66

AT AR

ULSIE 98t 358 CVD 7|
B B OEre #E T
BB B EM IR BRI R
ERF EEHEA*

.4 = Mat gaelmt FaE Ael ohw, thE B

t}& F4 A 7)4 & ultra large scale integra- oAl A intermetalic dielectries Sk =4 d 3
tion(ULSI) %) wafer scale integratione gt ul% A3 7R e A, S-S interconnect
A 2A AZ TAANE Aod ks Fed X vt obye} contact layer, diffusion barrier, gate
of YUY 5 o]t sk whma] Lol Al 7ha A electrodeol] AlgHo 24 F& ol F43kFo] ulb
HAql 242 sehs|E chip size W switching A 7 esle 43 (ohmic contacts o

speed7} B Al 7ol ol -2 Aoz oS
9] 7] w) Zo e} 3-7 =
o}OI]kI scaling factorE o3 &ull T 104 2
= ouhel Zo| wl sz o 542
’354 =d] ubal] A,

a)
A

Ha
Z45olH Jle 32 AdATA
o} £ ol
scaling factoratZ
interconnect lineoll 4+ line #]

o®2 Z7}sbe] | switching

ot o2

=1]
=

contact A &o] ¢«
speed% 7 A 5}= RC time constant+ scaling fac-

torol]l olsi4] WA HFeazd P Azd: & A

% ARE 3 ebd ULSI wbxa] £xbol4E scal-
ing downoll 23} switching speed 412 7] 35}7)
oled & & 4 vk Fub ol A2 AFL=

7
o

all 2 Z7telA He
olgt Al zolx A7 FALA AXF oA =
ZAolc}bB ULSI 428 23F interconnect lineol|
A Zelglojof & 23 BEAS FAAeoz Ay
e, A, A Zoleh WAl g e Aoz A 4
1)oll 4 9} 7o} RC time constant& 73 A sl

factor o] o}

24 electrom1gratlon failure

key
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shallow n*, p* junctions, Schottky barriers, strap-
ping of n* and p* source/drain(S/D),burried inter-

connects, via technology etc.)o] iLzd &|oo}k &}n] ufl

X 1. Circuit performance®} interconnect lineoll
3}l scaling factor™

42 T2 3zu4 Scaling Factor
Device dimension, tox, L, W, x;, W, t or d 1/a
Doping 5%, Nga a
Ak V 1/a
AR, 1 1/a
Capacitance, C=¢eWg/t 1/a
Delay time/circuit, VC/I /e
Power dissipation/circuit, VI 1/a?
Power density, VI/W¢ 1
Line A&, Re=péw/t a
Normalized A t7-3}, IR./V a
Line response time, ReC 1
Line current density, I/W¢ o
Contact #38}, R a’

tox - Aolut A W ! Line width

L : channel Zo] d,t : Line thickness

W ! channel = e I FAAE

X, : junction %} o] £ length



ULSIE #g &

=, Aolutz} adhesiono| ZFojof 3} mobile ion &

A 2] 712 okelok ghet,

ax AzstAel A Auel S5 A el 2
g slofol & Apgre FHubate] Az FA olch AA|
2 e dFAte Y28 24 Q5] ARt
= ULSI g5 Al 2#t9) Al zTAd Ajst 5471«
7} o] wE Az AHte] o] 284 Ha 9l g
ojt} Ml 2 o]+ =2 throughput, =#2te] unifor-

mity, %734 topography®E SHT 4 S+ step
coverage, particulate generation®] |, g Fz

2 xzo}l £z A 23}AANA9 thermal budgets2] 7
4, gate®} source/drain®] H XA, interconnect
29 oA =o TAHsED 4HT 4 glojo}
ehs needs7t AAGH7] wFolch whelA ol 2
< needs & FF417 9}% 71E2 A 7ha FAle]
AF=E A= |

position ;CVD)aldl, &3] z9t3}atE 24 (low pre-
ssure CVD; LPCVD), Ze}=n} gtz 29 (plasma
enhanced CVD ; PECVD), d&lo|A 3&=at4 (laser

2+ (chemical vapor de-

assisted CVD) = ion beam Zztdlo) wfdl <77}
Zars) A=z gk
webd 2 JoAEs MOS Tz wiss 4£3E

electrode % source/drainol| A 9] &
& —mle A A ’5‘1-0" ALL5]E o] bx] E4rululbe
T WA 4slen, seEay CVD

2 —EL_/_._LI_HLDL ;q]z:'_ﬂxl.gl %M% _Tr_iaLgH

71F0 8 gate

4 thol molx gt s

+ poly-Sio|, 2]%01]{« tungsten(W) molybden-
um (Mo) 59 refractory metal % silicide7} AF-& %]
3 9leh, Poly-Si-& 620C o4 LPCVD bl ¢
] SiH, o AFsiutgoz (100) e columnar 7
zo| vhuebg olg 4 bl 2ol 580T oA #l
AAFzo wtntls © 73 & 900~ 10000“4 of 2]
glsle] 4A s Ages 7}=) =]
surface flatness7} el &}3]
Reml Aadstsl At o
Aoz oy
organic gas® 3+t o|Zsle] FekFaulwlo
2 A &AL} sputteringZoll 23+ physical

ululs ol o 4 9lr}  Refractory

o)tk 't Refractory metal 2 metal-

vapor

deposition & &

Y

aiel CVD 7]& 67

metalol 4 22 =ofob @ AL w14, 2
2] adhesion, A=t % Sio} H-S-A,
94 5ol 443 A2 Aae 24
ko wlgp A BAgl FAS dog =
F2 Al AHEE2 ], silicide ¥HE gate
oxided} AlHEA 9 #4448 FAlsokat st A3
ZA A silicide stoichiometry S T Q3HA F41&
4 9lofoF g}, & A MoSi,, WSi, % ReSi, 7} TiSi,,
TaSi, Bt} Si0,off dlalA] "oz obdsle] gl
+ Aoz ob#A 9o} Refractory metal nitride
= TiN, TaN, ZrN £°] diffusion barrier® 4] 20|31

A3}
Z1A1A &3, Al
o]t} ™M Silicide
polycide

Qe poly-Si B Si0, 9 xHIPoezx AREHT
Aek 2 o] f& AbSFAA] Sio] nitride W E
FAbE 2] %S0 g silicideol| 4 WAEE A E

A AL 4 drt Poly-Si, refractory metal, silicide
o nitrideel] W3 #A=bES Aeldwd o Ao
1) Poly-Si
1) 24
— 271" o (self aligning) electrode
—Poly-Si/Si0,/Si &0l A] stable and controll-
able work function
—Readily controlled resistivity 2X107° to 1X10*
ohm-cm)
—Easy deposition by LPCVD
—Selective dry etching processesoll 4] u]4] A%
Aol 75
—Ohmic contacts to metal
—Compatibility with all silicon wafer processes
(high
thermal oxidation, processing chemical stability)
(2) &4
—High resistivity (20 — 30 ohms/sq for 450 —500nm
heavily-doped poly-Si line)
—2umo| 3o} AATA o]
RC delay time°] 718
2) Refractory metal
(1) 24
—Poly-Siell ®]3]4] 1/1004] & ®]A &

temperature stability, self-passivation by

2 85E VLSIoA=

—CVD-W #tukel 7% selective deposition, sur-
face conformality”} -4
(2) wH

—No resistance to an oxidizing atmosphere at
high temperatures

—Large internal stress

(374)
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—Poor masking capability against ion implantation
3) Silicide

(1) 24

—Poly-Si xt} 1/109) & A3

3
[+]
—Refractory metald] sH4ES& AA

—Poly-Si#} o] AR&3le] polycide T35 o| F
o4 we dAE Y 4 FACA HHD 2
o APPE 2 FHuAL e
(2) =4
—MOSel 4] poor reproducibility of threshold
ages
Lilicide stoichiometry ¥ uniformity Ale]7} o]
e
— Silicide/gate oxide interfaceol 4] #4%.2H-& dbAl

4) Refractory metal nitride
(1) =4
—ashgel Hha) ok s
—Inert atmosphere ambient d}ell4] 1000C @A 2]
o BAZE et
(2) <A
—Sputteringol 28 radiation damage7} 2t

2. 2& -Alg|Z Contacts
Interconnect TR o4 HAstE FHELE FZ
source/drain® contact windowoll A dojup ZoF

odeix gl E3] low resistance ohmic contacts,

%) metal

& #7}e)

o)
AT

stability of metal/semiconductor interfaces
layerB] step coverageﬂ— interconnect 3%
Solch, @Al ALgE
£.0 Al sﬂlclde, refractory metal, refractory nitri-
oln], ztzte] Ackdg Asiww cohg 3 Zoh

1 ) Pure aluminum®} Al alloy/silicon contacts®*#'
3uohm-cmf &l 9] w9 k& w|A S spAI 4

contact

A nEre F4utabs SAE 4= glot Al spike
o Al line} 2] Si dissolution, < electomigration

resistance, contact 32| thermal stability7}  # ok
3hm, shallow junction profile, conformal step coverage
7t vpmehe go] WAel e

2) Silicide®*¢-14

Pt, Pd, Ni59] near-nobel metal®} Ti, Mo, W3} 7
refractory metal silicide So| AF&5l2 =t
n,pd A2]Z3 Schottky
barrier heights7} A2l %21} nobel metal silicidex
0.66—0.84eVZA & & 7hAlch Silicides 23

[o]

=

refractory metal silicidex

(375)

19904 8 H BFIEGE H 1T E 8B 4 %

17 2e o Zauadel AHgEH, olst A
silicide”t @A = St shallow junctiono] 4]  inter-
diffusion 2}7] 28l A= silicidation X7} Solok
gt

3) Metal nitride, carbide 3 boride™"!"!

Contact FZoll4 4= JHAEE Fo|7] HallAE
a2 1049 TN 22 diffusion barriery} 223}
t}. BarrierZol A9 E459 diffusivitys wHEHS]
ol TiNe 7% Cu2l &HAlel He3dt F435F of
YA 7} 4. 4eV (hE St A 1-2eVE) °let

ZrB, 3} Ale] A5 Age 625T oA 247 F3t 4
A Zo= A interdiffusions FFE 4 gle

RHoz A gk 2EY contact size?t o
A He] gl

a2

42 contact resistivity?} &7}

Metal 1
TiN
TiSi,

Dielectric 1

Si

Metal 1/TiN/TiSi; o) <38t contact

metallization

a3,

4) Refractory metal®*'%™"

W, Mo= Al 2]} work function®] 719]
diffusivity 7} =4-% %ot ohis}l, 28 29 7
2 selective-Wolut 28 2(b)2F 7ol non-selective-
W deposition®] 7}5-3}aL, diffusion barrier ol
FE0 2 EAo atFAA & ke Aol ek

A ZAA AAE 7F F&atatel sl e s

7+

contact

o

ofob & Z7oll webal 54 FFH ud E29)
2t
M. stet Zx712
Folel &t Fasee 72 2 S

(physical vapor deposition) il o & A o] FolA rh
a2 2 2o ALS £l A15ted Ti, Mo, W, TiSiz, WSis,

TaSi, 59 Z4utut o) zb3 dointabrta] PVD ¥
of ulste] @Azl F9d FHEL 7HA CVD FE



Metal 1

Dielectric 1

ULSIE #1% S<44e CVD 7|¢

Si0, \ﬁ

(a) Selective-W deposition

agl2. Wi 22

Dielectric 1

Si0, >

(b) Non-selective W deposition

refractory metalZ ©]-8-3 contact metallization

H 2. Interconnect A Eoll gk A7 & Fal, 432 549 wjuM

A7 E4 n*&p* TiSi,
PtSi, Layers Doped TaSi,
A/Si/Cu | py. ;| TiW | within | Poly-Si | WSi, W Mo
Criteria ? Bulk Si MoSi,
1. Low Resistivity G F P F G G G G
2. Low Contact Resistance G G G G G G
ton* and p* Si
3. High Electromigration F F G F F ? ? G? | ?
Limit at Contacts and
in Interconnects
4. Good MOS Properties P G G? G? G G?
(Reliable Interface
with SiO;, ém:,
No Mobile Ions)
5. Good Schottky Barrier F G F G G G? |G
Properties
2o, 244 24
Criteria
1. Reliable Shallow Junction P G P F G? G? |P G
Contacts (No Spiking)
2. Ability to Withstand P P P G G? G? |G P
High Alloying Temps.
3. No Hillock Formation F F F G G G
4. Good Barrier Property P G P F F F G?
5. Low Stress F F F F F P
6. Good Adhesion G G G F F P
7. High Integrity Native Oxide P P G G G G G
8. Planarization F G G G

(Note : “G”good, “F’fair, “P”poor)
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70 1990 8H ®ETFIL=

At ) 229 surface con-
formality (2) Wt % 8k Ao (silicided]
%) (3) A F2el CVD F37i&z sM5shA
Sqich Toold 4% uish o] 22, Az, A
71, et 270& B3t s HAdd F4Asz
A W3t 78 refractory metald & 4 oo
ULSI4z}oll 4] 28] 2 9} 7to] contact, barrier, gate/
interconnect, via filling/planarization 5o 1 2299
7} wl - choksioh webd £ molMe F 2 refrac-
tory metal Ht2te] CVD 7[&$& o e & giel

1. XM3istE % (low pressure CVD)

¥l solid phase”t HE5 st= T4 L st Ay
olgtx et WA web ()FAAZR (2)F2

2
(3) Eedoll A8} ol FEmiuks (4) 71 8bs e 2t
6) A& Brdold §o2 yYrojA A7t
Asln gl gis e AzFHeA 275
27 Bt e Fagrols A wubg yga

A7 4 Qlofe} dlmz oleg RF oM ddstd
o2 A WS FET 4 Utk WA ASHD
%)+= refractory metald- source gasE-& TiCl,, WFs,
MoFai/‘1 200—-500C 9] =i-¢ & 2xoAf Ut
s io}“l 407 2 silicide WhehE A gl
W dtete] 735 3dubg-of ol ube} o5 3713
uiejo] glet
1) Si 3-dupgleozn

L

2WF;+3Si(s)— 2W (s) +3SiF, (2)

Si $e-& WF, 7} Sig A4 ste] Wo| St
22 SAolA Qofuiel, 4
g 2 4+ 9ok 2 Woshelol
QA ek Siel BFel © o4 Ul %
= 7| & Ak (self limiting thickness) ] 1}
hoch. Si Re9EE S BEAAE 58
Hog ] weA AFPHo g W ululbol z271&3
Aol 4] contact resistance, silicide formation kine-
ticse ¥ 2L AWEAE AA5A =, Si 2w
Az 3k AAL shallow junctions I3 A, en-
croachment, worm holes-¢] ¢alo] o}
2) 4 Fupgie-

WFs+3H,— W(s)+6HF (3)
24 B9duls e Az Faly 420 Hajo) 9
3le] WF,o} He| gshubg-o2 A" HE7} =3

@it BITE B 4%

Pozd dadch weld FHYgo] Eg A
W7l Fol oo APz FRAEEL BHEIIAFe
44 Bpe) 1/2%0] vlalshe Aoz WA e

o, EH03e TAHANA} oF 0.7V ol B
2 FAE 49 A F435 o3 dA
el o o 2xo) wepd] 23 349 Zel Al
el AdA W ubehs 48 4 glo) Si gl
SollA AFak ule} o] Si Zwie) Hale] oo
o2 28 49 72 encroachment ¥ AMSo] kA
& 7leAdel wi¢ =t

3) SiH, Ak

2WF,+3SiH, =~2W (s) +3SiF,+6H, (4)

T4 FA ko4 P E e encroachment, worm-

hole B A A A7 #5ted SiH, & 4% A 7tste]
-]

SiH, £3iukS-& E3ted Sis %—%E& g4 Si 24
AL e 4 dx, TALEE 00C AR W
2 4 3o, 34452 59 4 o0
€«--T
1000 800 600 400 300
TT 1.7 ] T T T
760 Torr
~ 10gm L (Berkeley)
5 9-10
E Torr
2 (Huegel)
& 45—67 Torr
H |
5 L0um | (Huegel)
3
&
a 0.5Torr
(Beinglass)  \fF~—— — — — — —
0. lgm
|
0.5Torr '
(Y. T. Kim,!
100A + S-K. Min et.al.)
|
t
|
|
10A | 1 I | 1 1

0.8 10 1.2 1.4 1.6 18

1000/ °K

(Dashed line:low temperature-low pressure regime, low rates,
controllable selectivity-S 7}zl t}, )

223, WF,-H, 424 & o83 wate}l Zxio
ol &5 ul gqlyojm e
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ULSIZ 9%

3% 4. WY tunneling & Aloll o gk TEM ApRIDS

4) Al F silicide 5 83

WFe-Al 482 AIF, 7} BAHES wl5ojAlo 2 4
b Al F lot AR, 7} Aol Ae =&
o] A& oAl 9kx W-Al ol traps o]
2 Aw9 contact resistance® Z7}A171c}. Silicide
F ol Al WSi, ¥7& NF, 2 etchingdt & 500-—
600°C oA F2E 24% 8- 10pohm-em2 B A4S
ge Zo] BmEol g}

5) Silicide &H1026-29

WSiz, MoSi, = WF,, MoF,9+ SiH, &  uk3-4]7
silicideZ =5 4 1o o] w} SiH, 92} WF, (MoFs)
2] wl& 70:1019 F2 5 el e SiiW (Mo) 9] 4]
< 2.2-2.79 % 71Ad. TaSi, TiSiv 77

olo.
N

TaCls % TiClL,¢t SiH, & ®F&AIA silicide 2o
derh 53 TiSi,v  silicide 2HE 7}gd) 713
u] =] &} %}:(22/mhm em)©] Fom etchinge] Fgog

silicide ®#tto] 742l 9l F%-4 4l ghAQl pattern-
ing®| FAIH ] g},
6) CVD-AI®Y

Ale] 7RAln Qe A skx AR
step coverage?] E-3o 2 I3l device failure7} 7}
# & wdolrh. CVD-AlE o432 24 conformal
Uek AF A E gel o
TF5 3. 30+ source¥ aluminum-organic compound &
Al Al(C Hy)soleh w7 ae ohga g}

Al(C,H,);—Al+3/2H+3C, Hs

e 53

coverages 28 4

(5)

FAES- 200-300C oA Si Evilg E4d 3419
7l Y3kl TiICLE =14 E8lA Tivt 2254 &eo

24 Al(CiH, ), #3uke-9] Fulz ARgste

4% CVD 7%

(378)

71
o] AFsm gk Sio] incorporation® £E  3F}7|
Slekol SiH,+H, & 2ol A7k Yot obd Cu
o Hole AEEA g3 Yo

2. E2l=n} 5554 (plasma enhanced CVD)
PECVD el ojgt F<4utut S22 LPCVDell
vlsted 79} Q77 Aol YA e ek =2
ol-f-+ (1) glow-discharge A#loll A fragmentation 7
27b o Babshe 2 Alofo} A7 e (2) 33
2 whabo] porousshe] uA kel W 21 (100u
ohm-cm) (3)adhesion°] E&dtehs AF Az Ee)
BEs|of Y7 B ol B B8 WF,-H, 157
5 ol 4% 4§ HF/} ko2 449 slsdol &
orm2 Sig Si0, &Y etchingel dojd =
o4 =t u] A 83} adhesion® MAEHZl $ sk
I dAFHol Hubebof o g Fe x4
:L_/‘_.:u_].n_]-_o. Z 2] 7] = =z o] glo]x] = ;1_0__1 "R
5o ek b8 22} LPCVD7E ubs-¢ of
b=l ukele] PECVDE 7| A ol 4] 9F3-E-2 1t
of Weogd HAs FAULEL AT A$ Lp-
CVDytt F<Ew 7l w2 3 w|Agggts LPCVD &
78 2 BE d& 4 ek 285 KIST
lx Ald F4AlolA PECVD @ LPCVDulgoz
A7) W odbetel wiA 3 S48 ZAg Ao}
PECVD®| 7% &4 sol| %] 7} 0.34eVZ 4] LPCVD
9] 0.72eVET oF 1/24% RS @+ Sz, wA
gk 300C ol Aol A F2E A 11 wohm-cm¥]
< v|A L FHA beeT-2e &3l BARl (286)
A zqulal 7 9%k, PECVDY 7%l = SiH,
A b 4 wE T ded A A4

o) o 5= *28000“*1 10x20hm-cm W2} &) w] A3}
& 7 W ok Qg 4+ Atk $UY Lxol
A 71} 73 vl A g zho] 28uohm-
em?l ZA# w3 H, & AHrlgle gy Fex
£ Uee €%°l o, vAAHRE o oA
< & 4 Ark 28 490H wafer Aol FY
3 AAE d77} o]8 3, adhesiono] & Z AN A
A# A7) LPCVD-W upetwct Hakslaloy, a2
PECVD $#344 & FefZnl #3334 2|35}
in-situ monitoring T 24 ZZ A g )4 o]
7458 Aeg ARl Welols Mo, Ta, Ti %ol
W3t PECVD F2 ZFel gt 2325 Aviud,
Mool 7%- MoCli 9t 45 AHg3te] 170-430T,

1Torr®] sHAstellA v A2 Aefe) Mowbdhg A7

i1

ol ‘-J g
o

ru]n

=N
L_—'—a

ﬁﬁmmﬂ

|



72 1990 87 WTIEEHE L 17% &£ 4 3

80

—e— PECVD
60 L2 —O— LPCVD

50
40 -

30 -

Resistivity (4 Q cm)

20

10 F O\O./O.§57

0 L I i 1 1 1
200 300 400 500

Surface Temperature (C)
(—e— :PECVD,—O— : LPCVD, WF,-H, system,
0.5Torr 0,7 W/em?)
2xol HE Padl Hoke)

a3 5. 7|13 #24
v] 2] ghy s}s7

3.164
(@) a-We| AA 7200

a-W (110)
a-W (200)

== a-W (211)

t A
20 40 60
Diffraction angle (20)

(b} PECVDE] A&l u}ule] x-ray pattern
a8l s6.

A7) ¥ AAEHE Fole] vAYRRE /1035 2
4 Aokl ey A Zhx] BRaE Mo kel A
2| A w]Adgte]l 10, 000uohm-cm o] Atolm g AL

Aol= B FAZE Sth MoSi, 8 ZA$E 94
SiH, & A7}t 800uohm-eme) w1 =3 7HS ol A
7} wzslo] Uepl Ta2l 7$- TaCl 8t SiH,Cl,
£ AH8-3te] 580C ol A4 180~ 60xohm-cm®] 8] =] 87k
< de F Yo, MR E 650CE Y AS
A atubE A8 4 9 Ao BuEe] Yup
TaSi; o] 739 944 LPCVDe}t 43 A3gs 4L
4 Stk Tiol A% viad e uAFHRE R
19rE PECVD #yjo2 o5 4 & ez 2
2 Ho] AEH MM 600-650C N4 14xohm-em®]
large graing 7}A ulukS d9dc} TiSi,+= LPCVD
wlog ¥ uE Axrl Ao gled Hisked tigtd
543 silicide Wahe A& 4 ed 137 dA
2ol wE v HIE WS, o u)mdt Ao}
Ale] 7% AICL, Al(CH, ), & 44 F2 Ard} &3
A d¢ 5-10 pohm-eme =-$- & u]A]

3 7
=] [e] o A 42
SE A% F UM

T

Anneal (C)
O 900 W S
C11000 } (Brors, et.al.)
21100
® 650 .
| 600 } s
200 8 \x
175 7
o
g AN
0 & 6 N
v O
125 o 5 5
2 a \
'S L
w0 £ 8 4\
i \
28 W]
S 2 3 \\\:
B ~
500 £ 2 D\LOE’P\D
1100 -~
25 1 )
.—.mggg (min)
o o 51020 40 80 160 240
0 5 10 15
Time (Min' /%)

a8 7. WSix 9 TiSixol g dAgjes o
/R] 7\1—9,] B‘iﬁ}oﬂ u;}._E_ H];q FH1440)



ULSIS 9% 243 CVD /1% "

3. Laser CVD

Ar ion laser % o] &3sted AHH &% ‘*
71%o] T dFsa Yt o9 e o 3-
< AHE S 953 9 F Jo2E patterning ¥
Aol AE BestA gu, viad @ 2xodA F
2 4 9lond wAEgt 34 LPCVDY 5S4
FA AFE Qe F U Aoz Base] o
azv AF7A AFH 2744 source gas 7HH
Laukgol] AAEG ol 2(lasere] sHgwistol] wg)
£ 7}A laser irradiationol] =& Aldo] A=l )
oA dA ¥ F3oz s WF.9 SiHE source
gasZste] W ubet S3% A58 At & ®el
o} g2j) 3RE laser CVD 7|52 maskless pro-
cessZ2A] Wiwkdt AL A3 Ysoe BE AT
7b 71 = et

4. lon Beam & 7|zl

Ion beam Z%7|€2 1383 3ol FEYAE o
L£35}51ed 4= eVollAl 4~ 100eVAA F2AA] 5
Az 5 wsIAA A wtute) FatLs g 543 A

Substrate

) !
RIS
Clusters @"' ,

olg2 &

\ &
\ @ . ) Clusters
& !

Accelerating \ @ !
e]ectrode

i - \@ o
4% A Skl kgl ots 0-10KVE

"T 4 —

J

b’
| — Nozzle
E7h — v

Ttz
L2

-

Ion cluster beam deposition sourceoll o3t
Mgz

a3 8.

ofsh7] 4AT 4 sleke BAel gleh B4 24
ule] 739 stress release® 47 8k contact 39
ol native oxideZol| 23 3 3g ¢l¥ 4+ U=EF F
A ¥ L pre-cleaning & 4 ot = a4
22 100-200019 A WA (cluster) 3t
¢ 4+ 9eozA Muggel 43 AL B HA
o] vehd 4 Sk 2 & o2 Si 7| Adol epitaxial
ARt FRAAAQ Fael Al gl vehbe
hillock, junction spike S°] A3 gla, AA T2 o
3lx dojuix] 9tow electromigration Ad A}
sputter Wl 2|3 Alell w]dte] 20u] o] ke 71 &
oHg 7 Aoz yeht gloh =3 Cu-Al cluster
£ 7% 3bete] Zabslw 230 oA 60#2F AA 2]
o] % intermetallic compound7} FAEA ¢&E o
o] Z9jc}, Hul olu]e} ion beam TR 7|EE o] &
3}l Si, GaAs, InSb, CdTe-PbTe 59 z+% HIEA|

£ 2E5bn A A2 A5HE A
e A 4 9% Aoz Adge
V. wey

277 ULSIE A8 24t} 7148 F4oz
A9 Fe AHE Adel A8Y 34 9 B4V
Mg g EA = 0|9} 7o Z4uiube A2 4
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