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Properties of Aluminum Films Deposited by CVD using DMEAA
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Abstract The electrical resistivity, deposition rate and surface morphology of Al films deposited by
MOCVD has been studied on Si and TiN(50 nm)/Si substrate. Al films were deposited with the pyrolysis
of dimethylethylamine alane (DMEAA). The deposition rate of Al was varied from 100 to 650 nm/min,
depending on substrate temperature, carrier gas, and flow rate. The deposition activation energy (E,) of
DMEAA for Al deposition at the Jow temperature region was 0.1 eV on TiN substrate, 0.23 eV on Si,
and 0.24 eV on SiO. The texture of Al films changed from (200) to (111) as the deposition rate de-
creased. According to AES analysis, the Al film deposited by DMEAA contained about 0.2at.% oxygen
and 1.8at.% carbon. Al deposition rate with H, carrier gas was higher than that with Ar at low tempera-
ture (100 ~150°C). It is due to the fact that H, carrier gas increases the concentration of H adsorbed on
Si0, and then the adsorbed H reacts with source gas, providing nucleation site. The resistivitty of Al
films was strongly influenced by surface morphology. The resistivity of Al films was 3-~7 ¢ Qcm.
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Fig. 1. Schematic diagram of Al-CVD reactor.
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Fig. 2. Al growth rate as a function of substrate and
wafer temperature when aluminum was deposited by
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Fig. 3. Arrhenius plots of Al deposition rate on (a)
TiN, (b) Si, and (¢) SiO..
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Fig. 4. Deposition rate on SiO, substrate as a function
of substrate temperature in H, and Ar carrier gases.

CaHs

CHs
\r!‘/CH:
N CaHs
Al CH:_ | CH,
W I — N\
H .
+
+ /AI\\H H2

I
T
I

=3
x

Substrate

Fig. 5. Model of CVD reaction with DMEAA gas and
adsorbed H.
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Fig. 6. Surface morphology of Al film deposited on TIN
at (a) 200°C, 1 Torr, 5 scem Ar carrier gas;(b) 120
°C, 0.07 Torr, no carrier gas.
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Fig. 7. AES analysis of Al film.
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Fig. 8. SEM micrographs of Al films with different de-
position time at 160°C in 0.1 Torr on TiIN substrate.
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Fig. 9. SEM micrographs of Al film deposited at 160°C
in 0.1 Torr on SiO; substrate.
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Fig. 10. XRD patterns of Al film formed on (a) Si;
(b) TIN/Si using DMEAA.
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Fig. 11. XRD pattern of Al films deposited at low depo-
sition rate.
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Fig. 12. Al contact filling morphology for diameter 0.45
um, aspect ratio 1.2.
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Fig. 13. Resistivity of Al films as a function of sub-
strate temperature.

oF 500nm/min, Si Ael+= 400nm/min® 2
233 =oh TIN 7149 F245 4Fuw
upub e (200) whspo] 7sbi (111) Hpake of
=% 7Fsch ey 7lsbe] TiNel A Si
2 oty (200)o0 A1 (111) BgFe= "’43]"‘11
v}, 23225 E 100nm/mine. g 39S
St 7lggldl FEAE dFeE ‘ﬂ-}q}—i
XRD patterne Fig. 119 el dct o%n)
upubol ubekAd e Si 7|@ $olM FAHAER
gam Fagwrt B o9 w2 (111)
o wiEgrEs HAeR B 4 qld
TFig. 12&= A& 045um F3Ju] 1.29] con-
tact holeoll | )3 <dFemjg o] SEM n Al =3

J,,.. oz'.. fr

r_?l_‘

3}

i ofr —{o

oF



g F -3 - okdde  DMEAA 222 74343

ApRle. 2 234 H5o] contactd A3
AYFch 2 whE F2ASz g st
ate] ®E contacte] YA A= kel F
4 x o 747l BE contacts %A ¢
=d 5ot} S0, 7@l B A
AZzAE wj$ AAch ol& islandd A
o 7]al®ch AA SO, Aol Z3ztslx] ko
ng 2 A= g AeE Helt} Sicon-
tact hole® Za& w7l w2y S0 23L&
7t $EE e FAEEE At A
A4 3L ¥ 5 e F7F ATl AdFe
ch. A7 9] dFel e Sizp SO AH
o g 2=z ¢bgry TiNg S, TiN} SiO,
e x4 AdA FAE ¥ 5 U
oo o]o thgt A7} WFo|vh

GFulg wrete] BIAHEgRE 023 Torrd
dHe A HbEIIAE AMEEA] W 2EE
W3l A 7|h Ao Faslode w4t AHEgs
432 S 73 & Fig 13 ehyy
Adok. F3"E gFEewEe vAGUE 140~
193C Helel M st o] &% #H9 viel
Tl e GFulE 29 vARzEE 29
AAz g b bR A sled AR
REoME BEEY e da 4 AHE
Hol B2 RN A %%%4 gaFd vlA
ggle] W& 2x77) =% FHE
et ok geba e «S—E—T”POIIH% il
Az Eegd oy F& 22T 7elA
= oA zse] Eefel o8 EE& wAEE
= zleg walr}

-
A

A

4.4 B

£ At ¢FuHS DMEAAE o4
sto] 3t FAWoR FAAA FHAZES}
#, bt FRe W& w4, FAS5
&, ulA 7z #ste] e dA7Edet 3
GFolE ute FaAE s Y FHSE
of wel ttEu ml¢ ¥ ;e U100
~650nm/min). DMEAA?2] &3 43}l
A(E)e TN 71#8jel A& oF 0.leVeldi
A@ el e oF 0.23eV, SIO. 7]l
oF 0.24eV olich. wbE7l2e] FFHell o
Za& T o Aol Hbprhobe] RS
zpolell 7]lgitty B S sFHow o
o Wi el s} Al Fe|nh dFvlE et

oy fr @&

Zad GRolE dotel FA54 339

o AL ZaAxsrt el g} (200)
ol A (111) #ekez W= gick. DMEAAR
Za HFolE o) Beg 4 hS
dorow] W Agghe 3~7uLcmolylen o
= g oy 2Ae AA dge v}

= 7l

¥ ode ¥ mgR gEAEATe
A7) A Y(ISRC-94-E-1103)ell  ola) ==
gaem ol A=yt

2 s

1. M. J. Cooke et al., Solid State Technology,
Vol. 25, p62 (1982)

2. D. R. Biswas, C. Gosh and R. L. Layman,
J. Electrochem. Soc., Vol. 130, p234
(1983)

3. M. L. Green, R. A. Levy, R. G. Nuzzo and
E. Coleman, Thin Solid Films, Vol 114,
p367 (1984)

4. R. A. Levy, P. K. Gallogher, R. Contolini
and F. Schrey, J. Electrochem. Soc., Vol.
132, p4b7 (1985)

5. H. W. Piekaar et al., Proc. 6th Internation-
al IEEE VLSI multilevel interconnection
Conf., p122 (1990)

6. S. Wolff et al., Proc. Proc. 8th Internation-
al IEEE VLSI multilevel interconnection
Conf., p307 (1991)

. C. Sasaoka et al., Appl. Phys. Lett., Vol.
55, p21 (1989)

8. T. Shinzawa et al, Tungsten and Other
Advanced Metals for VLSI Applications V,
edited by S. Wong and S. Furukawa, p377
(1990)

9. W. L. Gladfilter et al., Chemistry of Mate-
rials 1, p339 (1989)

10. D. B. Beach et al, J. Vac. Sci. Technol.
A7, p3117 (1989)

11. K. Werner and A. P. David, RCA Review,
June, p187 (1970)

12. M G. Simmonds, E. C. Phillips, J. W.

Hwang, and W. L. Gladfelter, Chemtronics
5, 155 (1991)
13. K. P. Cheung et al, VMIC conf., June,

-3



340 FEANEsts ] A6 A33 (1996)

p303 (1990)

(12}, p3578 (1992)
14. K. Sugai et al, VMIC conf., June, p463 16. B. E. Bent et al, J. Am. Chem. Soc., 111,
(1993)

pl634 (1989)
15. K. I Lee et al., J. Electrochem, Soc., 139



