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BRAFIZT LY ha =7 AORBIIKIE LTV DHD, 20O F T8 REFERIIEHEMT O H8id i b

BEREEZ R LD, ZOREE L2 TODOEERRITE T 5 BRI ORI - &%
LB ORIBTH D, T OISEERGERHINT O —> Th BN TIL, B> k&2 HnT
FIRMRATER T 2 4~ L VIERERTH D, ZOHEDOMERM L TIEE R MM 592 MR~
HDIARD > X NEEEL 700, BHOERORBBELEIN TN D, RIFFEGHSCTIE, KR &R IED
HFHIR BB C & 2 R SR RE D B IR B A 8RBT G 972 2 L 2B 2. BERSURIEEA & -
SHINZMEG Lo Ch o BER —BILRETF A v a v EHWIZERD > & FE
(EP-SCS) ##ZE L. ZDFHika Y8 OIALBAUICH T 2 2 & 2 A Te, RamsUILL T o 5 5
ko TR STV

F1E [FFam) Tl #%%Mﬁﬁ&&m B ML - @R L~DZR, BUTEIFTH L E
LD o X X 2 EH DAL FARIE R COFE, 72 5 ONT B 72 2 Bl o b i i 7= BB m s S0
Tk 7o, EBER R ER R SR 2 R BRI 3 2 W ARPERS . ARAFZE D A AR 2 - 7o Bl i 5 0mr
TROBEFRIZONTE LD, KnXOBEWZER LT,

F2w BN ZBLRFET AR v g U E AW EBARERD - X E0REE) Tk, BEESR 8t
R#ET <N g BV EMRD - & Fik (EP-SCE) TSy — FBowfpit, ERE
NCRAUIRFB DM LT 2 & CEAMEEE S EIIN L WREEUSAMERE S4L, BT, LR FREEOMH

ICPEWVESIERSIN R L, BIRENEAO T2 L 250 E Lz, £ 2T, EP-SCE B8
%%m#&:k%%ﬁb\%%ﬂ#Mkmiﬁx«yyay%%ﬁk%%@o%%ﬁimpﬂﬁ)%%
Rliz, ZOHFEZEY ., EHTIHEMAOHEREZ KX EO LoD, EVA— A » B EmH A
L= AR BB > & RENTER TE 5 2 L 2k~ 7o, EERIC, EAE 60nm, RS 120nm, 7 A
ﬁF%2@T/X#~W$—WTXF%WiﬁLTEPﬂBT$%ﬁ®O%%ﬁW\ﬁ%Fﬂﬁw%
BELGM DAL D FRE T H D Z & & on Lz, HOIAFE N8RS M O 2170, WFho s —izEs
WT b A1 E O FFS S, b L <R —/VIREICA U TARET ISR ERERZFF> 2, 3 DM
N RZT LN REREE CH -T2 e D, R VNOFENTIEAR F A7 v 7l ETiThbihl, BL
Bex 72 F LBIBIZ L VRSOV A ANRBHICKEL R EEH LN L,

% 3% [EP-SCS{EIC L B @ T AT hbT ) A7 — LR — L~ O8I D IARE AR Tid, EP-SCS

\ZHRT D EO R EMERSC 7 0 — B IS K0 WO R &~ @7 A7 Mok —
LASOHFIL DAL Z G~ EP-SCS TiX., #IMAN D o & FEAID IAE N DBIR Th HiFE I M
RONRNZ L &R LT, £/, EP-SCE £ X O EP-SCS IEIZ B W TIE IR LR ORIt i 78

EORIFIENFE AR BT, REDORMMBENIZFLEA LB TEHLLTHDL I EEFEIEL

\[




7z, F7z EP-SCS Tl &2 RiiE AN o X O R MY L 137 bR EZFLMNE LT,
[FIEFIZ, ERDEMD > TETITER 70nm OFR—/UIZX L TT AT "1 OEDIAZR LI TE 72
WERSD - ZHRT, EP-SCS EA WD &, KV ET AT MEDR—/L~RA RO VR —/L
EDRMEIN T2 WHH DAL N TE D Z L ZFFEL T,

F4E REGA EP-SCS v A7 A KD KEFEFR—/LT A NERA~OHIEH ] Tix, EP-SCS
2 XD ER 300mm A—/LT A b IHMA~OE/HD - & & FEfii T il EP-SCS /ST AT L%
R G LI, BICZ OGSV AT A& ANWT, ) A — ViR — L3 — o %479 5 A 300mm
FEWITEAD - X 24TV, BREEZ il d 2 2 & TRRERZMD > EHECTRBTE S ZENRT
EHEMERM U, ZORIGEM T, EE 60nm, 7 A7 FME2EB IS5 OF—Ixi L, RA
K72 ERFGD RN DIAFD > TN TE L Z EEFERELT,

55 5 TG | CIT AR SCOMFFERE R A4S L AR SC TR R L7 e B XU L RSB HR % EP-SCS
OBERFRIE R~ DIEIZ DWW TE & iz,

UL EZEET 5D & RFRSUTIEL, BRI o & % W76k O 8RB BT kT L, BRI
TR DIREE - SIEEEE R L. T AT VR L~ O IA T D o & F FEAICTH 2D
L UL THEILTE D HH R B LU F SRS EP-SCS 242 R O5E Uiz, DA EN8IZARA K
RE VRNV E VST REHIELS | BEH D WVIIETONREEEOHETHH L EHAL NI L,
FUZEAR 300mm F-/ A7 — /LA — /L EARIZKE LD » I K 2 RiEEE T/ A7 — /L R—/L~DK
BaDZRVERDIAB N ATRE Td 2 Z & & L L. RHEEACHERRUBRIE U@ & FTRe 722 860 o Z EAiT CTd
HZEEHLMNT L,

H% - GSCEEIE, FI3C 2000 52 & 383300 354 1 HB3 ST 5, b L IEE 800 54 LRl L T EEuny,
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This thesis describes an application of supercritical carbon dioxide (sc-CO;) into Cu wiring for
integrated circuit technology and has proposed novel electroplating method with sc-CO; suspension, which
is named EP-SCS.

Firstly, application of sc-CO, emulsion in electroplating (EP-SCE) has been reported to be effective in
reducing defects found in the plated materials, because sc-CO; has low viscosity and compatibility of
hydrogen. However, dissolution of the Cu seed layer was observed in the attempt to fill the nanoscale holes
on a hole test element group (TEG), which has an integrated structure of Cu seed layer on TiN barrier layer
sputtered on Si substrates. Therefore, Cu particle was added to form a suspension to inhibit the dissolution
of the Cu seed layer. This method is denoted as electroplating method with sc-CO- suspension (EP-SCS).
Electroplated Cu film obtained by this method was a smooth film without pinhole.

Secondly, | applied EP-SCS technique into filling of hole TEG with holes having 60 and 70 nm in
diameter, and complete filling of all the holes with electrodeposited Cu without any void was obtained.
Moreover, | found usage of the additives in the Cu damascene process can be reduced significantly by
application of EP-SCS. The Cu filled into the holes was found to be single crystal or had only a few twin
boundaries parallel to the surface of TEG. The crystal growth in EP-SCS could be bottom-up growth along
[111] crystallographic orientation of Cu. Gap-filling capability of the EP-SCS is high for the nanoscale
holes with high aspect ratio in even when using Cu electrolyte originally designed to fill holes with 70 nm
diameter and aspect ratio 1 by conventional method.

Thirdly, a continuous-flow reaction system was proposed and examined for filling of Cu into nanoscale
holes with 60 nm in diameter and aspect ratio of 5 by an electroplating method with EP-SCS on a
round-type large-area hole TEG with diameter of 300 mm. The TEG was found to be completely covered
by electrodeposited Cu. All of the holes were filled by Cu without any voids. Moreover, a contamination of
carbon was not detected by glow discharge optical emission spectroscopy and the reaction was suggested to

be feasible to apply into Cu wiring.
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