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Abstract
Using simple and damage-free n+/p junctions, a sensitive and
comparatiy_e_iqvegtigation is conducted on leakage suppression by
pre-SALICIDE ion implantation (PSII) for CoSi2 

- 
formariori.

As-PSII is found to be greatly superior to Ge-PSII. Mbreover, it is
discovered that the presence of O facilitates this advantage of As.
Combining these two factors, i.e., by As-PSII through an oxide,
leakage suppression "o,T rTliji 

ofrl;aenitude is auiined.

Among. various concerns pgarding CoSi2 technology, leakage
generation.with the shallowing o! S/D depth xj, especitliy for ni/p
junctions, is crucial. Recently, using damage-fiee n+/p juhctions, it
has been revealed that a substantial Co in-diffrrsion-and resultant
GR center formation 

- 
is the primgry cause of the leakage[l].

Because the inward-migration is inherent to the Co reaction-[ll2],
an extra way must be devised to suppress the leakage. Although
several means have been proposed[3,4], the most praEtical is pSII
just prior to the silicidation[5]. Therefore, it is highly desirable to
have a systeqratic^ examination of PSII's efficiency in leakage
suppression. For CoSi2, however, the available study[S] reports
o{y a sketchy profile of Ge-PSII. Especialty, depend6n-c,! of PSII
effects on bombarding ions, their impacts on leakage-x;
relationship and correlation with Co in-diffrision have never Eeeri
studied. Thus, for a fair and clear evaluation of these critical PSII
characteristics, the present paper reports a sensitive and
gopparative- study of PSII's intrinsic ability to suppress CoSi2
leakage. Using n+/p junctions formed by solid ptrasi:-0itnrsion, a
clear fo-cus is put on the leakage without any ilistraction arising
from other process {amages. The most effective way of leakage
suppression is readily identified through a direci correlation
between leakage and Co in-diffrrsion.

2. Junction Formation and PSII
Fig.l illustrates the procedure for damage-free junction formation
employed in this study. The details of the fabrication will be fpund
in ref. [1]. After formation of virtually flat p-well of 2xl017crn-3
co.ncen-tration, a junction reglon is delineated by RlE-etching a
SiN film and wet-etching an underlying TEOS film, avoiding
qlasrya _damage on the subsrrate (Fig.l-a). Subsequently, AsSG
{lg il deposited and annealed to forman n+ region by soli0 phase
diffrrsion into the opeqing defined above (Fig.l-b). By adjristing
the annealing time and temperature, n+/p junctioris with varioul
depths caq 

-be 
readily obtained[l]. Aftei AsSG removal by wet

glchin& a 2O-nmtlick pad TEOS layer and a SiN film are apptied.
The following SiN RIE stops at the pad TEOS and 

-l-eaves

sl4ewalls to guard the periphery (Fig.l-c)-. Then, to assess PSII's
gffgglq, As and Ge are implanted. The dose, O, is varied up to
LxlO^"cm-', so that S/D profileqwill not be disrupted severely (1.e.,
r_elqining applicability to p+ S/D). The energy, E1, is set-td be
50keV, so that a resultant damaged layer (up to 30nm thick) is
completely consumed by the following silicidation. Because-As
and Ge have similar atomic weights, this experiment can also
contrast chemical difference due to PSII ions, while maintaining
4tng+ the same phyqical damage. Next, after wet etching the pad
TEOS, {nm_o{Cor!0nm of Tl and 20nm of TIN are sequentillly
sputtered and the l't Rf,A aI475oC for 30s promotes 20nm cosi
formation. Then, unreacted metals are remov6d and the 2d RTA at
815"C for 30s transforms CoSi into.Cosi2 about 35nm thick to
realize the final junction structure (Fig.l-d).

3. Leakage Suppression by PSII: As vs. Ge
First, effects of PSII on leakage is monitored for various doses, e.
I*t\qg" levels (ll at Vn=4V xj=106nm i.e., the depth below
silicide is only 70nm) are plott6d as a function of O for As
(Fig.2-a) and Ge (Fig.2-b). Leakage at different Vp shows almost

the same behavior. On some of the samples, a recrystallization
RXA (690 oC, 3Qs) is applied prior to silicidation (dotted line).
Cgmparing the leakage with and without recrystallization RfA,
effects of amorphization can be easily gauged. Although some
effects o-f^ res_idual damage are also visible at small dosage
(Q<5x1013.r't), significani leakage suppreqqion Jakes effect afi-er
formation of amorphous layer (<D>7.5x10"cm''). For both ion
species,leakage decreases exponehtially with O. Notably, however,
the amorphization effects strongly depend on the bombarding ions,
!.e,, As being greatly superior to Ge. Measuring As SIMS piofile,
it is also confirmed that x; is not deepened by As-PSII and As
superiority is genuine. The suppression becomes even more
qppealing when its statistical behavior is revealed. Fig. 3 is the
Weibull plot for each PSII dose. The leakage suppression proceeds
without causing any high leakage events. Fig.4 demonstrates
correlation between Co backside SIMS and leakage-depth profiles.
Apparently, Co inward migration is efficiently blocked by PSII,
especially by As. Because Co inward migration is the intrinsic
cause of the leakage[1], these tight statistics and Co SIMS data
suggest that the PSII works properly by reducing Co in-diffirsion
witholt fgrying any additional defects such as silicide spikes.
As-PSII allows x; reduction of about 50nm compared wifh the
PSIIless sample.'Finally, to shed light on the advantage of As
over Ge, !hei1 depth profiles in the CoSi2 are measured by SIMS
after silicidation (Fig.S). While Ge is simply ousted by siliCidation,
a portion of As remains in the vicinity of where CoSi/Si interface
was once located. Arsenic may have formed some type of
compound with Co in the initial stage of CoSi-CoSi2 phase
transition. Since Co outburst is expected to take place at this phase
transition[1,2], As incorporation at this critical CoSi/Si interface
may have passivated the interface and prevented the Co outburst
from the interface, resulting in the drastic leakage suppression.

4. O Involvement in PSII
The above-mentioned implantations are performed through a
20nm-thick oxide. With due caution, involvement of knock-on O
is a concern. In order to check O effects on the leakage, PSII
without an oxide is compared with PSII through the oxide. Q of
oxideless PSII is adjusted to 30keV, so that a similar implantation
gnge can pc obtained. Fig.6 exhibits the resulting leakage levels
for each PSII condilron. Althollgh, the presence of O has virtually
no effects on Ge-PSII, the existence of O is clearly beneficial to
As-PSI! Itt f..t, SIMS profile shows significant O build-up near
the CoSi/Si interface (Fig.7). It seems that O may have facilitated
the formation of As-containing compound at the initial stage of the
phase transition to block the Co in-diffrrsion. Now that O i- proven
to be an indispensable element for effective AS-PSII, its impacts
on other silicide characteristics must be monitored carefully. Fig.8
plots CoSi2/Si(n+) contact resistance as a function of @ for various
contact sizes. Fig.9 shows sheet resistance of resultant CoSi2 as a
function of O. Fig.10 explains narrow line effects on thin
n+poly-Si lines, where sheet resistance is plotted as a function of
the line widths. Clearly, in all the above accounts, As-PSII and
O-involvement have no adverse effects on these critical features.

5. Summary and Conclusion
As-PSI is found to be greatly superior to Ge-PSII in terms of the
leakage suppression and the Co in-diffirsion reduction. Moreover,
this special advantage of As-PSII is assisted by the presence of O.
By As-PSII through an oxide, leakage suppression up to 4 orders
of magnitude is attainable. Furthennore, AS-PSII through an oxide
simply reduces the leakage without causing any other d-isturbances
to critical CrSi2 characteristics. It has been proven that As-PSII
through- an oxide i.s a viable option to counter the CoSi2 leakage
generation oq sub-O.lpm shallow junctions.
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Fig.2 Leakage levels plotted as a frmction of PSII dose (0, As (a) and Oe (b). kakage
levels of sarnples with r€crystlllization RTA are also plotted (dotted lines).
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Fig.5 SIMS profiles of As ard Ge
inside CoSi, layer after silicidation
A portion of As remains in the
vicinity of wherc CoSilSi interface
was onse bcated.
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Fig.4 Conparison between Co SIMS
profiles ard leakage-depth profiles of no-
PSII, As PSII and Ge PSII sarrples. 20nm
st€tch of d€pbtion layer (V*=4V) into r*
region is taken into account
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Fig.E CoSir/Si(n+) contact resistance
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Fig3 Weibull plots of leakage levels over 312 junctions for various O of As (a) atd
Ge O). Irakages of silicide-less junctions are also plotted.
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Fig.? SIMS profile of knock-on O
inskte CoSi2 layer after silicidation
As profile is also shou.n. O builds
up near CoSi/Si interface
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Fig.l0 N+ poly narrow line effects of samples with As PSII (a) and
without PSII O). Roll-off near the narrowest lines is dr.e to rather thick
CoSi, layen foflred aromd the cornen of the gate lircs. As PSII

through oxide does not distub Darrcw line effects.
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