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Summary

I. Title
Development of a technique for surface modification by 1on

implantation

II. Purpose and significance
The purposes of this project could be listed as follows.
O Improvement of wear and corrosion resistance and adhesion pro-
perties and 1ts evaluation
O Modification of electromagnetic properties of semiconductor and
ceramic materials
O Basic studies on the interactions between accelerated ions and

solid surfaces.

lll. Contens and Resulis
Major results of the second year research of this project are listed.
O FT—IR analysis of silicon dioxide layer by oxygen ion implanta-
tion
O Auger electron spectroscopic analysis of wear tracks on nitrogen
ion implanted stainless steel surfaces for better understanding
of wera resistance improvement mechanism
O Analysis of Si surfaces nitrided by nitron ion implantation by

X-ray spectroscopy and spectroscopic ellipsometry

il



O Redesign of acceleration column for higher ion current transpor-
tation and vacuum and cooling system

O Improvement of metal/polymer adhesion by ion beam mixing (Yo-

nsei University contract)

V. Utilization of the results

In the second year of this project, surface composition and structural
changes were evaluated by AES, X-ray spectroscopy, FT—IR, and spect-
roscopic ellipsometry. With this basic researches for better understanding
of the mechanism of adhesion improvement were performed. The results
will be utilized for performance improvement of precision mechanical
parts and dies, corrosive resistant biomedical materials and development

of advanced materials with new optical and magnetic properties.
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o]l 2x107/cme] Ha o]o] FUYE ZHAH AN A= kinetic energy
378eVe] N KLyl Auger WolZ7t 2B Aiolgol Fgg 284
g W7 ®de AS nhEo] oste Asimre) AAo] ©E ZAHUE
A

HojZoh EWe i FEE Ao AHE A wyz gays

o

Auger Z2HEGHOZHE & F 3t

I8 3494 2x10%/cme] FHA o]o] FUH ZHJHZAAAE v
vol elstdl Asere] Aol g 33949 2x107eis AA ol Lo =
98 ZEdgage] W [ 2AHNSE HoEm o anue

F7= AES depth profiling?l &/3t¥H < 30nmSU A2 FSHY, 18 3.

4—2%v HLolL FYT AHES 108F< sputteringdt F ol AW HHA
R EES BEWHE F4% Aot o)&FYF sputtering®t T FH
M= N peak’t #EEY mfRFREEAAE N peake]l &3 AHE &

o ™. o] ZHA peak®te= EE 4AE peaks T

23 + vk oleFYe A¢ AWY HERES By Zo] Yu

Fulesk Fo SE/TYE ¢ F A 2PY eFYe @ AW

2 % 9o
2% 3337 34949 ol AA o] Fge] 9% WYnnAd FA4SL T

AaEte] AT BEEHO LS RAgFEor 43942 adhesive bondingg
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[1 . ' : .' ;;.m ':i ST ——
ide scan K.c/Sec., vs Ke.(el) AES. DT:1.9 Sec Fat 98
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300, 460, 300, 1) 700, 360, 988,

\/ . scpatched area G:\S1IA.GD3\S817-0.1 :Raw 20/
Wide scan  K.c/Sec. vs Ke.(el) AKS. DI:1.9 Sec Fat 99

5|
Y
N,
78. ﬂh\qt
63. .
- | |
" | |
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15 . ‘\t,r*‘"r\ u I
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364, 464, 288, 689, 140, 844, 984,
NORMAL REYS / L1:LS 28R

1Y 3.3—2 100 keVe. N,"o]-&0°] 5X10%m o] FYFE ZHUH 79
AES 2HEH(H)Y 2L A59 virgd Hel AES 2d
EY
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Hide scan  K.c/Sec. vs Ke.(el)  AES. DT: 1 5 Sec Fat 98 |
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09. 498, 569,  66d.  7ed.  ge@.  96a.
NORMAL KEYS / 1:1S 2:SR

I 34—1 100 keVY N,tolgo] 10%cd o] FUE Z2HAHZEF9
AES 2HEH

; : ) gcpa c -:- . - g | : I S ——
Hide scan K.c/Sec. vs Re (eU) ﬁES DT 1 5 Sec Fat 90
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Hﬁn
oy I
%
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\
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_— ot ol c—uia — mim ™

N/AS(18), scratched area C:NSITA.5D5\8818-3:1 :Raw 19710771
Hide scan K.c/Sec. vs Re (el) AES. DT | Sec Fat 98 '
|
36, 1 ™, |
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. A
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368, 4040, 2Ea, 684, 768, RE8, 368,
NORMAL KEYS / 1.L§ 215R

23 34—3 L AR89 wxdE 29 508 2HEFY

N/55(18), scratched area Ci\SITA.5D5\SS18-4:1 :Kaw 19/18/91
Hide scan K.c/Sec. vs Ke.(el) AES. DT:1.5 Sec Fat 98
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N,
8. 1 |
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4
8. |
1
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1Y 34—4 2L

EY

NS

JEER P

,.......24,.........

1108 =HEF

——a — mam

— s s — —=m . -ma

39 AES 29



AAFHL YEY LA SBY 4¥L A HBHS F2AA v

EAE AT A2 A4dEd. O¥ 34994 & F Ue FHER

o] o]l FUE AHAEO wEo] 3t HA] ArstutEo]

bl s Axrt Wel wol Utke Relth o A2Eol EW

=AY A2 Ao MEFFIN AF olE Fage & RUXA

ol 100 keVe N,” & o|2 FYAl projected ion range’t 50nm

AE|BZ 30mmE FAHE 4HRE olgz ol FPY da oj2dl

A obn BARHA gt Aaoled BTN Zojzitge FYd I
= e

zolesd 9

]

Hi old] g Umtm EA9 Aol fAHE AoE #d e

AA AFEo] %7 BHZ E2AsEX, "2 A Jds ALHE
A7 WERZ 450 593 RAJQA Fo o

PAEEES B ¢ FIY "art Jdo. $4HoE TEME o488 ¥

TH 2x 8 23l ALY

HS UAFFE #ZY sputterings T AHFHoZ JFHA AL

N
9
rfo
lo

Zolo] g REIEE WEWR 13X gedd U vz AWNE v
Aol Bastoh
By BAE a2 AR ok olg FUFRUE A § o)

a7 APEHAE WelREAY F4 AFrt ol e HIE F A



A4 AHAEE T AW & AHolgl AAHY, old did Frt AHEE
3Rt A X NPT o Aoy,
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HaZ AHa o020 FE 4A2FEQ X-ray
emission spectroscopy2l spectrosco-
pic ellipsometry &4

X-ray emission spectroscopy= 7159 EPMA (electron probe microanal-
yzer)°l analyzing crystalel ¢lY2t R=2—6 m9 L& H"é"q diffraétion
grating= 33t 3Fo] 2 nm o4 soft X-ray FH 7HA 0.1 eV—
24 eVe] TEH5H F um9 spatial resolutions 7FXHA Alge Ui
Z4 B9 oty nA Y HAF=Re FHUAY AHd #I E4HS ¢
F e AZRE B4 wWdolg, B A3 F X-ray spectroscopy S8 Ins-
titute of Meta Physics, Ural Division, Russia Academy of Science®| Dr.
E.Z. Kurmaev®t FTEFITE P HIUL

10*/cm?, 10"/cm?, 10%/cm?e] A& o]0l FYE Si= X-ray emission
spectroscopy® w43t} X-ray spectroscopy® Si L,; line2 2p—3s tra-
nsition®] &3 AL Z 3s valence band®] density of stateo] T3 AHHE
BE F U, EF X-ray spectroscopy®] AFEHE AR JMEALE
M 3EA 7] sampling depth® WIAIZ|HA &4 4o HAAFZE & F
ATt 2.5 keVAlA 8 keVE A 7S AE HMEAIFIH 015 pm—1.2

umell Z 3 2ol didted FEAMeo| 7ls3td

IH 419049k 2ol 10%/cm’, 107/cm’e] HA o] 2o FR Sig B¢
X-ray spectroscopy E3° & 3H bare silicon®d IALFIF 3 peak TFRI}
G AoA= RE & & U 53] probe depth7} 04 pm FEY 714

S 4 keVellA A3t FAH Fo] A ol FHo st HFASF
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implanted Si wafer ' o

- .#"F
- r P r"‘-
_,."\-l'-.- L

e A A 2 Anfailash S

; -J-‘.- " \‘_-J “l\..
iy T m e L W . > .,
JH' “‘:ﬂ“u ﬂ“'***“ ’ " N il
.y -,
, b
-ﬁ'
- U=4 kV
L]
-
—r""'"'."-
R
AP iy Wi gut e Y
NN -t kg v ¥

[T‘r"l‘—r—l—r.-lrrrr—‘“lI-r1111l-‘}“1—11
80 B5 90 35 100 [ .y

Bare Silicon re . e Em -
“ - > -"‘k LT . -2 alwv

N, (100 kV,10'%/cn®) . |
implanted €1 wafer ™/ e SN el . U=8 kV

»=* -
» ' hh--.h_‘
_"P‘- . P R S S e
. v
A ‘e
F
” L U :6 I{V
-
o
-- = Ly N TR
-
" o
~ U=t kV
- =k
...d"‘"
"
IIM“

R o R A r"‘—rii Y
75 30 85 90 05 100 L,V

IE 4.1 100 keVEY N,"o]2o] 10%crd 107 232 FYH A 82 X-ray
spectrum
_28_



oA & F Udo. I8 42049 2ol 10%/cm’Y A4 o]0 FUE
4= 82 eV WA WL dol=z7t A7]IL bare silicon® 3 Y
ol FZ7} MAHA SN, 7F7F FAHI S ¢ F v, 7l A

45 keVAlA HE bare silicon 7+x7} Hole A

Lo
il
~I
A
%
“
—
PN
N,

04 yme FAE 7IA3 YSE & F Utk
2_@_'

Spectroscopic ellipsometry ¥] 33

AFd 2L  F e F8F wgoez olFudtme A Ad @S

Auo] 93, 19 2.12—2.1391A4 % Zo] bare SiF 100
eVl N, ol&o] 10%em? HE 10%em7tA 9" Si AR A%
dZ24 Si Yo SiQ, =o] YT TFFRE BAZNY 10%cm’® FH 107/cm’

AAE Sio] WAASH Qi MAARE FA: FHEL Listo]

1400 A—1500 A BE=°lH 10°/cm’® F¥ &d3s HABAZ dok 10%/cm*
A5 FAF SiNe F°] AL I o} damaged SiFFH Si:N, Fo| 0]
EA 3

Bare-Si¥ total dose?t 107% (E12) H¥ 10" (El4) 7MA= ©Z2A
Sifidl Si0, F°l U= +=F, T FA 4 474 180.5 A (Bare Si), 33.9
A (E+13), 865 A (E+14), 2811 133.1 A (E+12)°]t}t. & HEH9 Si0,
sl &% C—-Si (0 % Bare Si, 271 % E+12, 112 % E+13, 0 %
E+14)7} £85H Q3 Si0, 59 FAN FALE F£F deltadl 2=}
AAH oz ol & o] 3y,

E+15 HE E+17 7}A & Spectrumo] =8l Ho] AgRE v ZHA A o]

B
B
HAe€ VErAY. =A< damaged layerd FA+v TEEFE X

1,400A~1,500A HXxol HH AslF o] 57, damaged layer®] damage
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A vs.Photon Energy
N implanted S2
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A vs.Photon knergy
N implanted Si
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AxE YE = a-Si® volume fraction @ F4 F)& HIEE Fawtad
t}. Total amount of a-Si2 N*' o] 29 total dosed] Wz}t th=A E+ 164
Hojoltk (100 % ¥ ZA3F). o] 100 % HHHFL total dose’t E+17
d WA fA=EGs E+182 F7haR SiNee Fol Agw whul# o
AAa%Y, E+189% RT AIREE AT BE Almd Z2F substrates c-Si
de 5 Hart 4.

E18%] 7% delta, psi EF & 3F< H9 FALE SiNe Fo| AU
71 of} o] damaged Si(a-Si)+SiN.Y o] AT SiN, F T LA
Form EHO 9816 A2 SiN, 2 ok 665 AL SisA® a-Si(36.6 %)7t
Ade F, T ok 3325 A2 SiNeSt a-Si(9.9 %)7F HAdE Foloh
o] A& 9] A-$ substratet a-Si2 EHEHE FES o & Holr}

Thermally Isolated, Scanned®} Room Temp. AlEx & ZFE Ho|A
OA%S el Ro) than ¢ AE T3] sigma=0.189, 0.287F v$
A, & fittinge] Y@y o} 2wl FZE XA EIYLL st
stA T AAAHA SN F7AE 1500 AL 2AFA ¥2m(not 3,000A:
total amount N in N, E+18=that of N, 2%E+18) 93 49 a-Siv}
Fol S AFE & Ut

AAHLEZ N o] Ay A7} 50 keV AXo]H high dose ion impla-
ntation ¥+ % buried insulating layer& #4337 o8& =F. 33Ex
A= ol Jt&qUAE 150 keV 7R £F o] FUYET Aol
ol el A= X-ray Spectroscopy w4 ZFAe} YAHE A3}
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#HA) A8 F<¢ constant gradient type acceleration columne o°]2 #A
F7F ¢ mAZt HYE JtSs#E A FWAES & odt EA4lHof
o] ZHlel FAol AdHA ZI&EHE AYHA o2 HFIE Bol HAIH
ens A% ATE W gEAn. od EAEE AARN e
" 2148 Zo] IAF ol FFS sty FAY constant gradient
type acceleration column< single gap acceleration columnl & A4AH
st A bty A I HdeE& HAFSEL o). single gap acceleration co-
lumn< ©°]298 7h&o] JiEH e due HFoA olFo ArxF ¥
RegAx Aol ZEle o2 AFH e Hol7b Fob FI Mot A
A4S O WE 2L 4 U =¥ A7Fe 7Ly Tzl Asd
constant gradient' type acceleration column XU} single gap acceleration
column® AL o2y FH& AR/ ¢ e Aoz g¥HA dd. A

AAel FoE 7€ AFeze HAdAZEs ¥ E O 2AJEL

o

FEH “Vespel” olgte #FEAY polyimideAl 2] engineering plastice Al
A4

&3t ol HH< AE A BXA Z3=E HAFHT. o] &9
V& EE vtdg Bgor AR JtEEHeE RAE WA $8  electron
suppresions FItol AX3AT 150 kV7HA 7ME5E 4 Ax=E A=Y

27, dAAgY d9 R A% M, §9 o3 d5g FFFA
B34 AAe A dIAFHE AL ¥AE a AT YU F
3

7hE 3 Y4 a8 v £ deionized water® AME3E WAHAE H
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std Azt Aot JHEFE7E I 2159 FAH A o] ILEH
A5 A9 53] sputtering version 2.2 AMgEE AL HE FRIAAE
oj2de WZd ®BE =& @ o= AAHY. deionized waterE A}
43171 Wi AR F ¥4y AUAEREst SEUhA dddHst o

olg ZbsAde tiviatd A7)l A ZA7)Y ion exchange filter® F7}

sle] oleZ9l7] A% 2 AJE 5 Mohmemd HATE HARE 319

o},
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ECTRE TN

Polyimide (PD+ I <¢HFA, 3338 AdAJHTY e FHE dF9
AA-EHEANA A7t £x=2 B FHE B3 e LA
2]3l PI #d FE g2 599 masking layer, conducting film,
X HAIEETR e E g B3 Jlon, HdAE AHR J=2, FAIJE,
disk drive, bearing ® space mirror2 AM&-HI o, TG F& PI
AFANA 717 FA7F He AL AWAtole HFAHog, mEiA F55
PI Alele] AW FAHE F7HA17]17] sty AR L€AY
(200~600 C)¥ S Ar&3d oyt Cu, Pd, A1FH ELS 52 polymer
=33 3oz ZAGsHA 7] WEd EAE HHoEs AW HAH
7k vlmjgt FEo|drk. wEtA o] FARHES A7 sty HI
g4 7t&7E Agste B&/uEA, F% /488 Age AW, Y
S F7MA 7l Wie] AEEU

¥ QAU AE 7HR ol g F& /184 AR FAAIE 44

ool FHAAY FEINHUAM FFAUANE FHLAANA JLIA HB
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of HHNN BUAAE defect® TEA Hu, o] defectEL FEUAY
ANBdRe] o] oA AWGANA 45 EFe] dojurh Tex
AAte)l&o] AV YE EFAUA 7 €tdo®m (1070R) dovxzE A
gETt FALEs PP L o)A ok o § de duAE U3
EHE 9904 HFEo FAHY AW AP ZrbeA "ok ol
e AgE 4edd FE/ 1A Ex FE&/ASY AW ARG
24% 4 enz AdYol Hojut: FHel UL FHHY A

o2E 98 4 gt W4 pANTE AL AT Yk wekA
2 ATNE 4ol o eHERUS o859 Cu Pl AVALAL

o
S/tA7I= ATE THIHRY.

1. Al &£H]

7o 2 AgE PolyimideE ZF3 HH7|E o] &3l "ol FFHT
Hegd, otHEY AR 58Y AFTFTE AL FHYE o839 I
= Cu(AN)E 350 A9} FAZ FFHANZAY. TRIM CodezZA ol&4 EFe
AFH Eofdde & & 2, 78 keV Art ool CuMid] d4AtE W
FH#EE A (Projected Range)E ¢ 350 A HE2 A, o oloji
A A% (Nuclear Stopping Power)ol 7} ZA VY. waa #Awe] o
ARl A HE HY EFEAFAE S F d71 wWEe], Cu e
F7AE 350 A2 3|t

mggm



THEoZ Cu/Polyimide AlEo] 7147 (8 62—1E& °l§3t9 15 uA
e g2 Artol&Me FAMAT ZANG o] HAFL, Ao o]
Ao & ARAAY EFaAHE H7] 9o, 47 3, 6, 9, 12, 15X
10% ions/cm€ HAMIIAI, AB2%d WE TFF EHE HI| Hod,
A8 ARG FEE A8 o7& H A3t 3 /T 15X 10" ions/cm S

ZAE A, ZALSIE B9 AR 22 E 747 550 K, 650 K& SAA#HT

o] Ao 7 ZAE (Irradiation) Al&5¢ T3 A AHE SAHS &£

AFSE7] #13ke] RBS, XPS, GXRD Z22]al ScratchAld o2 43T

2. RBS &4

Zad dte] R4 I AWHAA EFES EE (Mixing Profile)

fil

2A4 37 98] RBS (Rutherford Backscattering Spectroscopy)& ©|-&

si9th. RBSEA W¥oz EWEHS U ARE" WA go| ¥4
AES] tdte] thg3t o] vhehjo

Tl AXe #HE79 oA £

A},

ol

AE B
KS:/c0s0; + s2/cos6;

>
P
1

o] AA EIF AXE o9 U3 HA % (Stopping Power) T 4
ol 7188ta =4 (0, 60 o&dE ¢ F Utk I EZ AE, K, S,
e ARE @ 6, 6,E BRI AR wWde 2 W 23E
= QE Homz AZ7|Y A ARY WILE 2 FE EilTe
5

d 4 Aok wEA, Ag B4A FiAEE HAWER SIS 6,=78°=%
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18 62—1 Schematic Diagram of 100keV accelerator



T3 24 sger AEE ARGA 10 m A T3, 4P 2

Z+e 160°0] 1A FEE sg. o] BAHe A&F RBS FAY oUXA

3. Scratch Test

o] &4 A} (Irradiation) ¥ Cu/Polyimided AV HEAH wW3E AFs
3t7] 918t Scratch TestE 3tHThH ZZPEBZ o] Fo|A = Scratch Test
dest Wy, a3 ScratchAl AE7F WE &89 FHSol sty 7]
3tz o,

AR Ao H2Y (Adhesion)S 533171 A3 P FZFHY 3

=
T AT B 4d¥dAME, olE AZWYE FoA, 48 ZAHAY =& A

o
WA AEA, 2ET WY G2 e o]LET Q& Scratch Test

NEE AT =2 JYPAFEA g3 gol A= E3 (Stylus) o
8l% (Load) = A¥HOE FIIANA FA HHEH, o= dA 3Fd o=
< W 2eFo &4 (Damage)ol dojuA ok oy AL &4 (Da-
mage)°] A|ZE w9 HAFFo] YAZF (Critical Load-L)SE FHoF]

o, waby 7)#z7te] A= (Adhesion Strength)= AAISF Lol 93
23 d,

Scratch A @Z I, A}FS ZEASZ] AT WS s Zo] A
VA Wygeoez FEE 4 Aok AA, BE @w|Folt SEM (Scanning

Electron Microscopy) &2 AR Z&A3e WHI, A, A859 viadd
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(Microcrack) Al At LFuE A3 (Acoustic Emission Signal-AE) ¥4
d, 2831 AUA WEe vEAFE FHse WHdd, ¥ d¥dA4e
e WrlAT AERAWE o83

AAA Y Scratch® A8E 38 dojhez AH FASY, Scra-
tche] Al&RAE (B € FH)AA &4 (Damage)°l A FHE AF7MA 2] A
g 2333, o] AYE 34%F (Load) o2 #33E Hyolth 23 (Stylus)
of 7} A 3% (Load) el F717F ¥ Fojgn 73 dH, &FAFZAAY
Agle vt2 4ASFE LE S4tEn. B AFdA ©HHA A7E slFe
10 N/me] 4% ¥&2 F7HAFH.

g3 7t kel AT ol2A HHE, @3] ARY IFAF
o 7}gF 23 (Local Stress)ol Al89 FL9L3 (Fracture Stress)g =X
et @A =estA "ok ol uZoh} y#E W Ze AW
TAA vlAa F9E (Microcrack) ol YoludA F A3 (Shock Wave)7d &
A E.

o] B B (Stylus) B2] HAEVE RAs AAY £ YT, o

Asts e 288 & U=, o WYL Acoustic Emission(AE) #2Ho] 2}
gt ol wAaFEE (Microcrack)Al EAsE AE Az EZAAWN
A= Y WFRAUAZL BHEE o LA dAH (Elastic Wave) 2
ol =il 3ot I3 "R FIAH e HEV=, 4FFE (A

e 34, RHY AF, PAF &9 59 9%F A%)o] AEHA

T-l'

%, 50~400 kHz 254 399 Acoustic Bulk Wave? ZAESHEE T

iip

o

i

A, JEFELE ZAFF (0~30 kH2)E I + UAEE dHo
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= d¥olMd SFAU2 (AE) S84 d8xdL oS3 2o
=3 (Stylus)2 Diamond AAY FIHHEZA Tip ¥ZEo]l 100 wmsl EFE

H3E ARSI, 7SS E< 10 N/mm, Scratching £%+ 10 mm/min2. 2

TAAZ I, Acoustic Emissiond] A& ZAEE 128 3HC

A3FE A3y g9 E9

olul] 1AE T o]&d ETFH Cu/PIAIY ABEAE abrasive testE
SASFARNTY. o]l EFA AlEH9HY C =& O F°] contamination®©]

A o™ abrasive testd Al HEAHELE AAZHoZ dAAZE F 9

test} AW FHAHE A3 Win ¥ F glvh @dEgpA 23R e ol &
HE83A THE7] Yl ol EY HFE ¥4 contaminations
AESZ 2434 2¥862-2% 4N TiZl@e 7159 228 3 A=
EHe A& AESE ZAME dolth F7IFd Us C& O E€E

Z3 =59 Tit &4 Jelvdx o Ti peak’} YElYI e FoE Hol
C, 0 329 FA= AAY HT AFYEU 40 A °3dS & F UL
3¥ 62-32 Ti AEE o2 E&F (4x107° Torr)olA 80 keV Ar' =&

1x10"® Art/ecm 2 o] 2F< A7 A5 FHAAH oY, ArIME o]&4H &

3FA] C—H ¥3)ZF contamination® 34 759 AF9 23 contamina-

tion2Z Tit EeolA &3 C¥ Yedi Y. & Tivlk HolA Fe A

oz e co FAZ ¢ 100A AE PR F2dEY wIA 1%
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A9 abrasive test 2AE AW HFHY ZAFA7|7|de FEIt et
pAENE ARARAL AW BRHE AR test® FASHLTH

I8 62—4% Cu/Pl A& W AE—Load A ZZA, FA o]
Mgo] e AE 4359 AZEL 2 Aotk AR /4T 4-639 Scra-
tchg AL, 2F HITAA 71F 7I7tE ZHERES o|xAF EE
- Zeltr. I¥ 62-4%X Ee wuie Zo] o2 Fe] 0X10" ions/cm ©)
Ad7tA =, A AE A5Vl HEH 3F (Load)ol <4y F71sh7]+=
3t UAEEEol ¢ 2N Z2AHEAM ¥ ZolE HolA @rrl, I o]iGe]
ol FAME AE3 FUEE ¢ & ok 13, 15x10” ions/cHOFE
ZAE AEE AT UHA ARELS AE A3 FUF A9E 34
$e B & dEd, oRe 4F Wy 4¥g ANY Cu wuy o]
%4E (Adhesion Rupture) @A Aoz AR, war] o]&g ZA}
(Irradiation) 3FA &€& Al&E9 3~9x10® ions/cMiC 2 FALE Algel 7
FE 4 2N AZY sFoA ggo] AFHI, 12x10° ions/md A|B &
°F 46N HZAA o] dojdE & F Yo zagla JAEo] FU1EY)

~
NFste BRAN Hd AEZAAe HaE 7187 AP & ol gl

_?_].n

n)

stAl JYEtved], I olfe AW HFH (Adhesion)d F7t2 3ty

o]F HIY < (Adhesion Rupture)o] HSHE Yojulx Esxu =3
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mg?m

ACOUSTIC EMMISSION SIGNAL(arb.unit)

ACOUSTIC EMISSION—LOAD GRAPHK

0.2 0.4 0.6 0.8

C) .

| UNMIXED.

 6X10'Yem®

| 9x10'Yem?
12%X10"Ycm?
15X10'Ycm?

0 2 4 6 3
LOAD

138 6.2—4 Acorstic Emission— Load graphfor for unirradiated Cu/PI samp-
les with doses of 3X10% 6X10% 9X10% 1.2X10% 1.5X10"

ions/cm  at 80keV(300K)n respectively

1.0(mm)

10(N)



23+ (Cohesion Rupture) 9] s F3te Wear (82 29 d53FH<

Z+Y d2H) Y Chipping (59 &2

1o
e
i
b
A
r O
N
e
ot
0
o,
i,
2
o
o
~

Chipping®.2 I% AE A&2 oo
Jojvrtn AYZET
29 62-5& 7GRS We FAA WHE 2y PHA 650 K2 7}

G MBS, #2 2EE 7ME8EAM 15X10° ions/cilCE EAG A

3, gNolgol e ol FAHFudol

£9 AE—Load 2¥HE®LS ZAA 18 ado|dh 650 K2 71w 3§ A
89 Afe AeFH IFo] F7Fsta o], o]FFHFIoEe] LSS

¢ F Jo. IHY 650 K= 7FE3HEA 15X 10" ions/cioZ FAE A

89 A9 AE A3 JEY 2T Wy dvsd AW FFYo]
N 53¢ YHIL o GAE AF we gol AW @]
Fe ARY A%E EPANAY FEPATL0] EA6 doj:, o)

dzpell A TAS= AE dlE= FEo] EVbssith ob WEFe BH

A2 Qste] LASE AE ATE PA] FHo)

i
)
oll
o
-
!
At
|
-

$& AE-Load 29EFRozE YARFS 2RI/ 2detm, 29

o] AFolt} SEMe.Z uvlm 3olsleor dhul.

I8 6.2—62 650 KE 7184 3 A8 e &2 71E3tHA] 15X

10° jons/cmil 2 ZAM A9l #F du|Z ApFlelt, )9 A &

2~3N ZHAAMEE o]FHZ ugo] dojd S E F 9oy pe ALE
Scratch Channel®] & GHojA ojEHZFEL A dojubx] ¢ 9N

2AAAN e el Yee & & A WAA 650 K2 LA
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ACOUSTIC EMISSION—LOAD GRAPH
9, 0.2 0.4 0.6 0.3 1.0 (mm)

UNMIXED.
S50K, UNMIXED

ACOUSTIC EMMISSION SIGNAL
(arb. unit)

650K, 15X10'Yem?

0 2 4 5 8 10(N)
L OAD

148 6.2—5 Acorstic Emission— Load graphfor for unirradiated Cu/PI samp-
les (300K, 650K) and for an irradiated Cu/PI sample with a
dose of 1.5X10" ions/cimmg50Kkm at 80keV



b)

138 6.2—6 Optical microscope photograph of a scratch channel for an uni-
rradiated Cu/PI samples (650K) (a) and for an irradiated
Cu/PI sample with a doses of 1.5X10" **cri (650K) at 80keV

(b)
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248 ARY ASE ARAFHol 493 FARLS ¢ 4 Atk o
S AR=RH 2RY IANERL ole MFY ¥4z 2d IHo
1 6270t ©] 9AFFHS 1.5x10° ions/cm (650k) 2 FAME AlEE
8 Av|A AdozRE ARAYL, YA AR fade B3 @
MAczE FEA} YUY WE] AE-—Load 2METCZRE F
At YARES ZHNEL AE A3st Bslee 2y FFE 7L
A4, dFFol Hue HAMY dFHer ZAIAG. G2 oL

AERANZ A 7AET & Adgol Ha ABHEFH 3w TSI 650

Kolq oledEFAL A% 5y 4TS ¢ + Uk

18 62—8& 1xa3 %9 ZAZ abrasive test ZItolt}, 18 62—79

ki
rlo
°
rto
%
of%
o
18
=2
X
rr
&
uie)
O3
T
-.q
ro
ul
b
ok,
=
ol
N,
ol
b
30,
lo
£
1]
o
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LOAD (N)

CRITICAL LOAD
10

¢ UNMIXED. (R.T.}
8 [ ™ UNMIXED. (650K)

¢ 3-15X10" (R.T.)
A 15X10'7cm” (650K)

B °
0/
4
2 .WWQM. n "
0
0 3 ® Q 12 15

ION DOSE (X10"/cm?)

718 62—7 Critical load plotted as a function of a dose for 80 keV Ar’
irradiated Cu/Pl samples at 300K and 650K




F-

: 15 -7
ON DOSE(x10 cm )
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A6-274 CuAedal A BRRA SHEA
Al 1 & A 2
SiOY ALO:S #& RHTA AR Yo 5% 94E FIHAAH metalliza-

tionA 7]+ Zleg WEA Ax FHA A interconnectoryt 3AFY HEEA]

2N AEE A4 "4E 228 AXezL g TG o ol

l.a_[

AN 7t NFS HFsck T BAe F&F Ay Aoy A" g
2 F/M7E dolth dA AXe & Aty Aol AW B

A%
tlo
o|X
N

FAIZ1 7] f138td & EAM W (~800°0)= AH&stH oy o H
= Add 253 Si Ev Al HYFHNA #HES ©Eo] AW HF
g2 S7MA7I= WHEAH o] WHES AMEE A5 5% AEY Abold
heat of mixing (AHm)°] &%¢ Ti, mW, Nb¥# 2e F&£e Aw HF
Fol F7tsht AHmol ¥4 Pt Cudl ASole Erbsstth weA

Pdvr Cug HF=Al #d HHA7)7] A8 e3¢ F22 Tieg S 3o

1 GANE s AW RS F7 AAD ol T WL o) &

S9 FHo AgzdAn =% 1 dAeld BE @ BFAFY ol
e Axte] Sqo ywAge v¥e AUA Do

Zeg G AT ARG oled TEWL AW oz
ge 9 AW Fo FFHY A EHFY AYPoRE =S
dg & A& TR ¥AH AW HAZY) ZreA o 193
Ao FHol oFoiAs] WO A rseE WHo] A Yo
A gethe ZE AUL Qo gey B AFdAE ol 1AdEd
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Si0:9F ALO; 7]&# el Cud FTHANIF Ar's FHAA Cust Si09F AL
O; Arele] AW HAHS F7HANRALH, 2AdEd e AR FBEH

ARARY Aole] BAE AT oJed T 4% AARAY F7}

HAAUESS THEAT. § 500—600 koA o] HEIJAE AL ARHF
Hol 4~58 F7eRed 2 AL oled ERFH AW™EAAMY A

BFEELE EAHFAT.

o] 24 FAMA] AWM YAEEZE= RBSE ¥Ho] 7tedy, EFUE
9 38td ZAG AEHE gold F flY. ILHEE olFe AY HHE
Golr 7] 43t XPS (X—ray Photoemission Spectroscopy)®t GXRD (Gla-
ncing angle X—ray Diffraction) 22 A4t}

B A3 AL " XPS X—ray¥ & Mg Ka (1253.6 eV)E AFE3R 1,
TAYYEE 2 2o 4AWY EE HAe 4 (ShelDE o] Fi U,
O Yy HAzREL A LA duA E(EEAYADE L AT

ol YAt X—rayE ZAIE FAEI o W HAIY HEHI,

Ekm hymEb
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2o QAAEE, 43 Algdd J& "ol 9gE Axe 3EFH FARE
o]F1 A& W ZFPAYAI d=2A JYElY=H, ©|F Chemical Shifteh
H O YA 38d Fd3 AHE

& 4 gl B AF A= Cu/Si0, Al FH 9 Eﬁﬁﬂ)‘{% Cu 2p3/z(932.4_ eV),

gttt 13 X2 Chemical ShiftE 33}

Si 2p(103.4 eV), 0 1s(531.6 eV) 2] Chemical ShiftE ZA3ISAL
Cu/ALO; A& W3 AE Cu 2p:.(9324 eV), Al 2s (118 eV)," O 1s(531.6
eV) HA9 Cgemical ShiftE ZAPSIH . L2y & 23R AGANA AAAEE
4 (Phase) &2 d3HE Cu0 FFENA Cu 2psye DAY A}V A=

032.4 eVOlT, 43 Cu 2pedl ZHNUAT 9326 eVIEZ F ATE
FRe77 95T deEz XPS 2HEAA LM Auger lines) Che.
mical Shift® XAFs}Ech YwrA OS2 Auger Chemical ShiftyE F3 A<
Chemical Shift2¢ ZA “Yetd wWrt Bi, Cu.0 FFENA Cudt £5%
Cu® L:Ms Auger line =Fo]lE 2 eVAEO| B2 FTEO 7} 5 3ttt
GXRDe= &f2 HEo ZAAAOY AARY WHYF F FAHALAY 33eAH
]

ol o]FE e A sl WYL SHHE Xray WO A= (Path)E

27 e HAFEE FHAL, Bdd £33 A osy gre wHd A
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A3d ZA3 = E9

3—1. GXRD &4

RBSE< 3Zo] &% (Depth Profile)®} 74 v+ & F Joy A
Ao A 3§gEo] FAHHAEA, T AAAO YA L& & F Qo
22, ol&% #<st7] #std GXRDE ZAFSHA T

a9 63—12 o|2dE ZASA @& AE4 GXRD £dEYor),
g3ol EFHel7] HEYA Cu AZ vetoy, uet3eol Curl @3S
A dol ofil Poly-Cu °]7] diEd] A& ¥Ex+= vy YA u
BH3g & + o

a9 6.3—2€ 650 KE 7FE9 3 Al59 GXRD &HERo|t, o4&
ZAEA] e AlgdA YElRE Cu AZe gA3 g MqERE
A&7 YElsed, o AZ3e

2 & F /YUY, o] HLE AT ¥
Al Poly FEHl9 Cu0O €48 & = Ut

19 6.3—32 650 K2 7FE3EA 15X10° ions/cm’?] ol 24 & =AMG

ASTM FileZ2 #9213 AFH Cu,07} A EH
=

it
lo,

Cu.07F AAEHAULSE & 4 UYL, 1.5X10"% ions/cm® &.& ZASH A

A¥ole Poly Y Cuw0 ZAHAC © Fords € F UMD
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CPS

. 5K

. 25

28.03

Sample Name : UNMIXEOD-B

Cu(lll)

x’\\_ m,.,// \\N\M C:s{&}}

34.40 4@. @4 58. 483 £d. 99

23 6.3—1 GXRD spectrum for an irradiated Cu/Sio; sample

78.3%
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CPS

. SK

Cu20(111)
xﬂv Cu20(220)
LY
hVﬁM\/kﬁmfWLf%uﬂLgvW“JLﬂJﬁﬂqﬂMW;\xﬁfyﬁwﬂMbhvﬂhd
|
! ‘ E r
24 .94 38. 00 4@. A4 S4. 408 bd. 30

Sample Name @ B5S@K-10

18 6.3—2 GXRD spectrum for an annealed Cu/Sio. sample at 650K
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CPS

. 3K

. 25

Sample Name © B50K-&

I
|
Cuz20(111)
-
f J\~ Cu20(200}
| V“WWNW AW
l 1 1 f | l
28 .34 33 . 48 43.93 9d.03 SQ.@@

138 6.3—3 GXRD spectrum for an irradiated Cu/Sio, sample with a dose
of 1.5X 10" jons/cm (650K) at 80keV
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3—2. XPS &4

149 63—4% 550 K2 7}EsAA 15X 10° ions/cm’e] o] A He %
ARE Cu/ALO; AlE9] XPS £HE#o|t, Sputtering £+ <F 1 A/min.
ola1 ALO,7} HAAC|ZZE charge EFE HAS F7] ¢33l AgE A}
AT, Eho] AUt mEt 0 dEe Y AAIL Cu FEE F
AEI JUEE€ & F Ut )AL o] 2 RAMA] ALONA Aol 7joj
07} Cu #=Z& o 2 Migration ¥ RHo=Z AWZoZ HITYFE ii9
F& BolAL, AUFoZ Cud U] FoE7] wiEoltt

18H 6.3—5v Cu LMM Auger 41392l Chemical ShiftE &<I3}l”] 93}
o Cu Auger A% HFZ& FOg Aolg YF HAPJo= AL Ag
AEe Alg 842 FE U2 C 1s AZeE ¥Er gley, Cu Auger
A% 2] peak’l °olF3L IS E F Ut Sputtering 37 Aol H
He Loy 4slE Q3o Cu 4Ze Hre FA, ¥EAs A
UEI% . Sputtering AlZto] A F o uwgt WHEX|7F AXHA Peak #
217F o] F3 o). olAL W REIdAME £4% Cuyl dREoli
AAZAFE Cud EHF7F IAR}ES o|FHA &% Cust IdEH Cut
&3 Q7] fEeE EAEY. wakA 2083E Sputtering ¥ ¥ HE

e AEE gRE 5% Y 432 2 4 gtk o|Re HAs]

2138t Narrow Scanst 2HEHI 4 Cy SYHEHES 74 I ZAo
1% 63-6°]Th. 208 sputtering® A E9 peak JXE &F Cu® peak
AXY Ao Z3 uweAd EH IHde «F Cwl dEEds ¢
ATt IF 6.3—69A 1208 o]l Sputtering = W chemical shifte <F
2 eV AT, CudlA Cu0 FHEE /€& W Cu LMM Auger 3T 9
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SPUTTERING TiME
(A) O min.

; o) |
(8) 20min. 3 AQ3p3/2 0(A)  Ag(a) ] :
(C) $Omln..* K i 3
Eﬁ; 120min. Cls /Ct&‘ J>*ig3p1/2 ti %J;
£) 220min. lr ’
€  ag3d
(I ¥ N
Culs Culdp
() :
(C) A
j;— C:?é;}li K:JJ
& Cu2s1/2
(A)

O 100 200 300 400 500 o600 700 800 20O 1000
BINDING ENERGY(eV)

18 63—4 XPS wide spectrum for an irradiated Cu/AlLO: sample with
a dose of 1.5X10" ions/cai (550K)



SPUTTERING TIME .
220 min. :

120 min.

60 min.

O min.

- Cu(A) Agod
Cls L sMysMys

270 290 210 330 350 370
BINDING ENERGY(eV)

18 6.3—5 CU signal regions of XPS spectrum for an irradiated Cu/AlO:
sample with a dose of 1.5X10* ions/cm(550K)
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_ Cu L3zM 4s5M 45
220 min.

i 120 min.

Pure Cu

325 330 350 355 360 365
BINDING ENERGY(eV)

“1¥ 6.3—6 Auger L;MisMs electron spectra fram an irradiated Cu/AlO; sa-
mple with a dose of 1.5X10" ions/ci (550K)
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Chemical Shift= 0.8~1.0 eVE XHIH 1 JYi1® CuO FFEo] FAH
= 20~23 eVE HIFEI Yo¥. 82 Cu0 AY WE Cu 2p%
Cu 2py2 Alolol satellite?t YEIULY Cu,0 HY We JEUR s
E A759 AL Cu 2pet Cu 2py AFolol satellite’t WEFIR] gkgkt),
o] Alg oA AAHE 4L CuZ AZHL)

4 £

(1) Cu/PolymideA 8] AWM HFAHE AFZFsE 371 H3ste Scratch
Test ¥ ¥ Acoustic Emission—Load A#HE X A2 o240
9X10"® Ar'/em’2.2 ZAIE oW 7ZAAE vi JIUt FAE Hex e
REE 1.2X10° Ar'/em’ H8 Al FAHo] F43] F713tH 1.5X10°*"/cm

9 wolE 650 K2 GAYT 3} Aol s AW FIAHol up

7ttt ¥l AE—Load ZAFAA YAstE ZHAe] AE Ax
F7he @utste] AW HFAHe] F2 e SAS @i AU AAE
o & dtFol ZteiAE AE Am7E #2743 FTUbstslth o] E2#HE R

FodMe o2 dd % g3 A2FE& o3 AW

A3 go] S Z/STst ¥e cledFANE AW IHE 3

(2) Cuw/A|A A AW FHF" F43 AWEYd A Atole] #AAE
T s GXRD % XPSE FAFE AT Cu/Si0; Cu/ALO:%) A
GAE Cu,0 Aol FAHJE u ARHAHo] 4~5H] F7EE ¢
A, @A Cu/Si0,, Cu/ALOs R Cu/polyimide Ale]A o] &4 &3t
g3 AR HFYH FUte o2 9% FIZEFH CuwO0 & FAHY =
Ao ofF IS dsdr
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Jo] #¥ FT-IR 24
AA olo] FYE 2HJH2A UntrAd I 13 TEE

A%t w2 #H AL Auger Electron Spectroscopy &+

AA o]Ro] FUE Siel nitride A TS X-ray spectroscopy

24 (F4a¥ USSR Academy of Sciences, Institute of Metal Phy-

sics®t &F A7) F spectroscopic ellipsometry &

LAF £4< 9% 50 J4A 2 ARY AT 2 Wy
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