G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

RESEARCH ON FLAT DISPAY DEVELOPMENT

FINAL REPORT

Conttact N 91/227

Contractor: CENTRE EPITAXY

Project N SF/ROK/91/002

Trust Fund Donor: GOLDSTAR Co., Ltd., SEOUL, KOREA




AN ABSTRACT

A research on flat display'development is made according to
the Contract N 91/227 on the Project SF/ROK/91/002. As initial
peints for the research are data available in the literaturé on
the devices/technologies related and knowledge/experience of the
Contractor on crystallization of thin semiconductor films on
amorphous substrates. '

in the report followed, first, a brief, critical review of
the data available in the literature is given with an emphasi§ to
technologies most acceptable for preparation of poly-Si films on
low-melting-point substrates such as Corning Glass 7059.

Second, experiments made by the Contactor, including
informations on crystallization apparatus and techniques for
several chosen methods, as rell as results obtained and their
diacussions, are described. .

Finally, conclusions on the project are given including a
brief description of the activity on delivering/evaluation‘-Of
samples prepared, and a recommendation for future is made to
concentrate on one of the method chosen and studied in this
research.
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1. INTRODUCTION

Flat displays are electronic devices having a broad applications in
modemn electronics. including computer hardware, high-definition TV, and
other consumer related products. Currently these are principal com-
ponents of the "Lap-Top™ computers and small-screen-diagonal TV
sets. In a future, as quaiity of flat displays will be-improved' and
their price will decrease, more and more of the existing, rather
cumbersome cathode-ray displays will be replaced by f{lat ones,
and it is predicted that a complete 1eplacement of the devices
will occure by end of 90-s. In additicn, it is anticipated that. in
several years, quality and sizes of the flat displays will reach such
a level that high-deiiniticn TV tased on flat displays wiil be reai-
- ized. Other applications of flat displays are aisc possibie.
| The perspectives of flat displays are so exciting that many
leading eiectronic comganies in USA. Eurcre, Jaran. and other
ccuntries engagec in this field. Geidsiar Ce.. Ltd.. keing cne o\f the
internaticnai ieacers in censumer elecircnics. is sticngiy interesied
in this research,.

There are severai aprrpricaches !c reaiizaticn of flat cisplays.
Cf them. that basec on liquid-crysial cisplays (LTD's) seems tc te
most eifeciive sc that such disriays beccme zev devices to meet
requirements of the differen! arclicaticns.

Perictmanc=s of the LCC's derend in a decisive manner on
-quaiity of silicon iilms used fcr preparaticn of acdressing thin #im
transistor (TFT's) as impecrtant cempcnents of LCCZ's. In particular,
characterisiics of TFT's are xinci' ally determined by carsier mobiii-
ty in the films which, ir a tuin. depends cn micrestruciure of ‘the
films. . Currently, the films usecd in LCD’s are mainly amortphous. and
the mobilities ar: relatively low (¢ 1 cm=/Vs) limiting apgiications of
the devices at relatively high frequencies. in color displays, etc.

On the other hand. the mobilities in single-crystalline films

can be as high as about 800 cm?/V.s. However, single-crystalline
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films can be prepared, as a rule, on single-crystalline substrates,

which are rather expensive. Moreover, LCD's must be made on tran-

spatent substrate, this limits even more a choice of suitable sub-
strates. Usually, various glasses (i.2., amorphous materials) serve as
substrates for LCD's. Of known glasses. fused quartz. as relatively

high-melting-point material. allows to prepare on it relatively perfect

films with rather high mobilities (up to 500 cm2/V-s). However, for

many applications. large-area LCD's (e.g.. with diagonals as large
as about 300 mm) are necessary. Fused-quartz substrates of such
sizes would be too expensive for consumer applications. Accord-

ingly. relatively cheap substrates made f{rem, eg. Coming Glass

" TOEQ are typically used for these appiicaticns. Such glasses have

rather low-temperature-meliting (softening) points. It is, however, well

known that. the lower the crysiallization temperature. the less quaii-

tative are f{iims grown. Noneless, in view of the high importance of
the LCD’s. there is a bcoming interest in asvices cn lcw-tempera-
tu}e-meiting point glasses. Because permissitie wecerking temrera-
tures cf suchAsubst:ates are reiatively low. cnly pciverystailine \(:a—
ther than single-crystalline) silicen fiims (pciv-3i} can ke prepared
having carier mekrilities typically « ICC cmeiV.g,

. Acccréingiy. the given prcjec: has an aim !¢ cptimize ccndi-
ticns for preparation c¢i peoly-Si films con low-temperature meltin
point glasses (such as Cormning Giass T0£G) fcr LCD's acsenting to
lcwering temperatures ¢f procasses.

In essence., the prccesses relate to crysial grewth, in particu-
lar, to nucleation and crystailizaticn/recrystailization phenomena in
thin filmé. Eeiné_:x one ofi leading organizaticns in research of thin-
film growth, especially on amorphous substrates such as glasses.
and responding tc a picposal of Korean electronic firm the Gold-
star, Co.. Litd, the Centre "EPITAXY" has engaged in the project.

-In the following, first. a short review of general ideas of film
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growth as a background for our research is given, second. our

~

experiments on preparation of poly-Si films on various substrates
and results obtdined are described, third, some conclusions with re-

comendations are given.

2. BACKGRCUND: GENERAL |DEAS OF FILM GROWTH AS .
APPLIED TO PRCDUCTION OF FLAT PANEL DISPLAYS

If glass waiers (as smooth, plane-parallel plates) are used as

‘substrates for deposition. amorphous or polycrystalline films are ty-
- pically formed, amorphous ones being formec at relatively low tem-
peratures while. at ﬁigher temperatures, the f{ilms fcrmed are pciy-
crystalline. Another version is that poiycrystalline films are fom\*.ed
from amorphous ones by solid-state transiormations. The reason fcr
formaticn of polycrystalline rathef than single-crystailine films is that
-nucieation of new phases in diiferent areas of the film proceecs
independently esch of other, hence, the crystailine grains., or crv-
stailites, fcrmed have = Eroad scecirum <! orientaticns: morecver,

they have & brcac spec:um cf sices.

-
[$)]

The wvariety cf grain orientaticn and sizes is a pcrirncipal draw-
back of pciycrys:ailine fiims. In the case ci semiccnducters such as
silicen, this variety is esgpecizlly impcriant tecause it means a var-
iety of contcurs and pelipnery, ie.. a varisty of grain goundaries
'that influences eiactrical properties ci the fiims. hence. perz'ormahces
of TFT's.

Certainiy. the prorlems with grain boundaries are reduczd or
even eliminated in singie-crystalline or neariy-single-crystalline films.
Such films, uncer scme conditicns. could be pteparec. e.g.. on
fused-quartz substrates. and this really macde by different laboratc-
1ies and companies.

' Below. a short review of a variety of techniques developed

during last years for preparation of poly-Si films on glass substrates
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with the accent to poséibility of their applications for production of

active-matrix LCD’s is given. \

2.1. PRFPARATION OF POLY-Si FILMS ON GLASS SUBSTRATES
As was noted above, there are at least two approaches to
'preparation of pﬁlycry_stalline films. First, to deposite them under
conditions which ensure right away formation of crystalline phase.
Second, to deposit an amorphous film and. then, tc transform it‘ into
crystalline one by an additional treatment.

2.1.1.PREPARATION OF PCLY-Si FILMS BY LPCVD

Poly-Si films are widely produced in microelectronics by low-
pressute chemical vapor deposition (LPCVD). Typical depositicn
conditions are the following: substrate temperatures 600-63C°C,
pressures in the depositicn chamber C.1-0.5 Tcrr, flcw of monocsilane
(SiH4) as a source of silicen [l-i4]. As is seen. the depcsiticn tem-
peraiures are usually clese or slichily exceed the limiting rrccess
‘temgeratutes oi Cerning Glass TOSS (these are 580-85C°C). Scrhe-
- limes, disilane (SiyHg) cr tisilane (SizHg) are used insteac cf mernc-
silane fcr deposition'of Si allowing !¢ decrease dercsiticn tempera-
tures dewn to 420°C (fcr SizHs) anc 385°C (for SizHa). hcwevar,
amcrpheus ia-Si) rather than peiy-Si fiims are icrmed. Alsc a-Zi films
are formed frem SiE, I depcsiticn temperaiure are Icwer than
580°C. After deposition. the films are ziten anneaied adciticnaily tc
improve their structurali and eiectricai properties fer TFT. Fer a-Si
deposited {tom SiH,4. arn anneai at 552°C fer 72 h leacs ‘o czys\taili-
zation, however. no significant grair{ growth occurs [3]. In the case
of using SisHe the annealing is performed ar 600-330°C. the best
crystallinity is observed in a-Si films prepared at 460-4C0°C [9.!5].
The both noted features can ke explained if we take into account

interrelations of two principal stages of film formation: nucleation

and properly giowth.
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In the pareis [1-14] some general approaches to LPCVD-pre-
paration of poly-Si films were accomodated to ‘the LCD's fabrication.
Ir. particular, it was shown that performances of TFT's fabricated in
such films can be matkedly improved by deposition of the film at
much lower pressures (e.g.. down to 0.04 and even 0.002 Torr) than
normally used in LPCVD [4]. Typically. electton mobilities in’ the
range 10 to 30 cm?/V-s are teached in such poly-Si films [3.4].
Specially for LCD’s a reactocr was designed allowing pol.y-Si
films on glass substrates as large as 350x350 mm to be prepared

[6].

Finally, from the experiments it was concluded that .it\is
important to maximize. rather than minimize, the excess concentra-
tion oi‘point deiects promoting grain growth and grain realignment
into configurations with lower energy and lower electricai activity
[T]). This cczuid be impcrtant also in experiments with ion-irracia-
ticn-induced crystallizaticn of a-Si (ses kbelcw, secticn 2.2).

2.1.2.PREFPARATICH CF PCLY-Si riLMS Z7 LASER

RECRYSTALLIZATICIH

During the last years, recrystailizatien of a-Si by short-wave
lasers ailcwi:_mg ‘o use relatively-lcw-temperaiure preccesses became
rather common procedure in LCO technclegy.

Recrvctallizatien bv Ar*-laser. Mcst ccmmenly, Ar'-laser-scan-
ning with a high speec along the fiim is used fecr such an aim
([16-1¢]. (Although in (I9] fused quartz is used as a substrate. the
technicgue in general aiicws tc recrystailize a-Si on low-meiting-po.int
glasses without any damage-of the substrares;). /

Various preceeding procedures are used:

Because laser beams are rather energetic, recrystallization

temperatures could be rather high reaching even the melling point

of Si. In order to avoid damaging the glass substrates, buffer layers
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(e.g.. 100-150 silicon nitride) zre often deposiied on them [I7, 18].

Amorphous Si films could be deposited either by plas;ma
enhanced CVD (PECVD) at about 300°C [l?] or by KF magnetron
sputtering at 200°C f18]. In other cases. poly-Si films prepared by
LPCVD serve as initial ones for the laser process [l16. IT]. In the
case of PECVD. a heat treatment at 450°C is important for dehydro-
genization of the initial film [19]). No evidence for solid-solid or so-
lid-liquid-solid transformation is given. Only in the paper [19] there
- is a probability thai solid-sclid transfcrmaticn tcok place resulting in
felatively low mebilities ( 50 cm2/‘!'s). In other cases, more prob-
abie is zcne-melting recrystallizaticn (ZMR) resulting in rather high
mobilities (27C to 350 units). In the paper [IT], fccused elliptical
laser beam inclined at 45° to scan directicn was used which is
kncwn to give nearly single-crystelline films. Cwing tc re!ative}y
hich beam velocities (8-20 cm/s]. the giass substrates seem to re-
main uncamagedc. even at ZMFE.

Recrrctailizatisn bv excimer laser. This sheri-wave (2C0-400

nm) . short-pulse laser is especizily suitatle icr recrystailizaticn of
films on lcw-melting-pcint glasses [20-34]. Tyrical guise Juration is
i0 tc 3C ns. typical repetition freguencies IC tc 10C Hcz. ernergy
densities !CC to £0C mj/cmz. As a restit, owirng tc the hign pcwer
dnnsity' such pulseg are able tc melt. eg.. 10CC-2000 nm Si films on
pccr-thermai condndtwe subsirates (such as giass]. It was estimated
that such pulses. am - absorbed in very thin layers (10 to 20 nm).

Further, it was estimated (by caiculatlions) that aiter melting, such a

- state remains 100 to 200 ns. After that, during a relazively' long time

kbeicre next prse. the film is cooled with a sequence of prcces;ses
or states including supercooling of the mel!, nucleaticn., crystalli-
zation from the §olid state, etc. Next pulse deals with another sy-
stem containing different phases. These phenomena were studied

both theoretically and experimentally (35, 36] and are very impor-
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tant for controlling of film formation.

In practice, Aa.broad laser beam. e.g.. 5x5 mm, is used to irna-
‘diate PECVD-prepared a-Si films by single or mulliple pulses. The
films have initial room temperature or preheated up to 500°C, in air
or in vacuum. As a result. under pulses with energy densities 2100

m]/cm2

the films become crystalline with grain sizes in the range 10
to 100 nm. Electron mobilities 10 to 100 units are easily reached.
however, inhomogeneties and instabilities irherent in excimer lasers
make it difficult to prepare uniform pcly-Si films on large areas.

The studies in this direction are ccntinuing.

2.2. ICN-IMFLANTATION-CCNTRCLLED THIN FILM

CRYSTALLIZATICH

lor. impiantalcn, depending cn energy and cther conditicns,
‘can iniluence strengly on film crysiailizatien processes retarcing
crystailizatien (bv azﬁorphizaticn ci crystailine phacse), acceieratng
it.(by intensiiicaticn ¢f nucleaticn), imprcving guziity c¢f tha fi’.\::s
(by faciiitation ¢i grain mekility at high densily cf pcint dersc:s
fcrmed), etc. Acccrdingily. this prececdure ccmbined with cther oo
stal-bearing techncicgies (varicus arnealing preccesses. including
laser recrystailizaticn) is brcadlv uszed in preparaticn c¢f peiy-Si
films allowing lcw-temperature prccesses (23l 37-4¢]. Mcobilities as
high as ICC cmé/V-s were reached in the preiiminariiy ion-implan:ed
films [38. 3¢). It was concluded that the iniluence of the ion bcm
b§rdment dces nct come cnly o film heating, but incluces speciiic
jon-solid interacticn. anc that bulk. i.e., hcmcgeneous rather than
heterogenecus (interiace) nucleation by Si“-implantation is respcn-

sible for the crystallizaticn [46].

Many possipiiities, stili unexplored, gives the approach.
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2.3. IMPURITY-INDUCED CRYSTALLIZATION

11;1 crystal giowth, althowgh not understood completely, in-
fluences of impurities nn nucleation and on crystallization as gene-
r1al are ratner numerous and diverse. Specifically for crystallization
of a-Si for LCD applications, impurities such as In, Al, Cu, Ag. Au. P.
B. As. Sb influence strongly on kinetics of both nucleation a:nd
growth of the crystalline phase of Si decreasing the temperature of
the amorphous-to-crystalline transformation and increasing velocity

of the growth interface [50-55].

24. PREPARATION OF NEARLY-SINGLE-CRYSTALLINE SL FILIMS
ON HIGH-MELTING-PCINT SUBSTRATES |

Above, it was noted that the Higher crystallizaticn temperature,

\

the more perfect films can be prepared. As reiated tc the LCD cre-
blem, high-melting-point glass substrates, e.g.. fused quartz, are
usec. and Rhich-temperature prccesses. such as ZIME. are expicrec.
Althcugh ‘he process was deveicpec generaily fer integrated cir-
cuits anc cother semicencuctcr devices [Sc-¢4], much atenticn has
beer payed to LCD arplicaticns [Z7, £%. oC, &3] This material
(fused quariz) is rather exrensive; in the same time, the high-tem-
peraiule prccess ailows !c precare films with mcbilities as high =as
5CC cmz/V-s. \

2.5. SCME CCNCLUSICNS
As is seen. several apprcaches aimed to preraraticn of mcre
~or less ordered crystalline Si films cn glass subswrates are deve-
loped in conneciion with LCD, i.e.. fabricaticn of flar-panel displays.
This project aimed to reseatch of preparaticn cf poly-Si fiims
on low-meiting-point glasses such.as Corning Glass 7C59 for flat
dispiays has been performed. first, basing on the cdata known from
the literature, second., using our experience in ZMK and in. cryétal

growth as general.
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3. EXPERIMENTS ON PREPARATION F Poly-Si

et em—

FILMS ON GLASSES. RESULTS AND DISCUSSIONS

3.1. SOME EXPERIMENTAL TECHNIQUES FOR INVESTIGATION OF

FILMS '

Speciiities of objects under consideration are {a) their small
thickness. < 200 nm. and (b) polyc:ystalline nature, i.e., presence.of
.a lot of grains with sizes in a broad range. from nm tc um. These
features make it diffucult to control eifectively and quickly micro-
structure of {ilms prepared. '

On of the typical critericn of the phase transition from amor-
phous to crystalline state in thin films on transparent substrate is a’
change of their optical properties - decrease of absorpticn and
change oi reflection in visible specirum. Thlis was used fcr fast
’cont:cl of the recrystallization prccess.

In exgeriments wit'. ZMR bv Ar*-laser recrys:ailization the film
is under heat treatment curing a relatively leng time (~iGCO us) so
that the moiten mareriai is akie !0 be redist:ibuted aleng sukbstrate.
In this case. even slight (¢ %) thickness fluctuations are easily de-
tected by cptical micrescere.

Cne oi drawtacks ci FPECVD-rprepared «-Si films is rather
large (percent range) ccntent of abscrbed hydrogen in the films.
Rapid evclution of the hydrcgen at fast heating cf the fiims results
in blistering, hence, in degracation cf the films. This phenomenon
was f{ixed by darkening of the films.

. Surféce roughness of xc-cxystaili’zed films is detected with
naked eye (as mat) or by observaticns in scanning electron micro-
scope.

Microstructure of thin films can be studied. in principle, by a

variety of techniques. In our research. most effective was found to

be transmission electron microscopy (TEM) of the recrystallized films
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“ripped off” the substrates. Most of the photos presented below\ was
obtained in such a way. It is very important that, in addition to
micromorphology .of the films demonstrating sizes and distribution of
crystalline grains. this technique allows to obtain also information
a'bout level of crystallinity of the films (from microdiffraction aata).

As a complementary technique allowing to estimate average .

sizes of the grains over relatively large areas electron-diffraction

technique was used.
Finally. miccomorphology of the films was studied by SEM in
secondary-emissicn mode of obseivaticn. '
3.2.PREPARATION OF INITIAL FILMS FCR RECRYSTALLIZATICH

Two principal techniques fcr preparaticn of initiai fiims were

‘used in our experiments: LPCVD and FECVL.

The former process was perfomed at temperatures permissicie
for the glass substrates (Corning Glass TC0SS), nameiy. S8C-5G0CC. At
such temperature, very-fine-crystalline films were usuaily fcrmed.

Principal acdvantage of the film is acsencez 2! remarkakcle amcun: of

-disscived hydrdgen negativeiy iniluencing on recrystailization pro-

cess.

The !a'.!ér prece:s was periermec at lewer temperature, 25C o
450°C, the hignher the temperature, the less is the amounts of cis-
solved hydricgen. and mcre fperfect are films formed at recrystaili-
zatien.

Typicai thicknessés are 0.1-0.2 uym in the former case, and
0.04-0:2 um in the latter case.

Alsc two kinds of buffer were used. SiO; and SiaNg. with
th\icknesses 0.2 t¢ 0.3 um. The latter is more universal fcr applica-
tions because alicws to use bcth dry and wet processing in facri-

cation of TFT.
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3.3. CRYSTALLIZATION OF «-Si BY Ar*-LASER
3.3.1. CRYSTALLIZATION APPARATUS
Of different short-wave lasers this one has a feature that it
belongs to continuous equipments. Accordingly. principal component
"~ -.of the apparatus is a fastly moving coordinate table.
A scheme of the apparatus is shown in hgl An Ar*-laser (1)
having up to 8 W of multimode radiation with wavelength of 458

and 515 nm. By means of mirror (2) and objective (3) laser beam

was focused onto film surface as an elliptic-shaped spot with atea
about 50x200 ym2. Sample (4) was installed on the coordinate table -
(8) fixed vacuum chuck. THe table allows to translate the sample
in x and y directions coinciding with smaller and larger axes, re-
spectively. The sample could be heated up to 500°C.

3.3.2. CRYSTALLIZATICN TECHNICUE

The table was_scanned as follcws: it was movec. firsi, from leit
to nght, then, from right tc leit aleng x-axs with a given veiccity shiit-
ing ii in y-direciicn fer a distance D-y-G, where y is the length cf the
large beam ads. and d<l is the overiapring raic of twc successive
passes c¢i ‘e beam. Increasing laser pciwer some trial experiments were
mace. frem which. by okbservations in coptcal micicsccre., coptmai ccongi-
ions were fcunc. The processes were mace in air .

3.3.3. XeSULTS AND DISCUTICHKS

Derending on laser power, 3 different crystallizaticn regimes cha-
1acterized by different morphelcgy and microstruciure were observed, two
of them are shown in fig.2. The micicgrachs were obtained by opti'cal
micrcscope in reilected light (fig.2a) and tansmitted light (fig.2b). In the °
figures, relatively licht, vertical bands in right side of the photo represent
éreas where «-Si were recrysttallized via liquid phase. while other areas
in the right side were recrystallized via solid phase transformation. The
latter areas, as was estimated. contain grains akbout S0 nm in side (fig.\3).

Left band (dark in fig.2b) represents non-crystallized area.
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Fig.]1. A scheme of an equipment for recrystallization
of «-Si films by Ar*-laser.




Fig.2. Micromorphology of Si film prepared by Ar laser
recryvstallization. Initial films were prepared
- . by LPCVD. Optical micrographs.




Fig.3. Poly-Si film prepared by Ar' laser treatment via
solid-phase process. TEM micrograph.
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A 1elatively low powers, the initial «-Si film melts not completely,
but on separate areas forming quasiperiodic structute with altemating li-
quid and solid phases. As laser power increase-, the ratio of the liquid
phase increases, while temperature of the film with coexisting two plases
is stabilized near the melting point of Si. In such a situation, solidification
of each liquid area gives a separale grain. In the same time, the solid
areas grow Iather quickly forming also some grains. As a result, rather
large, up to several um, crystalline grains are formed in such a film
(fig.4).

Further increase of the laser power melts completely the film, so
that a regime of ZMR is 1ealized. Due to a cellular siructure of‘ the
growth interface, the film formed consists of elongated (in zone-motion
direction) crystalline grains, up to 100 ym in length and 5-10 uym in
width. The grains can be observed even in optical mictoscope (fig. 5).
- TEM study reveals grains which dozs not coatain any defects (fig.6).

In general, the Ar* laser beam technique allows to prepare poly-Si
flms with rather large grains and even single-crystalline films. However,
the technique suffers from some drawbacks.

First, an uniform heating of large (up to 350 mm), fragile glass
substrates up t& 5000C (as it necessary for the Ar* laser processing) re-
presents a rather difficult problem, in addition, this consumes a lot of time
(for heating and cooling).

Second, treatment of multilayered struciures hy a continuous laser is
accompanied by a strong heating of the glass substiate. As a result of a
fast heating/cooling cycle rather strong mechanical strains arise in the
structures resulting in breaking of the Si film. The strains can be avoided
only in island (with sizes about 100 um) films.




Fig.4. Poly-51i film prepared at intermediate powers.

Rather large crystalline grains are seen. TEM

micrographs.




2 polv-21i film prepared o THE
ceen as vertical etriztione.
AY

Fig.5. Micromecrrhclagy of
Elongated grains are

Optical micrograrh.

Fig.6. TEM micrograph of crystalline grains formed by ZMR.

at rather large laser powers.
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34.CRYSTALLIZATION OF «-Si BY EXCIMER LASER

34.1. CRYSTALLIZATION APPARATUS

A scheme oi the apparatus is given in fig.7. As a source of radia-
tion, excimer laser (1) - "LUMONICS-TE-86IT" - with Ki:F gas mixture
was used giving pulses of 248 nm r1adiation having durations at half-
amplitude (FWHM) about 10 ns with repetition fiequencies from 1 to 100
Hz. Pulse energy was about 200 mj in rectangular frame 22x5 mm2. The

ulse was attenuated by neutial fillers (2). By means of objective (3. slit

two-coordinated diaitagm (4) and rotating mirtor (§) the beam is pro-
jected onto the sample (6) placed on the coordinate table (7). A beam
reflected from the objective (3) was dilected to the photomultiplier (8),
fiom which a signal was contiolled by the oscilloscope (9).

34.2. CRYSTALLIZATION TECHNIQUE \

By adjusting the system the «-Si film was recrystallized via melting.
The sample was scanned under the beam in X ditection with velocities
from 05 to 2 mm/s at repetition rates from 2 to 50 Hz. After each X
scanning the sample was shifted in Y direction for about Q0% of laser
spot dimension. Initially, the sample has a room temperature. The process
was performed in air. Neutral filtets were used for stabilization of the laser
power and were temoved as it decreased due to aging of the gas iix-
ture. Decay of the laser power was contiolled by oscilloscope.

As is known from literaturte [28-30]. ihe higher the power of the la-
ser puise, the higher is deph of melting and the larger are sizes of grains
in the treated film. The maximal laser powers are limited by degradation of
the film surface at the some power increasing. For obtaining the optimal
conditions of the process we carried out some tial experiments and
obtained power threshold of film degradation. Then, we used powets of
laser somewhot less than the power threshold.

For excimer-laser technique two different iecrystallization approachs

were used: recrystallization by a single pulse, and by multiple pulses.




Fig.T. A scheme of an equipment for recrystallization

of «-Si films by excimer laser.




- 17 -
- In the first case. the recrystallization process was caried out in X

direction by sir\1gle pulses with ovellaping about 10X of the beam width.
Uniformity of the energy distribution of the beam was achieved by diaph-
ragming (by Y and X slit diaphragms) so that beam sizes decreased down
to about 1xT mmZ. Here, a measurement of the power density was caried
out. The total energy was measured by wattmeter placed instead of the
sample. Dimensions of beam were determined by measuring of treated area
of the single-pulse-treated Si film.

In the second case, according to works of Sony Research Center
(by TSameshima et al. [20-27]). we used a mullipulse r1ecrystallization
technique. The beam was diaphiagmed to dimensions TxT mmnZ2. Along Y
axis the beam had relatively uniform energy distribution. however, along X
axis it had rather broad gaussian ones. The process parameters (scan ve-
locity and repetition rate) were chosen so that the same points of the filin
were trealed by several pulses with increasing energies. The power of the
treatment was determined by the magnitude of energy distribution which
wele measured using a narow X diaphragm like described above.

34.3.RESULTS

Owing to very short wave lenghts of excimer lasers, they allow to
treat very thin films. begining, eg. 15-20 nm. On the other hand, at
treatments of relatively thick films (> 200 nm - 0.2 um). there is a danger
that only subsurface layers will be transformed from amorphous to crystal-
line state. In figs.8a and 8b are given TEM micrographs of films having
different thicknesses. and cormnesponding microdiffraction pictures. Judging
from the figures, it is possible to conclude that, first, in the thinner films
grains xre, in general, larger (probably, because less nuclei are formed
thete [27]); second, crystallization in them proceeds mote "deeply” (in the
microdifffactogram reflexes are more distinct).

Another important parameter of the process is the power density. In
fig.9.10 and 11 are given TEM micrographs of 40 nm filins prepared at

different powers, and cornesponding Iicrodiffitactograimns. As is sean, at re-




5i?L7n7n
| S |

500 nm

Fig.8. Microstructure of films recrystallized by excimer
laser: a - film thicknese 20008: b - 4C0 R. TEM
micrographs together with electron microdiffracto-
grams.

\




Flg 9. Microstructure of poly-Si film recrvstalllzed at
excimer power density 240 mJ/hm . TEM micrograph

and correspondirg microdiffractogram.




Fig.10. Microstructure of rolv-Si film recrvstallized at
-
rower density 21C mdscm®. TEM micrograpn and
\
| corresrondine microdiffractogram.
500 nm

Fig.11. Microstructure of poly-Si film recrystallized at

power density 145 mJ/cmz. TEM micrograph.
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latively high power (fig.9). some laige grains are formed on the back-
ground of smaller grains. At smaller power, no such large dgrains were
observed, and the boundary between the two regimes lies somewhere
between densities 210 and 240 mj/cmZ. At least two features should be
noted. First. if compare the microdiffiractograms, it is seen that. at lower
powers, the grains are more numerous and uniform. Second. if consider the
microstructures shown in figs.10 and 11 as preferential for applications,
the interval of povrers is 1ather broad (at least from 145 to 210 mj/cm?2).

344. DISCUSSIONS _

Fost results were obtained for «-Si films treated by single pulses. In
this case, grain sizes reached up to 200 nm. Results for «-Si:H films are far
more poor due to influence of hydrogen. In the second case, first, maxi-
mally-accepted power density is smaller (in comparison with «-Si. films),
second, non-uniformities appear at repeftitive treatments necessary if we
desite to have continuous films on large areas.

We suppose that results would be better for thinner «-SiH films. In
that case, first, total (from surface to substrate) melling of films can be
obtained at smaller power densities. Second, it is more easy to remove the
dissolved hydrogen. Finally, less probable are simultaneous (corapeiitive)
processes of crystallizaticn (and amorphization) from top and bottom surface
of the films.

We would like to note some disadvantages of excimer crystallization.
First, it is difficult to control power level of excimer laser. Second, the
power is continuously decreases as the working gas mixture is aged. Third,
the mixture contains halogens that represent some ecological problem in
the laboratory room and, especially, for working personnel.

Most simple control of the power (by neutral filtars) allows only a
discrete (with precision of 8-9%) changes. More smooth control can be
made by motion of the objective, and it is this technique which is most
suitably for probe experiments. However, this approach is inappropriate for

power conuoling during fabrication of films because it is accompanied by
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changes of the geometry of the laser beam. There are exist some commer-
cial types of excimer lasers with an Intelligent Power Control system which

are able 1o suslain the power at a constant level.

3.5. CRYSTALLIZATION OF «-Si BY Cu* -LASER

35.1. CRYSTALLIZATION APPARATI!IS

A scheme of crystallization ecquipment is shown in fig.12. As it
seen, the scheme has much of common with that for excimer laser. The
Cut laser (1) had a power 10 W, its radiation has two lines 510 and
580 nm, pulse duration is 20 ns, repetition frequencies about 10 kdz. In-
side its resonator formed by mirrors (2) and (3). between the tube (4)
and the mirror (3), a rectangular diaftagm (5) is placed. A reduced image
of the diaflagm was projected by means the rotating mirror (&) and
objective (T) onto surface of the sample (8). The sample was placed on
the coopdinate tablé (9) able to move along X and Y axes and having
‘a vacuum chuck. |

3.5.2. CRYSTALLIZATION TECHNIQUE

The sample was fixed on the table by incans of the chuck.
Adjusting the diafragm. a rectangular beam 300x30 um2 along the Y and
X, 1espectively, was obtained on the surface of the sample. The sample
was scanned under the beam with a velocity in .1e tange 5 to 15 mm/
s. The power density was chosen so that the film could be just melted.
howevet, its smooth surface should not be damaged. The recrystallization
was petformed in air. '

35.3.RESULTS AND DISCUSSIONS

Under the treatments, surface does not practically changed except
of appearing of some weak striations connected with some overlapping
(fig.13a). During the pulses (about 20 ns). the subsirate is not practically
heated 1o temperatures when any substantial mechanical strains could be
developed, hence, microcrackings in recrystallized films were not detected.
Judging from TEM research, the filins consisted of grains with sizes up to
200 nm (fig.13b).
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Fig.12. A scheme of an equipment for recrystalzation
of «-Si films by Cu* -laser.




Fig.13.

Poly-Si films prepared bv Cu  laser recrvstallj-

zation: a - micromorphology in reflected light
of optical microscope: striations are a result
of beam overlappinge: b - microstructure of the

films by TEM and corresponding 'iffractogram.
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3.6. CRYSTALLIZATION OF Poly-Si FILMS BY CONTINUOUS

YAG:Nd LASER

This techn_ique. in general, is intended for preparation of neatly-
single-crystalline films of silicon-on-insulators (SOI} applicable in semicon-
ductor microelectionics for fabrication of CMOS-IS, high-voltage devices,
microsensors, elc. [64]. Subboundaries are principal defects in such films.
Typically. the process is performed at high temperatures (> 1200°C), a
feature which limits using of this technique for processing with low-melt-
ing-point glasses. It is used for preparation of films on fused quartz and
on oxidized silicon.

3.6.1.CRYSTALLIZATION APPARATUS

A scheme of an equipment for ZMR process with YAG:Nd laser is
given in fig.14. Here, laser (1) gives 1.06 pym radiation with power about
300 W. By the rotating mirror (2) and cylindrical objective (3) a focused
striped beam is formed on a sample placed on the furnace (4) heéted
by a panel (55 of halogen lamps up to about 1200°C. The furnace can
be moved with a velocity about 1 mm/s.

3.6.2. CRYSTALLIZATION TECHNIQUE

A sample (eg. an oxidized-silicon substate with the dep»sited in-
itial poly-Si film) is totally heated by the furnace. By passing the zone
through the film it is recrystallized. |

In the case of fused quartz, which ic difficult to heat by the lamps.
a light-absorbing body (eg. a Si plate) is placed under the sample.

3.6.3. RESULTS AND DISCUSSIONS

The recrystallized film consists of single-crystalline grains elongated
in the zone-motion direction (fig.15a). The grains are generally oriented in
<100» direction, misorientations between them being typically less then 10,
Inside the grains no crystallographic defects ate usually formed (fig.15b).

In the case of fused-quartz substiates, the microstructure of the film
is principally the same as that in fig.15. However, in this case island
films should be used in order to avoid cracking due to difference of the

thermal expansion coefficients of the filins and substrate.
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Fig.14. £ scheme of an equipment for recrystalizaton
of Si flms by YAG:Nd-laser.
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Fig.15. Quasi-single-crystalline Si films on oxidized
e€ilicon prepared by ZMR with YAG:Nd laser:
a - subgrains and subboundaries as revealed
by scanning electron microscope; b - micro-

structure of the films as revealed by TEM.
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4 .CONCLUSIONS and RECOMMENDATIONS

¢) Basineg on data available in the literature and on its own
knowledge and exgrience in crystallization of semiconductor films
on amorphous substrates, and cooperating closely with the
technical staff of Goldstar, the Contractor carried out
experiments on preparation of poly-Si films on glass-, fused
quartz-, and oxidized silicon substrates.

b) The Contractor evaluated the microstructure and morphology
cf the prepared films and reported the data obtained to Goldstar.

c¢) During implementation of the project. in accordance with
the Terms of Reference by UNIDO and with the Technical
Collaboration Agreement by Goldstar. the Contractor delivered
corresponding samples in several parties. totally more 100 pieces,
mainly poly-Si films on low-melting-point glasses., to Goldstar.

d) The samples delivered were evaluated by Goldstar as
material applicable for manufacturing TFT s. The data obtained by
Goldstar were communicated to the Contractor and wused for
corrections of the experiments.

e) Basing on the results obtained and taking into account
recent news on state-of-art in the flat-display technology,
the Contractor recommends to concentrate further efforts in this

field on the excimer laser technique.
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