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WD 2004/ 042827 PCT/ US2003/ 031011 1 A SILICON THI N
FI LM TRANSI STOR, A METHOD OF MANUFACTURE, & A DI SPLAY

WOSREBNSRELATED APPLI CATI ON 5 Thi s appl i cati onPCi/ab2983/031011

the benefit of priority fromFrench Patent Application
No. 02-11793, filed, Septenber 24, 2002, the content
of which is incorporated hereiln by reference. FIELD
OF I NVENTI ON 10 The present invention relates to a
silicon thin filmtransistor, its nethod of

manuf acture, and a display screen including it.
BACKGROUND Silicon thin filmtransistors are used in
nunerous fields, including the field of 15 fl at

di spl ay screens, such as active matrix liquid crystal
di spl ay screens and active matrix display screens
having an organic light-emtting |ayer. In such
screens, each pixel or light point is controlled by a
silicon thin filmtransistor, hence the term "active
matri x". At present, flat active matrix |liquid crystal
di spl ay screens are for the nost part manufactured
usi ng hydrogenat ed anor phous silicon, also witten
a-Si:H for the 20 device that activates and
deASILYGOSSTHINI B &M TRANSIFHQR A MEFTHOD QF MANUFACTURE,
however, exhibit Iim and for
this reason it cannot H%Dﬁ§%§A$%$8ﬁﬁﬁhtfacturlng t he
activation, deactivation, and addressing circuits of
the screen in reliable manner. WO 2004/ 042827

PCT/ US2003/ 031011 2 WEIKATEDIAPRIHEAMIONd, therefore,

have d.usin [ ransi stors b n .. ..
ol y e PSRt it e ek liCor MR BSRRraed Y alion Appligation

WY)ZEPW?? Hed) S ehtembeF SEB0D the STHIG bEdaichhe 11&6fpbira%d herein

mobi ity of thin-filmtransistor active devices based

diy refgremephous silicon. Hence, thin filmtransistors

based on polycrystalline silicon enable 5 one not only

to integrate peripheral control circuits with the

screen, but also one tFELD OF INVENTION
The present invention relates to a silicon thin film transistor, its method of

manufacture, and a display screen including it.

BACKGROUND

Silicon thin film transistors are used in numerous fields, including the field of
flat display screens, such as active matrix liquid crystal display screens and active
matrix display screens having an organic light-emitting layer. In such screens, each
pixel or light point is controlled by a silicon thin film transistor, hence the term "active
matrix". At present, flat active matrix liquid crystal display screens are for the most
part manufactured using hydrogenated amorphous silicon, also written a-Si:H for the
device that activates and deactivates a pixel. Hydrogenated amorphous silicon,
however, exhibit limited carrier mobility, and for this reason it cannot be used for
manufacturing the activation, deactivation, and addressing circuits of the screen in

reliable manner.
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attain better resolution. At present, thin film
transi stors based on polycrystalline silicon are

woracwaPaseur ed by depositing a | ayer of anor phoRGI/US2003/031011

silicon on a substrate, followed by crystallizing the
silicon constituting said thin layer by irradiating it
with an exciner 10 | aser. TheZmet hod, however,

e veral . dr acks., First, the.engr of the
P e e AL AR el b R Rl s ase
nRMryseal lirO 11 €A Wl B hadd 2 BArgieMbbilHPHUBEcbas byl tRDrders of
are limted to energy of less than 1 joule at 300 Hz.
Tagitade s setier sopdiy pEiimfilng trasdigjor dativadevibarbased on

RIS Sl RS oA B g Bk Gy B ot g enabte
RaeastordlPto Ftappdtabriphentll cénttACHBuiRWidh theRErebR %t%g al(%l She to

be 15 capabl e of delivering nmuch greater anoun
afaindpticigssddniion.t he size of the silicon grains needs

to be j.,ncreased | rder, tqQ achi eve better ..
ot ogr A HERAS Bie ofte Sefifiupts bapel oo ine ieanae

o . o 0 i
e By Do s o R AR AbudIh ) B Ml owed by
enistadiyzingithe sisop censtintting skiddhinflbyenibp drrddimingtihwith iah Rk cimer

f t iLi into the cool ed suhstrate. 20 To
Thrt e S bR B AR il o s

v . . o V V . .

BSOS A o) BT8O e RS By, sl

laseastagllimifgd tchenefgyonf less slhant INeuksah 800 Hize This dyewktchlis yalmiculaﬂy

made. of gl ass, and.such heating is limted up to only

SR B ralss H%@{&?@F%ﬁ; e g Jes s las wgoee (ie.
3 ' | i

g e\l RALSSRIBRS gl BEARR

canphte dRlebeermg moeh grgatér amovats eHenerggr S&smult, l.theﬂsim ditlﬁ:he silicon

i dea was tq use a barrier layer of c¢rystalline silica .

BT el S efed 8 D ot Peter G ereranns | Utortumscly, in

e L Pt oLeB) L B Sy REIHER O PHBTS Bhe e

slbtved dowof arslio lodhal estenengy stuat bé pevaittd framl fiyweing 69m the film

npt uftlcien%. Hence an unsati sfied need stil

8&?’9&%{15 ?IEWQW@CB?IS‘%@%StIWﬁvem ion can fulfill. 30

SUMVARY s6¥ve Titdse ?M@}Hé N s200 /eg)ﬁgx%g%?n Brogosed but,

PCT/ US2003/ 031011 3 To overcon® the defiti enci es ’of

thiosionatlyabaginesprovtesatisfasent. A pyapokilas hpdtovd d®strate is limited

by the fact that the substrate is generally made of glass, and such heating is limited up

to only about 400°C. Alternatively, some have suggested using a laser to deliver dual
pulses and dual beams, with both sides of the substrate being radiated by the light
beams coming from an excimer laser. Another idea was to use a barrier layer of
crystalline silica having density close to its theoretical density, the barrier layer being
interposed between the substrate and the thin film of silicon. The thermal barrier effect
of such a dense crystalline silica layer is not sufficient. Hence an unsatisfied need still

exists, which the present invention can fulfill.

SUMMARY OF THE INVENTION
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pol ycrystalline silicon thin filmtransistors
conprising: - a substrate; - a barrier layer of porous

W@ pdoosseleposi ted directly on the substrate; aPdI/BS2003031011

thin filmof silicon that has been caused to be
pol ycrystalline, deposited directly on the barrier
| ayer. The silicon thin film®Gransistor has grains of

i ncreased and uniformsize, while elimnating the
f1 ow ofO PcHEEORHBE gyﬁﬁflﬁwstqféh% pradpgies, thegypsent invention provides

t substrate of the
gl% Fﬁ%ﬁéfﬁ@&h?@ tgnmtiﬁlgg%%@ ﬁﬁs h(%[‘loﬁr1 {1% pur pose, the
I nvent-iasubsteser i bes pIaC|ng a barrier |layer between
the substrate and the 10 thin filmof silicon, the
barri er® haggelayss pﬁgorﬁﬁsj@ igst degopitadeditesily om the substrés; 6né
and t haatt Hl uc{n‘hs?]ﬁ ?[%?%B'é:e&ll C\é{l% {)%\%w&%’atn lltnréedeposned

t her mal™ con i Vi e su

tdiebtly bh theltasrie 14yt C’kﬁkﬁﬁﬁcdnrthinﬂﬁlﬂ @ﬂ&%t&rﬂ@ﬂgﬁhﬁtﬂf iffeased and
nmto apout 80 nm The size of the polycrystalline

dmifors ﬁlzgﬂahlﬂa%elamn@m tha flewr9fihent enepgydtam thermeltesrmblicon
fo%ﬂ?tltut%%saﬂ‘fﬁhn Hoaﬁlg st{b%trcrt@ %? th%fs];lgcoﬁﬁﬁlg 51?1 %%{f{%eﬁor this

ness 1n € range a
PARSYEL tRE veftidn dd3crathe lpﬂacﬁmgmnﬁ\éﬁ lays Betifeeh Eeabitrdtdand the
the range from about 400 nm to about 600 nm T

he
Bhinfiley ofjsthicen., the bamicp W@rsbemg 1padd of 4 pptegal thattlﬁeorpuﬁ gl that has
0/
MeE RS PSS R 0 29

phipVilehessa thikies irothe li’fﬁigléfﬁ@ﬁt Aoun§o ﬁnﬁb'ab&ﬂmotlﬁﬁ NThd 98 of the
transistor as described. The nethod conprises the

fooliceist aklinessiagra: graigs af thg dpo é‘lllmulsw@poalt bmlgmmeiﬁrl(um and the

B st v R T SRR Bl IFPRRAC 88 Bou
I1am @knoB&ers () td AL BOOMBm! hel ﬁl@feﬂalfljf 108 fansk iflo&Pabout 400 nm

usmgalasertoobtalnatln | m of
po Ryt Y8P amm. | e baierdaier hgn pqmam mptio yfireg imghdromabge from 20% to

h b t t
5194 388 pERg e s e iy M o3 Phedh o BRTo AbSRAPY 11 oF
anor pheksndntibs ARo chrvede@ @ tioPo SrRhm@R L 88 Sor thin film
used to deposit the barrier |ayer of anorphous

diapigtonas @sdnlepdpl%rmetmcrmmetﬂne oldewing awps

depos on IS us the,thin fil

anor pﬁ‘g deposty nig@cﬂﬁ)r?lﬁ SQP&%""B}“ layst glif%cﬁlyé’}l a SgthtE%E‘?:l ner

| aser b) @pssatdeiOpbus?ifeon Thiarhlat d1re3ﬁ§ oh %ba@ﬁ&flsye@binn
at 308 m, toirradiate the thin filmof silicon.

t hi cksigadidtingtibe thBofilonpfisiBedn usorg af Jakant gbtiain & thin ﬁlam gé

POIYCIEYOS{THIIHG Sl'lﬁco%o nmto about 80 nm

Optionally, the method further comprises, between step b) and step c), a step of
dehydrogenating the silicon of the thin film of amorphous silicon.

Preferably a sol-gel process is used to deposit the barrier layer of amorphous
silicon, and a plasma-assisted chemical vapor deposition is used to deposit the thin film
of amorphous silicon in step b). In step c), an excimer laser, operating at 248 nm or at
308 nm, preferably at 308 nm, to irradiate the thin film of silicon. The thickness of the
thin silicon film is in the range of from about 20 nm to about 80 nm.

The mvention also pertains to a display screen that includes at least one silicon

thin film transistor according to the present invention, or made according to the present
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The invention also pertains to a display screen that
i ncl udes at least one silicon thin filmtransistor

w@ewendisey to the present invention, or nade aPCDUS81003031011

to the present WD 2004/042827 PCT/ US2003/031011 4
nmet hod. The invention al so provides a nethod of
manuf acturing a display screem characterized in that

it includes the nethod of manufacturing a silig¢on thin
fIPP‘il?Pg-t Thauventin aso pragides,y Bisthod ol megufactiuging @ Wiy Fcrsen,

e AR50 fAGR 1Plnchidfy b SERI4 SONAR AR Lt thin film
Bodrsistdref fieriegaitiog. summary and the following detailed
descr ingt i.on and exanpl es are nerely reg_r esent atj ve of

the i nvaditipe fealipres aiderdvantpgssod thaRyesspbipyeitiiogvill be revealed in

[ [ .
by e e el R R P PR R B e ot Ry
bistdiltitdescripiide bed eethplschreieedly eipr&eiitatia sl thelitabihtege and are
thereof will appear nore clearly on reading the
figtended togprerdde p pYsroigwiiRr endersiandingethe jventioneaselaimed. t o
the acconpanying figures. FIG 1 shows the structure
of a silicon thin filmtransistor while it is being
irradi ated. 15 BREFDESCREPTIONOY THESKIGURES silicon
thin filmtransistor obtained after _irradiation,

DETAI LErs inpsstien pill bribester prgensioe rerd ofer ebje¢ieand advantages
i ! il [ | St QF s
R AP Ipe e Heabg B8 S bk SR BisBhiBon yhich igymace
ofith hfereRidtothd Acobmpasitepased. i ng on a substrate (1),
as depicted in_ the figures, a barrier layer (2) of
mat er i HO. { shews the seresuee of gsilioeathinddmitrpapiger while it is being
%ﬁ%&ﬁi’egi vity lower than the thermal conductivity of
the substrate (1). Preferably the substrate is a
gl ass H@h3hakea paFr&yamne Bicen fHie Figh alahdistar Suihiatd ak&
made of alumnosilicate, borosilicate, or
drradefen-bor osi | i cate, |ike Coming 1737 glass. 25 A
particularly suitable material for formng the barrier
layer 2 is silica (SiQ2) having porosity ratio |ying
in the range DEDANEPDESZRYPTION OEULHE O/ ENTIONE
porosity ratio is |less than 20% then the thernal
bar ri dp tlef maeufagfretia silippn thin film tysosistonaetordieg todfre present

invention, the first step of the method includes depositing on a substrate (1), as depicted

in the figures, a barrier layer (2) of material that is porous and that has thermal
conductivity lower than the thermal conductivity of the substrate (1). Preferably the
substrate is a glass substrate; and even more preferably a substrate made of
aluminosilicate, borosilicate, or alumino-borosilicate, like Corning 1737 glass.

A particularly suitable material for forming the barrier layer 2 is silica (SiO,)
having porosity ratio lying in the range from about 20% to about 90%. If the porosity
ratio is less than 20%, then the thermal barrier effect of the layer 2 is poor and the layer
2 needs to be thicker. If the porosity ratio is greater than 90%, then the layer 2 becomes
fragile and difficult to handle, even though the thermal barrier effect is excellent for
porosity ratio greater than 90%. The barrier layer 2 preferably has a porosity ratio in the
range of from about 30% to about 60%. In such a range barrier layer 2 presents the best

compromise between the thermal barrier effect, fragility, and thickness.
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2 needs to be thicker. If the porosity ratio is
greater than 90% then the |ayer 2 beconmes fragile

w@na4madspT cult to handl e, even though the thermel/US2003/031011

barrier effect is excellent for 30 porosity ratio
greater than 90% The barrier layer 2 preferably has a
porosity ratio in the range df from about 30%to
about 60% In such r arrjer er. 2.pres S .
the beble PRBFHETAH? otns bR %Yﬁ%lst%&u i fgfollowing
e%%l?lﬁ}% fragility, and thickness. WD 2004/042827

2003/ 031011 5 The porosity ratio of the barrier
| ayer 2 is calculated using the fold2aw ng formul a:
porosity ratio = 1 - Rowesityratiqe 1+t enis the
refractlve i ndex of the porous matefdal and nd is the

s glér@‘ﬁtlk He rleﬁ] ?1%76 (ﬁ{deg Omah% ﬁ?&ﬁ%é{@lzﬁ rah&lh E@{)eﬁraotlve index of

ractive i1 ndices o s are neast

nibk dendeanatpi00&he ﬁdﬂabﬁﬁ@ﬂiﬁicésl ofmaddsle ﬁfdlﬁéhsﬁﬂ:dﬂ@gﬁ@leaﬂar probe
to 13 of the article . Horowitz entitled "Towards

b"éhP%’ﬁneéW s dgscrihed ?,@)Pagj:é |7 tp il of recetialabng- H@Wl“éf?{ anaitled
l“fca? near &Ot%ﬂg gﬁé% FSiCY Bl éllag‘gsﬁfag fspo%ti%&uc(?(}ﬁe a§£11%1ons"

1pub(lllﬁé3171)1 thel butdde oPRbAliREar GptRal Phydfcs Bd Miseriild, Vod 6, No. 1
advant ageousl y deposited according to a sol-gel

, and is preferably constitut ed by anor phous

sili Cary H 6a?1f1§rrl r& ofé)hx%u ﬁsear Vou geﬂ}%lyla% (%S%:G%%CCO{dlng toa

t hi ckn€ess e fran rom a

660 gBmlethWh @ﬁdﬁﬂ@refeﬁ’d‘tﬂ% basHtuedd B?J k&n&@h@ds%[hdaa)l’@éfeﬁbly, the
lies in the range from about 150 nmto about 1,000

nivArricydayes drigs 8 dnplriess mghy rangeef frn@ abantr408rnnp any@xouté(w nm.

buf { nst . heat ..15. t ansm sLon
Tfinef SipebbeoE oo POBBR LEE Py ibP R B B g o about
agueOhRgRe isund sﬁﬁﬁi@infgbﬁtﬁbﬂ e WAERr BHEUaA @&Mslanﬁlffek aainst heat
screens. Equally surprising, the barrier |ayer 2 can

atéansmmrﬂvyn aEhig aitribwtaef thsderries dayehistartiguinslyadvantageous,
rrler in.spkt.e of the fact that it is

gsh F%ﬂﬁlggﬁ erbrgigl}qf%(i'tuﬁlrg%?‘t STE%h  prevent el enents

const i Ealfallf @uﬂpﬁﬁmg UhS birdlef1a9Er Bébn Rt AdtlonkyP%es thBm®d ®Bfrier, but
on or under said 20 barrier |ayer mgrating to the

orlsregs 4 cheavienl badier, in ﬁ@teeqffth@:facbﬁlatahlseioeumr I The oiawied layer 2 can
(o) n
irU eteae g OB R hE iR ok Sy Thor R Besmgnt o or nder said
barrier layer migrating to the other layers under the effect of an electric field or of heat.

In a second step of the method of manufacturing the thin film transistor of the
invention includes depositing a layer of amorphous silicon, referenced 4 in Figure 1,
directly onto the barrier layer 2. Advantageously, the thin film of amorphous silicon 4
is of thickness lying in the range from about 20 nm to about 80 nm. Preferably, its
thickness lies in the range from 50 nm to 80 nm.

An optional third step of the method of the invention for manufacturing a
polycrystalline silicon thin film transistor involves dehydrogenating the resulting
stacked structure, in particular in dehydrogenating the amorphous silicon. This step is
advantageously performed by heating the structure to 450°C under nitrogen for 1 hour.

The fourth step of the method of the invention for manufacturing a

polycrystalline silicon thin film transistor is represented in Figure 1, and relates to using
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i nvention includes depositing a |ayer of anorphous
silicon, referenced 4 in Figure 1, directly onto the

whaoonioes2t ayer 2. Advant ageously, the thin filpPeDiS2003/031011

anor phous silicon 4 is of thickness Iying in the
range from about 20 nmto about 80 nm Preferably, its
25 thickness lies in the rangebfrom50 nmto 80 nm An

ti o third ste he thod f t .nventio
B PR, Pt igkee ot p e tflaecBbslifiv 4 iratd o thin
tﬁ]@n&aﬁﬁ&?hmﬁ\@ghabﬁsre@&&y&a%ﬁ@w@g the resulting
stacked structure, in particular in dehydrogenating

t he anﬁ}tlprhwhshsstrmsm of Tl mvatt@p i$ sonstitveayagsacksdfilayers

e QTS SRR, B o B S b PR bR an g tin i
of ofmydr?afﬁnhé QARcEPdepBRind Bty bR Qleaoarﬂ?éi‘ll%%‘} Zstthé #)bly@@stalhne

| i'con Imtransistor I's represente gur
1§111‘2de3}’6£ Bds vet depositsidrigrenity @00« /bo#R8 Riger 2 in the form ofa layer of

I, \ f [
SRR3R oS PR SRSk Gndous sion
| WhidH iuBsdqiendyiaised toldsel &cmﬁmﬁous silicon,

referenced 4 in Figure 1. t"hough the transistor of
the i nllestiystiallizstiooissidivanisgedudly uap]smanﬂed bf ulslag @nsxcimer laser

et preathes recRatigsat!catined e LR il TP agerdp melt on
pab Xﬂé&%toﬁ ly, ithg n%kﬁﬂgcl‘{’ os@ﬁ)‘?@f%' @ftedhd ﬁ?&k!nﬁfss% tﬁé‘@amer layer 2.

barrier layer 2, the polycrystalline silicon
i's not TM@&&W&#aIdyp@@lf leycioer talyer dparating rat fiay é]lffeﬁenlt Wavelengths

hpsndha e e s S (157, ?\81? lobting’ R AGT: xeC1 (308 nm;
adﬂab@épocggl Sitd)i 48P Krwa%aeh aﬁﬂtthé( et 380 bR 308 nm)

polycrystallrne. This crys I zat1 on
aate ardfagidy usddyini the taren o thebyvamﬁom ginag t}mxasmh[e wassdangths that

10 which presents t dvant age enabl i ng the
SYOHCERAR: 6F°Slt ﬁ]@S%antfl‘ gﬁ&ggmp%%?oe{ 1EREOf SOt he surface

only, \E 9 td &yﬁﬂﬁ%fﬁxg lsﬁchfP \X/rlt%dau% rHﬂ @as[epéo(égg{a %%mgle

of the |er a er re are severa

eshot a}:qxrodchyaad an pppraaahng sainnfing/the dirftdoer dsd re\fﬁmdl tengt ngulti-shot

dependj ng on the gas used: F2 (157 nm; ArF (193 nm;
r‘laﬁiAS nm; XeCl (308 nn); and XeF (351 nm. The

VML 3400 O 0 08

| capelyit obprosenimg af hesmeinmtar sijinee (/facmb(éncgﬁh& a diadle shot. Such a laser
correspond nost closely tqo the absorption coefficient

of SSiiR pcUlpRy BSSrmaRams s OF& /e r 98  gParalirply, Srepputsgguration of
WikH 2 325308 200 mbARELRISERS) S WittBn () &F laser, the fluence required to

crystallize the silicon is very high.

The multi-shot or surface scanning approach is possible using XeCl lasers with
pulse durations lying in the range approximately from 20 ns to 30 ns. Such lasers are
less powerful than the laser sold by SOPRA. Surface scanning is performed using a
special optical unit which enables a light strip having a length of 30 cm to 40 cm and a
width of less than 1 millimeter (mm) to scan the plate that is to be processed.

Thus, in the invention, it is preferable to use an excimer laser operating at
248 nm or at 308 nm in order to crystallize the thin film of amorphous silicon.

Nevertheless, and more preferably, an excimer layer operating at 308 nm is used.
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shot approach and an approach of scanning the surface,
also referred to as a nulti-shot approach. 20 The

W@ pmvgloesghot approach is nmade possi bl e by usi nBCHUS®N031011

hi gh power |aser capable of processing a 5 centineter
square (5 cmx 5 cm in a single shot. Such a |aser

is sold in particular by the Conpany SOPRA. As a

gener rule, the pulse duration of . such a laser is

200 n%ﬁ?&@hd@e@ oyswptishek radigionmefhoder | t he

fl uenc ' L1 Sl [

i g, B B pleSencE b Bl Batlef BbPE il pokfte (Spdinh such

| mujpisget btadiat®inndn %é&dtlion, alseagrion 1ajer 2Rublsles aluofihe @84 in the
lying in the range agproxi mately from20 ns to 30 ns. .
SuBerPheusestlicon layer fde Be peerved thisysAueipg thedhences@pepssryy light

SRk 58 AT L o LR O cp G L oo
| magifhctodnghch mpolycABtatiestitbon thind filinhtrakistor $6 bé Fediacel.

mllinmeter (m) to scan the plate that is to be =

pr oceserthglgssyiasers oppratingin tﬁ@ shstblepan glgo hesusse derdrradipng the
ta: : [ r [ 48 .

o SR O SO BOPLER L hon B R e e
stihickaess of tH¥ebaetidrigfeeds, and nore preferably, an

exci mer | ayer operating at. 308 nmis used. WO

2004/ 025827 Ipeers sudiayGopowgrvys faults sugh ay hlrghyqai@ﬂ@anc: costs,
FHEVEHS RO Lol AL A BBk L2058, 1L

per f orlnaserd @peratitig i ths Rxible Fangeliaat infiinly laba gfbeh taOBlendgthsuch as

barrier layer 2 enables all of the heat in the _
S pHa laseisicrn alsp bp agask Howeyen andeysyel visgumstanges, the absorption

r fcioﬂ% ;ﬂ%f%é%nug%ﬂgﬁllg Hl%ﬁgs‘;l‘? ?fe&‘ergl%lg Ec; Psge Stgl?zﬁé%%rf silicon, e.g.

uni ar ea s require rom

cfilnsd@uiegta tiicknab bf p§) hewhasis with a M%x@ﬁhéﬂdp@ﬁxtiﬁg @48 nm
rystalline silicon thin filmtransistor to be

a pol yc n ans

et S4mn, e vliekiet e6ibe silisemfilm apearally g in fhetthege from 20 nm to
v'oslgntfle can also be used for irradiating the thin film

ogf SI'licon, even though under such circunmstances it is

neces sedeythinCfili6f e&@t&thd@ RilicbR YK BE defsitbd b@bd, but it is
| ayer 2. 10 Exciner l|asers suffer frolrﬂnfvaris%%?faults,

suefsragly drpgsitadeiyinlesmmessisted shemicabyapbt denosisionbeam

S| AR B P AR {0 e

wefegdneedt n FiguedD, Seferably made of Corning 1737 glass, having a barrier layer
referenced 2 deposited directly thereon, preferably made of silica that is amorphous and
porous, said barrier layer 2 itself being directly coated with a thin film of polycrystalline
silicon that is referenced 3 in Figure 2.

The size of the silicon grains in the layer 3 is greater than or equal to 1 pm, and
in the invention this is obtained, surprisingly, by using fluence that is at least 30% less
than the fluence needed for obtaining the same size of silicon grains with the prior art
method in which a barrier layer is used that is made of non-porous silica.

The following steps of the manufacturing method of the invention are steps
performed in conventional manner in methods of manufacturing polycrystalline silicon
thin film transistors, and consist in depositing the layers necessary for obtaining the

desired transistors.
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Nd: YAG | asers can al so be used. However, under such
ci rcunst ances, the absorption of silicon in the green

w@emenalsky makes it preferable to use thicker PCT/I8200$/031011

silicon, e.g. 15 filnms having a thickness of 250 rim
whereas with a | aser exciner operating at 248 nm or
at 308 nm the thickness of tige silicon filmgenerally
lies in the range from20 nmto 80 nm _ The thin film
of andRprdtdo slake Hsrinvengign better yadesiorddherp fallgwndesedption of
b | asma- assi st ed
é#%ﬁ#%%ﬁi“aﬁﬁghggggéx?ﬁgﬁaﬁﬂ%ﬁiﬁ%x %lrradlatlon t he
structure shown in Figure 2 is obtained, i.e. a
substrate referenced 1 in Figure 2, preferably made

1737 gl ass, having a barrler | ayer

refer oz?& 81%' 1%%9%&%; 4 et%e gﬁﬁs?rﬁ eI 1yw541ae ggl% %gr Pfﬁfg%s@ lg\'é]é/s’crate It

made I'ca 't anorp

bgds i @i thadkerA Barries I%Jyér Def dihﬂ)rﬁhdlﬁ%ﬂic)bn ¢1Qﬁhg§oi°@sit§ﬂ raio of 50%
thin film of Bolycrystalllne silicon that iIs

rwseie@ﬂ@tsd o thesybisieied wingzsorgel methed.ofhg ﬂwskgﬁssm@” de barrier
r al snl ng)q%%ﬁ e‘]cf‘l\{e re g’l{mga a?z?ﬁff‘ \tévg% gﬁ %%13/ gulﬁaegq%lor belng h]andled and

svérwblsﬁl anghellddy tHesrh MGinfl Chenie 8l Baaddr tb Be abtalrRa $kind @¥hickness of

less than the fluence needed for obtaining the sane

sinpe 1 off nwj [Therpatteys plapma-whsisted qi@rrmal gapaadepostigarhwes ysad to

S 0 LBt BB o B e B i oyer 2. T
ey hagtatiorpibuseiies waé 5§ he thiskenti on are steps 30
performed i'n conventional manner in nethods of

manuf abteeaifiey tholayerdyeftaadrplmas silicpe vias delsidrogentiad under nitrogen
tran3|stors in depositing the | ayers

aé@é%‘?%‘?r tuf ?ﬁg@tg(%?{sln%o‘ir desired transistors. WO

2004/ (Maﬁﬁﬂloif’ gdd%ﬂ%s@%gﬁblfonﬁed bn @d’i&i efyet D oNBKSPhHR silicon

i nvention better understood, there follows a
disinera B oreioér lagst anplating A48 nar withpuiseyhavingis thwatipw of 20 s,

i ting. EXAVP 5 in Fi 1
RO BB BB SR sh S bES i o e
\w udit BF%at iy, e Adnba Irv&aisezeo LaNBEulEs R sQURE BhRRt (T ead).

havi ng por03|ty ratio of 50% was deposited on the
subst rEtieresulissi ing thinddin Jef palptrystallind$ibicabayknmgsingdf 1 pm
e Lesy t in

e 8 PR L DB by TBFHG” ARG AT g ers deposited.

COMPARATIVE EXAMPLE 1

A prior art thin film transistor was made. For this purpose, a crystalline silica
layer having porosity ratio lower than 2% was deposited on a 1 mm thick Corning 1737
glass substrate. The thickness of the layer was 150 nm. Thereafter, as in Example 1, an
amorphous silicon layer was deposited on the free surface of the dense crystalline silica
layer. The amorphous silicon was dehydrogenated under nitrogen at a temperature of
450°C for 1 hour. Thereafter, the amorphous silicon was crystallized by multi-shot
irradiation using a KrF excimer layer operating at 248 nm with pulses of 20 ns duration.
The fluence needed from the laser in order to obtain silicon grains having a uniform

size of 1 pm was 220 mJ/cm?. The subsequent layers were then deposited.
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it enabl ed an excellent thermal and chem cal barrier
to be obtained using a thickness of 10 only 150 nm

wabenesdseer, pl asma- assi sted chem cal vapor depOFU$10031031011

was used to deposit a layer 4 of anorphous silicon on
the free surface of the barrier layer 2. This |ayer 4
of anorphous silicon was 55 nfithick. Thereafter, the

I E anor phous silicon was dehydrogenat ed under
ﬁéﬁzégégg—at a tenperature of 450C for 1 hour. 15
Ml ti - robédu?@bv% e @aﬁ’i@§s TSNP 1 q{o%’aege% &8 Aaser was used

| ayer 4 anor phous silicon wusinga exci nmer
I mpeertingpie Ba%¥ nmgnatrde? %cmstal\lwe thepilicoa o fwvdanngphous silicon layer 4.

f 20, ns, re aII|2| the sjlicon
oL B ot 1 105 o R B bt P oaiont, With STt
[ h .
B e proprifely iy NATBTRIGRATD ohR (Pl @ St this e
t the flutndeme@uicdd qfl chmyXe@]slam bsedewas Ali0anHchavi ng grai ns
of 1 m 20 size. The grains were uniformin size.
Thereafter subsequent |ayers were deposited.
' ok AMABr oA prior art thin filmtransistor
vas nade. i pose, a crystalline silica
| ayer T\]aa/pmgedmm was thy sarad aoinl Kxaatpld hame@%hma&e barrier layer 2 was
deposited on a 1 mmthick Comng 1737 25 glas
SUPRPAOUS Siltpalay e bk avige afpomgy FaéiPelPW\‘Rh’%lali 30 m a thickness of
T f
P15, S8 9uB8 ReBEAIR o AP 4530 ter s o
crotgdrpdtaliine siticdn kaving wyform gfdie seeof phauprigelyilqon wags
deh drogenated under nitrogen at a tenperature of
/8%°1 hour . Thereafter, the anorphous silicon was
crystalllzed by multi-shot irradiation using a KrF
exci mer |ayer operating at 248 nmw th pul ses of 20 ns

dur at i oan BOscbh érobnl the abevensan@ibs fahd bomparati@s@aniples that by using
order. to obtain siljcon %§alns having a uni form size

off barrigs gar of Sy inyentiep, the ers@t@éaa@qd@d forpbfainipg geainsdn

AR et AN s S P o IR o g i

mamﬁwémo&@oXmﬁkﬂka@er was used operating at 308 nmin
order to crystallize the silicon of the anorphous

Si 11 co SeBgah mthe ofr pxoelagReaye bacr by msd pping other types of
RLLSLSh B0 SLeAR, 185, OBk ALE e Wl 3080 e Frvention

ormsize o ropr
odatleds thoflodica meecaﬂ&tdﬁﬁth@ﬂasbhtoscrﬁdtﬂﬂne the silicon of the thin layer of

amorphous silicon to be reduced by at least 30%.

It can also be seen from Example 1 and Example 2 that using a KrF laser is
more advantageous in terms of fluence.

In spite of that, it is preferable from an industrial point of view to use an XeCl
laser in the invention since XeCl lasers are in more widespread use because of their
better reliability and lifetime.

Naturally, the invention is not limited in any way to the embodiments described
and shown. Any material other than porous and amorphous silica could be used to form
the barrier layer, the only conditions required of this layer are that it should be made of

a material that is compatible both with the substrate material and with the silicon
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the fluence required of the XeCl |aser used was 210
mJ/ cn2. COVPARATI VE EXAMPLE 2 The procedure was the

WG 200e/082327 n Exanpl e 2 except that the barrier PEIES$2083/031011

was 10 a non-porous silica layer, i.e. having a
porosity ratio |lower than 2% and a thickness of 150
nm The fluence needed fromtAe XeCl |aser used in

e bt ai | 3. of . [ 1 ili
B P WPt B ASEIEh b S5y o
M6 fiermA Bedndu&diityiRat SEREs the® Mat Hemalsgfxanpl es and

conparative exanples that by using a barrier layer of
t he i ninghe asee wayhavhen gher batierd ayee isTaedtedl drorplodis and poxgus silica,

rains, o ol verystal line silicon of given.sjze is
TS pedrPoni RabtmostSsBieniSioyS nedon fue fithg & other tan
AfepBQHoRBY YSI- Sl ke colilll ALY Rkd withohfBerBb{ESi
exaprrpl es %hat _ avé3 beecr? per f or med usnlmﬁgng?hefgélg%]égyogfhhe
2gnbihefthe invedtiom Pat isi thelisventine corers dlhicelsicalteljeivalents of the
presence of .the barrier |layer of the.invention _causes ..
AP SHibgd ﬁ%‘iﬁ“&&fl}b&ﬂﬁpﬂéﬁae&%ww@n&% {Pey sppe MA@ spirit of
shé iSRRG, THSubbtide FRAYRS thAS fiInPHRISRRRUSowivel:, 58 L& Rlass.
reduced by at least 30% It can also be seerd from
Baaepieple, tadulBtatepiosldbet dygbstissir agnetaln#etiz séae onby condition

re advant ageous .in terns of flyence. 25 In_spite of

£ Bt g @3%#%@&3? BT LA R drernrageshof manypcturing the
Wdasip use an XeC laser in the invention since XeCl
| asers are in nore w despread use because of their
better reliability and lifetinme. Naturally, the
i nventj.on is not limted in an y .to the enbaqdi nents
descr i BEPTHA ng%\%.haﬁﬂ‘iﬁnﬁjéﬁ‘é? eﬁ%"g‘tlﬁ&en?rﬁla%ldr}ﬁldéﬁ?rﬁ by way of
aREImBIER! PBRYSs killddGA 1ot JiPeddnethatiRarfips ﬁli’velﬁg)ntig fiot limited
barrier layer, the only conditions required of this
|nggessardy ¢o theapedific ehbedinhehits disetbeed Modifivati®isiaall vaHigions may
i,S coppat.i bl ith the substrate material and

bot h
BRI fengiingrom o2 9apBet ez aIesasb Y the following
|
R oF b uiy el Bl Bl e RS bR Ry kg, pr o be
cbmdﬁmd, wihich rhinalte used I\m"ﬁﬁn ﬂlhacb_ptehﬂ‘:the!);ﬁreidﬁeins'éﬁﬁdﬂ ?H@nce,
élllﬂﬁsl e %Elgaﬂlgs a&egﬂg@%gg gg% tﬁpgb ?rsé(;p%rof tl?eyirenrfer{ti%n,rrt?lg ?:ha?nges should be

construed as being included herein.
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any met hod of deposition that appears suitable to the
person skilled in the art other than 5 deposition by

w@2@ei4332et et hod coul d al so be used without tPer/Ek3003/031011

goi ng beyond the anbit of the invention. That is, the
i nvention covers all technical equivalents of the
means descri bed and any conbi dations thereof providing
t@gépﬁsne within the spirit of the invention. The
te for the thin filmtransistor, however, need
ngte duging! ass. For exanpl e, the substrate could be a
plastic or a netal material, the only condition 10
bbi ng Alsdicon thig fitmwiansistoneanpiseng: enper at ures used in
t he proc%ﬁ %f manufacturing the transistor. The
present® T9WEHE on has been described both in genera
and i n gefa
The art T R B s D KR R RS S K utlfate and
I | m t eth thi filer eSshednl thatthas bbe eped th ibe pelybndiatiart deposited
hosed %bdjf cations and variations may be made
IFﬁ UPR SUBRPTIREYFY om t he scope of the invention as
defined by the following clains or their equivalents,
i ncl udi ng equi val ent conponents presently known, or to
b% delbé siiech thithfilnh trmsztbleacustdﬂlgvvb tchiim 1t hesirothe bafrier layer
present invention. . Hen nl ess ch es ot herw se
J@ﬁ RPOTGSHY ﬁqt{OHg%%ecr&Bge fpmy *}%?Qmi ZEV B FoK! 8&’%{5 changes
shoul d be 20 construed as being included herein. W
2004/ 042827 PCT/ US2003/031011 11 CLAIMS W daim 1.
A.si | i Bersilidonrthififllm ttanaistor at@rdiog bpelais Agwvhereinahe barrier layer

ubstr.at e; - a barrie a of porous silica (Si Q2)
8§$1§]é‘1?s%|’rnrt3?:fwegﬁn§g9% ‘gg@%’t rate; and - a thin
filmof silicon that has been caused to be
pol ycrystalline, deposited directly on said barrier
layer T2 siH’dma t]s;ihlﬁlmdramsilstom atdolrding tcaclsins  ,ovheaciaalicharger layer
to cla n_the barrjer Iayer 10 has a

aﬁﬁagline’yl%%\m € Favee ﬁr@%hwtelffoﬂaﬁq QB 19amy about

90% 3. The silicon thin filmtransistor according to
claim2, wherein the barrier |ayer has a thickness in
the r diigesiliconthi8 @inttean&ifdr according to claim 4, wherein the barrier layer

has a thickness in the range from about 400 nm to about 600 nm.

6. The silicon thin film transistor according to claim 1, wherein the thin film has a

thickness in the range from about 20 nm to about 80 nm.

7. The silicon thin film transistor according to claim 6, wherein the thin film has a

thickness in the range from about 50 nm to about 80 nm.

8. The silicon thin film transistor according to claim 1, wherein the size of the

grains of polycrystalline silicon in the thin film is greater than or equal to 1 pm.

9. The silicon thin film transistor according to claim 1, wherein the substrate is

made of glass.



10

15

20

25

30

15 4. The silicon thin filmtransistor according to
claiml1l, wherein the barrier layer has a thickness in

wao b@4oasge from about 150 nmto about 1000 nm PE&I/UIINe3/031011

silicon thin filmtransistor according to claim4,
wherein the barrier layer has a thickness in the
range from about 400 nmto abdé2t 600 nm 20 6. The

sjlicon thin filmtransistqr according to claim1, .
wHr oi A TR0 off AR R %ﬁcqnﬁﬁ@k*ﬂ%s@answqrh e ipgtfpd comprising
f .rimto about 80 nm 7. The silicon thin
f@?%lg)?‘gﬁ%f'%ﬁsér according to claim®6, wherein the thin
fil m hpslepositdiy 4 porouelca barietieyer dirgetlyf oroasudotate; 50
urn to apout 80 nm 8, The.siljcon thin_ film .
t r ansi DrasPosEAHH Py Phovsligom thin fiipmediescly pp ghedhagrerdpyer; and
t he . e o . Chin _
i m 1D psaafly BT ACREBLELGRLB] fiof O B1458 dblan  thin film
sofl potyepystdiline difidom t r ansi stor according to claiml,
wherein the substrate is nade of glass. WO
2004/ 042827 PCT/US2003/031011 12 10. A nethod of

nuf . Ny hi e £ i . . ; .
T oaPutb R AR T A LA B omprscs
abed® EiBepSh)l and Ateha),rd 2ép ddehydrdpdradhg she@imaplsail Silicah ehin film.
b) depositing an anorphous silicon thin filmdirectly
on the barrier layer; and 5 c) irradiating the
aypr p S . . . A- L al
crnCr Pimab S8ekil b 1 SRR 830D, eI E ot
aEorousilig it depsédbil & solvileeethivdsai d nmet hod furt her
conprises, between step b) and step c), a step of
dehydr ogenati ng the anorphous silicon thin film 10
1 T ing.to0,claim. j N .1
3 ¢ nEE s APESRE DAL E Bt Bl b dp R Riticon
bmirﬂﬁmois-@pd)simwgthsml?assﬁtb@CMibawap@mFdéiﬁm.t o claim
10, wherein in step b), the anorphous silicon 15 thin
filmis deposited by plasma-assi sted chem cal vapor
dgpositl o h t i l.aj @ .

Erei HetReapdpeb P RIRE FESHLTh i fufedidSh s performed
using an excimer layer.

15.  The method according to claim 14, wherein in step c) irradiation is operating at

248 nm or at 308 nm.

16.  The method according to claim 15, wherein step c) is performed with an

excimer laser operating at 308 nm.

17.  The method according to claim 10, wherein the thickness of the barrier layer lies

in the range from about 150 nm to about 1000 nm.

18.  The method according to claim 17, wherein the thickness of the barrier layer is

in the range from about 400 nm to about 600 nm.
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20

usi ng an excinmer layer. 20 15. The nethod according to
claim 14, wherein in step c) irradiation is operating

W@eo0424821m or at 308 nm 16. The met hod accorBCnyS1003/031011

claim15, wherein step c) is perfornmed with an
exci mer |aser operating at 308 nm 25 17. The nethod
according to claim10, whereid3the thickness of the

barri | ayer lies_. in the range frqom about 150 run to
abbut  HesBhAd aa0sTding o slai bl Weesih H1erRgTeRY e 94 thy barrier layer
whangkn | 0 rier layer is 30 in
thelrange r%ﬂ¢g%§ﬁ?ﬁ%§%nﬁﬁﬁ%%%gabout 600 nm WO

2004/ 042827 PCT/US2003/031011 13 19. The net hod

accordjng t | ai m.10, wherein the porosity ratio of

t#& balhs r@?tgpiﬁ%wrdmg ksclaim Phevhersi remospaitgsain obodusier layer
30 MHhe ke i 2H AR 3091 3080 @Gpey.di ng to claim 19, .

wherein tthe porosity ratio of the barrier layer 5 is

in the range from about 30%to about 60% 21. The

gfthod according to clains 10, wherein the thickness
L. ot themethod acropting to daignsg S yhergu the fhigkmness of hogthe

thi . . . _ £ ¢
OnAph gy 5B Bl AR B B BB P B o 3o o
wbene8nhhe t hi ckness of both the anmorphous and
polycrystalline silicon thin filmis in the range from
50 nmto 80 nm 23. The method according to clai m 10,

rei,t | S f .
el apesafad Aok Eheid FafiPAE wherdh B Shicilits Byt g amorphous
| mdgiolyenstabiideystligumtthin filfaeis its iheirgue fidmh 80 hir 16180 nm.
transi stor according to either claiml1l or 10. 25. A
met hod of manufacturing a display screen,

ra ri ' (e : { hod, of
Rt alfEsba bbotdfh o i) MR 18 sy it lass
transi stor according to claim10.

24. A display screen, characterized in that it includes at least one polycrystalline

silicon thin film transistor according to either claim 1 or 10.

25. A method of manufacturing a display screen, characterized in that it includes the
method of manufacturing a polycrystalline silicon thin film transistor according to

claim 10.



