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2 A4 e wdEokel s, Cu wtete daje Alg AT EARA ¥ o CVDel ¢ A4 Fihe
Cud patterning®} F#aisted ksl FAL oo 7|z e} & dFel4E (hfac)Cu(VTMS) 9l %-7|48E M43, CVD 34
A= guk 7)), B9 A TA] ok& Si0, TIN, Al 7jael it dHA4E Ak dd4e A2 (1507C), A4 (0.3
Torr) o4 ALY 4 alglem, B3], HMDS in-situ predosing 33l 28 of S $4" 4 Axch. ZE 7o s, H, £
71A7F Ar Bt} B-& incubation timest ¥& 23} £57} dojydony, Cu YA 3717} 21 Q@) 2ol oFF st o]
=, H, A%l 71agdod 927 F85e d8 g7l 93 (-OH)7} B} go| AT 7] B2 oA} o) o4
Fz9] atole H, ASol B} G v gg oA fYr}. HMDS in-situ predosing ¥4l 23 Cu ] £5¢8 Aele e
o] FE§ 9| X FY xpelx vJehta] ofgtet.

Abstract Cu is a potential replacement for Al and the selective CVD of Cu gives more attraction based on its potential
as a patterning method of Cu. The selectivity of CVD-Cu for SiO,, TiN, and Al substrates was investigated using
(hfac)Cu(VTMS) with carrier gas of H, and Ar as functions of the processing conditions and the surface passivation
process. Selectivity could be enhanced at the low deposition temperature (150 ), low chamber pressure (0.3 Torr),
and especially more enhanced by HMDS in-situ predosing process. For all the cases, H. carrier gas atmosphere had
shorter incubation time, higher deposition rate, and more, smaller, better-connected Cu grains than Ar carrier gas.
These are considered to be due to the increment of surface adsorption sites (-OH) of precursor in the case of H, carrier
gas. This influence of H: on microstructural morphology of Cu films yielded lower resistivity than Ar. No distinct dif-
ference in impurities and resistivity was found in Cu films for the presence/absence of HMDS dosing..
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grated circuit)ol4], 4 AdEo] 7Aool wel F<4 o)
A BAe u|xd, EM * %A (electromigration resis-
tance) 59 E4o] tj2 o] F2sA2 Ut o]2 sl
A F43F TAH AHEET e Alel vj#] @Fe v
2} & EM AZA S zt= Curl A|28 54 Al ERE
A fEE T ek =3 T FHA M, ULSIE ok
2 w4 2 (multilevel interconnection)ell 4 e} A

L 2 aspect ratio® contact/via holed 9o} &
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tion) ol B]8l step coverage &4o] 4% CVD (chemi-
cal vapor deposition) F#& | FAlo] AF =1 o} 2]
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Si0,2 9] wg FA&r 2 QI3 Ak W=z e,
dA o] e A, 2jd BE Absite] Raf Fo
FAHe] gled, 53] MY o TAHE A4 Az
ol Aol ek, dx7EA] Cu whute] 4] Azt i B
& A7} 9le} A5k, uh-g- ¥-AHE (copper chloride) 9
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TAZE U wEbA opA7A] AlgA A dEEZ A
E3t Fofo|c}. A F3tol] JFE v A= FH Qxlell=
7193 A48 3 A, 489 54, CVD 34 =3
5ol slrk. olFeM Uge EA4L asiEd, S
diketonate2] £5-l wlz} (hfac)Cu[P(CH,);], (tfac)Cu
[P(CH,)s], (acac)Cu[P(CH;);]9} 42 Hr} e 2
Toll4 Pte} Si0o] oigh AAde] Al 7o Hm
Ha 9t}®. =3k Lewis base ligand ] FJHol] ulel s,
ety o= vy T 2464 (hfac)Cu[P(CH,)s]
E i AddA Vg whd,  (hfac)Cu(2-
butyne)&- A® F3pute] dojdrh. zelut (hfac)Cu
(COD), (hfac)Cu(VTMS)dl daixe E3njc} Ahuls]
£ AFE Husxn gled'?, ol Cu-L ZHgHx
(hfac)Cu(L) 2#tet 7| o) 32 9)x)9}e) A}HZE
o] A Azl FHAA W4T 5 ok F, S0, 7w
o] thall A= Ew 9] hydroxyl group (-OH)e] Cu €439
th &t adsorption sites §&-& 3l= 7l o 2 ok 2iA gl=d|"?,
(hfac)Cu[P(CH:;)s] #2 f8& 2 A7} S0, 7|39
-OH7|e} F23le AEd 723 Cu-L 233 (28 Kcal/
mol)¥& Z3 9le], B} mgofjAnt Ay e iz} 4o
v Fato] A EEE ¢ g e 2NN AWy F
& 7}55HA gt wbdel Cu-L AjtHo) 9Fg (hfac)
Cu(2-butyne) 22 UF5 52 Hr} {44 B35 Si0, 7
T HellA Cu F2& AYPAI). F, AdA3S 44 d+e
t}. z8)28 Cu-VTMSY} Cu-COD #te] 7 Az 9] 2
38 (Cu-VTMS : 12~13 Kcal/mol)¥ & z+= g5 &
Z 70| e} A Fito] 7pAA o 2 el e o]y
g Ao ds) AHAde F2417]17) $)s8), CTMS [(CHy);
SiCij'’, DCDMS [(CH3),SiCl,]'?, HMDS [(CH)¢
SLNH]'" = 7]e} o}& silylating agent& o)&-8lo] 7|2
F o] adsorption sites (-OH)E AAHA|ZF2E4 SIO,
71 el M o] FEE dA7IEE A7) slof $tr.

B ArdE, 99 (hfac)Cu(VIMS)S U8 & 3=
CVD FAo) dis 34 273} -4k 7lalel] gk ddAl e
¢ sk, dt=A ARAZE T (photolitho-
graphy)olA] Abs}etal 7434 (photoresist) 22} 23he
$ F2A)717] 98 de] el HMDS & o] 4319 Si0,
71%2] -OHE passivationAlZ] o 24 A= AL F71A]7]
117} gkgdc). o]={§t passivation ZA-L HMDS 9] &ilo)
w2 hydroxyl group$) re-expose'"& | A-3}8}7) 93
in-situ predosing o] o#] F8E . dunldo g
(hfac)Cu(VTMS) 72& +171e] 858 (hfac),Cu #
< +2719 159} 27 3 7)A) glo] #pAle} CVD kg
719 (disproportionation)3 ZIsA|7]le e 2 odalxy
SUTHY B odF oM oelgt +17} 9489 CVD kg
of R]FA Zut 7| AR oljzt H, 22 34 & 71AE
T 3jgted CVD-Cu wtete] A e E49 9 Aol Bz}
stdem, old £ub 7)Aot HMDSe) 9%t
passivation E35 ZAF-A|A $712ql A& BEsln &
Akt olzjgt A=A Fitol it 271 gy A4

Zato]

AL o)& ApA|t) WrE Aol 4 Cu whete] patterning Mt
Hoee HE rhsAe Fdsted Aozt 9AA
o}

2.4 8ty

Agel A4T ABE, AR A LAl 2 9o
Cu eto} HA4g 7lsAe] dler b Hadxdst 44
o] BEAE 72t 9+ PECVD-SI0, (p>10"%uQ - cm),
TiN (po=150pQ - cm), Al (p=2~3uQ -cm)o. & 3}
g}, Si0, 7)1 TEOS (tetraethoxysilane)S Y82
gk PECVD (plasma enhanced CVD) #} o 2 (100) p
-type Si wafer #lofl ¢F 20004 FAZ 3=l o)y,
TiN2} Al 7]#-& sputtering W o 2 94 F%F 2] wafer
ol Zt7} 500 A, 5000A F2= Fe|o}. B E 7182 9F 1.5
1.5 em? 27| Agtsl &, TCE (tetrachloroethylene), ac-
etone, methanol, DI water &+ & 3}3t4 AL Az
N, blowingo & #zA}7] & CVD chamberol] 2=
th. & a2 CVD ol gk AAg =don) 48 3}
A& olu] B vl Jow', Zuks) 24 24 E 1o

Yehhgich.

Table 1. Processing conditions for Cu-MOQCVD.
PROCESSING CONDITIONS

deposition temperature 130~270C
chamber pressure 0.3~1.0 Torr
bubbler temperature 40C
bubbler pressure 60 Torr

carrier gas and flow rate H,/Ar, 100 sccm
gas line temperature 60°C
Cu precursor (hfac)Cu(VTMS)

HMDS in-situ predosing FA& 28 1o vlebd u}
9} o] Cu ¥&9 bubblere} 3t Fz2 HMDS
bubbling systemg 7} A3sle] o} 22 Ao
359}, 3o 2 A" PECVD-SIO, TiN, Al
715%-g CVD Ao 233 &, 24l 7|45 948 bubbler
9} by-pass linee 2 &9 59} ¢S ).
9} ofHo] kAR F AA F2g A17]7] 2AA AN A
98 bubblerZo g &= $ut 7)5E HMDS7 @A
9]+ bubbler®} by-pass lineo 2 &=24 3}ws HMDS
bubbler 8] 259} ot ¥& At} Udte REo} 340
ot3o] 2w ¥l 7]A] S5 HMDS bubbler B2 52 A 3}
o] 718" HMDS7} £4F 7)Ao} A8 chamberW2 £
HE% glcd. HMDS dosinge] B9 & t}A] 24k 7|A1 &
¥R bubblerZ o & 324 dto] AA Cu &3 TAHE 5
gt} o] «, HMDS®] bubbler 2%+ 45°C, HMDS
line £5+= E5E W23}l7] ¢sl| bubblerd] 2x X}
7k o] 2 60CE 3tdct. lineol A A =E ohHe,
24t 7)A) (H,/Ar, 50 sccm)et & uf9) oF 4 Torrol 4]
7142] HMDS7} #Zo] A& y& wli= o 30 Torr & Z7}
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valve
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to chamber
heating tape carrier gas
I~ (hfac)Cu(VTMS)
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bubbler - HMDS

Fig. 1. The schematic diagram of the source and HMDS
bubbling system

H3lom, o] wf chambere] = el =)o) Q)= 0.5
Torrel}4} 3 Torr® %7} ¢t HMDS”} chamberu] &
dosing =& A7 2R 02 wAslgd o, dosingo] &8
H % oF 3% o]o] Cu 9= bubblingo] 9J& Cu wiat
S-2to] 3 =)t

7 T4 27 WEte Fato] dof PdE A9 oJRE,
TAe] $8% 7|83} bare 7|93t Mg 2 Pule s}
du|H o2 vlwats Wyo 2 ZAstgdt. &, 2
2, 718 $eliA Cude] A E7)712] A= A
Johdo 2 wmelasl slon], B EEAAE o1F ap
parent incubation timee]g}il ‘;g}“g?'s}ait}. Cu "lgte] =
25l 7)3-& photoresist (AZ1518)5 A14-3}ed photolith-
ography 3-8 A3 %, 10 : 1 H,0 : HNO; £l 02 2]
Z}sla acetone© Z photoresistE A7 3le] T &AL
A& stepS FAAAT). Cu wtate] 4= surface profi-
lometer (@-step, Tencor Instrument Co.) 2 235} it}

2% Cu whehe] ZH3 b 4 SEM (scanning
electron microscopy, HITACHI, S-2000)& o]&3}ef o
Z =i, Hbete] WA g-e 4-point probe(KEITHELY,
224 PROGRAMMABLE CURRENT SOURCE & 197A
AUTORANGING MICROVOLT DMM/ALESSI, C4S 4
-PT PROBE)ZE =A% wAg3} g-stepo B x5 =
AZRE AEHAD. =3 S0, 7% zw saEe
FTIR (Fourier transform infrared, JASCO, FT/IR-
300E)E #Astden, Cu 2zhyg AES
(Auger electron spectroscopy, VG scientific, Escal.ab
220-IXL) 2 depth profiled}e] BA35}9]c}.
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3% 2= H, &4 74, TiN 7)9-& 2838l CVD 2
e A A1 S 250 W F2 £ wgE
BRI gledl, 259 F7lo) wa} 180T $-ZoliA 23t
Z177F R b S5 Au) JAdol4 A AL 25 A u)
dYqo 2 Heolgl= Cu-CVD2 H3A9l Arrhenius plot
& 2o 3 gloh FWH 4 &5 2w od el o) A3}
ozl oF 13.3 Kcal/mol&4] Cu-MOCVDe| &) ¥
ZHI e @ vl A e, 234 e 28 &
= e HEF FAE F 33 Ao 2 o] Aad
Zlelth. &, incubation timee] T %] & 23 £5 o)
t}. incubation time$& ZA}s}7) $)# i3] A|7bE 2 CVD
TAol FREANeH, 2 AFrL 27 3o Yehg ok

a9 32 150C ] 57 x4 24k 7)1 A9} 7B £
Foll @ F2 A7kl g CVD-Cu hate] £ wsle
el oot 2o A FAI7} 002 FA1E e i
°1§3% apparent incubation periodol sigt=ic}, z+ =7
o] g}k incubation time&] Abjdel Heke Aww s, H,
/Ar S 742 gk 7)H 9] 749 2% Al TiN, Si0,9) 54
2 7% Axxr}t 484 incubation timed Z7}&}
2 glem, zt Z)ge] s Ar 4 7)H| ) ¢y} Hauoh
incubation timee] ZA| velbz ok F3 27)9 o}y
gk incubation time2} #}ol= 2 F 2ol 23} £ ox o
FE v ¢ e Aoz gzhsch
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Fig. 2. Log deposition rate vs reciprocal deposition tempera-
ture for CVD-Cu films on the TiN substrates. CVD process
was carried out in the conditions of the chamber pressure of
0.5 Torr, carrier gas of H..



814 FEHNETFIA A7H A9z (1997)

4000
5
—A— AH
3500 He
—e—TiN-H,
—8—SiO,-H,
80001 |_.A-- ArAr
--0-- TiN-Ar
2500 [ | --0O-- SiO,-Ar
.S 2000 |
@
2
S 1500 |-
3
=
1000 -
500 -
0k
] 1 ) — 1 1 1 |

0 10 20 30 40 50 60
Deposition time (min)

Fig. 3. Thickness variation of the CVD-Cu films deposited at
150°C under 0.5 Torr as a function of the deposition time on
the PECVD-Si0,, sputtered-TiN, and Al substrates. Solid/
dashed line represent the H./Ar carrier gas, respectively.

CVD 4% 7|3 (disproportionation) ol o3} s = i
4= qlt}. =, olele} A3} 7to] disproportionation ¥
27t AAQREQ (hfac)Cu™'2}e) 7|3 53 43 AA =
ghoj) )8 Cue) 243 (hfac).Cu*? F-4rES 247t ¥4
A7 FFA] 71 w1, o] FjHe] Hrwo) af
o 4 A ko] AL WE & YoB 2 SOl vlF
TiN, Al 7]} 4 incubation timee] A veltA =Ho}

2(hfac)Cu '(VTMS),
—)Cuo( s) + (hfac)ZCu’ 2(g) + ZVTMS( 2 ( 1 )

23 g5} AdA Fatdd v|Xe A%E 2] 4
3, 2o g 32 S£xof Wizhge] T FH g Al
odode] 2o thsted 27 3o peht
cubation timeg A T4 €2 vjehdl 7o) ¥ 4o|t}.
2% 257} 715l et ZE 7|g3 7)Aoty
incubation timee 743tz Yok &, 1 UFLE Y89
By} moh &AsEHEE Zd o FAEHT o ¥4 F
A& oo A Fgo] Z7}He] incubation timeoj 43}
Lt Ao g A7AE 4 Q. =g 23 304 2] A uizt
AR 2z o) Hile dgsAx, Al TN 7|#Rch= SiO,
Z1@e A, H, Bel= Ar -gub 7]A )4 incubation time
o] ZAA et qlct.

23 543 incubation timeel] & &3 gty 9] oo
Jeh} gloh Z3 gh3e] F718F incubation time
22z ok F, 3% 4Yo] ¥EFE A8 VAL 7)
T 9o i FEE Azte] FvlEn 2 B FE, E3, @
Ao &Fo] Frlse AoZ A4 3

9l apparent in-
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Fig. 4. Apparent incubation time of the CVD-Cu on the SiO
., TiN, and Al substrates as a function of the deposition tem-
perature with the chamber pressure of 0.5 Torr. Solid/dashed
lines represent the H./Ar carrier gas, respectively.
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Fig. 5. Apparent incubation time of the CVD-Cu on the SiO:
substrates as a function of the chamber pressure with the
deposition temperature of 170C. Solid/dashed lines represent
the H,/Ar carrier gas, respectively.

AgA o2 AAAHE, Si0, 71%3} TiN, Al 7|%e]49]
incubation time?} z}o]7} = A Yl A (£ Al
A 150°C), At (0.3 Torr), Ar 2ub7)A) A0 M &
e 4 Aok Al g FH 2xe ¢ g &l
sl o)e} ul=gh A%ko) B v o', el B AY
Aslo) ¢)5tw, oW L5, st A As|A AL F
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Fig. 6. SEM Surface morphology of the CVD-Cu films deposited on the PECVD-SIO; in the conditions of (a), (b) 150 T, 0.5
Torr, 30 min, (c), (d) 150 €, 0.5 Torr, 60 min, (e), (f) 170 C, 0.5 Torr, 10 min, and (g), (h) 170 ‘C, 1.0 Torr, 10 min. The (a),
(o), (e), (g) and (b), (d), (f), (h) were resulted from the H, and Ar carrier gas, respectively.
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Fe Fetu| A #F o9l x SEME F3F 1]
A" Aol #3= k. 27 69 (a), (b)ollA £ 4 3l
Z0], Si0; 713 oA 150 C, 3022 A4 Ar £
uk 713 9] Z4g-olle Cu o] AL YA A 42w, H,
b 71319 Aol Cu F2te] dofd Zo] Balrh o
2 33 A)7ke] Z71EE Ar b 719 A g2
Cu clustergeo] =T 9ot [2¥ 6 (d)]. FFdo)A
A FZol| o8 incubation FHo 2 FRHAUWD =T
oj Al Pl JEH AR Al & HA (accidental
nucleation)el] oJsf AgAde] 249 AL & ¢ Ut [2
6 (b)]. Si0;, XA ¥ FHAHq) Cu & o] B
D3 gledl'?, ol W EAste df Aol ¥
& 5ol Cu & 39| active sites J&& 3}of ikt
2ok, A7|9 dx o Cu AAHAT AFAI7IE A 7o
2 #3532 ok 28 6 (d)ollA] Reole Cus Al g
A (agglomerates)® o]&lgt A Fol|A AA|ZE F2ol
o3 v A2 AR Lo B A7),

3 250} F7hee we), o B FE AIteE g
@AFEo] Bolx glem [27 6 (b),(e),(f)], 200 T 7

S
*
~N

(c)

Soll= 28 44 & F ARl FU Akl dhsf <d4A
Q) Cu wete] 45T Aok =4, 33 ¢o) Z7ksa
AE © BT 2 YAEe) W4 A gaHn glod
(2% 6 (e)~(h)], 1.0 Torr ol H, & 72} A%
sl 9434 Cu sheto] YA5T Aok F3 LEs) ¢
ol &) Chiou'® Fol, 7|4 EHel gt A& 7)H|9) &
g7 g BAZRE A% FEs] 4 bt 9
o}.

=g AAHoL B8, Hel ula) Ar 23 719 A%
o Cu giAtg9 277t 23, 2 des 92 AL ¢ F
slch. oleiat AFe 23 7oAl% o] TiNolt Al 7|
JoME BRET Yoh. YF AFAASD Cu W)
CVD ZFAl| g CO, Hy, Ny, He 5 o) 24k 714 9] o
F& B3 gl=d, COY H, At 2 AA7F &
o W ARE WAL $ slE B2 25 5 3
o} Hyb 32 23 450 ol3le gea gdstel 3 7
# 8] mddo] AlAlF 2 gledl, AAs, Cu” V89| dispro-
portionation 8% o}2]o] 7 Z7F A4 E-2) (hfac)Cu*'<]
Holl )% 24 4k 75 4dolch. &, ofahs] Az} o] B
Y gl g8 oA F4 Cu7t A4 E 4 7] d&
o F2 $E7} F7 M0 el |

Fig. 7. SEM Surface morphology of the CVD-Cu films deposited on the (a), (b) TiN and (c), (d) Al substrates in the condi-
tions of 170 °C, 0.5 Torr, 10 min. The (a), (¢) and (b), (d) were resulted from the H. and Ar carrier gas, respectively.
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2(hfac)Cu™' + H,— 2Cu’ + 2H(hfac) (2)

5 we H 7189 & WEe} Basel, CVD 53

Zol) 7|5% ¢l HAIEE stagnant layeroj4] 438 7]4 9
Al &% Afojel] 7]qlgtch= 7} bubbleriol 4 H,
SRb7 Al A Yo 8 A of FUlel ddE F
T gl Blo] thH . B A T 22 9L
150~200 2] B Wb Aol dHo2, 24 M &
£ 5% £5o 9% v)XF) ¢& F FES 7]
Foll Hoot Arell @2 £4 e £ 3fojr} & Jg&
A o2 A=A E gt HSo], FF LR oY
g} ol T2 2% H,9b Arcll 2 Ao]7} Bolxm gt
olofl, & AFoAE EH FF A9 = FHeA u]4|
Tz zlolE #|MstnAt dhsict.

Si0, 7| EHe] Fa9)A it A A4S 2
FTIR ¢} o)&5¢ith. FTIRE 7|9 F 99| strained silox-
ane ringe}y} hydroxyl group %2 functional groupell
g AU GRE ATe7) Aol olein B F3H
228 BAslE o) §-&s)ck. 28 8& MOCVD cham-
bertjol 4 23 4 ale} w77 CVD 247 Sde 34
< 73 PECVD-Si0, 7]%9] FTIR spectra o]t}. H, 2
217} (H, 100 sccm, 0.5 Torr)ellA4] 200 CE 2F 30 &
ZF 7hd g A $ell= 3450 em™! o4 g2 -OH band
7} #F=E 2 9l whd, Ar Afels vebt Q1A ot

9ot 2o ANEZRE, H, 23t 7|A 8] 9ol B} &
< #9 F3 9% (-OH)7} ¥4 53 o] & <13 incuba-
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Fig. 8. FTIR spectra of the PECVD-SiO. substrates chemi-
cally cleaned and then heated at 200 C for about 30 min-
utes under ambient of (a) Ar and (b) H. in the MOCVD
chamber of pressure of 0.5 Torr. The measuring was execut-
ed promptly after unloading samples from the chamber.
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tion period7} 4= Ao 2 e 4 Qo). o7 &
& H-39 whs [A(2) ] ¥ 57 5§ 534
7l A%E 7y =3, 2t 7| 9] SR/ ©E Cu
Ed ojA] 729 zpolE: Hickn HzHch Ar gyt
71719} 7%, Hyoll Blsl A& 52 F2 91X 4 Cu o]
FA =W, olzidk 34 Cu & YellA 2] vhgo] Cu At
Alelol k& =] gl S0, EHel A< vh-g-Brl $-45}17]
2ol), #3€ Cu 948 7|AE F2 Cu & 9ollA w53}
I 2 AR 2AXA A Hes & bS] FAEA
o} wbd, H, &3 7)31 9 A folle, ddixeZ g2 &
2 Aol A Cu o] YAHBZ, 277 1 2 57h o
2 Cu gxlEe] ¥4 2 92 4e= Ar AS-EoE
¥z sA veldA o} o)F vl FE9 Aele Cu
utake) A7) 2 EAE d%g n]A Ho = oAatdo).

23 9= 7 4 7)AE S3E Cu wbete] v|A g H3}
£ vehix ook ¥ 9 (a)olA, 3 Azte] TS
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Fig. 9. Resistivity of CVD-Cu films deposited on the SiO. and TiN substrates as functions of the (a) deposition time and (b)
deposition temperature. Solid/dashed lines represent the H./Ar carrier gas, respectively.
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Fig. 10. Apparent incubation time of the CVD-Cu on the SiO,, TiN, and Al substrates as a function of the deposition tempera-
ture in the absence (solid lines)/presence (dashed lines) of the HMDS in-situ predosing process under (a) H. carrier gas and (b)

Ar carrier gas atmosphere.
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Fig. 11. SEM cross-sectional view of the Cu films deposited at 170 C for 15 minutes on the (a), (b) SiO,, (¢), (d) TiN, and (e),
(f) Al substrates in the (a), (c), (e) absence/(b), (d), (f) presence of the HMDS in-siiz predosing process under H, carrier gas
atmosphere. Inserted number indicates the Cu film thickness measured by surface profilometer.
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Fig. 12. SEM Surface morphology of the CVD-Cu films deposited at 170 C on the (a),(c),(e),(f) Si0. and (b),(d) TiN sub-
strates in the (a),(b) absence/(c)-(f) presence of the HMDS in-situ predosing process under (a)-(d) H. carrier gas and (e), (f)
Ar carrier gas for (a)-(d) 20 min, (e) 30 min, and (f) 65 min, respectively.
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(23 12 (b),(d)].
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A2 & sl B4 3ok EE olag A¢rt A e
A FAHAA Y Si00F FU7 4FE ofyAqt, FA4H -
OH peak2%-8] 4k 7149} HMDS dosing 349 &3
§ gqlsled o 2 548 7 ok

I A= 27 1340 Yebt ledl, 23 89 PECVD
~8i0, vtete) 7AL-9l= t}2 A 13803 1470 cm™'of] o}k
%+ C-H deformation peaks, 2980 cm~'¢ll C-H stretch-
ing peak, 3750cm™'o]] Si-OH stretching mode of isolat-
ed surface silanols S-o] #2512 glt}. o] aero-gel sil-
jca Bajlo] BEAo 2 &dax ¢cb*®. 3000 cm 't W2
7thgt -OH bandz} R.o]3 ¢lom, 1 integrated area
£ H, &4t 714, Ar &4 714, Ar &4 7] -HMDS
dosing Ao o2 7t43tn ). £3], HMDS dos-
ing 33X 2] 7% 3750 cm™'9] isolated hydroxyl peako]
noise signal® &EziE o] ¢l Ao Hal) Yutxeo g
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Fig. 13. FTIR spectra of the aero-gel silica pellets heated at
200 'C for 30 minutes under ambient of (a) H. and (b), (c)
Ar in the MOCVD chamber of pressure of 0.5 Torr. The
HMDS dosing process of 10 minutes was added to the sam-
ple of (c). The measuring was executed promptly after un-
loading samples from the chamber.
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g3 vl 9lem, o delrl A™A FAAE HsiAe=
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Fig. 14. AES depth profiles of Cu films deposited at 170C on TiN substrates in the (a) absence/(b) presence of the HMDS in-

situ predosing process under H. carrier gas atmosphere.
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