NOTICE

CERTAIN DATA
CONTAINED IN THIS
DOCUMENT MAY BE
DIFFICULT TO READ

IN MICROFICHE

PRODUCTS.



LA-UR -Yl-1/34 -
LA-UR--91-1734

DES1 013387

Los Alamos Nalanar Laboratory b Operated by the University of Cahfornia tor the Unied States Department of Energy under contract w 7405-ENG - 36

Y (d

TiTLe EPTTAXIAL GROWTH OF SILICON ON CoSi2(001)/S1(001)

. F. Xiao
R. Jimenez

AUTHOR(S) Q
J
L. J. Schowalter
L. Luo
T. E. Mitchell

W. M, Gibson

SUBMITTED TO  Materials Research Soclety Proceedings
Anaheim, CA, April 29 - May3, 1991

DISCLAIMER

This report was prepared as un sccount uf work sponsored by un agency of the United States
Government  Neither the United States Government nor any sgency thercof. nor any of their
employees, makes #ny watranty, cxpr-ss or imp'ied, or uxsumens any legal liability or responsi-
bility for the accuracy, completeness, or usclfulness of any information, apparatus, product, or
provess disclosed, or represents that its use would not infringe privately owned rights Refer-
ence herein 1o any speaific commercial product, process, or service by trade name, trademark,
manufaciurer, or otherwise does not necessarily constitute or imply s endorsement, re om-
mendation. o {uvoring by the United States Government or any agency therenf The views
and opnions of uuthors expressed herein do not necewssnly state or rellect those of the
United Statea Government or any agency thereof

Ny arvpprar cr it ’ 13
4 " Y e le W heahee ter g 2es thgt e L) S Gowernman® inlne g nongag gy we teyatty ep hengs (e pogb & o reprogag
v Yot.an

e ottt b b0 pante t bar e 1o gowm oltere 1o do Aot ()Y Goverhiment Pt praney,

Teolnn A Peyt o a4 raloty 1t ety 1hgl thip LIY.X] ennty thay gt TN ] o qr (] . f
1 at a v 1 d L] pubh 1] s L] AN Wik pthooinpg ghde the agerpees of the y Dopartep ]
. . ooh e,

7 Los Alamcs National lLaborator
- @g A C@J[ﬁﬁ]@ Los Alamos,New Mexico &754£¥>

S BISTRIBUTION 0OF MASI{TR ummnfnil |


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


EPITAXIAL GROWTII OF SILICON ON CoSi3(001)/5i(001)

Q F. Xiao", J. R Jimeneztt, L. J. Schowa!tcr”. L. Lue*, T. E. Mitchell*®

and W, M. Gilbeon®

*Department of Physice, State University of New Yo:k a! Albany, Albany, NY 12222
tCenter for Integrated Elcctronics, Renssclace Polytechnic Institute, Ttoy, NY 12180
chpaxtmcnt of Physics, Rensselaer Polytechnic Institute, ‘Troy, NY 1280

**Cenler for Materials Scicnce, Loe Alainos National Laboratory, NM 87545

Abstract

Epitaxial Si layers have been grown under & varlety of growth conditions on
CoS§i;(001) by molecular beamn cpitaxy (MDE). The structural propertics of the Si over-
growth were atudicd by in-situ Refection High Encrgy Electron Diffzaction (RHEED),
as well as ez-aitu MeV ‘Je* jon channeling and High Resolution Transmission Elee-
tron Microscopy (HRI'EM). Strong Influcnces of the CoSiy surface reconstruction on
the Si overgrowth have been obscrvod. RIUEED otudics show ldanding growth of Si
on the CoSiy(001) (33 x VI) 43 reconstructed surface, but smooth grov 'k of §i on
the CoSiy(001) (V¥ x ) 118 ccconstzucted ausface, under the same growti. conditions.
The growth of S on thin layers of CoSly (2nm-6nm) with (V7 x %) U8 reconstructed
surface at 4160 C results in high crystalline quality for the §i top laycr, 09 indicated by
good channcling mirimuin yield (xmin € 6R), but ¢cross-sectional TEM . hows that the
CoSl; layers are discontinuous. We also repoit preliminary results on Si grown on a 2 x 2
roconstructed CoSis(001) surface.

Introduction

Buried epitaxial mcta! silicide laycrs in Si have attracted great sttention because
of their potential application in high speed devicen Jike the metal base transistor and the
permcable base Lransistor, and alse as buricd epitaxial mctal layers in three ditnensional
integrated circuite. The advantages of CoSly are ita excellent conductivity, its flourite
crysial structure (which ls simllar to the disanond structuie of Si), asd its smmall lattics
misinatch with 51 (1.2% at roon temperaturc), which Increason the possibility of growing
high quality lieterocpitaxial S1/CoSiy /81 atructurus. Despite great success in fabricating
high quality CoSi; and §i/CoSls multilaycrs on Si(111) [1:4), » tnctal base transistor has
been diflicult to develop. This may be due to the abscnce of statcs in the silicide with
the ccrrect transverse momentum (near the Si conduction band minimum) for electron
injoction along the (111) dircction [5). Such states do exist in the ellicide for electrons
injoction alorg (001) disection [3), so that the growth of epitaxial §1/CoSi;/5i(001) struc-
turcs would Lave greater technologieal importance. Monocrystalline CoSiy(001) has been
successfully grown on Si(001) In recent years [6.7), which makes the studics of Si growth
on CoSi,(001)/8i(001) possible.

Sample growth

In these expetimicnte, four-inch p-type $1(001) wafers with resistivity of 1523
fl.cm were used, The walers wera given a modified RCA clean belore loading Into the
MBE tystem (VG Scinicon, modcl V905), which had a base pressure of § x 103! mbar,



Pressures during growth were in the middle of the 0= mibar range. Inside the MBE
svslcin, the wealcrs were healed to high teniperature (750°C = 820°C) for 18§ minutes in
order to reinove the prolective oxide film. This anncaling tempeorature was determined
by obiaining s sharp RIEED 2 x 1 reconstructed strcak pattern. RHEED, with 14 keV
¢clcctrons, was used at every staga of deposition Lo monitor the surface. The cobalt and
vilicon were cvaporated from two scparate Tomescal electron-beain evaporators. Evap.
oralion ratos were scparatcly monjtored by eleciron.linpact emission spectroscopy and
fcedback controlied to within 5% by an Juficon Seutined 111 deposition conteolier. The
calibration of the evaporation ratcs was done by RBS. ‘The temperature was measured
by & thermocouple and calibrated by an optical pyrometer.

Results and Discussion

Epitaxial CcSis lnyers of diffeient thicknoss were grown using the direct code-
position (7], the template 1 {6,7], and what we call the tanplate 11, mcthode. For the
dizect codeposition mcthod, the cpitaxial CoSiz was grown at 550°C, at a Co:Si ratio of
1'1.8. The deposition rates for Co and Si were 0.02Inm/s ard 0.07um/s, respectively.
Tihe CoSig in this case dieplayed a (VI x /2)/U3 reconstructed RIEED pattern. The
tcinplate 1 growth of CoSiy involved depositing sn Initial 0.2:rn of Co, then codcpositing
0 2nm Ce and 0.72:n Si, all at rooin temperature, followed by anncaling at 460°C to forin
8 1.Aumn CoSiy Iayer. Codeporiting Co and Si in 1°2 ratio at 460°C was used to thicken
the template to the destied CoSiy tiickress, We hdve only obscrved the (3v2 x v2) 113
reconstructed RIJEED patterne for CoSig grown by the teinplate I method, aithough
Yalisove ¢t al. [8] reported obsciving both the (VZ x /2)R15 and the (3v% x VEIR4S
reconstructed CoSia surfaces with this growth procedure. RIS channcling mmcasurementa
on vhe CoSiy laycrs grown by both the direc! codeposition and template | methods sliow
good cpitaxial quality (xmin < 5%). This Is also corfirmed by the sharp RIEED pat.
terne for Loth growth procedurcs. A second template technique (template 1) fur growth
of CoSia waa used which involved sequertial room teinperature deposition of 0.26nm Co
and 0.7nm Si, followed by anncaling at 460°C to form 0 9um CoSiy. The CeSi; layer
grown by the template Il method displays 8 2 x 2 reconstructed RHCED pattern,

The RDS channcling studies of Si overgrowth on CoSiy laycrs of diffcrent tkickness
and at different tempuratuz~>, are shown in Figure 1 A dcposition rate of 0.00nm/s was
uted for all 8i overgrowth reported in this papcr. RBY stows that Co diffuses to the
sutface when Sils deposited st 330°C. Noom tenperataze deposition of a thin Si buffer
Inyer (1 and 2nm) before further Si growth at 830°C’ docs nut stop the diffusion of
Co. ‘T'he crystalline quality of the Si tep layar, indicated by channcling minimutn yield,
itmnroves at higher growth tanperatures. Figute ! also showa the deamatic innpro vernent
of §i crystalline quallty for Si grown on (hirner CoSiy layers. A growth Lemperature of
460°C wan vsed for Si overgrowth on CoSiy with diffcrcut surface reconstructions. The
rosulte are summarized in Table 1.

Durirg Si growil on the (3v% x 2)1149 rcconstructed surface, RIIEED obscr-
vations show Lhat ielanciog takes place limmediatc!y after the start of 8§ deposition, and
continues tiroughout the Sl overgrovth. This ls shown in Figure 2. Iacoting of the
cragrown Si layer can be scen in the RUECD pattern (Figure 2(b)). The crystalline
qurlity of the CoSiy and the top $i lager le very poor, as indicated by the very high chan-
reling mirimun yields for both Si snd Co. In coitrast to the faceted growth of Si on
the CoSi; (33 % V)15 reconstrucied su.face, Si growuh on the CoSi; (V3 x v2) 143
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reeansitecled gurfnce i sinooth, accarding to RIITED obscevations (Figure 3). Small
wodulntions in the intensity along the minin streak disappear as the Si grows thicker,

giving way to a sharp S 2 x | reconstrucled pattern,

NS channcling measurcinents

show high etyatalline quality for Si grown on thin CoSiy layers with the (F » VB3) 4S8
reconetructed surface, but relatively poor crystallina quatity for the buncd CoSiy layer
(xmin sbout 30% for the Co ircluding the interfaces peaks).




(b)

Pigite 2. RUELD patterns (vlong the (C01] azimuth) taken during Si growth on the § nin thick
CoSiy flim with & (33 x 3RS reeonstrucicd surlace (a) at 6.5nim, and (b) at 100nm.

(b)

Fig: 163 RIICLN patterns (along the [001] aziviu'h} taken durlng S1 growth on the 2 nin thick
CeSiy filin with & (VT % VIJR4S reeonstructed surface () at 1.8nm, and (b) at {0um.



HRTEM was uscd te study 100am 51 filme grown on 6nm and 2am CoSi,
layers with the (v x vZ)145 reconstructed surface. TEM shows that the CoSi; layers
are not continuous in bot! samplics (Figure ¢). Incrcased CoSiy coverage and grain size
were obsceved for the sample with tho thicker CoSiy Jayer. The epitaxial S layer on
6nm CoSiy containg a bigher density of microtwing and stacking faults near the CoSi,
layer. The tendency of CoSiy to facct along (111) plance is also obscrved, again indi-
cazing the relatively lew Si(111)/CoSi;(111) intorface eucrgy. The overa:! quality of the
Si(111)/CoSiz(111) und 5:(001)/CoSi;(001) interlaces is good.

Figire 4. A cross-sectional high-resolution TEM linage of 100 nin S§ grown o2 8 6 nin
CoSi3(001) Inyer, imaged along the {001] direction.

Figuwe § eshows RDS channcling spectra of 40nm of Si grown on & 0.0nm
2 x 2 sntface reconstructed CoSiy laycr grown by the template 1l method. [t shows high
erysialline quality for both the Si top layer and the buried CoSly layer. 1he RHEED
obscrvations showe the amooth grow'h of i on this 2 x 2 surface reconstructed CoSiy
layer. Vhe disocdering of CoSiy layers, obscrved after S| growth on the pravious two
typecs of reconstructed CoSly surfacea, was not obsarved for Si growth on the 2 x 2 surface
rcconstructed CoSly Iayer. These results indicate a protulsing tnethod of obtalning high
quality epitaxial structurea of Si/CeSi3/8i(00L), by dupositing Si on & 2 x 2 eurlace
reconstructed CoSij layer.

Suminary

Our reaults show that the CoS,(001) surface raconstructions have stroog influ-
ences on Si overgrawth at 460°C. Ucpositing §i on the (3v2 x +2) 48 reconstructed
CoSiy mnface resulls in islanding growth, and the crystal quality of both the Sl overlayer
and the buried CoSiy layer lo vty poot. S| growth on the (/8 x VE)R18 reconstiucied
CoSi; sutlace iv amooth, aud teavite In a high quality Sl everlayer, but the burind CoSly
layor fs disordeied. TEM alvo ohows that the CoSiy layer is dlscontlnuous. High erys:
talline qua'ity fs obsoried for both the buricd CoSiy layer and the epitaxial Si overlayer
grown by depositing Si on tha 2 x 2 surface reconsiructod CoSi; layer.

W2 would like to acknowlzdge partial support of this work by the Natioual Science
Fouadation under the contract number DMR-9009028.
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