Jpn. J. Appl. Phys. Vol. 38 (1999) pp. 5788-5791
Part 1, No. 10, October 1999
(©1999 Publication Board, Japanese Journal of Applied Physics

Effects of Etch-Induced Damage and Contamination on the Physical
and Electrical Properties of Cobalt Silicides
Hyeon-Soo Km?, Jong-Ku YooN?, Young-Hyuk LEE!, Young-Wook Ko3, Jong-Wan RrRk* and Geun-Young ¥om*

1Department of Materials Engineering, Sungkyunkwan University, Suwon, 440-746, Korea

2Department of Inorgonic Chemistry, National Institute of Technology and Quality, Kwachon, 427-010, Korea
3L.CD Division, Hyundai Electronics Industries Co., Ltd., Ichon, 467-701, Korea

“Department of Metallugical Engineering, Hanyang University, Seoul, 133-791, Korea

(Received July 14, 1998; accepted for publication July 2, 1999)

Damage and residue remaining on the silicon wafer after oxide overetching ugigit&plasmas and the effects of various
post treatments after the overetching on the formation of contact silicides were investigated. The Co silicides formed on the
variously etched surfaces were unstable, therefore, the sheet resistances were high and dependent on the etching conditions.
However, stable Co silicides could be formed on the etched silicon surfaces regardless of etch conditions@péem®
cleaning followed by thermal annealing at 600and the sheet resistance and the thickness of the silicides were close to those
of the silicides formed on a clean control silicon surface. The formation of stable Co silicides was more dependent on the
characteristics of the residue than on the damage remaining on the silicon surface. The effects of the remanent residue and
damage on the formation of stable silicides following Ti silicidation were similar to those following Co silicidation.
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. posited on silicon wafers was etched using 10Q%Cand

1. Introduction 70%C,Fg/30%H, helicon plasmas for a 50% overetch time

High-density plasma etchings are promising for the manwfter the endpoint. A source power of 1.5 kW was applied to
facture of submicron contact holes with a large aspect ratio the antenna while the operating pressure was kept at 1.5 mTorr
semiconductor devices and require high C/F (carbon/fluorinehd the total flow rate at 30 sccm. Separate rf bias power was
ratio gases or hydrogen-containing gases to improve the etglried to achieve-80V or —120V of dc self-bias voltage on
selectivities? However, the use of these gases often genethe substrate. In addition, to generate damage on the etched
ates a thick residue layer and physical or electrical damage siticon surface without a fluorocarbon residue, seperate etch-
the silicon during the oxide overetch perid@.As the depth ings were performed using 100%HBr and 50%Ar/5096H
of the contact junction becomes shallower according to thslasmas at a dc self-bias voltage efl50V. The 50%-
scaling rule, minimization of the etch-induced damage anoveretched silicon wafers were cleaned using different post-
residue is a prerequisite for the next generation semiconductsith cleaning processes to remove etch-induced residue,and
devices. However, the minimization of etch-induced damaggnnealed to remove etch-induced damage. The silicon wafers
and residue during the oxide overetching is not always availvere cleaned using a piranha cleaning solutionS@&; :
able depending on the process conditions, therefore, post-et$$0 = 4 : 1, 9¢°C) for 10 min. Q plasma cleaning was also
processes for removing the damage and residue formed dperformed using a microwave plasma asher (ASTEX Co.) at
ing the oxide overetching should be used. Practically, a clea®00 W, 500 mTorr, and substrate temperature of°C26or
etched silicon surface may only be obtained by optimiza40 min. To further remove damage and remaining residue, the
tion of both the specific etch processes and the subsequengretched silicon wafers were annealed at@0for 30 min
post-etch treatment processes such as cleaning and annealimdN, after O, plasma cleaning. The characteristics of the
However, some damage and residue could remain even aftesidues remaining on the variously etched, cleaned, and an-
the post-etch processes depending on the characteristics ofribaled silicon surfaces were investigated using X-ray photo-
damage and residde’) electron spectroscopy (XPS), and the thickness of the remain-

Generally, contact silicides are formed on etched aridg residue was measured using an ellipsometer. The degree
cleaned silicon surfaces by the deposition of metal followedf damage remaining on the silicon wafers was estimated by
by a silicidation process. Contact silicides may have to bmeasuring the carrier lifetimes.
formed on etched silicon surfaces having residual damage orOn the etched, cleaned, and annealed silicon wafers, Ti sili-
residue if these were not completely removed during the posfide and Co silicide were formed to study the effects of the
etch processes, however, few studies on the effects of residmaining residue or damage on the formation of stable sili-
ual damage or residue on the formation of stable contact sitides. To fabricate silicides, 500 A of Co and Ti were evap-
cides have been reportéd) In this study, the effects of resid- orated using an e-beam evaporator on etched, cleaned, and
ual damage and residue after oxide overetching and post-etainealed silicon wafers after dipping in a diluted HF solution
cleaning on the formation of stable contact silicides have beénr 30s. Rapid thermal annealing at 8@for 1 min un-
investigated. Co silicide was studied as the contact silicide ger 500 mTorr in an Ar atmosphere was used to form contact
this study, and some of the results were compared with tls#licides. The sheet resistances of Ti and Co silicides were
results obtained using the Ti silicide, to study the effects aheasured using a four-point probe after the wet etching of
different silicide materials. residual Co and Ti using HN§H,O and HF/HSO,/H,0,
respectively. In the case of the Co silicides, the physical prop-
erties were investigated in greater detail using cross-sectional

To study the effects of damage and residue on cotransmission electron microscopy (TEM) and X-ray diffrac-
tact silicidation, 1um-thick phosposilicate glass (PSG) detion (XRD). Clean, nonetched silicon wafers (control) were

2. Experimental
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always included in the analyses as reference. etch conditions listed in Table | was measured as a function
of the post-etch treatment using an ellipsometer and is shown
in Fig. 1. As shown in the figure, the use of hydrogen and
Table | shows the etching characteristics for various oxhe use of lower bias voltage for the etching led to increased
ide etchings, the damage and residue remaining on the silictre thickness of the residue. Figure 1 also shows the effect
surface as measured using XPS, and the carrier lifetime med-different cleanings and annealing treatments after the var-
surements after 50% overetching, for the case phi-thick ious overetching processes on the thickness of the remaining
PSG. The use of hydrogen inE (70%CFg/30%H; instead  residue. @ plasma cleaning was more effective than Piranha
of 100% GFg) generally resulted in a decrease in PSG etctleaning in reducing the thickness of residue, and annealing at
rates, however, an increase in the PSG etch selectivity o800 C after G plasma cleaning further reduced the thickness
silicon due to the increased effective C/F ratio of the pla8ma.of residue, to close to that of control sample. The refractive
Increase of dc self-bias voltage fror80 V to —120V gener- index of the residue after the annealing process at®&0as
ally increased PSG etch rate without reducing the etch selaedose to 1.5, the same value as that of native oxide.
tivity, possibly due to the enhanced ion bombardment. The On the above variously etched, cleaned and annealed sil-
composition of the residue measured using XPS on the siton wafers, Co silicides were formed, and their physical
icon surface after the overetchings showed higher C/F ratémd electrical properties were investigated. Figure 2 shows
for 70%C,Fg/30%H, compared to 100% £Eg and for the the XRD data obtained for the Co silicides formed on sil-
higher dc self-bias condition(120 V). The measurement of icon surfaces overetched using (b) 100866 (—80V), (c)
carrier lifetimes indicating the extent of damage remaining on0%GC,Fg/30%H, (—80V), (d) 70%GFs/30%H, (—120V),
the silicon surface after overetching, revealed a shorter camnd on silicon surfaces post-etch-treated using ¢e)l@sma
rier lifetimes; therefore, there was more damage for the caskeaning and (f) @ plasma cleaning followed by annealing
of 70%C,Fg/30%H, compared to that for 100%Es, possi- at 600C, after overetching with 70%Es/30%H, (—120V).
bly due to the hydrogen and the higher dc self-bias condkRD data of Co silicide (a) formed on a clean nonetched
tion, due to the increased ion bombardment en&f@in the silicon surface (control) is included in the figure. In the
case of silicon etchings with 100%HBr and 50%Ar/50%H case of silicides formed on the control wafer and on silicon
which were investigated to study the effects of only damageafers overetched using 100%fg (—80 V), XRD peaks cor-
on the subsequent formation of silicides, independent of thiesponding to stable CoSsuch as (111), (220), and (331),
effect of the residue described above, the measured carneere observed, but no peaks from unstable CoSi oySCo
lifetimes were 0.8-1@s and 15-4&s, respectively. There- were detected. However, in the case of silicides formed on
fore, these etched silicon surfaces were more severely dasilicon wafers etched using 70%k&s/30%H,, small peaks
aged than those etched under the etch conditions describedrom Co,Si and CoSi and the peaks from £ and CoSi
Table I. were observed for the low dc-bias volt increased for the higher
Table 1l shows the carbon bonding states of the residue fdc-bias voltage condition 6£120V. The peaks from G&i
different etching conditions measured by narrow scan XP&nd CoSi for 70%gFg/30%H, (—120 V) were reduced after
As the bias voltage is increased or hydrogen is added to tl plasma cleaning and they disapeared completely afier O
plasma, C-k (x = 1,2, 3) bonding states decreased anglasma cleaning followed by annealing at 600 similar to
C-C(/H) bonding states increased. In paticular, strong C—8ie controls.
bonding, which is known to be critical for the formation of Cross-sectional TEM was used to observe the morphology
a stable silicidé) was observed on the etched silicon surfacef the silicides formed for 70%{Es/30%H, (—80V). Fig-
and also increased with dc-self bias voltage and the additiome 3 shows the cross-sectional TEM micrographs of sili-
of hydrogen in the plasma. cides formed on silicon wafers (a) nonetched (control), (b)
The thickness of the residue remaining on the silicon for thetched using 70%{Fs/30%H, (—80 V), (c) cleaned using £

3. Results and Discussion

Table I. Etch characteristics, surface composition of the residue, and carrier lifetime as a function of various PSG etching conditions.

Etching chemistry PSG Selectivity Composition Carrier
(bias voltage) etch rate to Si SC:F:0 lifetime
(A/min) (us)
100%GFg (—80V) 6700 10.5 1736:36:11 300-330
100%GFg (—120V) 9100 13 3037:19:14 135-165
70%C4Fg/30%H, (—80V) 4500 20.5 1442:32:12 195-220
70%CFg/30%H, (—120V) 6500 25 2245:20:13 75-110
Control (non-etched silicon) 6918:0:13 380-410
Table Il. Carbon bonding states of the remaining residue for different PSG etching conditions as measured by narrow scan XPS.
Etching chemistry C—+F C-R, C-R C-C(/H) C-Ck C-Si
100%GFs (—80V) 26.5 15.7 6.4 14.4 31.8 5.2
100%GFg (—120V) 17.4 6.6 4.0 19.7 38.4 13.9
70%CFg/30%H, (—80V) 23.0 13.0 4.0 17.0 36.0 7.0

70%C4Fg/30%H (—120V) 14.0 4.0 2.0 22.5 41.0 16.5
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Fig. 3. Cross-sectional TEM image of the silicon surface (a) control, (b)

etched at-80V of bias voltage using 70%Es/30%H;, (c) cleaned by
Fig. 1. Thickness of the residue remaining on variously etched, cleaned,O, plasma after (b), and (d) annealed at 8D@fter (c).
and annealed silicon surfaces measured using an ellipsometer.

cleaning + annealing at 600°C

formed on the control, and the thickness of the silicide was
Si(002) rerestored after ©plasma cleaning. The thicknesses of the
a: CoSi,, b: CoSi, ¢: Co,Si Co silicides formed on the silicon surfaces overetched us-
c(111) ing 70%GFg/30%H, (—120 V) and cleaned using(plasma
0(12”8('220) cleaning and thereafter by annealed at*@@ere also esti-
c(301 mated by cross-sectional TEM (data not shown). The thick-
( 01) o -
L‘“ j h E“ ness of the Co silicides formed on overetched silicon wafers
" measured 115-130 nm, and those formed on the overetched

0 . silicon wafers after @plasma cleaning followed by annealed
at 600C measured 135-180 nm.
M Figure 4(a) shows the sheet resistances of the Co sili-
cides fabricated on etched, cleaned, and annealed silicon sur-
% faces. As a reference, the sheet resistance of the Co sili-
%M ‘( cide formed on a clean control wafer was included. The
MMWMMWWMW (d) sheet resistances of the Co silicides formed on the as-etched
silicon surfaces were the highest and were reduced to the
w control value (0.&/square) as cleaning and annealing pro-
(e) ceeded? The decrease in sheet resistances following the
cleaning and annealing under the same etch conditions was
similar to the decrease in residue thickness shown in Fig. 1.
w (f) On the other hand, the sheet resistances determined for four
different etching conditions had different values for only as-
etched and piranha-cleaned wafers. In regard to the as-etched
wafers, higher sheet resistances were obtained for Co silicides
2 theta formed on silicon wafers etched at a higher bias voltage and
Fig. 2. XRD patterns of the cobalt silicides fabricated on silicon surface¥ith hydrogen-containing plasma (70%f%s/30%H;). One
(a) control, (b) etched using (b) 100%#&; (—80 V), (c) 70%GFs/30%H,  the other hand, the increase in sheet resistance could be re-
(=80V), and (d) 70%GFs/30%H (~120 V), and (€) @ plasma-cleaned |ated to the damage remaining on the etched silicon wafers.
after (d),and (f) annealed at 60D after (€). Therefore, the sheet resistances of Co silicides formed on
the severely damaged silicon surfaces having no residue were
plasma after (b), and (d) annealed at 8DGafter (c). For also measured. The silicon wafers having only damage
all of the samples, a layer of Co was observed on the top vfere prepared by etching with 100%HBr and 50%Ar/5026H
the sample due to the incomplete Co silicidation process usptsmas. The sheet resistances of these Co silicides (0.8—
in the experiment. In addition, no noticeable differences iR.9%2/square) were only slightly higher than the control value,
the roughness of the silicide interface were observed. Howherefore, the damage itself was not responsible for the in-
ever, the thickness of the silicide was different dependingfease in the sheet resistance of Co silicide formed on etched
on the sample. The control sample showed a silicide thicigilicon. The little or no influence of etch-induced damage on
ness of 140-170 nm, the etched sample showed a thickn&sg sheet resistance may be related to the consumption of the
130-150 nm, and both the;@lasma-cleaned sample and thedamaged silicon layer during the silicidation process.
sample annealed at 60D showed a thickness 140-180nm. The relationship between the sheet resistance value and the
Therefore, thinner Co silicide films were formed on the silithickness of the residue appears to be significantly related to
con wafers etched using 70%#&/30%H, compared to those the chemistry of the residue. As mentioned in Tables | and
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25 ' ' ' ' To compare the effect of the metal employed on the for-
B 100% CF. biase.80V mation of stable silicides, Ti silicide was also formed on the
S — c‘;a/aw% H,, bias=-80V above etched, cleaned, and annealed silicon wafers, and the
ok —A—100% C,F,. bias=-120V i results are shown in Fig. 4(b). The sheet resistances were
- v TV 70% C,F,130% H,, bias=-120V higher for silicides formed on silicon wafers etched with
~ hydrogen-containing plasmas and at higher bias voltage. In
=2 R addition, the sheet resistances decreased as the etched wafers
[u] .
S st . ® control 4 were cleaned and annealed. When annealing at@GH-
3 v gmo% HBr etch ter O, plasma cleaning was performed, the sheet resistance
o " 50%Ar/50%H, eteh was close to that of the control. These results were similar
B - to those for Co silicides, therefore, in the case of Co and Ti
s 0 .\‘\A o silicides, rather than damage or thickness, the characteristics
———3 0, of the residue were more closely related to the formation of
stable silicides.

09 4. Conclusions

as-etched piranha O, plasma O, plasma

cleaning + annealing at 600°C In this study, lpxm-thick PSG-deposited silicon wafers
(a) were 50% overetched to expose the silicon surface with
C4Fg/H, helicon plasmas, under different dc self-bias volt-
ages, and the characteristics of the residue and the degree of
—®—100% C,F,, bias=-80V damage formed on the exposed silicon wafers were investi-
2 b ~®770% C,F,130% H,, bias=-80V J gated. In particular, the effects of the residue characteristics
and the damage remaining on the etched, cleaned, and an-

30 T T T T

—A—100% C,F,, bias=-120V

—~ v —V¥—70% C,F,/30% H,, bias=-120V - . e s
o o ’ nealed silicon wafers on the formation of a stable silicide were
o of 4 1 investigated. The thickness of the residue increased with the
§ o amount of a hydrogen added to theRg plasma and with
< O°°""°' decreasing dc self-bias voltage, and the degree of damage in-
.‘g 5F o g 1000”:\“5'03:“ . creased with the amount of a hydrogen added to the plasma
e _\ SOANSOTH, ete and increasing dc self-bias voltage.
§ \\ The thickness of the residue decreased with Piranha clean-
©  qor '\;\ 1 ing, and further decreased to the control value aftepl@sma
%ﬁ 0 .O cleaning followed by annealing at 6GD. The Co silicides
formed on the variously etched, cleaned, and annealed silicon
5 ' ' ' ' wafers exhibited different degrees of unstable Co silicidation,
as-etched  piranha O, plasma O, plasma showing the formation of CoSi and €8i compounds instead
cleaning +annealing at 600 of stable CoSj, thinner Co silicides, and higher sheet resis-
(®) tances, when the residue remained on the silicon surfaces.

Fig. 4. Sheet resistances of the (a) Co silicides and (b) Ti silicides fabr-[he sheet resistance of silicides are dependent on the absolute
cated on variously etched, cleaned, and annealed silicon surfaces.  thickness and C/F ratio of the residue. These characteristics
of the residue are dependent on the etching conditions and
. ) ) ) ) cleaning conditions. The damage remaining on the etched
II, the composition of the residue is varied for different gagjjicon surface appears to not significantly affect the forma-
chemistries and dc-bias voltage conditions. The C/F ratigy of stable silicides. When Ti silicides were formed on the

and C—Si bondings are the greatest for the 70Bg30%H,  giched, cleaned, and annealed silicon wafers, similar results
(=120V) condition, simliar to that of the sheet resistancg, ihose for Co silicides were obtained.

shown in Fig. 4(a). A previous stuglyhas shown that
fluorine-rich residue (C/F ratio is 0.73) blocks more effec- 1) P.Singer: Semicond. Ir20(1997) June, 109.

tively the formation of stable silicides compared to a residue® X‘ T;{{Sgg’jéﬁib"ta’ H. Shindo and T. Fukasawa: J. Vac. Sci. Technol.

.Comaining more carbon (C/F ratio is 1). In the Currem €XPer-3) T. Fukasawa, K. Kubota, H. Shindo and Y. Horiike: Jpn. J. Appl. Phys.
iment, the silicides formed on the more carbon-rich residues 33(1994) 7042.
(CIF ratio is more than 2) showed higher sheet resistanced \'jv-hs- ij,\\//v. JsN_a;”' E T Zﬁ?ﬂé?j 1J{)6Lzee' J. H. Kim and K. W.
_ri . _ ang: J. vac. ScCl. lechnol. .

compared to those formed on less carbon-rich residue (C/F rag 5 \am. G. v, Yeom, J. H. Kim, K. W. Whang and J. K. Yoon: J. Vac.
tio: 1.0-1.3). The difference between the previous work and * s, Technol. AL5(1997) 590.
the current experiment appears to be related to the C—Si bond) Y. Tezuka, N. Kitano and N. Nakano: J. Electrochem. 3d@(1995)
ing and the different C/F ratio studied. In the previous work, _ 3569 _

. . . 7) T.Hara, M. Sato and K. Sakiyama: J. Electrochem. 3d6.(1998)
magnetized inductively coupled plasmas (MICP) were used to
etch the PSG, therefore, the remaining residues showed C/B) H. s. Kim, W. J. Lee, G. Y. Yeom, J. H. Kim and K. W. Whang: J.
ratios lower than 1 (0.73-1), no C-Si bonding was observed. Electrochem. Sod46(1999) 1517.
However, for the current experiment, helicon-wave plasmag?) Y-H-: Lee: J. vac. Sci. Technol. 20(1992) 1318. .

. ., 10) S.J.Fonash, C. R. Viswanathan and Y. D. Chan: Solid State Technol.

were used to etch the PSG, and the C/F ratios of the residue (1994), July, 99.

were higher than 1 (1.0-2.2) and many C-Si bondings werg1) s. P. MurarkaMetallization Theory and Practice for VISI and ULSI
also observed. (Butterworth-Heinemann Press, Boston, 1993) p. 188.



