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In-situ ECR plasma cleaning process has been applied for the cleaning of sub half-micron size
contacts in DRAM devices. ECR plasma cleaning shows superior performance over RIE, RF
gl11ma-, and dilute HF wet cleaning methods. The high density but low incident energy of the
EqS plasma process minirnizes the surface damage. ln addition, the high directionality of the
ECR plasma process effectively removes the surface impurity from the sub half-micion size
contacts and results in a low and stitble contact resistance. The ECR plasma cleaning process
also reshapeq the contact profile in favor to the contact filling by Al-reflow. ECR plasma
cleaning method has been proven to be extremely effective for contact cleaning and shows
grcat promises as a future contact cleaning technology of the choice.

1. Introduction
Contact cleaning has been one of the main issues for lowering the contact resistance in the sub

half-micron DRAM devices. The interface quality between contact materials is one of the key factors
in determining the contact resistance. Inadequate cleaning of contacts before metallizatioh leaves
third phases such as oxide layers rlnd polymeric residues oh the contact bottoms, and results in high
contactresistance and pool.interfacial quality.As the contact size decreases and the aspectratfo
increases, the surface quality of the contacts becomes more important to obtain low contact
resistance. In this paper, a contact cleaning method using in-situ ECR plasma has been introduced as
a viable method of cleaning small size contacts for the sub-half micron era of DRAM technology.

2. Experimental
For this experiment, ECR plasma a1d RF plasma were installed in a cluster sputtering machine

for in-situ cleaning and subsequent Al-reflow metallization withour vacuum break. Ar and an
Ar+Hz(10@)gixture were used as ECR plasma gases at a microwave power of 1100W and an RF
bias of -100V. For comparison, conventional 

-RIE 
and HF wet cleaning methods were also

investiggled. A mixture of CF+ ancl 02 gas was used for RIE cleaning, and diluted HF (DI water :

HF = 100: 1) was rtsed for HF wet cleaning method. N+ and P+ contact resistances have been
investigate{ by an electrical measurement system, snrface damage by therma wave and transmission
electron microscopy (TEtvt), contact filling characteristics by scanning electron microscopy (SEM),
and impurities by Auger Electron Specrroscopy (AES), respecrively.

3, Results and Discussion
Dependence of N+ and P+ contact resistances on the cleaning methods of 0.35pm size contacts

is shown in Figure 1. N+ contact resistance for each cleaning method does not vary much but the P+
contact resistance varies significantly. RF cleaning shows an abnormally high P+ contact resistance
and the lowest P+ contact resistance is ohtained with the Ar ECR plasma cleaning. The increase of
P+ contact resistance as the contact size clecreases was minimal with the Ar ECR p-lasma cleaning as
shown in Figure 2. RF cleaning again shows a large increase in P+ contact resistance as the contact
size decreases. P+ contact resistttnce i-s nrainly af'fected by the interfacial quality and Ar ECR plasma
cleaning seems to be most eflbctive in removing the unwantecl oxicle an-O poiymeric residud at the
interface.

HF cleaning is_.one.of.the most comtnonly used wet cleaning method. Figure 3 shows the gate
contact resistance disrribution of HF wet and Ar ECR plasma cleining methodi. While the metal-to-
gate contact resistances with the Ar ECB.plasma cleaning are low and stable as shown in Figure 3,
those with the HF cleaning are very high and unstable, although the metal-to-active contact
resistances are compatible 

_tr.s 
sho.wn in Figures 1 ancl 2. The reafon for this poor metal-to-ga6

contact resistances by the HF solution is because the HF cleaning efficiency is quite diff#eni
between the oxides formecl on the gate milterial ancl on the arctive silfcon. HF wet cleaning method

88



must be less effective in removing impurities fiom the bottom of small size con_tacts with high aspect

ratio because the cleaning meclianism involves chemical reactions and diffusion of etchant and
reaction products. This dfsadvantage of the HF cleaning will become worse as the contact size
decreases to sub-quarter micron size.

The relativelyhigh contact resistance of RIE cleaning can be explained_by figure 4.-The AugqT

spectra revealed tihat 6ontacts opened by dry etching technique contained polymeric residues as well
ai oxide layer, and that additional RId cleaning was not able to remove them. On the other hand,

etching 704 of the silicon surface by sputtering was enough to remove the impurities from the
silicon-surface and this indicates thai sputtering was effective in removing the surface impurities.
However, in the case of RF cleaning, reiputtering of ILD materials on the contact bottoms due to the
poor directionality of the incident sprittering specles and the lifting o{ barrier material upgn
'subsequent Al-reilow metallization, as shown in Figure 5, seems to be. responsibleJor the
abnorriatly high P+ conracr resisrance. The Therma Wave specffa and TEM microgragh_s_in fieute.e
revealed a thidker damaged silicon layer by RF cleaning. Little damage by the Ar ECR plasma is
believed to be the benefit of the low incident energy of sputtering species.

Contact cleaning methods also affect the contact filling characteristics of-{_l-re{lo* process
through reshaping of-the contacr profile. In Figure 7, while a protrusion in the middle of contact wall
was p-roduced by the different et-ch rates of tlie HF cleaning-for different ILD materials and caused

the formation oi a void, the Ar ECR plasma cleaning modifies the contact profile in favgr to Al-
reflow by rounding off the top opening of contacts and also by removing the protrusion produced by
the FIF wet cleaning. The abiiity'of rtre ECR plasma cleaning to improve the contact profile for better
Al-reflow is due to the high directionality of incident sputtering species.

The cleaning effect o-f the ECR plasma can be improved further by using a mixture of Ar and Hz
plasma gases. ihe comparison of P+ contact resistinces between Ar and Ar+Hz ECR plasma is
ihown iilFigure 8. The Ar+Hz(10Vo) ECR plasma cleaning resulted in lower P+ contact resistances

and the amolnt of increase in P+ contact resistance as the contact size decreases is less than that of
Ar ECR plasma cleaning. The low contact P+ resistance is attributed to the formation of an uniform
and high quality TiSiz-layer as shown in the XRD analysis in Figure 9. The mechanism of the
promodonbtfiSiz formation by Ar+Hz ECR plasma cleaning, however, is yet to be known.

4. Conclusion
The contact cleaning method using in-situ ECR plasma shows. a sup_erioT Pe{onTance over

other cleaning methods Juch as RIE, RF plasma, and HF wet cleaning. Tltt high density but low
incident ener[y of ECR plasma minimizes the surface damage, and the hig! directionality of the
ECR plasma nbt only effectively removes the surface impurities from the sub-half micron contact
sizes,-but also reshafes the contact profile in favor to the contact filling by Al-reflow. ECR plasma
cleaning has been proven to be extremely effective in obtaining low and stable contact resistance and

shows great promises as a future contact cleaning technology for the sub-half micron era of the
DRAM devices.
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Fig.l N+ and P+ contact resistanccs of
0.35um contact size as a function of rlilferent
cleaning methods.
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Fig.2 Comparison of p+ contact resistances
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Fig.3 The cummulative distributions of
metal- to-gate contact resistance by the Ar
ECR and the HF cleaning methods.
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Fig.4 Polymer analysis by rhe Auger Elecrron Specrroscopy at large
pattemed area.
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Fig.5 SEM micrgraph of banier metal hfting at the
contact bottom when the RF cleaning was applied.
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Illiclcaning and (b) 'lhe liCR plasma cleaning.
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Fig6' Comparison of surlace damag,e by the Ar ECR plasma cleaning and the RF cleaning methods. (a) T.W
signals as a function of etch thickncss. (b) lllM micrographs afier RF and ECR plasma Cleaning.
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