Applied Physics
Letters

Microstructure of polycrystalline silicon fi Ims obtained by combined fumace
and laser annealing

R. Carluccio, J. Stoemenos, G. Fortunato, D. B. Meakin, and M. Bianconi

Citation: Appl. Phys. Lett. 66, 1394 (1995); doi: 10.1063/1.113212
View online: http://dx.doi.org/10.1063/1.113212

View Table of Contents: http://apl.aip.org/resource/1/APPLAB/v66/i11
Published by the AIP Publishing LLC.

Additional information on Appl. Phys. Lett.

Journal Homepage: http://apl.aip.org/

Journal Information: http://apl.aip.org/about/about_the_journal
Top downloads: http://apl.aip.org/features/most_downloaded
Information for Authors: http://apl.aip.org/authors

ADVERTISEMENT

ACCESS GRANTED

Phys:cs Today content!

Downloaded 01 Sep 2013 to 137.99.26.43. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://apl.aip.org/about/rights_and_permissions


http://apl.aip.org/?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/312110481/x01/AIP-PT/AIP_PT_APLCoverPg_0813/FreeContentHand_1640x440.jpg/6c527a6a7131454a5049734141754f37?x
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=R. Carluccio&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=J. Stoemenos&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=G. Fortunato&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=D. B. Meakin&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=M. Bianconi&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.113212?ver=pdfcov
http://apl.aip.org/resource/1/APPLAB/v66/i11?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://apl.aip.org/about/about_the_journal?ver=pdfcov
http://apl.aip.org/features/most_downloaded?ver=pdfcov
http://apl.aip.org/authors?ver=pdfcov

Microstructure of polycrystalline silicon films obtained by combined
furnace and laser annealing

R. Carluccio
IESS-CNR, Via Cineto Romano 42, 00156 Roma, Italy

J. Stoemenos
Physics Department, Aristotle University of Thessaloniki, 54006 Thessaloniki, Greece

G. Fortunato
IESS-CNR, Via Cineto Romano 42, 00156 Roma, ltaly

D. B. Meakin
Leybold AG, Postfach 1145, Siemens-Strasse 100, D-8755 Alzenau, Germany

M. Bianconi
LAMEL-CNR, Via Gobetti 101, 40129 Bologna, Italy

(Received 18 October 1994; accepted for publication 24 Decembel 1994

Amorphous Si films deposited by the low pressure chemical vapor deposition from disilane, and
subsequently subjected to a combined furnace annealing at 600 °C/12 h and a sequential excimer
laser annealing, results to polycrystalline silicon films with very large grains, low in-grain defect
density, and smooth-free surface. Large but heavily defected grains are produced by the furnace
annealing, the in-grain defects are mainly microtwins, which are eliminated by a combined liquid—
solid state process induced by the laser annealing. The two-step annealing provides a very high
quality polycrystalline material suitable for thin-film transistor application.1@95 American
Institute of Physics.

One of the most successful ways to develop good quality. PCVD method using pure disilane on Corning glass at
polycrystalline silicon(polysilicon) films in order to fabri- 550 °C. The films were annealed in a conventional furnace
cate thin film transistor§TFTs) on low cost glass substrates under inert atmosphere at 600 °C for 12 h. Then they were
for videographic applications, is by laser crystallization ofirradiated at different energy densities using a XeCl excimer
amorphous silicor(a-Si). In most of the cases tha-Si is laser. During the laser annealing the sample was kept in
deposited by low pressure chemical vapor depositiorvacuum at 330 °C and a beam homogeneizer was used to
(LPCVD) of silane at temperatures around 550 °C and themproduce a uniform X7 mm image onto the sample. Amor-
is annealed by lasérndeed, the TFTs performances are su-phous Si films were also subjected only to laser annealing for
perior if compared to that of TFTs fabricated on polysilicon comparison. Disilane was chosen as the reacting gas for the
films crystallized by annealing in a conventional furnace atdeposition of thea-Si films because it gives a very high rate
temperatures around 630 °C, although the grain size of thef growth resulting to a lower density of nucleation centers
latter is several times larger than the size of the formemand consequently to a larger grain size after crystallization.
[around 100 nm(Ref. 2]. This discrepancy is attributed to The structure of the polysilicon films listed in Table I, is
the density of the in-grain defects. also shown in Fig. 1 by the cross-section TEXTEM) and

The quality of polysilicon films, which were annealed in the plane view TEM micrographs. From Table | it is evident
a conventional furnace at 630 °C, is significantly improved if
a second annealing by rapid thermal proc@3§P) is per-
formed for 30 s at temperatures around 800—856'4°Gig- TABLE |. Structural characteristics of polysilicon films.
nificant improvement of the TFTs performance was also 0by,mper

X - Laser Grain Density of
served by combined furnace and laser annedlidgring the  of energy size Roughness ingrain
RTP process the size of the grains does not change becausecimen (mJ cm?) (nm) (nm) defects

. : .

movemen'_[ of the grain _boun_da_rl_es occurs above 1150 °C5a 200 53 153 Low
However inside the grains significant improvement of theop 250 140 16:3 Low
structure occurs by elimination of the in-grain defects. TheseA 280 210 123 Low
defects are mainly microtwins of first and higher order which4A 350 250 16:3 Low
are characteristic of the low temperature solid state crystaR? 380 285 183 Low
lizati . i 6 The twin b dari tt No 1200 0 Very high
ization in silicon” The twin boundaries can move at tem- ;¢ 200 1100 0 Very high
peratures above 750 °C &% situ experiments in the trans- ¢ 250 1100 0 Very high
mission electron microscog@EM) have showr. 3C 280 1150 21 High

In this letter the structure @-Si films subjected to atwo 4C 350 1400 §2 Medium
step process involving low temperature furnace annealing ac 380 1500 52 Low

600 °C followed b_y _|aser annealing was studied bY_TEM- 3Specimens annealed only by laser are denoted by the letter A.
Amorphous Si films~100 nm thick, were deposited by P"Specimens annealed by furnace at 600 °C/12 h are denoted by the letter C.
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FIG. 1. The structural characteristic of polysilicon films listed in Table I.

The specimen number of the film is denoted in upper right-hand corner ofIG. 2. Calculated molten thickness,, vs laser energy densify relative
the photographs. The plane view micrograps (b), (c), (g), and(h) were to 100 nm thick polysilicon film on glass.

taken, for comparison, at the same magnificati@h.Specimen(0C) sub-

jected only to furnace annealing at 600 °C/12 h denoted herd&fgr Due f th in b dari Th i f th
to the high density of microtwins a mottlelike contrast is evidént.Speci- of the grain boundaries occurs. e small increase of the

men (4C) which was subjected to FA followed by a laser annealing) at ~ grain size is attributed to the smoothening of the grain
350 mJ cm?, the microtwins persistc) Specimen(5C), which was sub-  boundaries which for films annealed only at 600 °C are very
jected to FA plus LA at 380 mJ cni. At this stage a dramatic reorganization gpscured and consequently they have higher surface energy.
inside the grains occurs resulting in elimination of the microtwins. No sub- . .

stantial movement of the grain boundaries was observed in this @se. Amorphous fs'“C(_)n f||m§ anheal_ed only by Iaser_ a_t the Same
XTEM micrograph from specime(SA), which was subjected only to LAat  €nergy density give grains five times smaller as it is shown in
380 mJ cm?. Small grains and higher roughness at the surface are the maifrigs. Xd) and Xi). The films exhibit significant roughness
characte_rlstlcs of th|s_ filmie) XTEM dark field m|crogra£ph from specimen \which appears as protrusions at the grain boundaries reveal-
(4C), which was subjected to FA plus LA at 350 mJ¢nOnly a single . Lo . . .
grain of the polysilicon film is diffracting. In the lower part of the grain a 'Ug Slgnlflcar?t mass t'_fanSfer to the boundaries as it show.n n
high density of defects is evident denoted by arrofflsXTEM micrograph  Fig. 1(d). This behavior can be understood by considering
from specimer(5C), which was subjected to FA and LA at 380 mJdmA  that the melting point 0&-Si is roughly 20% lower than that
very large grain, free of defects with smooth-free surface is evidgnt.  of crystalline Si7, and the amorphous to crystalline reaction

Specimen 1A, which was subjected only to LA at 200 mJ &nThe struc- is exothermic with an enerav release of 0.12 eV/a?om
ture presents a complete crystallization with a grain size around 5@mm. ay : :

Specimen 4A, which was subjected only to LA at 350 mJ &rThe struc- From Table | it is evident that in polysilicon films, which
ture presents small grains with a grain size around 250nrBpecimen 5A,  were annealed only by laser, the grain size increases propor-

which was subjected only to LA at 380 mJ cfnThe structure is the same  tionally with the laser energy. In contrast the grain size of the
as(h) with a slightly larger grain size. already crystallized films at 600 °C is rather insensitive to
the laser energy. The in-grain existing microtwins are acti-
that the mean grain size of the furnace annealed films igated and start to move above a threshold energy located
about 1um as it is shown in Fig. (). Amorphous silicon around 250 mJ cit. In order to simulate the thermal pro-
films deposited by silane and annealed under the same cooess during the laser annealing we used a computer program
ditions give a mean grain size 0.28m only® Low laser  based on heat flow calculati¢hlFC).° In the simulations the
energy densities up to 280 mJ cAido not affect the struc- thermal and optical parameters of the polysilicon film were
ture of the specimens already annealed at 600 °C. The size approximated with those of crystalline silicon. In Fig. 2 the
the grains as well as the microtwin density do not changemolten thickness,, is shown versus the laser energy den-
revealing that the laser energy was not sufficient to activatsity E. As can be seen, the polysilicon surface starts to melt
movement of the twins. In contrast tlaeSi films are easily around 220 mJ cit andx,, linearly increases for increasing
crystallized, when irradiated with the same energy densitiegnergy density. This behavior can explain the TEM observa-
as it is shown in Table I. A laser energy of the order of 350tion: indeed the onset for the in-grain reordering is close to
mJ cni 2 improves the quality of the films previously an- the energy required for initiating the surface melting. As the
nealed at 600 °C/12 h, Fig(H). However improvement oc- energy density increases the microstructure reordering occurs
curs only in the upper half of the films as it is revealed by thein the region, where the melt—regrowth process occurs. In
XTEM micrograph in Fig. 1e). Amorphous Si films which fact, a laser energy density of 350 mJ¢hcan melt only
were irradiated only by laser at the same energy are shown inearly 60% of the film, leaving most of the microtwins in the
Fig. 1(h). Irradiation by laser at 380 mJ crf of the films  lower part as it is shown in Fig.(8). Some of them can
which were already subjected to a furnace annealing gbropagate in the melted part of the films during the recrys-
600 °C/12 h, results in elimination of the microtwins as it is tallization process counteracting the beneficial effect of the
shown in Figs. lc) and Xf), respectively. Only very few laser annealing. For the film shown in Fidf)la laser energy
large twins remain, denoted by an arrow in the plane viewdensity of 380 mJ ci? was sufficient to melt 80% of the
micrograph in Fig. {c). The mean size of the grains is film thickness, leaving only the lower 20 nm of the film in
slightly larger than the size of the furnace annealed specithe solid phase. However even in this part the temperature
mens, Fig. 1a), revealing that in this case a small movementwas sufficiently high to eliminate the microtwins leaving a
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perfect seed for the subsequent recrystallization of the upperdges which are electrically acti#élhus the elimination of
part of the film. In this way the size of the grains is not the microtwins significantly improves the electrical proper-
appreciably affected but the in-grain defects are eliminatedties of the films®® These results provide direct microscopic

It is concluded that very large grains with low density of evidences for the observed improvement in the performances
defects and very smooth-free surface can be formed using @ TFTs fabricated using a combined furnace and laser
starting materiah-Si deposited by disilane and subsequentlyannealing’
subjected to a combined furnace and laser annealing. TqS Brothezton, D. J. McCulloh, J. P. Gowers, and A. Gill, Microelectron
properly combine the beneficial effects of the two annealing Ehg.19, 101(i99'2.' T ' T :
techniques, the laser energy density has to be sufficient t@T, Serikawa, S. Shirai, A. Okamoto, and S. Suyama, Jpn. J. Appl. Phys.
melt most of the film. This, in fact, will leave a thin solid 28 .1871(1989.
layer which acts as seed for the grain regrowth, producing a3M. Bonnel, N Duhamel, L. Haji, B. Loisel, and J. Stoemenos, IEEE
final structure with large grains, as induced by furnace an-4EIeCtron Device LettEDL-14, 551(1993.

! J. Stoemenos, N. A. Economou, L. Haji, M. Bonnel, N. Duhamel, and B.

nealing, with low in-grain defects. The melt—regrowth pro- Loisel, Solid State Phenon87—38, 287 (1994).
cess induced by laser annealing results in the elimination ofgflé l;lésse,lggAsai. M. Hirota, and Y. Miyamoto, Solid State PhenG-
the m_|cr0t\_N|ns V‘.’h'cg' are mainly cohere{ifl1} type EIeCtrl.- 6. ’Haji, 53 Jozz'bert, J. Stoemenos, and N. A. Economou, J. Appl. FBys.
cally inactive twins:® However most of the coherent twins 3944(1994).
terminate inside the grains and consequently introduce Sectj. M. Poate, J. Cryst. GrowtF9, 549 (1986.
ond order twins which are characterized by a dispIacemeanE-:- lﬁogﬁvagf-l?g;i%%n, D. Turnbull, J. M. Poate, and D. C. Jacobson,
vector and are electrically active as recombination centers. In; gf’ 'Bengi’;’ " Biarfcon?'and C. Summonte, Appl. PhysdB, 317
addition incoherent112) steps are formed perpendicular to  (19gg.
the {111} twin planes introducing dislocations at the stepi°T. Serikawa, IEEE Trans. Electron DevicE®-36, 1929(1989.
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