg, Al S| GFomx durstgel tids] &% vhgow §2
o] ZH = F&olth ol T&H9 HUststd HUME A FES AE
S 53 B A4S AH Rkt 3% NaCl =89 Sztzdol uwah Az
¥ Zn-Mgutehs At i SAHS v 343 Ael= v= 1ty
AHgamry instruments)®] CMS100 &3 FAA 28-S AL8-3FA T &7
(polarization cell)= =9 =& d=(working electrode)¥ &< =
(counter electrode)oll W&& AFEsIA L, 7Iedgo2s Loyl 7|4

oo
ol
ol
2
i

= (silver/silver chloride reference electrode, SSCE)¢] 3d=FA S o]

AZshet GrG 4L 99 APEAe bed 2o APAY =%
WAL | em’2A 29 HolZE Uulx REe e $91, FAEE(scan

rate)= 1 m V/s, €4 3 % NaCl, &5 Ao =435},

2
)
2

o

=
2 APEe A (natural potential), WE =23 (anode polarization
experiment) S A3} Fig. 3.7 4&= A AW 9 fere AEE

2 77t dega ol

Counter

alartrade

Working
electrode

(a) Principal of scratch test apparatus (b) scratch test apparatus

Fig. 3.7 Schematic diagram of potentiostat apparatus
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2

t}. Fig 3.9 O} B2 #917]
of a5 yEtdl oty A Ao osty FAstaiz} gk Zn, Mg &
Aol FARFEo] wWol EAMEQAY T3, Mgt F7keh @Al 0.9
Fe AEE EAEAY. Fe AEE EDS B2 Axdlo] 1~2 m F749
=
=

348}04 ZAel Aol H=E a’iﬂ, 0, AEL 24 wdx

|4 A48 Zn-Mg =hehe] EDSEA A3t

)

AZEH A Fig 3.102 07} ﬁfi 71 A A ZE Zn-Mg B}

Zte] EDS &4 ZA3E dEd Jaiiﬁ O] % Mgl Fgulol et
9 H&S et olsk el 0.9 Fel HA HE

E A2 Zn-Mg e @A 027} @% FAAA AAAT] WEo® AbE

doh 71 559 FAEY SPCCH ] Fedie 2.05~365 %= LERR:

%<l Mg 895~1865 %= WENSLIL, Zne 78.34~88.69 %&

el At o9 o]l 0,9 thAE 7| wet A#E Hheke] O, &4 7}
27y g2 A YJeElYs AL Adubso] FRYAeE 2ol &3 2 gste] v
Yie] 2357, W 0,9 Z&ure] shatulsste] A 29 Abshy]utol
&7

] 5]
Q7] WEoz Asdr Fig 3.118 O AL E97]d A Aze
A Aol gz E e Aol

Element] Fe+(Zn-Mg) Element(%)
Zn-Mg
o Graph O Fe Mg /n
thin film
92.5Zn-7.5Mg ! 2.06 3.72 11.28 82.94
90Zn-10Mg ! 2.23 4.44 11.37 81.96
897Zn-11Mg ! 1.52 8.94 11.40 78.14
877Zn-13Mg 1.40 5.73 14.55 78.32
86Zn-14Mg ‘ 1.38 3.54 18.23 76.85

Fig. 3.8 EDS graphs of Zn-Mg thin film with the Mg composition
ratio (7.5~14% Mg, O, Much)
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T \\T

—=u—0
—o— Fe

—v— Zn

Mg

<
<

LA\
AL

7.5Mg 10Mg 11Mg 13Mg

Mg content (%)

Fig. 3.9 EDS analysis result of Zn—-Mg thin film with the Mg
composition ratio (7.5~14% Mg, O: Much)

Element

Fe+(Zn-Mg) Element(%)
Zn-Mg
thin film Graph O Fe Mg /n
92.5Zn-7.5Mg 0.31 2.05 8.95 88.69
90Zn-10Mg 0.59 3.65 11.68 | 84.08
89Zn-11Mg 0.35 2.69 13.65 | &83.31
7Zn-13Mg 0.15 2.51 1562 | 81.72
86Zn-14Mg 0.38 2.63 1865 | 78.34

Fig. 3.10 EDS graphs of Zn-Mg thin film with the Mg composition
ratio (7.5~14% Mg, O little)
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Fig. 3.11 EDS analysis result of Zn—-Mg thin film with the Mg
composition ratio (7.5~14% Mg, O little)
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Fig. 3.12 GDS analysis result of deposited Zn-Mg thin film
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Fig. 3.13 GDS analysis result of Zn—-Mg thin film deposited

in little oxygen atmosphere
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3.3.3 2tA& & EH71dA AR Zn-Mg 2o EX 24 4
(1) 27k e 297194 AF Zn-Mg W] E22A 24

2A el O7F B2 ZA5ol, Zn-Mg dtete] ¥ ¥ @i g g2 SEM
ow AL, Znol ek Mgél & S7bol whel where] Wsts EA st
ot Fig. 3.14= O} B2 9714 MgdaFulel o) 523 Zn-Mg
dhko]l 3 H g o] SEMARI S YER AL Aok Znoll tigk Mgo] ko]
s/hEE 2V 289 vAst B3-S vEbdTh B3 O7F Wol A
st Agol AL Zn-Mg #H Afol] Oy EAle] W FAdd wel vt
Falo] 2bale 2 AT O Be 49 2atEe 9d&Fo= 7Zn, Mg

o] ST &o] B =ddte Fo] FoEA Hi, SFaEHY oY &4
s YA (Qdes) 7t 2ok Al Skgdrol RAo] hRshE Alzte]l g A E T
ok, SEYA 09 Ajpol &s] dojuAl Har, SR YA 9
B Aol ofa FARTEHe FH 0] sk A Aot Einstein® #7124
< Tad Ha g AgE AdE 4 vk Einstein®] #AIA L x=v/
-Qd)/2kT], 714 a=x¥e] HZAY, Qdes=°old &3}

AU, Qd=FAFgat Hzol FAFo| YA, k=Bx7 £ T2z
FdET. A, SRS FaE A ol wEk dAydel &

3.1400 4 H &= vbe} o] 0.9 o] B2 A AAYAS] AV AA
el th olef e olf= RAxWY F4AA FA4E FeOSt £ sy

2= = ZHA A MgO¢ ZnOE 2 8Hukg-o]
dojup A sbstate] i AAH7] WEo R Al ET webs 3
A SRS mugite]l dtetAl Ao FTERFSEe] AAPA] A7V

m
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RECINEN) 7 5Mg 10Mg 11Mg 13Mg 14Mg

Classification

Morphology

pecimen

Classification

Morphology

Fig. 3.14 SEM surface morphology of Zn-Mg thin film with
the Mg composition ratio (7.5~14% Mg, O. much)

(2) a7t Ae A7 AFT Zn-Mg He BEZA 24

PVDWHol| & A9 Zn-MgrFate)
wE diulo]l AMuferAd xR, FW o

Aol AAH W, FHFL olg B oA o AAHD WA w

Ao Zn, MgZ2a4e] Eusite] Suspl dojubA slo] 27]e) 34

= AAARIe] AVE F Roz A} a3, Fig. 3.159 o] HF
AE S52489A9 A7e APaT B A gl AL whRt 4
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7ol A7 Atk webd EWlUAZL FE (W] WAHf&e] Frls)
A 3, Mgel G AAAE Fope Aow Ardn,

(3) Zn-Mg HHate] A BXRA 24

Fig. 3.16& Mgt 5710 weh A%t Zn-Mg Wotel QA4 29 2

)
I 2A AFMAA S vebar ol AbAol ko] @wo Ao AbAo 9o
A A9 ¥ BEXEZAE Mg stde S7bo uet g A4S Ho
Ik Ao ko] o Ao B¥xEXE wA FAbo uzt A AT
= A A

2ol AFMel ¥W FA% SEMO A3 f3tst
Mg®e] 3t S7tell wel A8 "ol nAst ==

pecimen

Classification

Morphology

pecimen

Classification

Morphology

Fig. 3.15 SEM images for top surface and cross section of evaporated
/n-Mg thin film with Mg composition ratio in little oxygen

atmosphere
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Specimen 75Mg 10Mg 11Mg 13Mg 14Mg
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Fig. 3.16 AFM images for top surface morphology of evaporated
Zn-Mg thin film with Mg composition ratio
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Fig. 3.25 Acoustic emission and normal load of 86Zn-14Mg
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Table 3.4 Critical load and acoustic emission of Zn-Mg thin film

after scratch test

Thin film )
Zn-Mg (O, much) Zn-Mg(O- little)
Mg content
92.5Zn-7.5Mg 3.98 8.25
90Zn-10Mg 4.61 8.48
897Zn-11Mg 475 3.85
87Zn-13Mg 7.73 9.15
86Zn-14Mg 8.45 9.17
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Table. 3.5 Relation of current density and polarization potential with

existence oxygen

0, existence

02 much O little
Ip Ipt Ep Epl Ip Ipt Ep EpL
2 2 2 2
Mg content (A/cm?) | (A/cm?) |(V/SSCE)|(V/SSCE)| (A/cm®) | (A/cm?) |(V/SSCE)|(V/SSCE)
75Mg 7x10° |25%x107° -0.71 | -0.39 [35x10°[1.5x10°| -0.72 | -0.40
10Mg 52x10°3(15x10°% -0.74 | -043 | 2x10° | 4x10* | -0.79 | -0.45
11Mg 35x10°% 7101 | -0.79 | 046 | 9x10* |2.7x10°*| -0.80 | -0.45
13Mg 2x10° |5.8x10°1| -0.81 | -048 | 810! [25x10*| -0.81 | -0.53
14Mg 1.5x107°[4.8x101| -0.82 | -053 [4.2x10*/15%x10*| -0.90 | -0.50
107 | 4 10?
o Ipt —_— C<J-\
£ b 5
< " 3
:,>: 7.5Mg | 4?
a P wn
GCJ 10° | 10Mg 7.5Mg 4 10° GCJ
) (@)
-oqc—; 11Mg13M914Mg g
ey 10Mg S
8 Mg I o
3Mg
104 = 14Mg - 10-4
O2 much O2 little

Mg content (%)

Fig. 3.37 Passive current density (Ip) and Pitting current density(Ipt) of

Zn-Mg thin film measured in dearated 3 % NaCl solution with

Mg content increase
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Fig. 3.38 Passive potential (Ep) and pitting potential (Ept) of Zn-Mg
thin film measured in dearated 3 % NaCl solution with Mg

content increase
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Fig. 4.2 Schematic diagram of vacuum evaporation apparatus
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Mg +e — [ Mg + e + hv
Mg +e — [Mg* + e -— (4.1)
Mg' + 2e
/n’ + 2e
/n +e — [ Zn + e + hv
/n" +e — { /n" + e -—— (42)
— Zn' + 2e

h : Planck’s constant, Vv : vibration number, * : excitation symbol

o] ¢} o], TLFE Znot Mg FEAY EAAtold] S =R o] A
sHAl Hol AL Zdh=viyl @44 wEkd ol d 2= Hd(glow
discharge) &%t (4.1), (42)4 ®Bu ¥ o] @43 3l o3 =Hof S
£Ql Zn, Mg U3 22 (4.3)¢] whg-2ol osix 31+ o] Zn-Mg &
e

Zn (vapour) + Mg (vapour)
— 7Zn" + Mg~ — Zn-Mg" (alloy) — Zn-Mg (solid) ——— (4.3)

[ — 7Zn" + Mg~ — Zn-Mg (solid)

AW Fyoz WA olud FEAA) QA FEWSA o8 2=
3 el wAStm AL FHepznpy

]_
= FAYA, haeh §7 Al st vhug @A .
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Table 4.1 Ionization energy of several elements

Element M= M+. . M M
Ionization energy (eV)

Fe 7.90 16.18
Mg 7.64 15.03
/n 9.20 21.56
Al 5.94 18.85
Ar 15.68 27.64
N 14.51 29.41
N> 15.8

O, 125
H-0 13.0

422 A48 A=
Ao AbgE FHFES 9999 % Zn, Mgoli, 71#e F7 1 mm<
SPCC ¥t Zdas AH&-3)

Dy
> lo
o HU
10 on
oo g
it 2
g -
i £~
ff_ o
o, oﬁ
i)
rob O
[ E‘
o i)
NOomE >

Table 4.2 Chemical compositions of evaporation metal and substrate specimen

(a) Evaporation metal : 99.99 % Al

Element C Mn P S Al

wt. % <0.12 <0.5 <0.04 <0.045 balance
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(b) Evaporation metal : 99.99 % Zn

Element Cd Fe Pb Sn 7n
PPM <20 <5 <30 <10 balance

(c) Evaporation metal : 99.99 % Mg

Element| Mn Al Fe Si Ca Cu Na Mg
PPM <20 | <10 <5 <5 <5 <5 <5 balance

(d) Substrate specimen : Cold-rolled steel(SPCC)

Element C Mn P S Si Fe
PPM <0.02 <0.5 <0.04 <0.045 - balance

SPCCAARE AAe ¥4 St EUS Budn} o
g AgEe AW AAde FFsn ATAME Asskch AT

AW = 2EE EZ(rotary pump)dll 23] 1x107° Torr77}7<] v 7] k% 1A 7F

o]} oA b B E(diffusion pump)dl 93 1x10° Torr7bA Z53]
71 sk Bt Aze)] o8] FRE wizlE AFAME Ar 7baE 110

ol

Torr7FA] =4 38te] o] wHI=HE ZFZYd(jon bombardment cleaning)<
AA AT olw, Y#y S 7Y Abolol= -600Ve] Hiolobx Kt
AN7FFo =M o] FutEHE JF2ds 301 AAstdn. 1ea, S
&3 7139 ol FHlE = e $, Arvbzol 7l 319
=8 59 A7 g AFANE 1x10° Torr7bA FE3] H)7] 0}9
1e]a, Table 4.3°] Wbl AAH Z4zho] Szl wpe} nfojopx A
4 3= 2710E WA 7EA Zn-Mg 9ehS A #skAdth Zn-Mg S %)
o T2 T =UVHUE EeMe Tads 83 ddete F3xd
wel Zn-Mg v Azl Al ZE Zn-Mge ZH e oA stE 9 &)
A RFZAHY R 13107 Torre] AF FHE 247 A% {4
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Table 4.3 Deposition conditions of (Zn-Mg)/Al thin films

Condition Bias V.| Inlet | Vacuum Mg Zn—Mg Deposition | Schematic
(V) as (Torr) content | thickness time(min.) | diagram
Substrate g (wt. %) (zm)
75 3.58
10 3.95
Zn-Mg(2.1~4.2 ym)
SPCC 0 Ar 5x10°* 11 2.87 5 Al(;)'7“m)
13 2.15
14 417

424 Al F7+% A Zn-Mg ¥tdhe] E4 BX 9 g7}
(1) Al $7+% A Zn-Mg vtete] W A YA B4

(Zn-Mg)/Al Btete] 24445 w4sty] fste] FAYE dAd v 3 (SEM,

Scanning electron microscope, Hitach S-4200, 72 MAX : x300,000)°] %

Z+¥l EDS(Energy Dispersive X-ray spectroscopy)= ©]&3fo] £4& AA

shech

AdolAM AAE (Zn-Mg)/Al BFere] 9 5 dwe] Ex e aE

1— 1=

FALE AAEA v 2 (SEM, model : Hitach @ JSM-840A)C. 2 slett. zHzte]

-

Az0] wel AFE (Zn-Mg)/Al wHete] vy BEe e A4

[.

N
ol
o
i)
a3

2w
Sh

1

ol

ol

8

o
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(3) Al $3%F & Zn-Mg 949 AAFZE 4

(Zn-Mg)/Al vtete] AR x5 EAsta, 28 FAd S siAstr] «aiA
XA A ZAE ol &ttt T2 552 Zn 2 Mg¥o 553 39gE &
S 9 R e 712 HR-XRD(High resolution X-ray diffraction)
ilé%il% ol g3te] A stdtt. XRD9| Rd2 HU9 Bruker AXS D8
advanceE ©]|£3}9 1, X-ray tube?] U7FE ==& 16 kWE & th XA
2 Cu ka® &AH393, 8= K-BE )Y, FAFS == 0.02 sec/step, 2

09 H$l= 30~50°= &kt

o
-

(4) Al T3 & Zn-Mg o] 233 37}

7133t wpdy Apole] "S54 HIEE AsiM CSEM JRST022 Rde] %
A& ol &3ste, 2adA Alds AAsiinh 2&E F7k= 0~10 N9| 85
= 0~-8 mm7HA dASHA QI7bkstal, grojoltE 9fxke] olg &k 0.1

mm/sec® sl hAe] QFEel mME s Gy, ol Fultt SFAE, v

(5) Al T3 & Zn-Mg 9o W4 EA H7t

A718std WA EA H7ME fsiA vl g AHGamry  instruments) 9]
CMS100 T8 FAA2ds o]§ste =5 SAHUH F&A4FY 4
FEFE Lgste] ArrtaE F338 g@7)g $ 3 % NaCl 78 e 141t
o A3t HA4S Attt =X (polarization cel)= %
A= (working electrode)® =291
i, 7leEdsgo2e 2/9382 d=(silver-silver chloride electrode,
SSCE)¢] 3d =415 ol&stith FAIS =S 1 mV/s®E ol 59 A%
2 005 V~15 V= Q7tstslv. 548 AdH2 7F= A2 1 ecm x 1 cm
& Adsto] o FA FA R nEE ) S5

b

off
a VI

(counter electrode)ll

ol
8 _ILJ

_1
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Step 1 : Film growth on substrate
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Step 2 : Transport from source to substrate
o* o* o*

o*
0% o* o*
Step 1 : Creation of deposition
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‘ Source of film material \

Fig. 4.3 Thin film formation procedures of PVD method
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Al+(89Zn-11Mg) 1.91 14.66 0.24 383.19
Al+(87Zn-13Mg) 2.12 16.33 0.09 31.46
Al+(86Zn-14Mg) 0.96 20.36 0.07 78.61

Fig. 4.4 EDS graphs of (Zn-Mg)/Al thin film inserted Al interlayer
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Top

surface
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Image
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Fig. 4.6 SEM photographs for top surface and cross section of Zn-Mg
thin films at Mg/Zn ratio with Al interlayer
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. Cluster particle 1 Cluster particle 2 Cluster particle 3
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Crystal particle

EDS image

Surface morphology

EDS image

Fig. 4.7 EDS analysis of cluster particle and surface morphology
with Mg content
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Fig. 4.8 EDS analysis of surface morphology by grain size
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Fig. 4.9 EDS analysis of surface morphology by grain size(Al, O-)
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(a) Increase of adsorption activity

(b) Effect of temporary vacuum improvement

Fig. 4.10 Increase of adsorption activity and effect of temporary

vacuum improvement with Mg/Zn content increase
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Fig. 4.11 SEM morphology for formation mechanism

of (Zn-Mg)/Al
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Fig. 4.12 Comparative analysis of Fe substrate morphology and
Al/Fe substrate morphology
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Fig. 4.14 Intermetallic compound share of Zn-Mg alloy thin films

at various Mg/Zn ratio with Al interlayer
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Fig. 4.15 Change of d-value on (002) on (101) plane of Zn-Mg thin film
at various Mg/Zn ratio with existence and nonexistence Al

interlayer
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Fig. 4.17 (002)/(101) relative intensity of Zn-Mg thin film alloy thin

films at various Mg/Zn ratio with Al interlayer
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Fig. 4.18 Scratch channel of Zn—-Mg thin film with Al interlayer
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Fig. 4.29 Anodic polarization curves of (Zn-Mg)/Al thin film measured
in dearated 3% NaCl solution with Mg content increase
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52.1 DC =¥ HH 9 dFZXA

£ Ago] AlgH DC =78y gule HAd 29 1 kWE YHERUE Ao
24 7)Fo = wlolola A 1 kV, AF 2 AZA QA7 & JmE A

At dYFx+= SDC-serie plasma source©] iz, H-3fol whel Axe A

A, BASE Ao7E st Al e & 99 IGBTE A5t

SMPS control ¥ 43 3= (linear feed back) W] o2 AA S} Zn,

Mgutelt A28 DC 23 HE A9 defx, Ay 2 AES ¥as

Fig. 5.1¢1 Yefuigich 1342+ 13380, 22 gz, kg z g

AAH, DC 8w 2 AojAE, #d WAE& d47A%F, Ar, Ny 7F=%9]
o

H
AA o2 s i, 7dE B8] we Sdd ¢

gA g 7
A== AA A
EAcy

AW e ZEE ¥ 3Z(rotaray pump)E ©]-83te] o719 ~1x10" Torr
A w71E $o9la, gk 3 Z(diffusion pump)E ©]&38ke] 1x10 °~1x10"°
Torr7b A Qg 717} 7bsatddeh. AF@ A AE 1x10 744 Ao 7153
AW EZ A o] A (convectron gague)®t 1x10 ' ~1x10" Torr7tA ZH o] 7%
g o]& Alo|A(ion gauge)E AF&SUth. HW UF 2o Jta =2

MFC(mass flow controller) ¥ GFC(gas flow controller)S A}-&3%]aL,

¢

ki

Ay = 7 FE#S 0.1 scem(standard cc per minute) @9 7HA] A o] JtE
stET A Fase e 247 400 seceme 2 A gt

Fig. 519 Zn, Mg =% A28 DC ~HHTY A9 MefoA] e
AAT Eepz=ute] Aol Zn Bbdro]l 7|dte] F2EE dEe g 2
ot BHE HE U2 7t~ MFCE Fshe AMui2 f9dskA #ct g
Ao DCHAS A7Febd 7133} Al Apolol| EHepz=uprp MAlstaL Arzk2
= Yolo g o]23 Hu olw Ar/lAE Zn BHA W FE3}aL, Zn
B4 Z4do] gtow wHojuel ()& rte SPCC Zatol 3384 ®h
Fig. 5.2+ Zns@ryd=xte] 2443t 2 ol23to] g A& AW A=A,

DC A9S& eAleo] #&FH &5 &t (cathodic holder)ell A7FetdA dx A} (e)
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(a) Schematic diagram of DC sputtering (b) Vacuum chamber and control box
apparatus of DC sputtering apparatus

Fig. 5.1 Schematic diagram and vacuum chamber of DC sputtering

apparatus

- 119 -



nt + e

/n + e collision |7 Zn + hvy
Zn* L Zn*

nt + e

[h I Planck’s constant, v : vibration number, * : excitation symbol ]

Fig 5.2 Ionization and activation state of Zn evaporation particle

Mgt + e

Mg + e collision Mg + hv

Mg* Mg*

Mgt + e

[h > Planck’s constant, v : vibration number, * : excitation symbol ]

Fig 5.3 Ionization and activation state of Mg evaporation particle
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Table 5.1 Ionization energy of several elements

M — M’ M — M*
Element
Tonization energy (eV)
Fe 7.90 16.18
Zn 9.20 21.56
Mg 7.64 15.03
Al 594 18.85
Ar 15.68 27.64
N 14.51 29.41
No 15.8
O 12.5
H>0O 13.0

522 4% A=

DC =3 EHHol| A5 = AlgdHL ElZ(target) 7] F(substrate) &2 -
g+ olth. Fig. 54°] Yetbd AAH BAS=Z A& Zn, Mg, Al A E
o] A4 R)# F7(Th)E 4" Dia x 1/4” Tho]il, Table 5.2 el A
A7 Zn, Mg, ANEH At A4 FAWME 635mm, TS
88.03g¢l A1FHS ALg3lgith Table 5.3 28 A PA SPCCH A}
Zn, Mg, Al g4l dist 334 =4S Yegddeh. Zn, Mg, Al ¢%
99.99%9] ¢k ERAS AMEEEA, € AlFEHS T lmmel Wt
A% I(SPCC, JIS 3141)= Ar&stsint. S2H8 AlgddS 7F=, A2 30x702
2 Adste] W AnpA R #400~#20007H4 =xH oz dAntE sh9d

= o] (sand papper)E A7 0.6 mm, 0.1 me LFuHALOs)EZS
o] &3l TAE APHS AHAnt sFAATE FAE AlFAA = AbstE

A

r’l

Fo mo r
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AE o Ldedol FAH oM oHTd Ew=es AASA @il
=

=z HH ZEE B, HAA A olA(are) B 52 A Mol
WAl S A fTh weba] o)k 7o EAALS A AT YA 2R Fo 0%
FARAZE oA E, dFo| 7+7F 30EA 289 AFHE Flo] EEES AAG

ok AHE BFE AT

Rl £
Aok ZEE FxE ol gste] AF AW -2 1x10° Torr7HA|

=9 Ar7bAaE FYsto] 5x10° Torre] IF=2 F43T F, 100 Wel DC
9= 2021 A 9 &i}% ﬂ]ﬂi 218l M (shutter) S &2 A H

stk 1Ea, B xHoeR
BE FAYL EEES A7 °-6H A UHe 2d=ds 2 F
Zof st HEZE o]lgslte iyl AFTh o] BHIEWE  Z¥]Yd(ion

AW 57 scemABEY Ar7tx

F913ke] 5x10° Torre] AEEE A4 F, wpololz AHe -300 V, AF
= 650 mAE FH3MY 2083 13 2 S AlgHd die) s 9 o

Q24 AA 4944 Srh Table 54% Znwnte Aza] We) =a
i

bombardment cleaning)#1S Y& %

Y ¥, AFAME 1x10°
14 = . Table 55, Table 5.6 Zn,
Mg vtete] =228 el Ao 24, Ar7bAE 90 scemSs FY st
TAW Yo WFEE 5x10" TorrZ HE g, DC 9§ E 500 W 17}
o] 2087t Zn =&YS A AT, =S Ar7FAE 45 secemS YL
AW YEe AFEE 5x10° TorrZ 3] Zn, Mg =298 A 2319
i, Ar 7}2E 20scemS FYEE T AFAW YR AFTEE 5¢10° Torr®

sto] Zn, Mg SH7e A3 o9 2L WPo Zn ST SPCC
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Zn, Mg #he Als Foli 21374

A FE R 2A3F EF Al BAstE A st

(a) Zn target (b) Mg target (c) Al target

Fig 5.4 Shape of Zn, Mg, Al target for DC sputter

Table 5.2 Measurement result of Zn, Mg, Al target

Classification t to t3 ty R Weight

Size 6.35mm | 6.3omm | 6.35mm | 6.35mm | 101.50mm | 88.03g
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Table 5.3 Chemical compositions of evaporation metal and substrate

specimen

(a) Evaporation metal : 99.99% Zn

Element Cd Fe Pb Sn /n
PPM <20 <5 <30 <10 balance
(b) Evaporation metal : 99.99% Mg

Element | Mn Al Fe Si Ca Cu Na Mg
PPM <20 <10 <5 <5 <5 <5 <5 balance

(c) Evaporation metal : 99.99% Al

Element C Mn P S Al
wt. % <0.12 <0.5 <0.04 <0.045 balance
(d) Substrate specimen : Cold-rolled steel(SPCC)

Element C Mn ‘7 S Si Fe
Wt.% <0.12 <05 <0.04 <0.045 - balance

Table 5.4 Pre-sputter and bombardment cleaning parameters of Zn, Mg

thin film on the substrates

Pre-sputter for target Bombardment cleaning for substrate

S, Ar Gas | Power | Vacum | Time |Ar Gas| Bias |Current| Vacum | Time
(Scem) | (W) | (Torr) | (min) | (Scem) | (V) (mA) | (Torr) | (min)

57 100 20 57 -300 650 20

57 | 100 |5x10°| 20 | 57 | -300 | 650 |5x10°| 20

57 100 20 57 -300 650 20

o7 100 20 57 -300 650 20

SPCC | 57 | 100 |5x<10°| 20 | 57 | -300 | 650 |5x107%| 20

o7 100 20 o7 -300 630 20

57 100 20 57 -300 650 20

57 | 100 |5x10°| 20 | 57 | -300 | 650 [5x10°%| 20

o7 100 20 57 -300 6950 20
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Table 5.5

Sputter parameters of Zn thin film on the substrates

Sputter for substrate

Sub. Bias | Vacum | Ar Gas | Power |Voltage|Current| Time Schematic
(V) (Torr) | (Scem) (W) (V) (mA) |(min) diagram
5x107" | 90/400 500 242 1658 | 20
-200 | 5x107% | 45/400 500 305 1680 | 20 lj:
5x10° | 20/400 500 349 1430 | 20
5x107" | 90/400 500 242 1658 | 20 =
SPCC -200 | 5107 | 45/400 500 305 1680 | 20 AL
5x10° | 20/400 500 349 1430 | 20 -
5x10" | 90/400 500 242 1658 | 20 =
=200 | 5x107% | 45/400 500 305 1680 | 20 Mg
5x10° | 20/400 500 349 1430 | 20 =

Table 5.6 Sputter parameters of Mg thin film on the substrates

Sputter for substrate

STl Bias | Vacum | Ar Gas | Power |Voltage|Current| Time Schematic
(V) (Torr) | (Sccm) (W) (V) (mA) |(min) diagram
5x10°" 90/400 500 269 1870 20
-200 | 5x10° 45/400 500 288 1720 20 l:j
5x107° 20/400 500 328 1580 20
5x10°" 90/400 500 269 1870 20 =
SPCC | -200 | 5x10% | 45/400 | 500 | 288 | 1720 | 20 a
5x107° 20/400 500 328 1580 20 =
5x10°" 90/400 500 269 1870 20 =
-200 | 5x10°* 45/400 500 288 1720 20 in
5x107° 20/400 500 328 1580 20
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Substrate & Target

/Zn target /Zn target

Zn plasma Ion bombardment Zn plasma

Fig. 5.5 Plasma photograph of Zn target by DC sputter

Mg plasma Ion bombardment Mg plasma

Fig. 5.6 Plasma photograph of Mg target by DC sputter
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o Ar gas Element(%) _
Thin film Schematic
pressure O 7n Al | Mg
) 0 | 379 | 9621 - -
X
5x10 X | - |10 | - -
5 O | 452 | 9548 | - - In
e . .
Fe+Zn 5x10 X - 00 - - N
2108 o | 623 | w77 | - -
X
X | - | 100 | - -
) 0 | 267 | 9468 | 265 | -
5x10
X | - |80 620 - -
,2 O | 954 | 8425 | 621 | - o
+Al+ X
FerAl+Zn | 5x10 X | - |8079 1921 - ;
e
5107 0 | 1087 | 8063 | 850 | -
X
x | - |sr17 | 283] -
) 0 | 252 [ 8748 | - | 1000
5x10
X | - |2 | - | am o
,2 O | 548 | 8138 | - | 1314 T
X
FetMg+Zn|  5x10 X | - [eo2| - | 1088 .
210" O | 83 | 7965 - | 1199 ’
X
X | - |82t | - |1179

Fig. 5.7 EDS graphs of Zn thin film deposited at various Ar gas

pressure in bias voltage -200 V

100 T T T 0
- @@
95 | Y .\ 45
n
—~ 90} —410
2
=
= 85 ° —415
N \
—Hl—Ar, Zn )
80 | —e—Ar Altzn 720
Ar, Mg+Zn
75 T T T 25
5x10™" 5x107? 5x107°

Ar gas pressure ( Torr)

O (Wt %)

Fig. 5.8 EDS analysis result of Zn thin film deposited at various

Ar gas pressure in bias voltage -200 V
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Fig. 5.9 EDS graphs of Mg thin film deposited at various Ar gas

pressures in bias voltage 200 V
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Fig. 5.10 EDS analysis result of Mg thin film deposited at various

Ar gas pressures in bias voltage -200 V
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Classif.
Ar gas Top surface Cross section
press.

510" Torr

5x10% Torr

5x10° Torr

(a) Bias voltage : -200 V

Fig. 5.11 SEM photographs for top surface and cross section of Zn thin
film deposited at different Ar gas pressures on SPCC substrate

- 136 -



Classif.
Ar gas Top surface Cross section
press.

510" Torr

5x10% Torr

5x10° Torr

(a) Bias voltage : -200 V
Fig. 5.12 SEM photographs for top surface and cross section of Zn/Al

thin film deposited at different Ar gas pressures on Al

interlayer
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Classif.
Ar gas Top surface Cross section
press.

510" Torr

5x10% Torr

5x10° Torr

(a) Bias voltage : -200 V
Fig. 5.13 SEM photographs for top surface and cross section of Zn/Mg

thin film deposited at different Ar gas pressures on Mg

interlayer
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Ar gas
Biass | 5x10" Torr 510 Torr 5x10° Torr

voltage

/n

Zn/Al

7n/Mg

Fig. 5.14 SEM photographs for surface morphology of Zn thin film deposited

at various Ar gas pressures in bias voltage —200V
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Ar gas
ress. -1
Bias 5x10 ° Torr

voltage

/n

7Zn/Al

7Zn/Mg

Fig. 5.15 SEM photographs for cross section morphology of Zn thin film

deposited at various Ar gas pressures in bias voltage -200 V
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Fig. 5.16 Grain size of Zn thin film deposited at various Ar gas

pressures in bias voltage -200 V
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Fig. 5.17 Cross section thickness of Zn thin film deposited at

various Ar gas pressures in bias voltage 200 V
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Classif.
Ar gas Top surface Cross section
press.

510" Torr

5x10% Torr

5x10° Torr

(a) Bias voltage : -200 V

Fig. 5.18 SEM photographs for top surface and cross section of Mg thin
film deposited at different Ar gas pressures on SPCC substrate
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Classif.
Ar gas Top surface Cross section
press.

510" Torr

5x10% Torr

5x10° Torr

3pm

(a) Bias voltage : -200 V

Fig. 5.19 SEM photographs for top surface and cross section of Mg/Al
thin film deposited at different Ar gas pressures on Al

interlayer
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Classif.

Ar gas
press.

Top surface

Cross section

510" Torr

5x10% Torr

5x10° Torr

Fig. 5.20 SEM photographs for top surface and cross section of Mg/Zn

(a) Bias voltage :

thin film deposited at different Ar gas pressures on Zn

interlayer
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Ar gas
BiaiCS™ 5x10°" Torr 510" Torr 5x10"" Torr
voltage

Mg
Mg/Al
N ...
3
Ml

Fig. 5.21 SEM photographs for surface morphology of Mg thin film deposited

at various Ar gas pressures in bias voltage -200 V
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Ar gas
BiaiCS™ 5x10°" Torr 510" Torr 5x10"" Torr
voltage

Mg

Mg/Al

Mg/Zn

Fig. 5.22 SEM photographs for cross section morphology of Mg thin film

deposited at various Ar gas pressures in bias voltage -200 V
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Fig. 5.23 Grain size of Mg thin film deposited at various

Ar gas pressures in bias voltage -200 V
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Fig. 5.24 Cross section thickness of Mg thin film deposited at various

Ar gas pressures in bias voltage —200 V
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Table 5.7 Surface free energy of Zn

Surface free energy, y
Crystal face
298 K 373 K 473 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

N
P
Z

: 6.02x10 ® number/mol (Avogadro number),
: Number of the bond Uc : Cohesive energy,

: Coordination number,

AS : Mean surface area of an atom

(b) (110)plane

DN
D\

SRR

.

(d) (101)plane

—A.‘\\\\\\\\\\\\\\\\\
N

(c) (002)plane

Fig. 5.25 Geometry of crystallographic planes for the hexagonal

7Zn lattice
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/

(002)

Fig. 5.26 Schematic illustration showing (101), (100) and (002) surface of

hexagonal structure
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Fig. 5.27 HR-XRD diffraction patterns of Zn thin film deposited

at various Ar gas pressures on SPCC substrate
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Fig. 5.28 Intensity on HR-XRD diffraction patterns of Zn thin film

deposited at various Ar gas pressures on SPCC substrate
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Fig. 5.29 HR-XRD diffraction patterns of Zn/Al thin film deposited

at various Ar gas pressures on Al interlayer
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Fig. 5.30 Intensity on HR-XRD diffraction patterns of Zn/Al thin film

deposited at various Ar gas pressures on Al interlayer
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Fig. 5.35 HR-XRD diffraction patterns of Mg thin film deposited

at various Ar gas pressures on SPCC substrate
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Table 5.8 Relation between vapour-pressure and temperature of Mg

Noy 9 3 4 5 6 7 8
Classification
Pre.(Torr) | 1x10™ | 1x10% | 1x107 | 1x10°® | 1x10" | 1x10° | 1x10™ | 1x10*
Temp.(TC) 115 137 159 185 214 246 282 327
N 9 10 11 12 13 14 15 16
Classification
Pre.(Torr) 1x107 | 1x10% | 1x10" | 1x10° | 1x10' | 1x10* | 1x10® | 1x10*
Temp.(C) 377 439 509 605 727 897 1127 1321
7x10" T T T T T T T T T
1 — -—
410 \ —m— Vapour pressure of Mg\
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Fig. 5.43 Relation between vapour pressure and temperature on Mg
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Fig. 5.44 Adhesion properties of Zn series thin film deposited at various Ar

gas pressures on SPCC substrate as results of scratch test
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Fig. 5.48 Acoustic emission signals and frictional road of Zn thin film
deposited at various Ar gas pressure on SPCC substrate as
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188k Fef=nt &3kl Zn, Mg Ul ST
3, 4% AEste] Fig. 6.49 o] Zn-Mge MZ =
e 7Znot Mg JAE Zn', Mg & o715 Ay, Zn-Mg”

317} o] Folx Zn-Mg ®teto] FAd€th Hdh Zn ¢ Mg = ©]
>3} o] Zn-Mg ®l9o] A H7|%= 3t} Table. 6.1 T8 TH0=
AHEE Zn, Mgoll thek o] 23 ouvAE YEd Aoz Zno o]23} o
UAl&= 122 920 eV, 232 2156 eVel Ay A7k dastth, Mge] o] &3}
AUA= 1232 764 eV, 2342 1503 eVe U7} Wastth =, Znwth
© Mgel A ol=38 = Aol Uvh o3t % FA43tHE Zn, Mg 7]
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o) gt IS A Zn, Mg A= 713 FWel SFshA dAvh w3 7]
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e S/P7IEE FEEd

——
[FT]

(a) Schematic diagram of DC sputtering apparatus (b) Vacuum chamber of DC

sputtering apparatus

Fig. 6.1 Schematic diagram and vacuum chamber of DC sputtering

apparatus for Zn-Mg thin film
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Mg + e collision

Mg*

,— Mg + hv

¥

[ h : Planck's constant. v : vibration number. * :excitation symbol

]

Fig 6.2 Ionization and activation state of Mg evaporation particle

Zn + e collision I—’

1 Zn + hy

Zn*

|7

[ h - Planck's constant, v : vibration number. * : excitation symbol

Fig 6.3 Ionization and activation state of Zn evaporation particle
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Zn (vapour)+ Mg(vapour)

\ 4

Zn (vapour)+ Mg(vapour)

Zn* + Mg*

7n - Mg (alloy)

Zn - Mg (sclid)
N

Znt + Mg*
 —

Zn - Mg (solid)

[ h : Planck's constant, v : vibration number,

* [ excitation symbol ]

Fig 6.4 Ionization and activation state of Zn—-Mg evaporation particle

Table 6.1 Ionization energy of several elements

M — M M — M”
Element
Tonization energy (eV)
Fe 7.90 16.18
Zn 9.20 21.56
Mg 7.64 15.03
Al 5.94 18.85
Ar 15.68 27.64
N 14.51 29.41
N, 15.8
Oy 12.5
H>0O 13.0
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Table 6.2 Measurement result of Zn, Mg, Al target

Classification

t

to

t3

s

R

Weight

Size

6.35mm

6.35mm

6.35mm

6.35mm

101.55mm | 88.03g

Table 6.3 Chemical compositions of evaporation metal and substrate specimen

(a) Evaporation metal : 99.99 % Zn

Element Cd Fe Pb Sn /n
PPM <20 <5 <30 <10 balance
(b) Evaporation metal : 99.99 % Mg

Element | Mn Al Fe Si Ca Cu Na Mg
PPM <20 <10 <5 <5 <5 <5 <H balance

(c) Evaporation metal : 99.99% Al

Element C Mn P S Al
wt. % <0.12 <0.5 <0.04 <0.045 balance
(d) Substrate specimen : Cold-rolled steel(SPCC)

Element C Mn P S Si Fe
Wt.% <0.12 <0.5 <0.04 <0.045 - balance

- 217 -




Table 6.4 Pre—sputter and bombardment cleaning parameters of Zn, Mg

thin film on the substrates

Pre-sputter for target

Bombardment cleaning for substrate

o Ar Gas| Power | Vacum | Time |Ar Gas| Bias |Current| Vacum | Time
(Scem) | (W) (Torr) | (min) | (Sccm) | (V) (mA) | (Torr) | (min)

57 100 20 57 -300 | 650 20

57 100 |5x10° ] 20 57 | -300 | 650 |5x10° | 20

57 100 20 57 -300 | 650 20

57 100 20 57 -300 | 650 20

SPCC 57 100 | 5x10% | 20 57 -300 | 650 | 5x10% | 20

57 100 20 57 -300 | 650 20

57 100 20 57 -300 | 650 20

57 100 | 5x10° | 20 57 -300 650 | 5x107% | 20

57 100 20 57 -300 | 650 20
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Table 6.5 Sputter parameters of Zn—-Mg thin film on the substrates

Conditi
on 11OnBias V.| Vacuum | Ar Gas e power(W) Deposited Schematic
(V) (Torr) | (Scem) Left Right time(min) diagram
Substrate (Zn) (Mg)
40
5x10"! 90 400 60
80
40
In-Mg
SPCC -200 5x1077 49 400 60 30 .
e
80
40
5x10°° 33 400 60
80

Table 6.6 Sputter

parameters of (Zn-Mg)/Al thin film on the substrates

Condition| . DC power(W) ) .
Bias V. | Vacuum | Ar Gas Deposited Schematic
(V) (Torr) | (Scem) | A3 Left | Right | {ime(min) diagram
Substrate (Zn) | (Mg)
40
5x10" 90 200 | 400 60
80
40 Zn-Mg
SPCC 200 | 5%10% | 49 | 200 | 400 | 60 30 Al
Fe
30
40
5x10° 33 200 | 400 | 60
30
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) ) Ar gas Element(%) .
Thin film Graph Schematic
pressure O 7n Al | Mg
. O | 229 | 87755 | - 9.96
1
X
5x10 X - | 805| - |139%
9570-15Ma|  5x10°2 O | 522 | 1002 | - | 8476 ]
n g X - |89 | - | 1401 Fe
£x10° O | 738 | 7712 | - | 1550
X - | 8357 | - | 1643
O | 317 | 9014 | - 6.69
-1
X
5x10 X - | 9237 | - 7.63
. O | 883 | 8377 | - 7.40 Zn-Mg
27n-8M %102
92Zn-8Mg | 5x10 X - | 9226 | - 774 Fe
ex 1078 O | 962 | 8115 | - 9.23
X - | 9056 | - 9.44
O | 774 | 8975 | - 251
-1
X
5x10 X - | 483 | - 5.17
n-Mg
) O | 1147 | 8374 | - 479
95Zn-5M %1072
g| 5410 X - | 9430 | - 5.70 Fe
5x10° O | 2302|7403 | - 2.95
X - 9395 - 6.05
Fig. 6.6 EDS graphs of Zn-Mg thin film deposited at various Ar gas

pressures in bias voltage —200 V

100 ; ; ; 0
—ml— Ar, 86Zn-14Mg
—@— Ar, 92Zn-8Mg
Ar, 95Zn-5Mg
95 | 45
— L ° °
R
< 90 410
=
[
N
| | | |
85 |- \ {15
| |
80 ; ; ; 20
5x107" 5x107? 5x107°

Ar gas pressure ( Torr)

Mg ( Wt. % )

Fig. 6.7 EDS analysis result of Zn—-Mg thin film deposited at various

Ar gas pressures in bias voltage —200 V
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Graph

o Ar gas
Thin film
pressure
5%10 !
(85Zn-15M
n15Me)l o
/Al
5%107°
5%10!
927n-8M
(9220-8M) | 10
/Al
5x107°
5%10!
(95Zn-5Mg)
&1 5410
/Al
5%10°

Element(%)

Schematic
O Zn | Al | Mg
O |808] 8.09 | 255 | 9.28
X - 86.29 - 13.71 Zn-Mg
O 1939 7839 | 271 | 951 AL
X = 85.65 = 14.35
Fe
O (1252 76.17 | 2.21 | 9.10
X = 83.79 = 16.21
O |748] 8362 | 262 | 6.28
X - 92.72 - 7.28 Zn-Mg
O 954 80.73 | 245 | 7.28 Al
X = 90.49 = 9.51
Fe
O [14.66| 7648 | 2.85 | 6.01
X = 90.08 = 9.92
O [799| 854 | 262 | 3.85
X = 95.03 = 4.97 7n Mg
O 1962 84.17 | 267 | 354 Al
X = 94.79 = 5.21
Fe
O [11.23| 82.26 | 3.14 | 3.37
X = 94.09 = 591

Fig. 6.8 EDS graphs of (Zn-Mg)/Al thin film

gas pressures in bias voltage -200 V

100

Zn (At %)

—B— Ar, (95Zn-5Mg)/Al
—0— Ar, (92Zn-8Mg)/Al
Ar, (86Zn-14Mg)/Al

80

T T T
5x107" 5x1

T T
02 5x107°

Ar gas pressure ( Torr)

0
5
<
10 %
>
=
15
20

deposited at various Ar

Fig. 6.9 EDS analysis result of (Zn-Mg)/Al thin film deposited at

various Ar gas pressures in bias voltage —200 V
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of gt olsrE UHAStE ANE JHH A Hvh weps o PR
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Classif.
Ar gas Top surface Cross section
press.

5x10" Torr
(86.05Zn-13.95Mg)

5x10 % Torr
(85.99Zn-14.01Mg)

5x10° Torr
(83.57Zn-16.43Mg)

(a) Bias voltage : -200 V

Fig. 6.11 SEM photographs for top surface of 86Zn-14Mg thin films
deposited at different Ar gas pressures on SPCC substrate
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Classif.
Ar ga Top surface Cross section
press.

5x10" Torr
(92.37Zn-7.63Mg)

5x10% Torr
(92.267Zn-7.74Mg)

5x10° Torr
(90.56Zn-9.44Mg)

(a) Bias voltage : -200 V

Fig. 6.12 SEM photographs for top surface of 927Zn-8Mg thin films
deposited at different Ar gas pressures on SPCC substrate
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Classif.
Ar ga Top surface Cross section
press.

5<10 ' Torr
(94.83Zn-5.17Mg) ||&

5x10°% Torr
(94.30Zn-5.70Mg)

5x10° Torr
(93.95Zn-6.056Mg)

(a) Bias voltage : -200 V

Fig. 6.13 SEM photographs for top surface of 95Zn-5Mg thin films
deposited at different Ar gas pressures on SPCC substrate
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Ar gas
Bias DIess. 5x10°! Torr 5x10°2 Torr 5x10° Torr
voltage

867Zn-14Mg

927Zn-8Mg

95Zn-5Mg |\

Fig. 6.14 SEM photographs for top surface of Zn-Mg thin film deposited

at various Ar gas pressures on SPCC substrate
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Ar gas
Bias Dress. 5x10" Torr 5x10 % Torr 5x10 Torr
voltage

867Zn-14Mg

927Zn-8Mg

95Zn-5Mg

Fig. 6.15 SEM photographs for cross section of Zn-Mg thin film

deposited at various Ar gas pressures on SPCC substrate
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| —m—Ar, 95Zn-5Mg .
351 | —e—Ar, 92Zn-8Mg 7
H Ar, 86Zn-14Mg
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3
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§ 201 -
(D L
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| .74' ]
10 F -
|
05 1 L 1 L 1 L 1 L 1
5x107 5x107° 5x107°

Ar gas pressure ( Torr)

Fig. 6.16 Grain size of Zn-Mg thin film deposited at various

Ar gas pressures in bias voltage —200 V

4.0 , . , . ,

—m— Ar, 95Zn-5Mg u
3.5 - —e— Ar, 92Zn-8Mg ]
F Ar, 86Zn-14Mg

3.0 |- -

25 -

1.5 -

Cross section thickness (#m)

1.0 |- -

0_5 1 N 1 N 1 N 1 N 1
5x10™" 5x1072 5x107°

Ar gas pressure ( Torr)

Fig. 6.17 Cross section thickness of Zn-Mg thin film deposited

at various Ar gas pressures in bias voltage -200V
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Classif.
Ar gas Top surface Cross section
press.

5x10" Torr
(86.29Zn-13.71Mg)
/Al

5x10 % Torr
(85.65Zn-14.35Mg)
/Al

5x10° Torr
(83.79Zn-16.21Mg)
/Al

(a) Bias voltage : -200 V

Fig. 6.18 SEM photographs for top surface of (86Zn-14Mg)/Al thin film
deposited at different Ar gas pressures on SPCC substrate
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Classif.

Ar gas
press.

Top surface

Cross section

5x10" Torr
(92.72Zn-7.28Mg)
/Al

5x10% Torr
(90.49Zn-9.51Mg)
/Al

[=re————]

5x10° Torr
(90.08Zn-9.92Mg)
/Al

Fig. 6.19 SEM photographs for top surface of (92Zn-8Mg)/Al thin films

Bias voltage :

deposited at different Ar gas pressures on SPCC substrate
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Classif.

Ar gas
press.

Top surface

Cross section

5x10" Torr
(95.03Zn-4.97Mg)
/Al

5x10% Torr
(94.79Zn-5.21Mg)
/Al

5x10° Torr
(94.09Zn-5.91Mg)
/Al

Fig. 6.20 SEM photographs for top surface of (95Zn-5Mg)/Al thin films
deposited at different Ar gas pressures on SPCC substrate

Bias voltage :
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Ar gas
press.
Bias
voltage

(86Zn-14Mg)
/Al

(92Zn-8Mg)
/Al

(957n-5Mg) |
/Al

3
Ll

Fig. 6.21 SEM photographs for surface morphology of (Zn-Mg)/Al thin

film deposited at various Ar gas pressures in bias voltage —200 V
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Ar gas

press. 5x10°% Torr 5x10° Torr

Bias
voltage

-_—

(86Zn-14Mg)
/Al

(92Zn-8Mg)
/Al

(95Zn-5Mg)
/Al

Fig. 6.22 SEM photographs for surface morphology of (Zn-Mg)/Al thin

film deposited at various Ar gas pressures in bias voltage —200 V
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20 T T T T T T T

—m— Ar, (95Zn-5Mg)/Al
—e— Ar, (92Zn-8Mg)/Al u
Ar, (86Zn-14Mg)/Al

Grain size (4m)
5
T
1

05 |- [ ]

0.0 1 1 L 1 L 1
5x107" 5x1072 5x107°

Ar gas pressure ( Torr )

Fig. 6.23 Grain size of (Zn-Mg)/Al thin film deposited at various

Ar gas pressures in bias voltage —200 V

3.0 T T T T T T T T T

—m— Ar, (95Zn-5Mg)/Al
—o— Ar, (92Zn-8Mg)/Al
25 Ar, (86Zn-14Mg)/Al -

S |

.

Cross section thickness (4M)

0'5 1 L 1 L 1 L 1 L 1
5x107" 5x1072 5x107°

Ar gas pressure ( Torr)

Fig. 6.24 Cross section thickness of (Zn-Mg)/Al thin film deposited at

various Ar gas pressures in bias voltage -200 V
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Fig. 6.25 The effect of gas pressures and Mg content
on (Zn-Mg)/Al thin film
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2] 3 et ot 2ok 9 wbebe] ol Zn-Mgo]
kol 7] wjio]l AAwEA RNl Zn sACE A9, Mgk THF
&o] dRolxl ARk Ardt 2 FARISMIHE hFste] AW EA S
A skl Bkt

Table 6.7 Surface free energy of Zn

Surface free energy, y
Crystal face
298 K 373 K 473 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

Table 6.8 Surface free energy of Mg

Crystal face Relative value of 5112rface free
energy(J/m”)
(100) 1185
(002) 1.000
(101) 0.764
(102) 0.807
(110) 1027
(103) 0.779

y =P-Uc/Z-N-AS

N : 6.02x10 ® number/mol (Avogadro number),
P Number of the bond,

Uc : Cohesive energy,

7Z . Coordination number,

AS : Mean surface area of an atom
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Fig. 6.26 HR-XRD diffraction patterns of 95Zn-5Mg thin film deposited

at various Ar gas pressures on SPCC substrate
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thin film deposited at various Ar gas pressures
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. & T . ASTM-MaZn: 0
L 5] —
g =FF 2 1L g = ASTM-Zn
i L 28
[1] 1 I 1 1 1 1 1 =
L g = S ASTM-Zn 0 I | I I | | | |
= Z 2 L 5x10-5 Torr
L1 2
1] 1 1 1 1 1 1 =
2 L 55 10-3 Torr @
= E ,
o = I I I I I |
£ ‘ | I | 2 L 5x 10-2 Torr
—_ 1] 1 1 1 1 1 1 =
e L 5x 10-= Torr oo
= b}
: - ||
© 1] I I I I I I
= 1] B B I 1 1+ 5x 10" Torr
1+ 5x10-" Torr
| 0 1 1 1 1 I 1 1
1} 1 1 1 I 1 1 [ I 4 36 I8 0 47 Py 46 48
34 36 38 40 42 44 46 48

Diffraction angle 22 [deg.] Diffraction angle 26 [degq.]

(a) MgZn> and Zn pattern (b) Zn patern

Fig. 6.37 Relative intensity on HR-XRD diffraction patterns of (92Zn-

8Mg)/Al thin film deposited at various Ar gas pressures

- 255 -



S 0§ o
N = ) o N =

S 2 S e = & § S 2 %

[N = 3 8 = ° ° o = @

g 3 & 8B e & g 8

v v x = v > ¢

5x10°Torr, (83.79Zn-16.21Mg)/Al
>
=
2 o« o
v * - (] v

9
£

——5x10"%Torr, (85.65Zn-14.35Mg)/Al

Yo% n o L4 ° v
v i > &
MWWW
N 1 N 1 N 1 N 1 N 1 N 1 N
34 36 38 40 42 44 46 48

Diffraction Angle 2Theta(deg.)

Fig. 6.38 HR-XRD diffraction patterns of (86Zn-14Mg)/Al thin film

deposited at various Ar gas pressures on SPCC substrate

T _ ASTMMgZ
1 | 83 90
o) -1~ =
8 zl S
= 0
| 1 _ = ASTM-Zn
1] | 1 | | ,.._I | — g & =
1L = ﬁ 5 ASTM-Zn s 8 |
=] =] — -~
=) 2
g ol ||
] I | I I I I I L 2 1+ 5x10-% Tor
2,6 5x10-% Tomr &
<2} <1
= =1 |
L I| | | E ] i | | |
= 1] 1 [ ! | ! ! g 1L 5x10-2 Tomr
St 5x10-2 Torr =
® o
g | I I o« 0 1 1 1 ] || 1
1] N | N | | Bx 10-" Tomr
.l 5x10-" Tor 1
' || AL 0 L1
. L . L L . 34 36 38 40 42 A4 46 48
34 36 38 40 42 44 46 48
Diffraction angle 26 [deg.] Diffraction angle 26 [deg.]
(a) MgZn> and Zn pattern (b) Zn patern

Fig. 6.39 Relative intensity on HR-XRD diffraction patterns of (86Zn-—
14Mg)/Al thin film deposited at various Ar gas pressures

- 256 -



0.9 T T T T T T T T T

- —m— Ar, (95Zn-5Mg)/Al °
5 08r —e— Ar, (92Zn-8Mg)/Al
5 | Ar, (86Zn-14Mg)/Al
E 0.7
2 "
£ L
g 06
g 05| .
S n
T 04} o
03 1 L 1 L 1 1 1
5x10™ 5x107? 5x107°

Ar gas pressure ( Torr)

Fig. 6.40 Relative intensity of (Zn-Mg)/Al thin film

T
W (95Zn-5Ma)/Al ]

9 / ]
I  (862n-14MQ)/AT
°r /V / (QZZH*BMQ)/A\_-
7 I v/— // — ]
g L e )
3 6 7”4/
) 5
b )
8 4l
(O] L i ]
3}

25 - /'

| (92zn-8Mg)/Al 07l -
(952n-5Mg)/Al M

1
| (86Zn-14Mag)/Al
0 1 " 1 " 1
5x107" 5x107 5x107°

Ar gas pressure ( Torr)

1.0

0.8

0.6

0.4

0.2

0.0

(101)/(002) : Relative Intensity

Fig. 6.41 Relation of relative intensity and grain size of

(Zn-Mg)/Al thin film

- 257 -



6.34 Al 3% 574 Zn-Mg 25to] 729 4X54 &4

(1) Zn-Mg 9r5te] "2l & Frto] o3 D54 H7L

AZE Zn-Mg vrere] 2 P@rEE ¢sfA JRS022 Ede] FH|E o] &
skt 2d7tE sES 0~10 Nojaz, ~3#dx %%+ 0.1 mm/sec, &AFol
o3 ~3 Y x| dol= 8 mm=E 3t} Fig. 6.42+= 23 YA HAE A=

A Fe 7Z39)o] o] 7}x] 7b2=qt 270 wle} A2 Zn-Mg uhebe] ==

SAS YEUAT 23 A Al o F dhe] o] Wsts dujdoer #F

sttt dAS TS AV F2elAM wrElHE ke Ay haste] ket

Znoll thdk Mge] &% S7bell web Aztd Hdgs v Fo] Fashe A
A

S 4 ATk olEg AFE AA S AHEY
72 7b2sto] 5x107 Torrol A ®Fe] &S 288 ym, 5x10° Torroﬂxit 294 (m,
5x10 *Torrell A& 357 /mES Webwth w3, 92Zn-8Mgsl 45, 7Fxgtol
5x1o*1Torroﬂx1 wha] 2.0 311 ym, 5x10 “Torrel A& 314 m, 5x10 “Torrol A]

= 330 = et 283, 95Zn-5Mgdl A, 7h2=%ke]l 5x10 '"Torroll A
uke] 2.2 311 gm, 5x10 “Torrol H% 314 m, 510 °Torrel A& 330 m= ek
stk olsh 22 HeolHE EW® Zn-Mg ¥Ere] wbe]Ee 7hagre] St
el facte AEdS debWar, Mgl § FUbel whet whelE e A Aske
23S e Fig. 6.432 7h=% S7bel wel Az Zn-Mg =Hetel w8t
gl Fo] tasteE A4S el agzelty meh whE| i A Yapete
AA S Fig. 6.449) YebRATE. Zn-Mg BHehe 71~ S7}e] wel SEM3
ol o)t AAYAe] AV ~AYA HAES o uhglEe Hashe

2 2
G2 vehh Ak ol R ARAA wAstel wek A WA 7}
A Ak dudos AR duist AAE wlas) n¥, 4A 99 ¢
Qelo] 9 WAZ BiAAoln BAAAA ATHG S Aw, s
$48 A7t FHAoE mol vk F guiel Al W, dAE 3
sHoz BgHel g iAo AF ouAst = duz oA Ao

]_

HAA AU E FrtelA HEg WRAo] %sa)

- 258 -



o, 92Zn-8Mget 95Zn-5Mg HtUte] A=A A HAE &
Ay g gee v o
LRk, 86Zn-14Mg WE2 o3 d FEH 2 deh s e A7)
GRS 4 vk ol A2 Zn-Mg W F44 AR QAT 2

gk Ao o] PAAHUY] wiZel FHe] vt A, v F e %}

<
Uehh W ge] @ dha Abme,

i
=

510 ' Torr

5x10°% Torr |&

5x10° Torr |

Fig. 6.42 Adhesion properties of Zn—-Mg thin film deposited at various Ar

gas pressures on SPCC substrate as results of scratch test

- 259 -



380

—m— Ar, 95Zn-5Mg "
360 | —e— Ar, 92Zn-8Mg
= Ar, 86Zn-14Mg
2
£
S 340 u
2 /
c E e
L . _—
© e
5 820t —
1S S e
8 o
[0)
O 50}
280 1 " 1 " 1 " 1 " 1
5x107 5x107° 5x107°

Ar gas pressure ( Torr)

Fig. 6.43 Delamination width analysis result of Zn-Mg thin film deposited

at various Ar gas pressures in bias voltage 200 V

8 , . , . , 400
—
7+ W 95Zn-5Mg ]
862n-14M
I /< e 1 50
- v s —~
6 V/ _— 927n-8Mg | §
_ -
— 51 <
g e 430 B
33 - - —
~ 4— n)| ;
ﬂ L R R R B c
) L . =]
c J42s0 &
m 3 - -—
= €
© I 1 ks
2+ ° 2
I / - 200
q | sezn-o0 @ ———8
95zn-5Mg
I 862n-14Mg
0 1 L 1 L 1 - 150
5x107 5x107° 5x10

Ar gas pressure ( Torr)

Fig. 6.44 Relation grain size and delamination width of Zn-Mg thin film

- 260 -



2.0 , . , . , 400
L

18 | v 952n-5Mg ]
> -
= 86Zn-14M
® 16} //< 1 350
c v —
o F / - . =
£ 1al v _— 92zn-8Mg | 3
124 I =
> 12 F <« 4300 T
3] L - c
04 | n o
.. =
—~ 0.8 |- / - 250 c
o =
8 i Ry S
= 06romemg g o—— 1 L
= L gszn-smg B o
by o
o 04F - - 200
Z L

0.2 -86zn-14Mg

0.0 ! : ! : L 150

5x107 5x107° 5%10

Ar gas pressure ( Torr)

Fig. 6.45 Relation between relative intensity and delamination width

of Zn-Mg thin film
(2) Zn-Mg 229 AT Hrtd ot A5 Bt
CSEMA}e] ~=a g x] #AH]ES o] &35ty 7n-Mg EIREIEY

=l
Ea

=
Fasel AEeE FAsEe #AE deg

s _121_1‘
Jm
oX
o
o,
N
)
ol
s
fz
g
£
&

w
o
i~
N
lo
[>
H
=
N
i)
[m
N o

S7F AEHAT E
3k, Fig. 6.472 92Zn-8Mg dtte] &A% gte et Aoz A, %7]9
kel Ao wel & W&o FIFAT gho] AEH 9 AA AR 9
b dojue AS & 5 AL, dAsTY S F, 653 N 2ol 23t
713kl drel7h HAste NSV AE=HA. 19al, Fig. 6482
86Zn-14Mg Ht=te]l 53 S Fs ueEhlda. oA AR 957Zn-5Mgst
92Zn-8Mg°l A S I mlulste] Zx7|o WA= FFNS Fhe W&
T A AR =Red BAstE s 45 A, AW 28 AdE
oulslE= dAEtE S 825 No&2 Ueyr=z Mg 3 =7k utet A%
d vttt g dago] Fogh Ag dg vk ojg e AE wEgoR

- 261 -



Zhol whe} A2He

=
F =

S}
=

Fig. 6.49°] Mg®]

et . Zn-Mg

~
o

oo

2l
<

o S| Aol = 7

ol
-

5204,

o3 A 23} Ao 7]

)

ol

~
file)

A

[e)
45

3} 2} 95Zn-5Mg?l

| 2 os

1=
e

o
e £ R

SH|uste] Zn-Mg

2}

-

H

B

o

ol
2

-
) .

5} 9 %)

)

bol A4 o] 7

7}3

=
o

l

L%ko

3
=

T At 18y Mg

W o] €& (cohesive)d

o}
=

KN
=

W
0

o)
N

Hr

ape] vl Alshol] wel 8

1

éo

gx

=
_

Hola glrh oA Mg & 7kl W

Fig. 6.502> == g% HEE A=A SPCC

~
o

R

¢+

0

oj

.

=
©

(N)@0104 jeuonoL 4

o o o o o
[te} < [32] N ~—
T T T T T

< 0.0

-1.0

|

95Zn-5Mg
— Acoustic emission(Count rate)

—— Friction force(N)

—] “ ||| l |

tLers]

120

0

1 1 1
o o o o
«© © < N

100

(8181 JUNOD)UOISSIWS 21ISNOJY

-20

9.0 10.0

70 8.0

00 10 20 30 40 50 6.0

Normal load(N)

Fig. 6.46 Acoustic emission signals and frictional road of 95Zn-5Mg thin

film deposited on SPCC substrate as results of scratch test

- 262 -



Fig. 6.47 Acoustic emission signals and frictional road of 92Zn-8Mg thin

film deposited on SPCC substrate as results of scratch test
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Fig. 6.57 Acoustic emission signals and frictional road of (86Zn-14Mg)/Al

thin film deposited on SPCC substrate as results of scratch test
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(a) Zn-Mg (b) (Zn-Mg)/Al
thin film thin film

Fig. 6.80 HRTEM images and selected area diffraction pattern(SADP)
of Zn—-Mg thin film with Al interlayer
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(b) SEM image(2x10%)

(a) OM image :
Zn-Mg thin film(1x10%)
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(c) SEM image(1x10?)

(d) AFM image(3x10°)

MgZn; [1210]
(f) Crystallographic plane

(e) TEM image(1x10°) : SDAP

Fig. 6.81 Analysis on crystalline structure of Zn-Mg thin film
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- T Electron Image 1

(b) SEM image(2x10%)

(a) OM image :
(Zn-Mg)/Al thin film(1x10%)

Sgm Electren image 1

(c) SEM image(1x10°)

(d) AFM image(3x10°)

MgZn> [1010]

(e) TEM Image(1x10%) : SDAP (f) Crystallographic plane

. 6.82 Analysis on crystalline structure of (Zn-Mg)/Al thin film
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(a) EDS analysis of Zn-Mg thin film

(b) EDS analysis of (Zn-Mg)/Al thin film

Fig. 6.83 EDS analysis for cross section of Zn-Mg and
(Zn-Mg)/Al thin film

(a) Cross section morphology of
Zn-Mg thin film

(b) Cross section morphology of
(Zn-Mg)/Al thin film

Fig. 6.84 Cross section morphology of Zn-Mg and (Zn-Mg)/Al
thin film analyzed by TEM
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