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Abstract

AlLOs is a promising gate dielectric because of its high dielectric constant, high resistivity and low leakage

current. Since OH™ radical in Al:Os films deposited by ALD using TMA and H,O degrades the good properties of Al:Os,
TMA and O: were used to deposite Al:Os films and the effects of O; on the properties of the AlLO; films were investi-
gated. The growth rate of the ALO; film under the optimum condition was 0.85A /cycle. According to the XPS analy-
sis results the OH~ concentration in the ALQO; film deposited using O; is lower than that using H.,O. RBS analysis

results indicate the chemical formula of the film is Al .0, s The carbon concentration in the film detected by AES is

under 1 at%. SEM observation confirms that the step coverage of the ALQO; film deposited by ALD using Os is nearly

100%.
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Table 1. Comparative study on different configurations of ALD system

Gas ﬂo'w Laminar-Flow Shower-Head Top-Injection
mechanism
AA1LB
Structure @
1. High Material utilization Uniform source flux offered 1. Simplified structure offers easier
efficiency. purge and easy maintenance.
Advantages | 2. Minimization of reaction 2. No source depletion over large
volume. area substrate.
1. Thickness non-uniformity Relatively large purging time due to | Minimization of reaction volume is
due to source depletion at inlet | large reaction volume and low needed for better material utilization
area makes it unsuitable for conductance of showerhead holes efficiency.
Disadvantages | jarge area deposition. make it difficult to realize pure
2. Complex reactor structure ALD system. A,B = Reactants.
Ar = Argon (inert gas for purging)
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Fig. 1. A schematic diagram of the ALD system.
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Fig. 2. Reaction purging sequence corresponding to each
growth cycle. Source gases are TMA, and Os, Ar purging gas.
Table 2. Experimental condition

Parameter Condition
Source Al(CHs)z: TMA
Oxidant O3 ozone
Purging Gas Ar
Process pressure 400~600 mtorr
Substrate Si(100)
Process temperature 350-400C
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Fig. 3. Thickness vs. growth cycle plot. Source (TMA) and oxi-
dant (Os) step times were 0.5 and 1.0 sec, respectively. The
pumping period is 1.0 sec and the substrate temperature was
maintained at 380°C.
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Fig. 4. Variation of the thickness and the non-uniformity as a
function of the TMA step time. The O; step time and the
pumping period were 1.0 sec and 1.0 sec, respectively, and sub-
strate temperature was kept at 380°C. The number of growth
cycle was 100.
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Fig. 5. Variations of the growth rate and the non-uniformity as
a function of oxident step time. The TMA step time and the
pumping period were 0.5 and 1.0 sec, respectively, and the sub-
strate temperature was kept at 350C. (a) Os and (b) H.O.
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Fig. 6. Effect of the growth temperature on the growth rate.
The source and the oxidant step times were 0.5 and 1.0 sec,
respectively. (a) O; and (b) HO.
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Fig. 7. AES depth profile of a prepared ALO; film. The source
(TMA) and the oxidant (O;) step times were 0.5 and 1.0 sec,
respectively. Pumping period was 1.0 sec and substrate temper-
ature was kept at 380°C.
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Fig. 8. An RBS profile for a prepared film with the source
(TMA) and oxidant (Q;) step times of 0.5 and 1.0 sec,
respectively. Pumping period was 1.0 sec and the substrate
temperature was kept at 380°C.
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Fig. 9. XPS depth profile analysis of ALO; films: Al 2p peaks
for films prepared with H.O (a) and O; (b); and Ols peaks for
films prepared with H,O (c) and Os (d).
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Fig. 10. The cross sectional scanning electron micrograph show-
ing a good conformality of the ALD grown ALQO; films in the
trenches with a high aspect ratio.

28} Aue) A7 Aol ReE @& & s

4.2 B

E d7oAs ALDHH 93 ALOs Aze sl
AFAZA 0,9 B thste] =ARIATH. o2 T
Mo s 2 AAEF FA uniformity S A3

. 5% cycle 2o 7t wlet AREo] AR F



498 FFAsHIA H12E A6F (2002)

7¥te AL o AA Si 71|l ALOse] ¥ odsA F3
£ 9ujsle Fojr}, | Ee] 8 inch olAtel ¥l A YL 7|
T Aol M= FA uniformity 7} 2% o152 $-31A] e}
Wb, =&, XPSEAZT HOE A8 7 2o} 0; AH%
g AlLOs2te] OH™ 717} oS o] of okl o] whabgle o
g Aok 28]z ot JA-E step coverage?}t ol A
€ gstgeh. AES #4723 Sist A0 AE 9o
 ®ae 2o AY gl AR el RBS #44
& B3 dolE A} AL 0. HFH AAE Lol F
At o}g7, £ 9F AERE g2 ALDH 9
gte] ALO; Wehe Z3E AS ASAEA 0,8 AHEs}
9, AA-EF uniformity7} 948 =& A4AAH 5 d:

& <% o
12

1. J.A. Aboaf, J. Electrochem. Soc., 114, 948 (1967).

2. R.A. Abbott, T.I. Kamins, Solid state Technol., 24, 182
(1981).

3. K.H. Zaininger, A.S. Waxman, IEEE Trans. Electron
Device, 16, 333 (1969).

4. E. Dorre, H. Hubner, Alumina, Springer, Berlin, (1984).

5. W.S. Yang, Y K. Kim, S.-Y.Yang, J.H. Choi, H.S. Park,
S.I. Lee, J.-B. Yoo, Surf. Coat. Technol., 131, 79 (2000).

6. W.N. Dossantos, P.I. Paulin, R. Taylor, J. Eur. Ceram.
Soc.,18(7), 807 (1998).

7. M. Ishida, K. Sawada, S. Yamaguchi, T. Nakamura, T.
Suzaki, Appl. Phys. Letts, 55, 56 (1989).

8. E. Fredriksson, J.0. Carlson, J. Chem. Vapor Dep., 1,
333 (1993).

9. C.J. Kang, J.S. Chun, W.J. Lee, Thin Solid Films, 189,
161 (1990).

10. M. Ritala, H. Saloniemi, M. Leskela, T. Prohaska, G.
Friedbacher, M. Grasserbauer, Thin Solid Films, 236, 54
(1996).

11. Y. Kim, S.M. Lee, C.S. Park, S.I. Lee, M.Y. Lee, Appl.
Phys. Letts., 71, 3604 (1997).

12. R. Matero, A. Rahtu, M. Ritala, M. Leskela, T.
Sajavaara, Thin Solid Films, 368, 1 (2000).

13. Alexander E. Braun, Semiconductor International (Oc-
tober, 2001)

14. J. Shepard, C. DEmic, P. Kozlowski, A. Chakrabarti, R.
Jammy, Proceedings of the ALD Conference, Moterey,
California, USA, May 14th 2001.

15. G.S. Higashi, C.G. Fleming, Appl. Phys. Letts., 55, 1963
(1989).

16. J.D. Ferguson, A.W. Weimer, S.M. George, Thin Solid
Films, 371, 95 (2000).

17. A W. Ott, J.W. Klaus, J.M. Johnson, S.M. George. Thin
Solid Films, 292, 135 (1997).

18. Jusung Engineering Co, Ltd., in house R&D data (un-
published) .

19. K.H. Hwang, S.J. Choi, J.D. Lee, Y.S. You, Y.K. Kim, H.
S. Kim, C.L.. Song and S.1. Lee, ALD Symposium, Monte-
rey, California, USA, 14th May, 2001.



