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The diffusion of B and Sb in Si, with and without a 20-nm-thick epitaxial Gd&yer on top, is
investigated, during annealing and oxidation, using doping superlatixgiss). CoSj, layers were

grown on Si by molecular beam allotaxy. DSLs were grown by molecular beam epitaxy. They
consisted of six spikes with peak concentrations df & 3(B) and about 18 cm~3(Sb) with peak
centers spaced 100 nm apart. The shallowest spike was capped with 100 nm of Si followed by 20
nm of CoSjp. Annealing in pure B and oxidation in pure ©were performed at temperatures
ranging from 800 to 1200 °C. Concentration depth profiles were measured by secondary ion mass
spectrometry. The results showed that the dopant diffusion in Si was markedly different with or
without a CoSj layer. For specimens without CgSiayer, we observed oxidation enhanced
diffusion of B and oxidation retarded diffusion of Sb in accordance with the literature. However, the
effect of CoSj layer was a strong retardation of B diffusion and an enhancement of Sh diffusion.
The B diffusivity was retarded by a factor of 2—10 as compared to the thermal diffusivity and by a
factor of 20—100 as compared to the corresponding diffusivity for oxidation of Si without a CoSi
layer. Sb diffusivity was enhanced by a factor of 2 with respect to thermal diffusivity and by about
a factor of 5 as compared to the case without a €la§er. © 1999 American Institute of Physics.
[S0021-897€09)07210-2

I. INTRODUCTION CoSi, and Si, heteroepitaxy of CoSon Si is hampered by a
strong tendency of growth of misoriented grains. Therefore
Epitaxial silicides grown on silicon and patterned to special growth techniques have to be applied to produce
nanosized structures provide a new way to siliconcosi/si heterostructures:® Thin epitaxial CoSjlayers can
nanoelectronicS.Nanopatterned epitaxial silicides have su- also be grown by molecular beam allota®yBA).” This is a
perior electrical properties as compared to their polycrystaly,ogified molecular beam epitaxyBE) method consisting
!ine counterparts. In nanodevices these p_rqperties play a5 two steps. First, a silicide precipitate layer embedded in
increasingly important role. Amongst the silicides CoBi  gjngle crystalline silicon is grown by coevaporation of Si and
the favorite can@date for epitaxial grgvvth on silicon pecausq;o_ Second, rapid thermal annealing is used to form a single
of the good lattice match: It crystallizes in the cubic GaF crysialline silicide layer. These layers show a high unifor-
lattice and has a small lattice mismatch of only 1.2% withiity sharp interfaces to the silicon, and an excellent thermal
respect to silicon. It has a low electr!cal resstange of 1Astabi|ity of up to 1200°C. Therefore, these layers can be
prem and an excellent thermal stability. Poly-Co%i al- atterned by local oxidation of silicidd.OCOS).2 In this
ready being used as source, gate, and drain contacts for gierning process, similar to the well established process of
metal—oxide—semiconductor field effect transistMOS-  |ocq) oxidation of silicon(LOCOS), the silicide layer is
FET) devices: Despite the promising structural match of capped by a nitride mask that is patterned by optical lithog-
raphy. During dry oxidation at temperatures ranging from
3Electronic mail: |.kappius@fz-juelich.de 900 to 1050 °C, over the unprotected areas of the silicide,
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CoSj, dissociates and SiQs formed. The Co atoms diffuse |l EXPERIMENT
from the SiQ/CoSi, interface to the CoSIiSi interface to _ _
form CoSj. Near the edges of the nitride mask the silicide ~ SPecimens were grown in a DCA-MBE system of base

—11 16 <jj;
layer thins and finally separates. Two metallic pads electriPressure X 10" *"mbar S|I|con.and cobalt Were evapo-
cally separated by Si and Sj@ith a gap of 50 nm can be rated by e-beam evaporators while boron and antimony from

produced this wa{. This patterning process has also beenKnudsen cells. The wafer temperature was measured with a

used to fabricate a Schottky-barrier MOSFET with uItrashortthbermOCOlljgl,eg' I;ressu(rje hdunng evapqganp n |ncre§sed o
gatelengtH. about 5x mbar and the main contribution was due to

. ) hydrogen(90%) as observed by the quadrupole mass spec-
At the high temperatures that occur during the LOCOSI

trometer attached to the deposition chamber. The deposition

process, dopant diffusion takes place in the underlying siliyaie and Jayer thicknesses were monitored by a SENTINEL

con. Hence for electrical applications of this process, predicdeposition controller. Surface quality during epitaxy was
tion and control of the dopant redistribution becomes crucialcheckedin situ with reflection high-energy electron diffrac-

It has been ShOV\}H'llthat dUring oxidation of Si”COﬂ, boron tion (RHEED) We used 100-mm-diam phosphorous doped
diffusivity is enhanced whereas antimony diffusivity is re- float zone Si(100) substrates of 1000} cm resistivity. The
tarded. During silicidation with TiSj it is vice versa@? This ~ wafers were cleaned by a modified RCA-cleaning
is explained on the basis of perturbation in point defectsproceduré® The remnant SiQwas removedn situ in the
concentration in silicon matrix caused by oxidation or sili- MBE chamber by evaporation of 5 nm silicon at a substrate
cidation process. Point defects play a dominant role in théemperature of 780°C and flux rate of 5 pms Subse-
diffusion of dopants in silicon® Boron has been shown to quently, a 100-nm-thick Si buffer layer was grown. Boron
diffuse via a mechanism where silicon interstitials are in-DSLs consisting of six 10-nm-thick spikes separated by 100-
volved, antimony by a vacancy-assisted mechanism. TheréM-thick Si buffer layers were grown by coevaporation of

fore, processing steps that inject interstitials, e.g., oxidationPoron and silicon at a substrate temperature of 600 °C. The

resulting in interstitial supersaturation and vacancy under:00-nm-thick Si buffer layer was grown at a flux rate of 0.15

saturation, enhance the boron diffusivity and retard the antil™msS In the boron spikes, the Si qu_x rate was 9'05 nths
10,11 The temperature of the boron effusion cell during evapora-

mony diffusivity, while processes like silicidation that i 1550 °C lting i K trati f about
lead to interstitial undersaturation and vacancy supersaturai—on8 wa§3 0~ TesUling in a peak conceniration of abou
0'8cm™3. This concentration was chosen to avoid concen-

giof?usrievt:;dlzthe boron diffusivity and enhance the ant'monytration dependent diffusion. Antimony DSLs also consisting

_ ... .. of six 10-nm-thick spikes were grown by low temperature
The influence of the LOCOSI process on the diffusivity \;se (| TMBE). Antimony and silicon were coevaporated at
of dopants in the underlying silicon has not yet been invesy g pstrate temperature of 250 °C. The Si flux rate was 0.05
tigated. One can assume that during Gd&yer formation, ms! The Sb source temperature was kept at 200 °C to
like in the case of TiSiformation, vacancies are injected gptain a peak concentration of about'9€m~3. To prevent
into the silicon. Sb segregation, subsequently a 10-nm-thick Si buffer layer
On the other hand, it is known that during oxidation of was grown at a flux rate of 0.05 nm’sat the same wafer
epitaxial CoSj layers only about 75% of the Si atoms, which temperature. The substrate was then heated to 600 °C and a
originate from the dissociation of the silicide at the 90-nm-thick Si buffer layer was deposited at a growth rate of
SiO,/CoS, interface, reacts with oxygen to form SiOThe 0.2 nms™. This procedure was repeated six times to have
remnant 25% of these Si atoms diffuse to the lower interfacsix Sb spikes 10 nm thick and separated by 100 nm of buffer
leading to a supersaturation of interstitials in the siliconlayer. After LTMBE the reflexes of the’21 RHEED pattern
matrix1* It is therefore difficult to predict the perturbation in broadened a little bit, but after heating to 600 °C the same
point defect population and how the diffusivity of boron and Pattern appeared as before LTMBE ensuring good crystal
antimony will change under the LOCOSI process. quality of the silicon. To flash off remnant Sb atoms from the
A well known method to study the diffusivity of dopants surface, the wafer was then heated to a temperature of 800 °C
for 15 min. After depositing B or Sb DSLs, a 20-nm-thick

in silicon at different depths from the surface is examining "
the broadening of dopant marker layers in silicon dopingCOSb ayer was grown by MBA. At a substrate temperature

superlattices DSLs).'® By observing changes in the diffu- of 49? C, Si was evapprated at a constant flux rate of 021
o . . i nms ~. The Co deposition rate was ramped up to a maxi-

sivities of boron and antimony in DSLs, the depth profiles of .

Si interstitials and vacancies were obtaifdn the present mum concentration of 31 at. % and then kept constant. The
H i v 165 W rained P relative amount of Co in the ramp was 50%. The details of

study, we have used DSLs to investigate the influence of

) ) o . this MBA process are described elsewhtre.
thin (20 nmCoSi, layer on diffusivities of boron and anti- Similar B and Sb DSLs specimens were also grown

mony in the underlying silicon during oxidation treatmentyithout a CoSj layer for comparative experiments. As-
relevant to the LOCOSI process. The dopant depth profilegrown specimens were analyzed by grazing incidence Ruth-
were measured by secondary ion mass spectron®tyS).  erford back scatterindRBS) using 1.4 MeV Hé ions to

The results showed that the diffusion of boron and antimonyneasure the layer thicknesses and to check the deposition
in the underlying silicon is strongly influenced by the pres-rates. The LTMBE grown Sb DSLs specimens without a
ence of an epitaxial Coglayer. CoSi, layer were also examined by RBS/channelling. The
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minimum vyield value of 3% ensured good crystal quality of 10" F——F—— T — T T
the LTMBE |ayerS. @ + asgrown
Specimens of size 8 m#B mm were cut from the wa- X ainealed (1050°C, 40 e, M)
fers. B and Sb DSLs specimens without a GdSyer were
annealed in pure Nat temperatures 850—1200 °C to check
the thermal diffusion behavior of B and Sb in Si. Such speci-
mens were also given oxidation treatments in dpyaDtem-
peratures 800—1200 °C to examine the oxidation enhancec
diffusion (OED) of B and oxidation retarded diffusion E
(ORD) of Sh in Si. Annealing and oxidation treatments were f
performed in a rapid thermal annealif@TA) furnace. '
B and Sb DSLs specimens with a Ce&lyer were an-
nealed at 1050 °C in 90%NL0% O, for 20 and 30 s, respec-
tively, to form a uniform CoSilayer. The B and Sb peaks
did not broaden much by this treatment. We used an ambien 10” . ———— . . .
consisting of 90% N and 10% Q@ as annealing in pure N b N o alod (1150°C, 20566, Ny
leads to thermal etching and disintegration of the silicide s fitted Gaussians
layer, whereas a small addition of oxygen helps to maintain § 10°F i p . " A 3
the uniformity of CoS;j layer!’ These specimens were then 2 ) i i i i i
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oxidized in dry Q at temperatures 900—1200 °C for times
that ensured sufficient broadening of B and Sb peaks. A sel
of specimens without a Coglayer, pretreated in N-O, at
1050 °C for 20 9B) or 30 s(Sb), were also given the same
oxidation treatment simultaneously for comparison. Another | g/ K
set of specimens without a Co$ayer was pretreated in pure "’K
N, at 1050 °C for 20 §B) or 30 s(Sb) and then annealed in 10'° S T e e T e T e G "
pure N, at the same temperatures and for the same times a: DEPTH[nm]
the CoSj specimens were oxidized. These last specimens,
therefore, got the corresponding thermal budget as the oxFIG. 1. SIMS depth profiles ofs) B- and (b) Sb-doping superlattices in Si.
dation treatment given to CoSépecimens. The sheet resis- Specimen and treatment detgils.are given in the _inset. Spike_s are marked_ as
. . . 1-6. Also shown by the solid line curves are fitted Gaussians to the six
tance of all the CoSispecimens was measured using thespikes'
Van der Pauw method. All specimens showed a sheet resis-
tance of 6.X)/square, independent of their treatment, ensur-
ing that the CoSilayers remained stable and uniform during whereW, andW are full widths at half maximuntFWHM)
the experiments reported here. This value of sheet resistang® ihe Gaussian before and after diffusion aiglthe time of
corresponds to a specific resistance of 14.6m. diffusion® SIMS broadening of the dopant spikes can also
B and Sb depth profiles were measured by S'M+S USINg §e described in first order as Gaussian broadening. This
E:ZQSM_ECA IMS 4F instrument. The secondgry ioh8" and  \1athod therefore has the advantage that the instrument re-
+b were monitored under 12.5KeV O2and 10KeV  |4ted proadening is eliminated during the evaluation of dif-
Cs" primary ion bombardment, respectively. The primary,qion coefficient. A computer program was written that de-
ion beam was raster scanned over an area of u@00 iected the six B or Sb peaks in the SIMS depth profiles and
X200um whereas secondary ions were collected only fromye formed a cRiminimization to fit six Gaussians to the

the central of 6Qum diam in order to avoid the crater edge measyred daf. Figure 1 shows representative SIMS depth
effects. The SIMS craters were examined by DEKTAK sur-prof”es of B and Sb DSLs in the as-grown and diffused

face profiler to measure their depths and to check the Surfac(?\lz-annealing conditions. It is evident that the last B spike
roughness of sputtered craters. SIMS depth profiles werg.g the first Sb spike have a little higher dopant concentra-

quantified for B and Sb concentrations using _the implantasion due to the growth process itself. A comparison of the
tion standards from Charles Evans and Associates, USA. fitted Gaussiangsolid lineg and the measured data is also

—
o,
»

Sb CONCENTRAT

—
o.s
3

T

shown. A good conformance is achieved. Each dopant spike
Il RESULTS after diffusion was analyzed separately by comparing with
Diffusion coefficients in Si are usually extracted from its corresponding counterpart before diffusion. Diffusion co-
the measured SIMS depth profiles by solving the diffusionefficients were evaluated using E€.) for the six dopant
equation with the help of process simulatbf$iowever, dif- spikes. The main sources of errors in determination of diffu-
fusion of dopant spikes can be described by Gaussian broadlon coefficients were uncertainties in depth scale of SIMS
ening and using the thin-layer solution of the diffusion equa-Profiles and measurement errors in time and temperature of

tion, the diffusion coefficientsD, can be simply derived by diffusion treatments. The depth calibration of SIMS profiles
) was performed using the sputter rate calculated on the basis
5 W2—W;

of crater depth measurements by DEKTAK surface profiler
4 as well as estimates based on measurements of ion implan-

D
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TABLE I. Summary of experimental results.

Specimen Pretreatment Diffusion treatment D/Djy
B DSLs in Si 1050°C, 20 s, N-O, 900 °C, 14 min, @ 0.21
with a CoS;j layer 1050 °C, 20 s, N-O, 950 °C, 6 min, Q 0.28
1050°C, 20 s, BH-O, 950 °C, 3 min, Q a
1050 °C, 20 s, BHO, 1000 °C. 1 min, @ 0.53
1050 °C, 20 s, BHO, 1050°C, 20 s, @ 0.56
1050°C, 20 s, B+0O, 0.75
1050 °C, 40 s, B+O, 0.52
1100 °C, 20 sec, N-O, 0.80
B DSLs in Si 1050 °C, 20 s, N-O, 900 °C, 14 min, @ a
without a CoSj layer 1050 °C, 20 s, N-O, 950 °C, 3 min, Q a
1050 °C, 20 s, BHO, 1000 °C, 1 min, @ a
1050 °C, 20 s, BHO, 1050°C, 20 s, @ a
800 °C, 15 min, @ 143
850 °C, 10 min, @ 7.63
900 °C, 5 min, Q 1.60
950°C,30s, @ 3.12
950°C,90s, @ 4.24
1000°C, 40 s, @ 4.20
1050°C, 10 s, @ 1.38
1050°C, 20 s, @ 4.65
1050°C, 20 s, W 900 °C, 14 min, N
1050°C, 20 s, B 950 °C, 3 min, N
1050°C, 20 s, W 1000 °C, 1 min, N
1050°C, 20 s, B 1050°C; 20's, N
Sb DSLs in Si 1050 °C, 30 s, N-O, 1050 °C, 3 min, @ 211
with a CoS;j layer 1050 °C, 30 s, -0, 1050 °C, 6 min, @ 1.87
1050°C, 30 s, BHO, 1050 °C, 9 min, @ 217
1050 °C, 30 s, BH+0, 1100°C, 1 min, @ 2.07
1050 °C, 30 s, BHO, 1100 °C, 2 min, @ 1.49
1050 °C, 30 s, BHO, 1150°C, 20 s, @ 1.52
1050 °C, 30 s, BH0, 1200°C,5s, @ 1.05
1050°C, 30 s, BHO, 1200°C, 10 s, @ 1.53
1050°C, 30 s, B+0O, 3.90
1150 °C, 20 s, B+O, 1.83
1200°C, 20 s, B+O,
Sb DSLs in Si 1050 °C, 30 s, N-O, 1050 °C, 3 min, @ a
without a CoSj layer 1050 °C, 30 s, N-O, 1050 °C, 9 min, @ a
1050 °C, 30 s, BH0, 1100°C, 20 s, @ a
1050°C, 30 s, BHO, 1150 °C, 2 min, @ a
1050 °C, 30 s, BH+0, 1200°C,5s, @ a
1050 °C, 30 s, BHO, 1200°C, 10 s, @ a
1050 °C, 16 min, @ 0.33
1100 °C, 4 min, @ 0.26
1100 °C, 9 min, @ 0.24
1150 °C, 3 min, @ 0.13
1200°C, 20 s, @ 0.42

1050°C, 30 s, Bl

1100°C, 2 min, N
1150°C, 20 s, B
1200°C, 5's, M
1200 °C, 10 sN,

4ndicate runs for which broadening of the spikes was to small to evaluate the diffusion coefficients.

Tyagi et al.

tation standards and knowledge of thicknesses of depositatlis effect can be excluded due to the excellent smoothness
layers as monitored during evaporation. However, the accusf the epitaxial CoSilayers. This was also confirmed by the
racy of this depth calibration was10%. Total errors in surface profiler measurements of SIMS craters. The experi-
diffusion coefficients reported here are estimated to be abouhental results of the present study are summarized in Table
+30%, unless specifically mentioned for some values. It id.

worth mentioning that some earlier SIMS experiments, re-  Thermal diffusion data of B and Sb in Si were obtained
ported in literature, on the influence of silicide layers onby annealing the DSLs specimens without Golaiyer in
dopant diffusion in Si suffered from the roughness of thepure N,. The evaluated diffusion coefficients varied in the
polycrystalline CoSilayer$’-??whereas in the present study range 2<10 *6-4x10 '3cn?s™* for B at temperatures
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FIG. 2. SIMS depth profiles ofa) B- and(b) Sh-doping superlattices in Si ) ) o
depicting broadening of spikes due to annealing and oxidation. Specimefi!G. 3. SIMS depth profiles af) B- and(b) Sh-doping superlattices in Si,
and treatment details are given in the inset. Spikes are marked as 1—6. TR&-grown, after b0, anneal for layer formation and after subsequent oxi-
depth scale for the specimen with a CpRiyer is adjusted by removing the dation in dry Q. Specimen and treatment details are given in the inset.
data points up to a certain depth in order to match the first peaks with othepPikes are marked as 1-6.

specimens without a Coslayer.

pure N, at the same temperature and for the same times. It is

850-1150°C and 210 -2x10 Bcn?s ! for Sb at evident that boron diffusion is strongly retarded during oxi-
temperatures 1000-1200°C. The diffusion coefficientdation for the specimen with a CgSayer as compared to
obeyed the Arrhenius law. These are in good agreement witthe specimen without a CoSlayer. The diffusivity is even
the reported values This also ensured the good quality of lower compared to the specimen that has undergone only
the Si epilayers deposited in the present experiments. OEhermal diffusion in pure Bl One can also notice depth de-
of B and ORD of Sb was observed at temperatures 800-pendence of oxidation enhanced diffusion of B as the shal-
1200 °C, in accordance with the earlier reported resfifts. lower spikes are more broadened compared to the deeper
The boron diffusivity was enhanced by a factor of 4—10 andspikes in this casédotted line curve The opposite effect is
the Sb diffusivity was retarded by a factor of 2—5 with re- seen for Sb in Fig. ®) for 1050 °C, 30 s pretreatment and
spect to their respective intrinsic thermal diffusivity values in1100 °C, 2 min diffusion treatment. The spikes in the solid
Si. The depth dependence of diffusivity was observed for Bline curve are much more broadened compared to those in
with effect being more pronounced at lower temperaturesthe dotted line curve as well as to those in the dashed line
whereas no clear evidence for depth dependence of Sb di€urve.
fusivity was found. These aspects were however not investi- Figure 3a) shows a representative SIMS depth profile of
gated in detail in the present study. boron DSLs with a CoSilayer that did undergo a treatment

The influence of CoSilayer on B and Sb diffusion in typical for the LOCOSI process. It was first annealed in
the underlying Si during oxidation relevant to LOCOSI pro- N,+0O, at 1050 °C for 20 s to form a uniform CgSiayer
cess was investigated by comparing specimens with andnd afterwards oxidized in dry £at 1050 °C for 20 s. It is
without CoSj layer undergoing the same treatment simulta-evident that B peaks have broadened, although not much,
neously. Typical results are shown in Fig. 2. The solid andafter N,+0O, anneal and this profile has to be taken as the
the dotted line curves in Fig(@ show depth profiles of B in initial B profile to determine diffusion coefficients under
specimens with and without a CgSayer which were pre- subsequent oxidation treatment. Similar profile for antimony
treated at 1050 °C for 30 s and then oxidized at 900 °C for 1DSLs with a CoSi layer in the as-grown condition, after
min whereas the dashed line is for a specimen without 4050 °C; 30 s anneal in N-O, to form the uniform CoSi
CoSj, layer which was both pretreated and then annealed itayer and after subsequent oxidation at 1100 °C for 2 min is
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1 =] (LOCOS process The opposite effect on dopant diffusivity

el a ) —
10 @ \. m 85000Wf2ﬁ:nc_°i2_'°;;d;?:_5 a1 for oxidation treatments relevant to LOCOS and LOCOSI
_ 87 B - ] process can be seen strikingly in Fig. 4.
& 6] \l .
E 4_‘ .\.__‘.\.\.\- ]
> o] —e ] IV. DISCUSSION
Z 107 with CoSiy; oxidation T
é 1 ] * N S00C 14min @ 950°C 6 min 1 Our experiments have clearly shown that the diffusion of
5% - A 1000C60sec K 1050°C20sec |} dopants is markedly different in Si with and without a CoSi
@ 06 . x x £ x X ] layer. This is true for bothp- andp-type dopants, antimony,
4] 7 and boron. In the presence of a iyer, retardation o
04 . 1 db In th f &i tardat f
021 = d . boron diffusion and enhancement of antimony diffusion is
] ) = f 3 .
0.0 — e —— observed. The boron diffusivity is retarded by a factor of
0 10 200 300 400 500 600 700 800 2-10 as compared to the thermal diffusivity and even more
Depth[nm] strongly by a factor of 20-100 as compared to the corre-
5 T——T——T— L S — — sponding diffusivity values for oxidation of silicon without a
] with CoSiy; oxidation ] oS film. Antimony diffusivity is enhance about a fac-
P ] CoSi, film. Antimony diffusivity hanced by about a f
: : 1?:8820"220 ; Eggg; ::2 ] tor of 2 with respect to thermal diffusivity and by about a
29 ] factor of 5 as compared to the case without a GéiBn. As
a 2 [ | 9 ] | ! . boron diffusivity is proportional to the relative interstitial
o ] ; ; ; ; ; % ] concentration and antimony diffusivity is proportional to the
Z 3 T vacancy concentration, we can conclude that the local oxida-
3 067 a | tion of the silicide layer leads to an interstitial undersatura-
= 0.4 .\A\A A A A | tion of C,/Cy ranging from 0.1&0.1 to 0.5:0.3 and a
& g —E——8 u n ] vacancy supersaturation 6%,/Cy, ranging from 1.2-0.2 to
0.2 without CoSi,; oxidation . 2.4+ 0.5 for the oxidation treatments used in the present
—M—1050°C 16 min _ —A—1200°C 20 sec 1 study. HereC, andC,, are the interstitial and vacancy con-
00T a0 s 400 500 60 | 700 Boo centration andC* ,C% are the corresponding equilibrium
DEPTH[nm]] values.

The effect of a CoSifilm on point defects in underlying

FIG. 4. Normaliged diffusiv_itiesD/Dim, for B e_and Sbin Si as afuqctiqn of silicon has recently been reported by Herner, Gossmann, and
depth for omdatlon of specimens Wlth and Wlthout a Gdayer. Oxidation Tung.24 They found enhancement of antimony diffusion and
temperature and time are indicated in the insets. . . e . .

retardation of boron diffusion in silicon with single and poly-

crystalline CoSj films for annealing in Nfor 1 h at 850 °C.
shown in Fig. 8b). The Sb peaks did not broaden signifi- Their results are qualitatively in agreement with our experi-
cantly due to the initial pretreatment in,NO,. This is be- ments. Quantitative comparison is difficult because first their
cause of the much lower diffusion of Sb compared to that ofexperiments were performed at lower temperatures and sec-
B. It is also the reason that we could have 30 s pretreatmemind we used MBA for growth of the epitaxial CgSayer
for Sb specimens whereas we have to restrict it to only 20 svhereas Herner, Gossmann, and Tung used oxide mediated
for B specimens in order to retain good dynamic range ofpitaxy. Since they also showed different behavior for single
spikes for subsequent oxidation experiments. After pretreaiand polycrystalline silicide films, it is apparent that CoSi
ment in N+0O,, the CoSj specimens were oxidized in dry films grown by different techniques may lead to different
O, at temperatures ranging from 850 to 1200 °C for differentquantitative results. There are different possible explanations
times to ensure sufficient broadening of spikes. The B and Sfor the origin of the point defect perturbation, the interface
depth profiles were measured and the diffusion coefficientsan act as source for vacancies or as sink for interstitials.
were evaluated. The results are shown in Figa) and 4b), Also macroscopic effects as strain are discussed. Herner,
where the normalized diffusion coefficients are plotted at dif-Gossmann, and Tung could show that the interface acts both
ferent depths as evaluated for the six spikes of B and Skas source for vacancies and as sink for interstitials. As in our
respectively. For a clearer view, the error bars are not indicase we are dealing with two effects, the oxidation and the
cated but as stated earlier the errorDnvalues are=30% silicidation simultaneously, our data do not give any clue as
except for the 1200C 5 s data where the errors wexb0%.  to which mechanism is the dominating one.
It is evident that B diffusivity is retarded strongly by about a Shb diffusivities did not show a significant depth depen-
factor of 2—10 and Sb diffusivity is enhanced by about adence. This is in agreement with earlier results that indicated
factor of 1.5—-2 as compared to their intrinsic thermal diffu-that point defects can easily diffuse to the deepest spike re-
sivity in Si. The influence is more pronounced at lower tem-sulting in a homogeneous depth distribution of point
peratures. Also, there is no clear evidence for depth depemlefects® For the diffusion of boron, a slight depth depen-
dence of diffusion coefficients for both B and Sb for dence was observed. Here, the first peak in boron DSLs al-
specimens with Cogilayer. For comparison, in the same ways showed a higher diffusivity. This may be due to the
Figs. 4a) and 4b), we have also shown our results for the injection of interstitials from the Co&iSi interface during
oxidation of B and Sb DSLs specimens without a Gd&yer  oxidation that recombine deeper in the material with vacan-
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