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Abstract An organometallic precursor, hfac(hexafluorocacetylacetonate) Cu(l) DMB (3,3-dimethyl-1-butene) was

synthesized, evaluated and compared with other precursors for metal organic chemical vapor deposition of copper thin
films. It was found that at 40C, the vapor pressure was an order of magnitude higher (about 3 torr) than (hfac) Cu
vinyltrimethylsilane (VTMS) and films could be deposited at the substrate temperature of 100-280C with deposition
rate substantially higher. The copper films contained no detectable impurities as measured by Auger electron spectros-

copy and had a resistivity of about 2.0.8 -cm in the deposition temperature range of 150 to 250C. From the thermal
analysis, (hfac)Cu(I){DMB) is believed to be quite stable and no appreciable amount of precipitation was observed at 65

C heating for more than a month.

1. M

rh

AF7A WEA 7)o AL tulolxo] 2¥3E F
& Bt} 48 V)5S FTPPoRA ASHOR o] Fo g
o0 ofof HjHat whepaige} FA 7S 3 G B
3| A ek, A P EA 2xF F G453 T
e B3] #7185 524 (MOCVD = metal or-
ganic chemical vapor deposition) ol 2|t F-2l2] ¥t
Z LA BAS T oh;}. 1 o)lf= FEkEag A4
0e AL Fx 23 (PVD=physical vapor depo-
sition) 2} FH o] f-53te] el Axel )3l

TFelej g AHeshe A V1S9 FHulAe g nele o
Fojgul B} v)Age] ¥u HARLEE 106 o] %9
g slo] 3&FRe] yeE B olet 3] ZrE £
e Aol 7] wWE-elt).

z;s)(z-;x%—z, goi 72 g Azde FAAA AEA

E=A
A
B

o

b °l*ﬂ 7} 1%:—

e A

FAolc}. o

o)

T2 AT %—01] 7 EBAEEZ A
Ao 8 XCuL+x& 7HAx A= +9 17}
Y H94 QoA Xzbe)e Foj YRR F7ite] ¥
o+ A% f-diketonate 1EE A=sle) Abgstn glt). o)
7+-dl hexafluoroacetylacetonate (hfac) 2 7|eAMz
7t & CFyot & Eo] Sejume] §438 dolFn F47
Aba-o) 7Agto] ekslE|n R ZUIMS w4 4 3o gol o
THI Uk 282 FAREE L2 Talbe 14l et} g}
:
?.

@

AL

o[)l

B oox

%o} alkene, alkyne 53 & - z‘jx}g ZgstT Q)
Z & Alggich RF7HA) R () AFEA L] F
9} F2E Flg. 1o vebyc}h. o= 713k who] obedzxl =
A= (hfac) Cul(VTMS)'~»o]od ool s Abeds| e of
7 AW FH o gho {La}]oﬂ—‘e o] ATAH S YA BA2
AEE ATFHE etz s AF7F ALHo R o]



S R I S e i A

F2 HAFA) hfac (hexafluoroacetylacetonate) Cu(l) DMB (3,3-dimethyl- 1~

Table 1. The neutral ligand of copper presursor
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Neutral Ligand of Copper Precursor

Alkyne'" Alkene Others
2-butyne Allyltrimethylsilane( ATMS)* ¢ Cyclooctadiee(COD)'?
2-pentyne Vinyltrimethylsilane(V TMS)! - 1,5- methyleycloocatadiene(DMCOD)®
2-hexyne Vinyltrimeothoxysilane 1,3-butadiene
3-hexyne (VTMOS)"™ P(CH.),
3-heptyne Allylcyclopentane(ACP) P(C,H:);
4-octyne Vinylcyclohexane(VCH)'” CO
TMS-acetylene

TMS-propyne
2-methyl-1-hexene-3-yne
(MHY)”

Vinylcyclopentane( VCP)
3, 3-dimethy 1~ 1-butene(DMB)®
4-methy1-1-pentene(MP)”
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Fig. 1. The molecular structure of copper precursor.
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Fig. 2. The vaper pressure of copper precursor, (hfac)Cu
(VTMS)2} (hfac)Cu(DMB).

hexene-3-yne) "2} 79 65T o)A 0.7 torr® L&z R
3 u)2 g o) 433 o gholele g o 4 gk

T7F F23EE A YELS 4 uFE58 ukgo & e}
g glen] (ubg-A] (1)) o]ejat ukge 7im ZwiofA]
Bk opuel B@F ol HAke] ARH T £F 7|58 =
FitElE AN E dold = gl y Ao ake) oF
A NS B3 Balslgn, BEAL 3 TR}
A7

1AL AR GAT 4 AN AP AT
Fig. 39 Ushisich. DSC 34 Aol Al w30t &
HoZ Halch.

2 Hae %*JEWEPJ S vepliE= A
S 3T 5 glon o]
157} &5 ¢ 5“301 F2 Ze 2 g9} Fig. 39
A & £ d5o) Cu- 9} Cu- (MP), Cu-(VCH),
Cu- (ACP) Z¥e 1}74 88Ce}l 80T, 727, 82°C o4
#1z e Cu- (ATMS) **9& o]t e 54°Colj4] 2
2] Cu~ (VTMS) & 63Coll4 Aol o3t (hfac)
Cu- (COD) = 105Coll A Fom] EAlo) o] £xo] 87}k
E 227t dojvhs R R 47 o) LRk By &
2} DLI (direct liquid injection) Al2=glo}) A} A}&-5=
713718 22§ A= 7)1ES AARg. DSCEA A
A vehd UriA] sz FARZIE) Held & A"
Cu(ID) (hfac).®} g7t =r} Suted 4 Jephd &4 738
och. oleigt Ateo] s FA{EY oko] 2~10% 2 )
T3 ug o2 AR Fa) AEE9 0|22 7%} v
Z3 ko]l Fe e & gl

ole] A2 RE (hfac)Cu(l) (DMB) & Z7|gto] 4
33 g e 2 b Ao] s FHohd AL
& & ok AAZE 65T 7t Aeiol A (hfac)Cull)
(VIMS) & & Esli7} =o] AdEo] vebdor) (hfac)
Cu(l) (DMB) &= g+ oji o} 7l ‘1‘355}7} %19&!5}

Fig. 4% o2) 7}A] A7 53
ES Yehlie 2 Zeo} 3325 %*5‘317‘}57} 7
A £57h e A3 d4E =
cl. (hfac) Cu(ATMS) 2} A$ 27te &3
£ 7 M A vebdedl % ALs Mo s A o
elytt}. (hfac) Cu(DMB) 7 %



o] A] % - 7}AFS$ - g A E ;- AAb Fe) AR hfac (hexafluoroacetylacetonate) Cu(l) DMB (3,3-dimethyl-1~ .- 1151

(2)

~
[um—y
N’

100 | I 15
£ eof & S wof i
g 13 g 108
5 o0 F = S sl g
o] £ S 05 %
fn a0} g JE=.° 0} g
g S ia 00 5
20} t 20| 8
8 &
05
0 L — L _ 'y 0 " L
o 50 100 150 200 250 0 5 100 150 200 250
Temperature (°C) Temperature (°C)
(3) . (4)
L 100}
-~ _
< w| % X 80 =
o ad ~ ®
o & jad
G eof § g oof g
< x = £
‘E) “ 3 ;) s} g
= T = & 2
(] w0 L =
2 ol g z 20t g
ol 105°C e
1] 1 - ,5 i 1 1 1
0 50 100 150 200 0 50 100 150 200
Temperature (°C}) Temperature (°C)
(5) 0 (6)
0.1
100}
100
£ wl - 9 100
: P i 5
§ eof = § 1
S g & %r 142
o = o z
= 40 3 -= -
&b 4
.é..; I 2 D 40 L {02E
I~ o9
20 L ‘:'\’ 3 20} =
03
0 i A " "
o 1 1 1 i
0 50 100 150 200 250 0 %0 100 15 200
Temperature ('C) Temperature (°C)
(7) o
100}
. 0.0
g " &
Q =3
2 60 3 01
] Q
5 z
z | 02 S
£ y
g €
Z op
03
0 " L " s
] 50 100 150 200

Temperature (°C)

Fig. 3. Thermogravimetric and differential scanning calorimetric analysis of the copper precursor.
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Fig. 4. Deposition rate of the copper film as a function of the
substrate temperature. (1) (hfac)Cu(DMB) (2) (hfac)Cu(MP)
(3) (hfac)Cu(VTMS) (4) (hfac)Cu(DMCOD) (5) (hfac)Cu
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Fig. 5. Resistivity of the copper film as a function of the deposi-

tion temperature using (hfac)Cu(DMB).

Table 2. The boiling point and molecular weight of a
neutral ligand.

Neutral Ligand| Boiling Point | Molecular weight(g/mole)
DMB 41C 84
MP 53C 84
VTMS 55C 100
ATMS 84C 114
VCH 128C 110
ACP 125T 110
COD 150C 108
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