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Abstract Chemical vapor deposition of copper from the Cu(hfac), Cu(Il) hexafluoroacetylacetonate
precursor, has been thermodynamically investigated by the minimization of Gibbs free energy of the
system. For the Cu(hfac),—Ar system, carbon incorporation into the deposited films was observed in all

the process conditions, which is presumably inherent from the thermal decomposition of the Cu(hfac).
precursor. For the Cu(hfac),~H. system, lower temperatures were required than those of the Cu(hfac).~
Ar system for the depositon of the copper films. Furthermore, we identified that the appearances of the
condensed phases were sequentially changed from the codeposits of C(s) + CuF(s) to C(s) +CuF(s) +Cu
(s), C(s) +Cu(s), Cu(s), and C(s), when the H, input ratio and the reaction temperature were in-

creased.
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Fig. 1. Variations of the Gibbs free energy changes
with temperature for the reductions of copper halides
with H..
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Fig. 2. The chemical structures of A-diketone{a), 8
diketonate metal complex(b) and Cu(hfac), precursor
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Table 1. List of Chemical Species Considered in
the Thermodynamic Calculation.
Cu G H O F, Ar
6 elements B
Ar, C, CF, CF, CF, CF, CFQ, CH,
CHF, CHFO, CHF,, CH,, CH.F,, CH,
O, CH.0,, CH,, CHF, CH,OH, CHO,
CH,, CH,OH, CO, COF, COF,, CO,, C,,
CF,, CF,, CFs, CH, CHF, CH,, CH,
CH, CHO, CH0, CHO, CH,
C.Hs, CHOH, CH,OCH;, C,0, C,, C,
H.(propadiene), C:H{propyne), C:H;
{cyclopropane), C.Hi{propene), CH;
O, CH., CHOH, CO,, C, CHs, CH,
(cyclobutane), C.Hy(2-methylprop-1—
ene), C.HO, CH., Cs, CHylcyclope-
ntene), CsHi(penta-1,2-diene), C:H,
CHi,, Cu, QuF, CulFy, CuO, Cuy, F,
[FO, FO,, F,, F.O, H, HCO, HF, HOF,
HQ,, H,, H.F, HO, HO, HF, HF,
HyFs, HeF', HF,, O, OH, O, O,

90 species

Elements

Gaseous
species

(s), CuF(s), CuF.(s), CuF«1), CuO
(s), CuOngz(j) LE}I\-{Q(S),C\JQO( 1)

Condensed
species

Total  |101 chemical species

©®58E 3158 Barin® #3ERE T
soi ).

B A79 T e Ay ddg A
4bell 4= Culhfac).~Ar, Cu(hfac), - HAE& =
A, Ay ¥zl 2%, ¥
TAHTE 3te] Gyl 7 sses
9 By TFT, E¢ P actvitygte 73
t}. Table 12 & AFA zmeigk 101 9
HAFEL 2oli stk vl A NBe &
S A 25 disle] sexiez &
B Al Zl(inert substrate) &8 7}Asted, A
Well 27158 3858 Cu, G, H, O F, Ar
o 6 (4B e B 90 /Y 7R
11 e &4 o R vey ol 2
dl Cu(hfac).ol #3F A=A wolelr} dayy
UA @7 wEe o) EA- dsiAE Cu
(hfac).(Cu(CGHF:0:).) 1 moleell wisted Cu
{8):Cs0::H,:CFy=1:2:1:4 mole®] s]&al 3}
gaF8a 2 4 (stoichiometry) 8. & ¢J 3 228
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Fig. 3. Calculated equilibrium concentrations of chemi-
cal species present in the Cu(hfac).~Ar system as a
function of temperature at different total pressures :
(a) P.=0.001 atm, (b) P,=0.01 atm, (c) P.=1.0 atm;
[Cu(hfac),]=0.01 mole, [ Ar]/[Cu(hfac),]=10°
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Fig. 4. Calculated CVD phase diagrams for the Cu
(hfac).—Ar system at different total pressures: (a) P
=0.001 atm, (b) P.=10 atm; [Cu(hfac).]=0.01
mole.

Fig. 4 Cu(hfac),~Ardlel CVD AHx
(phase diagram)Z 4 Al2~g gt¥e] 0.001
atm ¥ 1.0 atmd w [Ar)/[Cu(hfac).]®] ¢
2u] 1-10% ¥H-E-&X 400-1300K 9 =
Aol T3 Aot F ¥z BFlA
C(s), Cu(s), CuF(s) 8} §&4ke] &3t T
glate] gUe e HAEHA Wt 53
exs ele] TEAE 0001 atm ZHA
ql®u] 10°¢) 1170K % 1190Ks} #] 10®
9] 590K % 765KE dZ@sle dHelA e}
e, o]& AAZ AL, F& Ar YA
= was) BEEe FEAbe], 283 I,
o Ar HuldAE FeEstirl HEE
281 Fig. 4 (b)g 1.0 atm AN & &9
gtrel 77 BFEdde dH¥H 6x10°9
1215K ®3} ¢J&n] 10%¢) 735 % 905K HL.
2 FAEE e Jehd, o] F7hy

of wlg} n&, ndYPn|Y FaAzHel 21H
o3 =§ o]F % process windowx F
old& & F sk

3.2 Cu(hfac),H, A|AH

Fig. 5+ Cu-C-H-O-FA 2 uhg2Xe u}
B Zg 3eFo HIYzA AAZAE e
Wz glch ol whEES d¥zAL Cu
(hfac), 0.01 molesll =&l [H.]/[Cu(hfac).]7}
10%0]W & Z=AL Cu(hfac),ArAle] 735
¢} E4dsich Fig 5 ()9 AF 542 A
Are] AR =77kl A Culs)7h, 800K o] 4
e C(s)7b el Cu(hfac).—Ar#A 9
AL A BAHYY CuF(s)e etz @
=} =g, CO, CO, H:0, H, HF, CH;, CH,, C,
H., C:H,, Cu, Cu,, CuFg} $ut7[AQl Hy7l 5
g 7AFEo g ez, HCO, CH.0, CH, C,
H;, CHs, F, HoFo7d 239 spehd oz Ea)3
och. ool Fig 39 A5 wasie 57
3t Je FE& 43k fluorocarbon 59
et 7 Ho #dwrgoz A3
72" Zelth. Cu(hfac).+H. 5 WHE-71A=
#49e we F34q HegFAwge o
Ao 2 oA o,

Cu(hfac).(g) +H:(g) — Cu(s) +2H(hfac)(g)
(3)

o] 7]l 4] H(hfac)+ hexafluoropentanedione

(CFsCOCH:COCF;)& vtepic}.

Stegerel]l ¢J& FzlAlso] F23 H(hfac)
o] £% o) o} cracking pattern®] d-FZA
2w, CO, CO, HF, H:O, CuF, CuF:, C(s)
o] #A=o] Fig. 58 F2 3H&FH F§
£ o 4 9}, z8)x Fig. 58 Fig 33} ¥]
g w AA SEF3relA Cul(s)7h vhept
HFe g3¥yxrt of 24 #3=c) o
& SR Agstd Fel dejel= 3
E-o] 2CuF+H; — 2Cu+2HF 45 9 CuF,
H, — Cu+2HF9] ukgell 23 Cu®l 3%
2 AgEe BEFAEZA HF7L A
7] wEolth. 28] &= u& CO, CO, H.
o] W3l CO+H,~ HO+COY Wgd=
Hegles Aoz A =g, Z|AFeE
vtebb& hydrocarbon #H§HE9] Aol CH
7} 8% dgg e #dEd, ol Cu
(hfac),~H, A ] #LE$l717} Culbfac).~ArA|

lo + & T Rt R dn oofn af

o

¢



AAE - A&

Equilibrium Concent.: log X,(mole)

400 500 600 700 800 900 1000110012001300
Temperature(K)

(a)

Equilibrium Concent.: log X (mole)

400 500 600 700 800 900 1000110012001300
Temperature(K)

(b)

Equilibrium Concent.: log X.(mole)

cwEe) - $-83 g - A - % Cu(1l) Hexafluoroacetylacetonate 663

2
1 4_':2________._______._.__

0 ~

400 500 600 700 800 800 1000110012001300
Temperature(K)

(c)

Fig. 5. Calculated equilibrium concentrations of chemi-
cal species present in the Cu(hfac).—H, system as a
function of temperature at different total pressures:
(a) P,.=0.001 atm, (b) P.=0.01 atm, (c) P.=1.0 atm;
[Cu(hfac).] =0.01 mole, [H.]/[Cu(hfac),]=10%
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Fig. 6. Calculated equilibrium concentrations of chemi-
cal species present in the Cu(hfac).~H. system as a
function of input mole ratio at different total pres
sures: (a) P,=0.001 atm, (b) P.=1.0 atm; [Cu(hfac).]
=0.01 mole, T=700K.
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Fig. 7. Calculated CVD phase diagrams for the Cu
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