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STUDY OF THE DISTRIBUTION PROFILE OF 10N- IMPLANTED IN SILICON AND INFLUENCE THERM AL
ANNEALING ON THE STRUCTY RE OF IRON SILICIDES
Annotation

The paper peesents the resulis of swdies of the distribation peofiles of implanted ieon atoms in silicon depending on the
irradiation doge and annealing termperaiure by the RBS method. The ebained resulis confirm similar data abained by S1MS. The
influence of thermal annealing on the distribution of iron and other impurities, in pamicular oxygen, has been swdied. The
possibility of using the RBS methed for the analysis of the concentration distribution and the interaction of impurities with each
other i peasented. At the same time, the crystal strweture of the surface and the electrophysical peoperties of ion-doged layers
wepe studied.

Kev words: impurity, iron, silicon, thermal aanealing, doping depth, concentration distriburien, ion imglantation.

HIVUEHHE MMPOMWIA PACTPEJETEHHA HOHOB, HMILTAHTHPOBAHHBIX B KPEMHHA H BAHAHKA
TEFMHYECKOND OTHANA HA CTPYRTYPY CHIHLIWIOB HETE3A
ARHOTRIIEA

B pafioTe npelcTasteHs pesyIRTATE HocnelosaHia npodianel pacnpedenssis HYMILTAHTEPOBEHHRY STOMOE BEN833 B RPEMHHE
B IABHCHMOCTH OT Bodal ofmyueHHA M TEMOepaTyphl oTwHTa serogos RBS. [lonydexHele peayisTaTRl MOITS2pEIEHT
AHATOTHYHER JaHHLE, momyHeHdes serodos BHMCE. Hiyweno aHAHHE TepMHMECEOTS OTHSHTA Ha PacnpeJaleHHe Weness i
apyriex npesecell, & wacTHocTH RHCTopoda. [IpeJcTAENEHA BOIMOEHOCTE HCNOIBIOBAHHA seToZa RBS ane amamesa
pACMpedEiehid ROHUEHTRAUHN o E3adModelcTand mpisecell apyr ¢ apyross. OJAOEPEMEHHD HIYEATACH KPHCTANIHMECKAR
CTRYETYRE NOSERXHOCTH M aNekTpodusnseckne coollcTea HOHHO-Er APpOBIHHEIR CI0ER.

Knmsessie cI0B8! NpHMace, HaTes0, kpesAHl, TepsHeckrll omarr, roySisEa NerHpoBaHHE, PacnPelelasie KOHLEHTRERM,
HOHEIA HMILTAHTARA.

KEEMNIYGA ION IMPLANTATRIYA QILINGAN IONLARNING TARGALISH PROFILINT (OFRGANIZH VA
TERMIK TOBLANISHNI TEMIR SILITSIDLARINING TUZILISHIGA TA'SIRI
Anplatsiva

Magolada BEBS wsulida nurlanish dozasi va toblanish haroratiga garah kremniyda implantasiva gilingan temir atomlarining
tarqalish peofillaring o'rganish patijalar keltirilgan. Olingan natijalae IIMS tomonidan olingan o'sxshash  ma'lwimotlami
tasdiglaydi. Termik toblanishning temir va bBoshga kirishmalarning, xususan, kislerodning targalishiga ta'sini o'rganildi
Konsentrataiyani tagaimlash va kirishmalarning bir-biri bilan o'zaro ta'siind ehlil gilish wuchun RBS usulidan feydalanish
imkaniyati agdim etilgan. Shu bilan birga, sinning keistall mezilishi va ionli gatlamlaring elekerotfizik xususivatlaei o' rganildi.
Kalie so*zlar: kirishma, temir, kreminiy, teemik toblanish, legirlangan chuqurlik, konsentratsivaning tagsimlanishi, ion
imgplantaisiyasi.

Introduction. Currently, ion implantation s 2 bey stage in the technology of ceeating integrated circuits and many ather
serniconducter devices. In a nareow senge, ion implantation s a technological method of introducing acceleeated iong into 2 solid
target for the purpose of doping it. In & beoad sense, this term means a scientific and rechnical direction located an the intersection
of solid state physics, radiation physies, non-eguilibrium themmedynamica, physical chemistey, mathematical statistics, wsing the
achievemeants of vacuwm technelogy and high veliage technoelogy, the puepese of which is to control the properties of materials
using bon beams: here, the imeeduction of ions is an episode in a long chain of processes cocurring in a solid Both directly during
imgrlantation and during its after-relaxation.

The greatest guccesses of ion implaniation has been achieved in the field of planar technology of semiconductor devices
and irtegrated circuits. The rapid development of microelecironics in recent decades is eelated to ion implantatien ooa large
exten,

Implantation of silicon with iren, cobalt and nickel bens is used o create magnetic Nanoe clusters and metal silicide’s [1-
4]. Composite materials based on magnetic nanoclusters are used in the development of new informartion storage elements [3].
bletal silicide's are also used as materials for contacts and interconnects of integrated circuits. Thus, in silicesn doped with
elements of transition groups, in particular iron, & number of physical phenomena of scientific and peactical interast are obsarved
[5-5].

lon implantation, depending on the dose and eneegy of ieradiation, leads ve a significant change in the composition,
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srruciures, and properties of semiconductor materials, In this regard, silicon gingle ceyatals doped with iron lons with the ensrgy
E=20+40 keV are of special interest hecause at low doses of irradiation {D<10'F cm®) of high concentrations which is impossibla
to chiain by thermediffusion method: at high doses of ions the metal silicide's with new physical properties are formed.
However, such silicide's are currently abiained by MBE and SPE methods. Obtaining hidden conducting films of iron silicide's
bw ion implantation and studies of their physicochamical, electrophysical properties are still undear development.

The purpose of the peesent stady was o investigate the distribution profiles of implanted fron atoms in silicon as a
function of the irradiation dose and annealing temperature.

Experimental technigue. In this paper we present a number of new original results on the properties of the effect of
annealing on the crystal srructure of the surface of silicon doped with iron lens. Choeice of iron as a compensating impurity is due
to the fact that in a wide temperature range, the state of impurity atoms in the silicon lattice is quite siable (100-450°C) and
respectively parameters of silicon doped with it

Experimeantal studies of concentration distribution profiles of iron atoms implamed in silicon with energy of Eq = 40
keV with irradiation dose wvariation in the range of 10+ 10" iow'em? were carried ow. KDE silicon with specific resistanca
p=d0 em omowas used as a staring matesial, the sdies were carried out using the methods of secondary ion mass
spectrametry, Butherford backscattering and electron Augee microgcopy meathods.

Results and its discussion

Figure 2 shows the backscattering spectra of He™ ions from a Si0111) single crystal implanted with Fe™ iong at a dose of
L0°% 1o 10T sl ened,

EceeHT,. a1, e Fi
P l
o [ E LT

_-"\-\, l

- ™ _,M ,In {1

1 00 II
)'II)ID“‘
= ) - _||
i 5 i)
Figure 1. RBS spectr of He® fons an Si single crystal doped with &0 kel Fe iors ard {rvadiation doses of 105107 fordem?,

Figure 2 shows that the claracteristic of Fa begins to appear in the spectrum at a dose of D=10% fondem®. Al the same
time, the crystal structure of the surface and the elecirophysical properties of ion-doped layers were studiad.

The results of the experiments showad that at D10 jon'em?, there is still no noticeable disprdering of the near-gurface
layers, and the concentration of electroactive Fe atoms does not exceed <5- 10" em®, Increasing the dose o § - 10" ica/en®
practically does not lead to an increase in the concentration of electroactive Fe atoms. [n this case, the near-surface region is
partially disordered, and the backscattering peak from Fe becomes clearer and more intense. At an irradiation dose of Del0%
ionem®, amoephization of the near-surface layer and a significant increase in the Fa peak occur, and Fe + 8i cluster phases bagin
Lo appear in same areas of the kon-doped laver. These changes occurred up to a doge of (3+10) - 10'% jons/car®, A further inceease
iin the doge does not lead 10 a noticeable change in the eelative intznsity of the 50 and Fe peaks. Therefore, the dose Del0!
jo/em® can be taken as a saturartion dose,

In the abave case, the highest concentration of electroactive atams reached up 10 510" cor?. OF interest is the namre of
the depth distribution of metal atoms in 51 as 2 fusction of the ieradiation dose. At medivm radiation doses
(D=0 10 am?), the distribution profile has a very complex shape with geveral maxima. As an example, Fig. 3 shows the
degith dependence of Fe and Si concentrations for an fon dose D=10' jon/en®. Figure 3 shows that the concentration of Fe on the
surface in the region of the frst maximuorm (de 004 § reaches up to 282105,

Most of the implanted atoms are located in the near-surface region up o a depth of d=300A. At d=d400A the iron
concantration shamly decreases with increasing d, and at a depth of

100 4
£ e,
-3

= &0 -

23
gzﬂ‘-v\f\x?
a
40 1o00 d, A

Figure 2. Fe distribution profiles in S5with 40 kel enengy and of 10% jsnfom? dose,
EO0 =5E0 A i valug  does nal exmeeed 1+284, At high dosas of  iradiation
(D> 107 jonfeny) instead of a few one maximums ong maximum appears, and iron concentration on the susface sharply
decreases, The latier can be explained by an increase in the spurttering rate of surface atoms At D107 jon/ens, the disteibution
of Fe has a Gaussian farmy, the maximuem is formed in the near-surface lavers d= 400 <4504, The iron content in a maximam is
egual - 30435 %, Further increase in a dose of ions leads 1o displacement of a maxiimum towards a surface its broadening.
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Figure 3. Distribution profiles of electroactive Fe atoms in Si with an implantation dose 1-10"%joniem®: I-room temperature; 2+
T=800FC; 3-T=1000°C.

It is connected as with intensive pulverization of surface layers, and with increase in density of near-surface layers owing
to formation of metal silicides. At the same time, the concentration of iron in the region of @ wide maximum was 35+40%. In
these layers, compounds of the FeSiz type were formed peedominantly [7-12]. Figure 4 shows the depeandence of Cre(d)
itradiated after heating at different temperatures Si(111) doped with ions of Fe™ ¢ D=10"* lon/cm*.

It can be seen that after annealing at T=800 “C the concentration of electrically active iron atoms in the region of the
maximum increases by 1.3 times. Increase of temperature up to 1000 °C. led to increase of iron concentration in the maximum up
1o 20 %. In case of silicon alloyed with D=10'7 ion/cm? - afier heating the dependence CF(d) gets the P-shaped form. At
T=1000"C in these layers are formed FeSi2 compounds with strict stoichiometry, which has a monocrystalline structure. Starting
from T=1100°C temperature increase leads to the decomposition of FeSi: film and evaporation of its components from the
surface. The heat treatment carried out by a special procedure in the temperature range T=800+1200°C shows that at 600°C
appreciable activation of the iron atoms can be seen, as indicated by an increase in the surface resistivity of the samples. During
isothermal annealing regardless of the temperature, the implantation efficiency increases as the implantation increases as the
implantation dose increases. At the same time, the crystal structure of the surface and the electrophysical properties of the ion-
alloyed layers were studied. Figure £ shows the electronic patterns obtained from the Si surface before ion-alloying, after ion-
alloying, and after heat weatment at different temperatures.

a) b)
Figure 4. Electron microscopic image of pure silicon surface (a) und Fe * ion-alloying silicon surface (b).

As can be seen from the figure, in the case of pure silicon the electron pattem is solid and uniform, since the samples
were ground and polished (Figure §, a). After ion doping, depending on the ircadiation dose and the type of ions, the electronic
pattem changes significantly. The pattern changes from a smoath surface to a rough or matte pattem (Figure §,b).

Temperature annealing greatly affects the condition of the implanted samples. At small values of irvadiation doses and
thermal annealing in the case of Fe up 1o 800 “C there are no significant changes in the elactronic pattern. At temperature 800 °C
and above in the picture some rimmed areas characteristic for monocrystals are observed. Elemental analysis of these edgings by
electron Auger spectroscopy showed thart they consist mainly of Si and Fe atoms and partially oxygen. The amplitude state of the
Auger peaks of silicon and iron allows us to argue that these areas are silicidesvof the FeSia type. Similar patterns are observed in
the case of Fe at a radiation dose of 10'® ion/em® Fe ions edged regions appear at 800 °C and higher (Figure 6).

4 = e R ol
Figure 5. The electran microscopic image of the surface irradiated by Fe® ion
annealing ar 800 °C.

The resuls of these experiments prove that complex surface processes depend on the type, temperature, and dose of

alloying impurities]13-20]. Completely different results are obtzined when silicon samples are doped with large doses. Figure 7

shows electronic patteens of silicon doped with Fe ions with & dose of 10'7 ioa/em? after annealing at 800 °C. As can be seen

from figure 7, rimmed areas &s if mergad, forming a continuous layer in the form of a single crystal with a large number of
defects.

s with a dose of 10°¢ jonfem?, after thermal
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Figure 6. The eleciron = micrscople Jmage n_,l"rfm surface doped with Fe* with a dose of W' ionfem? after thermal arrealing ar

Bl o
Coneclusion. The results of the study of distribution peafiles of tron in silicon after varicus heat treatments, choosing the

temperature and duration of annealing for each dose of radiation, showed that it is possible w achieve a uniform disieibution of
iroi i the ceystal volume up o a certain depth.

The analysiz of the obtained data confiems that during ion implantation, the magimom distribution of iron both on the

surface and in the volume of the sample changes mainly due 1o the change in oxygen concentration. The intreduction of iron ions
ine silicon displaces oxygen atoms.

The above assumption ig justified in the case whean oxyvgen in the silicen ceystal s i the feee intesstitial state. The process

of ion implantation affects oot only the state of oxygen, but also the stane of cther defeers.

The results are in good agreement with similar data obained by 3IMS methods. The pessibility of using the KBS method

to analyze the concentration distribution of alleying compounds and the interaction of mixtures was noted.

-
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