10

15

20

25

30

211111171 12121 1121211Th 212212Y lididi liii iii! *159159*
METHODS OF LASER ANNEALI NG A SEM CONDUCTOR L mmwwm”
SEM CONDUCTOR DEVI CES PRODUCED THEREBY FI ELD
I NVENTION 5 The present invention relates to netdhg
of |aser annealing a sem conductor |ayer and
sem conduct or devices'produced t hereby. BACKGROUND TO
THAETHEDS R bst ERYING ATSINITEONOCT ¢hit AYER AND
devi ces connD I nc es one or nore steps of
anneal i ngSMéiﬁiPﬂbﬁﬁfﬂ'@R)ﬂ)E‘éE@ES PWUQEWTHEREBM
exclusively, laser annealing is carried out to
crystallize a non-single crystal sem conductor | ayer,
FIED TF THE BAVENTA@N sen conduct or | ayer of the
sem conduct or device before it is further 15
processed. For exanple in the production of fl at

|ce h as uj d st al

?@e&%lg?e%léi veg &%Fﬁ %teff ?g 0ds pf haﬁ ?ﬂn(?alén bﬁgﬁcon&%to#layer and

stnfipdrRlyiStor dévicaaPRsdutedithesdblyl con (a-Si) layer may be
| aser annealed to forma polycrystalline silicon

(p Si) layer, fromwhich thin filmtransistors (TFTs)

%“%éﬁ?%‘?ﬁ%am%"%eﬁ YENTIONT (e size of the | ayer

to be anneal ed and the di nensi ons of the irradiating

B et oa 5 ST SeviChe F OO oS quRe " R Sieps o laser

&n@&lﬂ?ﬁegtéeﬁpﬂndh&%@q a@?n?%lbaﬁg e %%x’cﬁlsﬁlggfv‘nasfepranﬁ&lmg is

array pr oduct i ons . display panel’s)

¢amaed @rumtlol Icustailazteed norasiegleanrystl i wguc(mduemr |leyier25such as an

out n a 2x2 arr 00 of roduct ons 102 .
PR aGiARSAR B 3686 CelRotdp? Toriig “befos, it is further

;ﬁﬁ@éﬁelp‘i:obl%ﬁﬁnﬁl@ ARG ProdudBombF At PAHEI mesbldsvadeelc@s such as liquid

usef ul vvorha&area having a length x and w dth

cryilc displays t e linix pdirATE& G ght emitting dla‘éﬁer(oé@&?% displays, an
étlﬁ h&rcsuglfléo O@rﬁt %ia&of fla q)'ealﬁs%rtaﬁ&ea? forﬁrﬁ%ﬁé}?&y&gllme silicon

array 1 ases ererore,
(p-Si) layer, from which thin film transistors (TFTs) that control the pixels of the LCD

I

or OLED display may be formed.

Depending on the size of the layer to be annealed and the dimensions of the irradiating
laser beam, laser annealing may be carried out in two or more sweeps or scans.
Referring to Figure 1A-1C, a conventional laser annealing process is shown for an array
of product regions (e.g. display panels). In the form illustrated, laser annealing is carried
out on a 2x2 array 100 of product regions 102 comprising an a-Si semiconductor layer.
The laser beam 104 used to anneal the array 100 may have a useful working area having
a length x and width y. Typically, the maximum length x of the laser beam 104 is
insufficient to irradiate the entire surface of the array 100. In most cases, therefore, the
laser beam 104 is first scanned across a first area 106 (shown in shade) of the array 100
in the direction shown by arrow 108 in Figure 1B. The laser beam 104 is then scanned
across a second area 110 (shown in shade) of the array 100 in the direction shown by

arrow 112 in Figure 1C.
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| aser beam 104 is first scanned across a first area

106 (shown in shade) of the array 100 30 in the

di rection shown by arrow 108 in Figure 1 B. The | aser

beam 104 is then scanned across a second area 110

(shown in shade) of the array 100 in the direction

shown by arrow 112 in Figure 1 C |
111121111121211211212122112121 1121211112111 *QA00002* To
ensure the entirety of the array 100 is anneal ed, the

Be anirathetitdte of &saearralwelm 14 @dnealead, tHeescamung df thedaset bdam 104

I th t 'rs rea 106,, creatj.ng an )
g Feiond BREY 5 Dyériped bt R ik 2t ERRARE o Pugriap region
AN gl ROthet il R«PHuAP tcs @460 BnrlehfingleMe &letlp 5e%25$“ 14t generally
undesirabl e characteristics, such as unaccepta

axhibiitst ymslesirable ehaweeietistis, uch phy@a@aptabhavmﬂtlem dn jedestrical or
I;E‘B’Fl%a aCttQ'?S?l%S d%géurréa k?t#e%e %Iﬂﬁés %r glmsa:relhc ens (r‘s 80 n[oF1 gffect the

roduc STHRhUTREtUT ed

memdtﬁpnar@gao@nedlﬂomsmom@,ntthenéwdrmp eergicanged @umivéﬁnonally
of the product regions 102, as shown in Figure 1 C 10

e pfthe|nRAuQTTegioTFH 82 Asishewn ambizye i e of the
present invention are defined in the independent
clainms. Some optional features of the nmethod and

SEMMARY OREHEENVENTION dependent clains. 15 A
net hod i ncorporating the features of the independent
claims may allow |l aser annealing to be carried out

BhChethbatand BvieY 8F kl%pprﬁﬁﬂt AR eRR5Sarb e fifedinbink 1ndetpendent claims.

undesirable electrical and physical characteristics.
Jamsoptivnalfeaturesrd vesmethed hindiievaed aye definddanitigdependent claims.
arrange the overlap regi on outside of one or nore

product regions. In one disclosed enbodinent, the

Aeiltdd ainkomydrdting et feairds of the saaepéﬁmiﬂ%mmsl AMOr alléw laser
be | aser 20 anneal ed using fewer |aser scans than.is

FHRYEG: toobrararyied oyt w@dtha& thg<oviedaR ssgign dags potpgxhibit undesirable
E&flﬁa\é aiid &‘:}m?.&ié%] cﬂﬁé@%h%ic%dTms L uﬁ#ﬂerel%ﬂ{?@saﬂhle 'Tﬂmga"u%ﬁ%ﬁavmg to

urt al so ows the gaps
apfangelct]ne peglapnegion dn&smedﬁ«)ad osinnare pirbduct meglbmmgsrone disclosed
%ﬁbe to serve as overl ions,. This,

i, T e s, aieBnpb angrstieerductor Ber to be laser
AMEA18E B4iAR FRNdr Mser ans than is conventionally required, thus reducing the time,

energy and cost associated with the annealing process. Furthermore, the method also
allows the gaps between product regions to be reduced since they no longer have to

serve as overlap regions. This, in turn, allows a reduction of wasted semiconductor

surface/material.
BRIEF DESCRIPTION OF THE FIGURES

Example embodiments of the method and device will now be described with reference

to the accompanying figures in which:

Figures 1A, 1B and 1C are diagrams of an example semiconductor layer having

an array of product regions undergoing conventional laser annealing,
2
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BRI EF DESCRI PTI ON OF THE FI GURES Exanpl e enbodi nents
of the nethod and device will now be described with
reference to the acconpanying figures in which: 30
Figures 1 A, 1 Band 1 C are diagrans of an exanple
sem conductor |ayer having an array of product
regi ons under goi ng conventional |aser annealing, 2
Figure 2 is a flowchart illustrating the process flow
of an exanple inplenmentation of the nmethod, 5 Figures
3A, 3Hgared 23Gs ax eflow oslars alltstomingi thgr pnecess flow of an example
lm@conducto lﬁéﬁ@ bei ng anneal ed i n accordance with
h% fAtation of the nmet hod, Figures 4A
4B and 4C are cross-section diagranms of a

sem conductor | ayer being annealed in accordance with
anot hisigurss aifpl B3 mﬁl@mm arosppectipn tdizgrams 96 seniconductor layer

St d sy i2adofRPe Ath She BRufiig oRincRERSKSE nEHHARS

a dlagran1of an array of product regions undergO|ng
| aser anneallﬂﬂ% 15 in accordance wi.th one
i mpl efignteatdotbrand C aee progs-sectign rdiagsans of 2 spraigprductor layer

Sk AT SROLIR-Ehh oSl AAT B of g g

of the results of.the conventlonal Iaser anneallng

shown_in Figure 6A, Figure 6C is a diag ran1gf t.he

over | Eigpeny oY 2 dipgram ofAn aran ¢ f piodpefgegioas pndesgeiag cpppntional
L&ragrofidgnce with one inplenentation of the method,

25 Figure 6D is a graph of the results of the

anneallng of the inplenentation shown in Flgure 6C,

and F%
cross- ﬁ%l

in accordance with one 1mplementat10n of the method,

%ﬁ a qlagr%rléla ! am 39 8Wpr%gu<?tnreg61)(§nsn1?ndeergomg laser annealing
Figure 6A is a diagram of the overlapping of two laser scans during
conventional laser annealing,

Figure 6B is a graph of the results of the conventional laser annealing shown in

Figure 6A,

Figure 6C is a diagram of the overlapping of two laser scans during laser

annealing in accordance with one implementation of the method,

Figure 6D is a graph of the results of the annealing of the implementation shown

in Figure 6C, and

Figure 7 is a diagram showing an example cross-section of the device.
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30 3 DETAI LED DESCRI PTI ON OF EXAVPLE EMBCODI MENTS An
exanpl e net hod of | aser annealing a sem conduct or

| ayer having a product region is shown in broad
overview in Figure 2. The term  product region' as
used in this 5 specification denotes a region of a
sem conduct or | ayer on or in which a sem conductor
PETAIEED DE@@QWD‘N OF EXAMPLEEMBODIMENTS: have
been or will be formed. Non- limting exanples of
sen1conductor devi ces include transistors, diodes, and

ST P R a0 i
s'-flo?ﬁznlﬁ}z@r@ﬁ%%/rﬁﬁwl i Fpured. orhet RemS POERRDIEEHHT as used in this

| ayer. Laser irradiation in a |ow oxygen environnment
specifigatipncdaneies @ region af a semisopductordayer on orgn wirighna ggmiconductor

é&?cene tcl: %g)%rﬁe?tg ?da sé Y& duch? qieeltge %ta%) bgg'ld' ; Wéll 26 pfglr'r{led. Non-

Secon e n| rogen d

lorhiting@xamples oflsentieondue o kiames/mtlhdatra@siitoxej dibdes, ddd sthsors.
area in at | east one product region. A "|ow oxygen
envi ronnent' for the purposes of this specification is

Af'step %hh %@g?}ﬁ:? N e t O%E %F 8?%69 glg{?i;ﬁﬁ of ni%%&{s E‘oﬂc@ntratlon of at

l'ess than e envrronnent
least 30" fatoms/cd isefohmml ox Yigpesenecorniductonmiayer. Haserirmdiation in a low

3% oxy.gen. nother form t | ow _oxygen )
Sivies nidmion e BALEErY Pl 4L stepiDRItOrh fifsHiaa o6 hq Ritsggen doped
Q1 iy atQ&’b% 20l HRBE AN 2k O the 'ﬁﬁrdﬁ%ﬁ B@Eecplfayé:ﬂ JHER a2part of the
W | now be described with reference to 20 Flgures

BroBiares averiaps vatheapary of thesfirstares iimat lodst ane prashipt wgion. A ‘low
sen conduct or 00  havi uct

SO Sty B e PPasch B 1P sesBi 30T s EENIRpERyin which

the Molun®pf 6€ygeh s Id3athan ThWwaheé totalodolimne difiglic éragtoaﬁﬁ:nt In one

302 may be provided instead of a single product
fouy; %hﬁ SYOXygeib crYirgment Bassgraupd -3 Oxyasn. by anqthes forn, the low

0 dth
gie)%]x?r? emgfdnhféﬂ{‘ asHdBt 0161‘11 Oyégéé?'ﬂbé{ﬁ% 3RS logyger yan €

conduct or ayer sin stal 25
sem conductor |ayer, for exanple, an anorphous silicon

a- a.mcrocr [ 1] LS an, - Si.
O indreriiifion Gt Sidfed ShPigpie Ll ppb &8 hebiathed Vigterence to
Bigliies OAASIC! BY FigakesA, BeRsiByctida Jf‘Hn%@lb $dificonductor layer 300
substrate 304 by sputtering, chem cal_ vapour

krepnesd proguct regob, 3028 sheim gitanhed ite psubsjiates3 Qs Skillodgesens will
%)&)g%:cgzﬁés @{Sa?‘?i é)g{lr\%hﬁ/&b%rebl%%% 1%/ ﬁi Hag?e pper%){élgig% ins ead of a single
produdt dedion 302 .€Thd sidbktratB S04 Inhaisbe, dbeekample, a glass, 51llcon, quartz or
sapphire substrate, and the semiconductor layer 300 may be a non-single crystal
semiconductor layer, for example, an amorphous silicon (a-Si) layer, a microcrystalline
silicon (i -Si) layer, and polycrystalline silicon (p-Si) layer. The semiconductor layer
300 may be formed on the substrate 304 by sputtering, chemical vapour deposition
(CVD, including specific types of CVD such as low pressure CVD, plasma CVD etc) or
like processes, as will be known to skilled persons. It should be noted that the illustrated
arrangement of layers in the figure is not essential and that the cross-section view

shown does not represent the entirety of the semiconductor layer and its arrangement
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30 arrangenent of layers in the figure is not
essential and that the cross-section view shown does
not represent the entirety of the sem conductor |ayer
and its arrangenent 4 over a substrate. For exanpl e,
in certain regions, there may be additional |ayers
provi ded above or beneath the sem conductor |ayer 300.
[ a 0 [ y
PRAL L GUbYkRe OTERLRe Ol S (SERRL PO nlef) ¢ Suditonal layers
podetided @bave @r-tSnedth yigr ®micanducoelayer 3k Nosilimitiog esangles of such

j. O d/or. sil.icon nitride i | ayers. 5 R .erri
Seiliionsl B inSlogé SEE af okt e Bt 0B 6F iR e GG Tayers
508 ¥RS ndte Kilon SLIAE ¢SI0N URA/BF siliddiEhitrRRASIN) RG&Qr dance
with step 200 of Figure 2. The nitrogen doped | ayer

306 has a nltrogen concentration of at |east 3x 1020

t /cc. Th t_.h t hi
BB fovcBERRRY 267 SunfREem MBHBELYY Reb e dioPe foamsg on the
senslesiductdl eaykd 39@in atdobdidict With¢éRLO®bf Bigufes2. BheChitrdBen doped
unacg\()}gtabl e ablation (i.e. lLoss of material fromthe

loyerr 3ehasor nitrnges spnessiatien of al tper3vifenateme/crabig applicant has
g Qi'us g e %lgﬁxsabie CO%%EI#ti‘a?%nC{HLt #eﬁu(?es til@ Wcmeglgg of undesirable
ow oxygen

envi ronment’. or -an
edriationnineshardstdristicsy m@mlmamﬁtab&tﬂmmn (.&ilsss of material from the
sp&glflctlon In one exa Iee odlrre the nitroge

ehefrthe sepicprdysianiaysh %ftaé’ll?‘ﬁ? l:”(g RIAEFSY 15¢c2 outin a
RWPBRYdefi -enb RodRtehe ?e’é@&phﬁ aliﬁezﬁm%qmanﬁw oxyeR env1ronnaent will

nitrogen concentration 1s between 5x 1020 at’ons/cc an
B emlzmedalatmsh ctd:us El'peelﬁwtwrogbxnonh)pednplayenbaﬁmemayhe nitrogen

have a 1 hi c € e of 26 0

CHEEREGE BroEneRm o HanAloTae S bBIL. GO To,Amfpies cxample
EQb&Rimehe ﬂhbtﬁﬂﬁ%}fh dOREALANE s BRwWEAD shagaatohiseknass 5x107
of around | Onm e range of Inmto 30nm has been

#eMsEChy the applicant to allow large and uniform

grain size to be obtained post-annealing, which

i nproves the electron nobility of the anneal ed

Fhernitoigelu dopad lhpsted06 mdby hae%&ﬁni@eg inald edngeof ilsm to 30nm or in
reduced o avo ed al t oge

. Th f
Bi5rgs of AN dAr © ?{ayn? ﬁgﬁaﬁg b EGORPY fped layer
B(ﬁ@héshd ﬁllfd?@léé dffar&fh% lrUnhf qGE RarfRRFA nhAdeI0ndP Rad Beeh efound by the

more 25 easily controlled during mass production of
apnlicensrid Lt boor lad@/ambgmf@mugram bigoitade abtgnesl pest-annealing, which

?ﬁ}gl%g%io@lg e:]’gcirg égr%g?lWy of thed %ndeafeg s%?n%o%dﬁét%re ’layvége\gvﬁile ensuring
ablation is reduced or avoided altogether. The specific range of 5Snm to 15nm has been
found by the applicant to allow the thickness of the nitrogen doped layer 306 to be more
easily controlled during mass production of semiconductor devices, thus allowing
improved operating margins. With regard to grain size, where the above ranges of
thickness of the nitrogen doped layer 306 are implemented, the applicant has found it
possible to obtain a desirably large and uniform grain size (i.e. not less than 0.2 mj
post-annealing. In one example form, the grain size post-annealing is not less than 0.3 u

m.
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t hi ckness of the nitrogen doped | ayer 306 are.

i npl emrented, the applicant has found it possible to
obtain a desirably large and uniformgrain size (i.e
not less than 0.2 n) post-annealing. In one exanple
form the grain size post-annealing is not |ess than
0.3 u 30m 5 1In the exenplary inplenentation

In ﬂhy %&érﬂfﬂ% fngplgma%@o&%usﬁzﬁ@d it F@QH:GIB qﬁ@ﬁﬁrdgay espe’a%yer 306

I's formed epositing a further-a-Si layer on
- fﬁnnedebry depmsuutgoa furthee -3 d@yer amcthe dle?m sm:gncdx@uttor ldyer 300, and

Sinire bt g omirogth, fr pifs VR e sf@iconduetonfaver 300
Riat ﬁx@ﬂ@ﬂl RBeshd taY altro3eR dbgpdfﬂafjﬁg@ﬁ% as&ond aYSiraydtdkat is doped
is doped 5 with nitrogen he second a-Si |ayer may be

wihastraged. Bhe sgrand erSidgyer émﬁé’nl?ec@ﬁpoﬁléﬁ%bw spulepisgi ¢hiegncal vapour

n S
RS AR B R bl . s
CwY &i€) dxoli)l&ﬂpmédﬁeﬂiahd @g@fbettfdpﬁé vitiOMBopérnasing a Ca\ﬂD process, an

ion |nplantat|on process or pl asma- dopi ng_proces
R a@%on@r%&pr auﬂasr@,aeémeg process. Wiges Cyyis yeed, e second a-

glie §11 1;11%9 ftg Fa]rzd" ?g#%%ﬁb@ Andal) of DR SAIP ke k?r%[}roducmg

oduc as arnd a nitrogen-base
g%e (&) gzN?zG])d d mtmgéﬁ/&seﬂl gaberg. NoO)) inast¥bahambth&or instance,

ne gas e introduced at a fir | ow rate, an
ﬁaz@ﬂ %1 o0 Gbaia fla BiecasHaaC 645 TPt B inffpduced at a

§é&b§d fﬂ%WT}até he, Hid FRYENHE %@g&hr@gmb&ﬁra%ﬁﬁ 4rl¥€the thickness of the
thi ckness of the second a-Si- | ayer nay be controlled

@yon;cbmsn tlyer mgy ba @omrolbadtﬁy Qwhtrollnegfom ot bétha theafirst 8w rate and
he d ro rat.e. n t he ni ro en, ..
B eEmA ey iy 58 50 By hhoir St 0D 1V B¢ fted in o
§if6ld Gtepgthiub eedulciig B dnféQﬁ‘aH c@&sdgﬁ‘dcﬂit@ﬂwymtfbnﬁlﬁg e itrbféh doped

ni tro en doped |ayer. i's, howeve not essenti al

dt B, JENEIEs %&S%F@Bél ich Botbedanonit g dqpgybe second a-Si layer
| R
T i T —
G¥ipfiest hefarg bdmrge@bptesi byoroni inyyllarting g asnpd-deping citpogen into the
R LS O ST 8 E oot
B&’&Srftl@llhﬁgqhe SRy u%rlh i foh 'i}ﬁpltaﬁﬁtlgﬂ 8F Pl¥sHS86pihp tpf'dg:@ss.

i'on inplantation or plasnma-doping process. Once
ni trogen doped | ayer 306 is forned, a first area of

{) | t r &jogoﬁqwerééé ?306 | Sa'frrgtadéaagﬁ%e ni r?%e% d()é)ed layer

| ’ronrren I'nN acCo anc
304 h; m&Hﬁ&dZ\QQh af lafer Besid id.a BV 8Syged eﬂﬁfﬂ@fﬂhedthﬁn ddcbflance with

gatc[:pe aZO%n(()jf %Pg?ltre %?rstol gsntOOfanrtlegle t}?e %rst area and that portion of the a-Si
semiconductor layer 300 which is substantially beneath the first area. The laser
irradiation on the first area is represented in Figure 3B as solid arrows 308. A second
area of the nitrogen doped layer 306 is then irradiated with a laser beam in a low oxygen
environment, in accordance with step 204 of Figure 2, so as to anneal the second area
and that portion of the a-Si semiconductor layer 300 which is substantially beneath the
second area. The laser irradiation on the second area is represented in Figure 3B as

dashed arrows 310. In one form, each of the annealing steps is carried out in an

environment having about 0.3% oxygen. In another form, each of the annealing steps is
6
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25 sem conductor |ayer 300 which is substantially

beneath the first area. The laser irradiation on the

first area is represented in Figure 3B as solid arrows

308. A second area of the nitrogen doped |ayer 306 is

then irradiated with a | aser beamin a | ow oxygen
environnent, in accordance with step 204 of Figure 2,
%Qré&goﬁst?n gﬂg%ﬁ@tonrﬁﬁd ub%c tt g?ﬁggsue?g[aﬁﬂall)aﬁﬁ (%)H@En ByEL:P PorREntration of
Hippst antesg)l Aylovenergeh anvegoBOergas dnsir@iaedun@blsdzraamlealmg as the

irradi ation on the cond area i.s rep res
GG tiston ot i B sALNS coviTaneGhes REFGHY BRpRrighal to the
%rﬂﬁi FOReabA (1. StRESt IS tHedfobrh OF sAtfhced ﬂ?ougﬁbnu?g)\ihitqg Ent on the
aving about 0.3% oxygen. |In another form each of th
wheidupigr sla)@pqusgamteah@g r Tleig lg@ds fon aadﬁt@mram@nmmmﬂecmcal and
;I();l}y\éfcn cllsauﬁ%k%: etrrlaspél 6151 Of(%)c\%é%)%a?% e ﬁ epg%t?rggrﬁsp t )g)agtelnoylelds lower
gemi pxatihﬁoﬁi Uwhidl ih aGer yialde eRbirdtfe &6 intiRoved) Ri@fidadiah® Hhysical
of oxygen in the annealing environnent is directly
Prgstistion diloveverndasey aanealisgoiny gsiom iysen eavienment typically
o) f h i
sl AORRA RS RIERATLIR (2 ROSF kB rom i
duofaae bt thei senaitomiucton lab'at)t Biyc asingndl nippbpedi daped layer having a
characLeriitlcs Lther words, a | ower concentLation

n

WRCHRIRGER of Plrg 3Fb%flt°r@%/%ﬁw%i% SHPISNYIFLOTUAY<E fo pannealed, the
Jﬁﬁ‘)[l@arﬁ ihgd ftind @S TRB! Shnking éﬁﬁrﬁe%ﬁg}ed%u?ﬁ{ 4 l&@bxﬁ%ﬁ enyironment

physi cal characteristics.” However, |laser annealing in
whiloensuring defeetsvicmaimnasran acgeptakie Ileyvel i Thos sald be debmibed in further
‘?g Efgﬁ?nrhﬁ‘ﬂ()f Q her defects, such as ablation (i.e

BUs'e SPFE°?Bn t he 10 surface of the
sem conductor |ayer). By using a nitrogen doped |ayer
having a concentration of at |east 3 x 1020 atons/cc

Referring baskite dilgue 36 alndyaérhlglélgbéﬂda?ﬁﬁ'é%ﬂ the, laggreannealing (by laser
1?1’39#&18@“& tﬁé“?irgt%ﬂp deldpat arjeﬁs(ﬁ’r th@ﬂﬁl%%eﬁ rclgpe&ﬁl:&y%e}% is carried out

carri OW OXygen environ
seiab whiat mgpaj“ebﬁdtesﬁnse awarandta part af depdeatmdeatee\ovkrlaplivi the product
WENR escri nfur her . detail in thi
@5@8.355 eg &@V@ﬁrtfiﬁgvea&emaag lgdﬁlé TRgRNCL Wall b apparent

1ie8hh 'tHths%gclﬁ@Jtio'ne Onct NRe 1R8€ ﬁmﬁﬁﬁﬁg’ilsieﬁg hb by blaéhs @zirrled out, the
irradiation) of the first and second areas of

iesulting) enatcg@p@dt lSa§8e$h03®@n| KigewriQ, esdhm tthe gb¢ fin theasenaconductor
jL 8t 120 d the seco

B0 ol A% O g Blel 1 SPEa e R orhd e RERMIGRL fifcon 50
lagerizng. Ghen evaise i tiy Higbgmtiopsed ldyels thela&r3 1¥vill iRdude a surface
I%Q/?nagrg nntltrogen concentration of at least 3x10%° atoms/cc. Once the layer 312 is
formed, it can be sent for further processing (e.g. masking, etching etc). It will be
apparent to skilled persons that the p-Si layer 312 formed in accordance with this
implementation has a thickness equal to the thickness of the semiconductor layer 300
and the nitrogen doped layer 306 combined. As a non-limiting example, if a 50nm-thick
p-Si layer is desired, the method may be carried out by forming and annealing a 10nm-

thick a-Si nitrogen doped layer 306 on a 40nm-thick a-Si semiconductor layer 300.
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20 later in this specification. Once the |aser
anneal i ng steps have been carried out, the resulting
arrangenent is as shown in Figure 3C, where the a-Si
in the sem conductor [|ayer 300 and the nitrogen doped
| ayer 306 together forma polycrystalline silicon
(p-Si) layer 312. Gven the use of the nitrogen doped

AAYSBED infpMind M otie memodlo&rq: S i ohAeResdtet RelttPreference
nitrogen concentration of at least 3x 1020 atoms/cc.

ondgureh dA-4y.ehs 9ith Figues3 A, drigurd 4A shovgsad ciges- smmn fscgment of an

further BLOC i n tch n )

AP R R R e Fa wRBR LA beshLC Bt A apd hich is show

dh@yd%éd 3h2 Substied 403, A€ €as demc estod 200 bhFSgure 2 is carried out by ion
i mpl enentation has a thlckness equal to the thickness

iplartimg s plasericdaping nitrggent inggthe wppgr pﬁrélom‘k%dééhe sapisenductor
ﬂg&q n{otoﬁqgfg"r%@tg”i‘ﬁ%e éﬁp& Sﬂb%{;%d ﬁg%%f P%eS% {%dgcwl' iaygr 400 being

e ent&inGu & nhyog‘eﬁrdaspag 1Bl 406 r1aadthergvardd, GA nhis 3191p1ehie@1i@tlon the
a-Si nitrogen dog ed | ayer 306 on a_40nmthick a-Si

RO AeRRd: e 4 owopar? ohribe rﬁéfm“r%ﬁ%ﬁ%hyslt A% byt it can be
BP0l 0 00 ! o BN, PG RE L concsion

141Ah§ havwgen dopad kyseddt. drhesegopmt canferdration »andylepth of the mtrogen

condu r |layer 400, ich has a product re n. .
A2 RETAPE g B SARTOURE oo cotiping S SnFbe tagain the ion
1|rﬂbl£rﬁétﬁ)nf&rﬂﬁsn§atd‘cﬁm?é)ﬁro@éss FASBERI theSni€dpéd %c@x‘rﬁatf?ﬁﬁ is at least

ion_ 5 inplanting asma- dopi ng nitrogén into

3u>pl|@er atpmstcpoﬁten%%fand R84 s rliigera i ategthen k:@lyled cmo(on the nitrogen
ea lr x4 I(){S 31 LN hrs? migoo%rth Ort%dggerrl] d%ged ga er 66 is subjected to laser

SYAUC ber onv

aﬁin%dilﬁ@eﬂ)&;l@@@d sbayﬂrarézoﬁf thlel’hlﬁﬁbglﬁrddwﬁ (Iiéiyer 106 lishslfbjected to laser
npl enment ati on,  the nltrdgen doped | ayer 406 forns

%@P@llr@f‘“@h&%@m@@ Hdasoind segend arges exsrlap in therpregct region 402,
Aathé DRY ﬁﬁ@gld:%r ;?m:és? PesRRIEL hiREd gag)ﬁe[ll%} ﬁghé?g a-Si is used to

virtue of the rogen concentration
fmnnrtb@mmdmphldtdr daper 46QBhe Tdselt muf anmgbng conpSidayat 4o It will be
t he ni

FrerERt STy nébiors SPRRE rrioRSRe T Theb SPORiBE o¥ill have o

thiRheRtRubo Be DHidHER O HeNEnHEMRSRr 14\%er RO, a tdB-limiting
ni trogen concentration is at |least 3x 1020 atons/cc.

SrEpie, 202 Sana-trigk po¥i lpyejus desiredy thepnethod iy thissembretiment may be
I ) first area of

‘%aErzedwnéLEt :"ggg% 58 opéggﬁsz@eﬁr%%ég&m(l él;jrb‘mgct ed to laser 15

anneal i ng 408, and a second area of the nltrogen doped

| ayer 406 i s subjected to | aser _annealing 41

Ipefnsther R eTiaions A U dusiapda PE £2U5Y o | 4P .290 tfhgher comprises
ﬂ%ﬂﬁ’fgfat mfrggén cﬂ)pég :t)ayer that includes oxygen, the oxygen concentration being in

the range of 3x10%' atoms/cc to 7x10%* atoms/cc. More particularly, but not exclusively,
the oxygen concentration is in the range of 5x10?' atoms/cc to 5x10%* atoms/cc. The
oxygen concentration may be provided by forming the nitrogen doped layer using
nitrous oxide (N,O) gas in a CVD process, or otherwise in the presence of oxygen (e.g.
oxidation by air). Alternatively, the oxygen concentration may be provided by ion
implanting or plasma-doping oxygen into the nitrogen doped layer. It should be noted

that it is not essential that the oxygen concentration be provided after the layer has been
8
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and the | aser annealing process results in a

crystallised | ayer 412. Where a-Si is used to form

t he sem conductor |ayer 400, the result of annealing

is a p-Si layer 412. It will be apparent to skilled
persons that the p-Si layer 412 in this enbodi nent

wi Il have a 20 thickness equal to the thickness of the

cf(fﬁ)@_ hoginduatdln! WtRle A0QssahS of deGifed, ithd 1'okg&n mgﬁﬁ'aﬁron may be
iIf a 50nmthick p-Si layer is desired e nethod in
prhvided htforh oreat thermameliiame asadapirgthe ﬂﬁyeuwnthgntapﬁt)nm t hi ck

sem conduct or | ayer 400. In another inplenentation of

the nethod of Figure 2, step 200 further conprises 25
A9biilined earlikt, HRIRR SHORE dittdd¥R dopétBlaybiinl tHe PPesentydeRod allows a
t he oxygen concentration being in the range of 3x1021
radentionce cegaimdedects thab i beicallp obsqrded pictheaaverlap segion after the

g SHELEL YRk DB RYIETHEORGEI" BANGF S blhykRRonal taser

axygig ehoé m};ﬁ@dlliycasthnm cReespive grals @rdzmsfcmr(ﬁrb n@rfabe roughness),
ni trogen doped Iag usi ng nitrous oxide (hQQ? gas in
h ng‘“rréeélé§§f“tért eo@lﬁ%tfwls@du nhysisal ghagstasisiicop! bayreipn of the
3 e v h Y,
Aredled oLl Nl M, IRl ik e BBusion s
genamd; dojmcomen diffieult itacovdrthe lanmwrglmndapﬂﬂctloayzqrer with a thin
.sh uld be noted thatw%} i s not sential that the
%ﬁ@g}g laystde g eomcpslusion driee: s dn tarmdnayaiesylt o electrical

Q%ﬁ%et@eerg%e&n\éﬁlﬁ@ sBinidoRd&ior MhEr ﬁn@%cﬁﬁaﬁét}beoﬁyer (e.g. a gate
desired, the oxygen concentrati on nay be provided

eﬁ@tmde) ovia athet Hesulating tayee ashidopisnglisphsed dyeeweeni tthe annealed

s dyed uc U5 aBaeeE: el o, EragkeBel bF I of o
Jegfittiidueror dévicewilBbddederiietis fifiidr defad 1ht¢PiwvaB Iréférence to Figure 7.
observed at the overlap region after the | aser

Givga the abgvp Asebacks, sonvsatienat laserrannealimg dy essirighedrip ghas ghe overlap
‘gé'ﬁﬁ £V 60 LHrNALd loffRle of P&ﬁllc{ Q%%&?S[ t]@é:feltsrﬁuﬁg' ﬁ)aleg\ﬁre 5A, for

I'bits excessive grain p otru5| face
examphn ezieen, a 3whiatfay sddes S ploduetf fegwhs S0Reand| gietrr theatestriction of
i on

and S|cal char act er StICS of. .t hat t he
AL <Cah B of OF AySile S&ecitpoucdFisgons, ey B length of the

18367 Berh \594 G§ AlsticRIdObIY ah@the eakDs@EWAT BhvRMo belscAfe® Maee times

difficult to cover the anneal ed seni conductor |ayer

<wer mhrae atean 5080310 end A2 tcay@rer tthe frfirmazrayeMheoma matregen doped
er1 i3 d-li_lr? Iaécor Ded Wil md B hn1 ue%lcfesc ﬁ)e abg lee% sI Gal; n Figure 5B,
B We 5 ¥ikind

etween annea m COI’] ayer
thé) admtsalmg endyayeetarfi€l Qut id aglatveoxﬁbﬂ @tm@uibﬁ&revﬂﬁs tah@wmg the grain

]Igg?x,'gslaq?rggn el g%//eerlrap re\Mg]llo(I:lhtoI t?e (rjeld?lgeods ?odal? %E:(Ye\?)teaglet Pevel This, in turn,
makes it feasible for the overlap region to fall within one or more product regions and
for the annealing process to be completed by setting the laser beam to a length x, greater
than x; and by scanning the beam in fewer scans (two scans in the example of Figure 5B
- first area 514 and second area 516, as opposed to three scans over areas 508, 510 and
512 in the example of Figure 5A). In this implementation, the method allows annealing
to be carried out in less time (thus reducing the typical bottleneck that is created by the

laser annealing process) and using fewer laser shots. Production times are therefore
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sem conductor |ayer and the conductive layer. This
arrangenent of |ayers of a 15 sem conductor device
will be described in further detail later with
reference to Figure 7. G ven the above drawbacks,
conventional |aser annealing is restricted in that the
overlap region nust be provided outside of product
fe8@lcANSead % ranngnb&vgﬂn&wﬁl ?ﬁ)duch&n e?fiﬁ@fﬁ’éyean@'a"%ﬁ@non in
3x3 array product regions 502 and given th
predugtioptcosts. of having all overlap regions 506 to be
out si de of the product regions 502, the length of the
20 |l aser beam 504 is restricted to x, and the beam 504

)%'ekarhg N6ofttRe RRIUSGHNESEAS @PtHel fORR of Q¥Ah prdthRBMIIR e overlap
508, 510 and 512 to cover the entire array. Were a

regionowdh news geeddescribed with tgfesendentoaligured e €Dnikigrre Heh shows a
(@Eélj&g]ﬁngaggfsﬂee%f’euy %gghegg’?r%eefj ?%’ssf lgg aéqbo tgutlilg eﬁlgrgy density of

Hnaphecadned buer alfiravireg (dohﬁs@igﬂbfl regddr3t I-0%F io@ thed ferhidénductor
overlap region to be reduced to an acceptabl e | evel,

Ryer604; and lapes beary 697 seanned oyerassasprd argn (qansistngpf rggions 2-3) of
t?’lgg.‘:b othth@II |a|y¥\f' R eﬂ{bo eﬁlt qfll?sq’lté?egl iy Eé?{ﬁ%or?d?lgtor layer

e annealrng process to
6(de id asBOnmelsiok taaSa ldyenghdt ks @eaatleposnedham A, ghm sblystrate by
scannln he be min fewer scans (two scans int

ipfrgdyning sifang; &gy Aidgsther with; 3rgen éé@agasla& aaFﬂiTlgrédBr?dSXPeﬁhalnber
gblﬁ@almﬂé tﬁ@gﬁ%%ﬂsﬁaﬂe hﬁfgﬁres@@@ﬁo@y fe eglﬁe,Sfr&%on%Qmamy laser-

In the exanple of Figure 5

armpalmmtm: atmuondudier lapdr6dd, 'arlithdhs xatmeapnes@tm@ theordgeons shown
nless tine (thus. red typi cal
BB IR pRulpeny S SO RE PR e P ferers. The -

O aRAREs af dpper IRGit meaRdr (k@S e0nrh))Ghtiich Rippsbants itAd nfakifsin grain
are therefore 9 reduced, |l eading to an inprovenent in
ppiusien heighkiiet car e pdegiiately cavried byrhe thin dpydating lgser (708 in

S | t t £
fifiileon) O ST Solaukilfy FEMG SPih BT TREGod o ¥ifure 7). As
Wthﬂlednmnhéwet}réqxeseh&:redf ghatrhproefisioenthat excebd gu:“ uam)eﬁ,hﬂﬁ&yplcally

ég%re 6A shows, a di.a ra 1ic Si

tE o PVaBletm 6% e ohdsibRortaje; and physical

Qﬁfﬁlfe‘iﬁgcss qf%&'ﬁeﬁlgﬁ}ée 6B2 1tf isr Skardfhaa tl(ec GOeeragt fe‘@il)nofreglon 2) in a
regions 1-2) of the seni conductor | ayer 604,

¢<>a1§elrtlomebannsajmgsma¢ﬂse Qxlublé-‘r glamsleretmdoraow the umﬂr shumh dReferring

|ons uct or Ia er 604
ot pigehiiel $5ef RRF LoiRlm et g dopgd layer
ﬁIM mSa@oﬁanae twitte Kh@p&sehtaymhdmalh fiRs eR®BAintbAP AHiItREEd, the
on a glass substrate y
semiconductor layer 604 and nifrogen doped layer 608 are sequentially deposited as

follows:

1. A glass substrate is supported on a susceptor in a CVD chamber.

2. The air in the CVD chamber is exhausted, and silane gas (together with Ar gas
as carrier) is introduced in the CVD chamber containing.the glass substrate.

3. A 40nm-thick a-Si layer is deposited on the glass substrate to form the

semiconductor layer.

10
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i ntroduci ng silane gas (together with argon (Ar) gas
as a carrier) in a CVvD chanber containing the glass
substrate. Figure 6B shows the results from
conventional ly | aser- annealing the sem conductor

| ayer 604, with the x-axis representing the regions
shown in Figure 6A and the y-axis representing grain

or Ot IS e i ) i
P TR el i AR Rolyhel ) g g to fom
r epr eb@my-shich elopek iarfiintagerahaving matoges i omk eindhéxytighmtatoms at a

can be adeguat el yered by the thin insulating.layer
(708 sonceronor Sy FOh alonyaant St alhmdk eipeehishen on
the p-Si layer (702 in Figure 7). As outlined

earlier, the presence of grain protrusions that exceed
Ak ean ppsgen| fram Figupp HPatheyresylieeiusing tha nithegeodopedipayer 608 is that

reqion exhibitin desi rabl e el ectrigal and physica
15 el PR st s HEPUSaBrTg el (Baglon 1p a&ficad 1o P the upper
i@, ORRIih@ghdee teOftain! gir0dlor heiight f the WVERAR el has a root mean
anneal i ng process exhibits gralntgrotru3|on over the

wppeer (np)yalue adiSams which in deyvardhar e 2@nm @pperimit. The rms value of
%‘% gggg :Bgd;g&rsﬁ)rnsll&géﬁ fof @l@e‘laﬂn%algﬁ gémb&%ﬁﬁﬁc?% Byd & rao?ﬁ‘&e is therefore

i'n accor e Presen
eed thad thd appeh ¢infittoO AR NFurtiekmisiel dieegtaintdige of the overlap region is

sem conductor | ayer 604 and njtrogen doped |ayer 608

larger dhanuBAw m (8. capybsli 0.38 uam), apg i subsiendially, unafogng sWith such

substrate .i s. supported. on susceptor in.a CVD . . .

REMBRIF eragh Sk R protii i PegseaRirgiop 104 0ng Sibibig undesirable

éleélrisdllaan g;hgﬂéal (Preypetidye thudallbwiNg e Sverddp xt%%fohitlﬁ bk fbfmed in one
' g the g

i ntroduce n the CVD chanber containin ass )
efy aare apreductoregions, wohewtt Advarsely Sitfertggerthe selepdpend andd physical

. te .to f i .
PR PP RUBBAA bt PSATSe 2 SO e o
dapgdtidyer 608 tdsulsd inahe padayeo(ifeoafterdased nreating)dHavihgpedirface with

a-Si | ayer havin itrogen atons and oxygen atons. at
2 BITEOSAR CARTEBRAUAT 9 11191 AeBHAScEd P IReN Borsentaing ofp 1x10”

st6spREti vely. 5 As can be seen from Figure 6D, the
result of using the nitrogen doped |ayer 608 is that
the grain protrusion across the overlap region (region
%ﬁ IS reduced to ngOW/t e

upper . | im.t. For instance, .

S<pRiFiaps vt et T e ssPipongbelon Ve Miiiged using
the rfedentTBREhodSWUBhew(beTHescHiBedI &vif reldrente t0hFighirel B. As described
| ower than the 20nm upper limt. The rns val ue of
earlier, annealing the semiconductor layer results in a crystalline form (i.e. layers 312
and 412 in Figures 3C and 4C respectively) of the semiconductor layer. The product
region(s) of the annealed semiconductor layer are then processed to form semiconductor
devices or components of such devices. Figure 7 shows the array substrate 700 for
LCDs including a staggered type TFT 701 as the semiconductor device. The crystalline
form of the semiconductor layer forms the TFT active layer 702 including a source
region, a drain region, and a channel region sandwiched between source and drain
regions on the glass substrate with an undercoat layer for preventing the influence of

impurities from the glass substrate. The TFT active layer 702 also includes a first

surface and a second surface. When the active layer 702 is disposed on the substrate, the

11
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the grain protrusion height of the anneal ed

sem conductor |ayer as a whole is therefore 10 | ess

than the upper limt of 20nm Furthernore, the grain

size of the overlap region is Jlarger than 0.2 m

(e.g. around 0.35,u n), and is substantially uniform

Wth such acceptable grain size and protrusions, the

s‘%&ﬁ{d ﬁﬁ‘fa‘b@ % 2 a&ﬂt klfénﬁl%'étrﬁé hrRi Fifst YRERRI IFaRE §FT active layer 702

el ectrical and physical properties, thus allow ng the

fowres Ithepsurfage om whichea gate msiilatingolager rarramged, pasodtib be described
ons w thout adversely affecting the electrical and

lﬁﬁaglcal 15 characteristics of the product regions. It

shoul d be noted that the use of the nitrogen doped

| ayer 608 results in the p-Si_|ayer after |aser

HienBlal aetije laxeri 7@@ (ancbmiamcmcahy the fi(trst susgen of the layer 702) may
haggceﬂft{og%h Q:%ng tr%itu))(n ]10821% I%MOQ?% ?c’c ?rbgncﬁﬂ g%ﬁg Flteé'ms the first

concen I on at oms

suiefate oNthd CLEOT a(dﬂ)éll@ﬁer R4y havera hlmgaea@r&emmncm the range of
Ia§ anneal ed usi,ng the present nethod w L] now
Bd¥cr

toaw/osi ton 1 B4 era&fe%(%ommegénaeélﬁﬁallxs%é)scmomsépc to 5x10%
KALYEE rAﬁ ?&93@% &glle%rpﬁlestﬁﬁ%é n&%gtilrg{atlt)ﬁ%fﬁlf 2r€§tﬁ‘t' SfSinltfhl doping

a crysta orm ers
dFithe nes gdCdapt léfierr €BpeTFT \aeihve) lagér 1(2e(ané maze spkeificatly the first
on(s) of the anneal e

er._ The pr reg
O B 9&5 y alsehaRen Oﬁe/s%%leantfa&opegﬁflo atoms/cc. In

M ARV LR, @e fﬁiﬁvs‘uﬁﬁ& Of tHeONPP AR Safth 995 2y ba have an oxygen
devitces. Figure 7 shows the array substrate 70

cmwtnahom unl ithegy r@gstqu@i—:lnﬂedatpms@cwﬂﬂﬁ atems/ee, more spec1ﬁcally

SR SAMYEH ) SUEYESRmT . B RLR, GHOMEEE o 7T st

lhyee1700hAga AitRe Eéhcehttftiodruf abledstdixn 0¥eginicc. and a
channel regi on sandw ched between source and drain

regions on the glass substrate with an undercoat | ayer

'flﬁ{aTP'Tey tals%gmtch@ﬁé %&%@n&ﬁ aﬁaif%lécffgg%' t70fsantir’%@ tvbﬁch are

strate active layer
eleutﬂmabllgs canrfectedt to shy fsageeaad alrasiecoagibnsuof abe. acWaeriayer 702

a e layer . 702 js 0 on the substrate,
reSpeg QXA g, LTS Lol BT SHEBErS BEmIE Bt dectrode
'ﬂ'@ra{n%ctﬁe Pfrsttseradd-df ﬁs@tdcﬁee \3%£702 4R onk T6:7®, thé qﬁuvdlae&mols a
ate insulating lNayer is arranged as w

méelttéﬂ;ﬂfpd%égl dispossd on3ha H& TTHOM tbmughensuéa}mg 7S @amlLCD and
1s ne oﬁg 3 Ill%tﬁ?)ltflﬂ?”[tsl% e'd iRl ghu ro% ?élf);h%i &h proggct region

rogen TohceRt TR oR ' d
rﬂmmix/p(%@x LCD digplsy ggharal pahelr. lIESandtHé?r fbth Sthe TFT controls pixels in
an OLED display device, and is one of a plurality of TFTs formed in each product

region, where each product region makes up an OLED display region or panel.

The foregoing describes exemplary embodiments, which, as will be understood by those
skilled in the art, may be subjected to variations or modifications in design, construction
or operation without departing from the spirit and scope of the claims. For example,
while the method has been described with reference to steps to be carried out in a
certain order, the method may be modified such that the steps are carried out in a

different order, where appropriate. Also, the method may be modified such that
12



surface of the TFT active |ayer 702 may have a
nitrogen concentration in the range of 3x 1020
atons/cc to 1 X 1022 atons/cc, nore specifically 5x
1020 atoms/cc to 5x 1021 atons/cc. As descri bed
earlier, the nitrogen concentration is the result of
initial doping 10 of the nitrogen doped |ayer. The TFT
zﬁﬁi‘iﬁdﬁ%l Lteysearrﬁ el B smres pEReH: &npﬁ@r%d@ Ehat tHeSkature of having
surface of | ayer y a so have an oxygen
thermverlap a¢giom vothirl oie b@Zﬁomtmnduat aegibns doesy aotgemenpalthe overlap
terns, the first su face of the TFT tlve e

RIS R 157t A RORR: resom anch Bahis ¥ shGShy 083t east par
JQRL o RrRIFREE6N FPbe POkl /i AlaOIFBAEE rediBH. A1SH) Mileitkedhikrbgen doped
5x 1021 atons/cc to 5 X 1022 atons/cc. |In one form
layier Has bgen é@fﬁlflbﬁdeasadvamtegeplusrf@rcmdwceng a@m pnoay@onmt)@ not limited

n|t en_congentratio

4 S e P B GERARlos on BT Be e ke By omype abtaon
zﬁid&ﬁhérQH@Sde?&ﬂs Thel aBR, variatieds, reinst@dcReareiif@hded to be covered by
connected to the source and drain regi ons of the
‘béﬁpw%aW%V@Pe?ﬁ@eck@§§ect|ver, and an insul ating
| ayer 708, which is interposed between a gate
el ectrode 20 710 and the first surface of the active
| ayer 702. In one form the TFT 701 controls a pixe
el ectrode 711 di sposed on the TFT 701 t hrough
insulating layers in an LCD, and is one of a
plurality of TFTs fornmed in each product region, where
each product region makes up an LCD display region or
panel. In another form the TFT controls pixels in an
OLED di splay device, and is one of a plurality of TFTs
formed in each product 25 region, where each product
regi on makes up an OLED di splay region or panel. The
foregoi ng descri bes exenpl ary enbodi ments, which, as
wi |l be,understood by those skilled in the art, may
be subjected to variations or nodifications in design,
construction or operation wthout departing fromthe
spirit and scope of the clains. For exanple, 30 while
the net hod has been described with reference to steps
to be carried out in a certain order, the nmethod nmay
be nodified such that the steps are carried out in a
di fferent order, where appropriate. Al so, the method
may be nodified such that 12 additional steps are
carried out. Skilled persons will appreciate that the
feature of having the overlap region within one or
nore product regions does not restrict the overlap
region to be only forned within product regions, and
that it is sufficient for at |east part
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of the overlap region to be formed with a product
region. Also, while the nitrogen doped 5 | ayer has
been descri bed as advantageous for reducing grain
protrusion, it is not Iimted for such use. For
exanpl e, the nitrogen doped |ayer may al so be used to
reduce ablation and other |ike defects. The above
ﬁﬁmg{g’ ons, for instance, are intended to be covered
y the spirit and scope of the clains. 13 CLAIMS 1.

A nmethod of |aser annealing a non-single crystalline

sem conductor lLayer, the non-si.ngle crystalli.ne

et CRTaHEYD ! Y Pineaiied: TSP GOOE G SRonqHster layer, the
et hogbrCARBIE | &y §tallink Odefifthdactdl tiaRGChe al BMRILCcORegion, the
the non-single crystalline semconductor 1ayer, the

ni t r ogethodepagrisingier havi ng a nitrogen concentration

of at least 3 x 1020 atong/cc, Jrradiating a first .
areaof t NOTRIE GheltgBpEatpag ol 0 e S aPaeiety gerystatine

envi r @iestduidot hayer, Hiastirofmadvped et havash @hitfdgeR concentration of
second area of the nitrogen doped layer in a | ow

oxygeﬂleaéh%’f]rocz)onﬁﬁﬁ‘ﬁ/cw th a laser beam a part of the
secerd o SENSHLSPRRGN 50 s By S4B 4 6P

in the product gl on.
wher ed¢nvirbhment witlog éaserdmang ahdayer is forned by dopi ng

ni trogen intq. the non-sjngle crystalline seniconductor
| ayer. 3. *Wﬁ‘glaﬁﬁg ﬁ‘o%fc%‘?‘l eéi%tglg\mfé‘?ggprffqpﬁiqq%ﬁ-‘%ian]QlWeoxygen

cryst dlvitoRfeSEOMtE 8 TRECEQm, ladbflof tBOSECHAE afeh bV &%8Ping with a part

doped | ayer are sequentially deposited by using a

cheni efghe figxD area pwthe pdepwsiegiamn (CVD) process. 4. The
nmet hod of claim 3 wherein the CVD process is carried
out by introducing SiH4 gas at a first flow rate and

N2Q. gBise Mlethdd SHMIeh | WhardiRtiee hifloer d6PAA 1aG&reiRBIimedBy doping
5. The nethod of claim4 further conprising
cont r¥irPEHnt the Rerrsnglegryialpe semiconductor layer.

3. The method of claim 1 wherein the non-single crystalline semiconductor layer
and the nitrogen doped layer are sequentially deposited by using a chemical

vapour deposition (CVD) process.

4. The method of claim 3 wherein the CVD process is carried out by introducing
SiH,4 gas at a first flow rate and N,O gas at a second flow rate into a CVD

chamber.

5. The method of claim 4 further comprising controlling a concentration of
nitrogen in the nitrogen doped layer by controlling one or both of the first flow

rate and the second flow rate.

6. The method of claim 2 wherein the step of doping nitrogen into the non-single
crystalline semiconductor layer is carried out using an ion implantation or-

plasma-doping process.
14



10

15

20

25

30

nitrogen in the nitrogen doped | ayer by controlling

one or both of the first flow rate and the second
flowrate. 30 6. The nmethod of claim2 wherein the

step of doping nitrogen into the non-single

crystalline sem conductor layer is carried out using

an ion inplantation or plasna-doping process. 14 7.

The nmet hod of any one of the preceding clains wherein

the nitrogen doped | ayer has a thickness in the range

of 71 TTie tmethddminnbod: ofthe prestdiogl clafmeWhengintheingrogien doped layer
the njtrogen doped | ayer has a .thickness in the range

of Snﬂlﬂsta&gffg“ﬂ‘?ﬂs "@aﬂ“efﬁ%ge t ABY O Sy one of the

precedi ng clains wherein the nitrogen doped | ayer has

a nitrogen concentration in the range of 3 x 1020 )

at @msThe method of clae?7 aheresnt the. nitragenidpped hayerbiah a dhigkness in the
claim9 wh igﬁn B?e nitrogen concentration is in the
range“%?eoé 0™ ons/ cc to 5x 1021 atoms/cc. 11.

The nethod of any one of the preceding clains wherein

the nitrogen doped layer 15 is also doped with oxygen

and- hike mathed pi any erneldthe peeceding Flaimnhwherginghe sitrogg doped layer
102 1h%&aoﬁé dh Jo%g%ﬁfra?igg?n fit Qﬁye%‘f?xw a%%/é&ghqﬁonfatoms/cc.
claim erein e oxygen comncenfration i's 1n'the

range of 5x 1021 atons/cc to 5x 1022 atons/cc. 20 13.

The net hod of any one of the preceding clains wherejn
t hd Onbhe meﬁmdeofn glaipy Paphergl e rmiEegfducanseniratiparis n the' range of

inC'Uﬁﬁﬁf@mBhﬁ?gk'SXHQfMB&QQHPt regi ons, each

conprising a pl ay region of a display device. 25

14. A sem conductor device conprising a | aser-anneal ed
sem.canductor, l.ayer, t | aser - anneal ed sem cqonduct.or
adr TRETERBA £ Y phssehiFe BivEEfve BRFDnBrreiy it BECT 4gped layer
1020 At A& depedivith SWpbRGAd HAST80dxyd® conéttration in the range of
sem condygtor device gf claim 14 wherein the

sem c%ﬁkﬂjc@temca%?ﬂ@ gloms/cc.

12. The method of claim 11 wherein the oxygen concentration is in the range of

5x10%! atoms/cc to 5x10°* atoms/cc.

13. The method of any one of the preceding claims wherein the non-single
crystalline semiconductor layer includes a plurality of product regions, each

comprising a display region of a display device.
14. A semiconductor device comprising a laser-annealed semiconductor layer, the
laser-annealed semiconductor layer having a nitrogen concentration of at least

3x10?° atoms/cc at a surface thereof.

15. The semiconductor device of claim 14 wherein the semiconductor layer is a

polycrystalline silicon layer.
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30 polycrystalline silicon layer. 15 16. The

sem conduct or device of claim14 or 15 wherein the

nitrogen concentration is in the range of 3 X 1020
atons/cc to 1 X 1022 atons/cc. 17. The sem conduct or

device of claim 16 wherein the nitrogen concentration

isin 5 the range of 5 X 1020 atons/cc to 5x 1021

at QEBTRE sendiBondlfor %@Wcﬁ epeueh 34 of 3‘5 'v@l?eré]fl tl?enﬂitl%ggn @dncentration
clains 14-17 erein_the sem conductor layer hds an

oxygeis it trecrenger aft3xd A*%iatorhsiec toalnd 6~ altorB(cd 021  at oms/ cc

to 7x 1022 atons/cc at the surface thereof. 10 19. The

sem conduct or device of claim 18 wherein the oxygen
congenkd adnhieSnduRtor Mevich @f RN OWh&¥inlfe hitt)RA%bACentAtion is in
5 x 1022 atons/cc, 20. The sem conductor device of any

one othecangerod 51 40™ gtomséeeap 1 e atopSs/eseni conduct or

device is one of a plurality of sem conductor devices
formed in a display region of a display device. 21. A

S e M8 CPRI UgenfiEorfdiavtiof € dEABPT 61 d3g @dndale ElaRRS I A7 aherein the
source electrode, a drain electrode, an insulating .
| ay er SSTHERNAACIOr YN BAFC BB OXY¢B r concerratias uina then ganggy ef 3x10
20 .beét&gls cp §& PRFEQOR‘é‘}cgEF eS8 d3h&ed €CLrode and the

sem conductor layer, an e source and drain

el ectrodes being electrically connected to the

sem.conductor |ayer, the sem conductor layer including . .
a d8r Theeemigondugtos deyice of glaime bhwherermthegtxygen senqeafation is in

3x 10&Qr£{gg‘eg$l/59?02'§én?s?ccté S0P GRAUe! or devi ce

conprisin aser - anneal ed sem conductor |ayer, the
| aser - anneal ed semni conductor |ayer having a nitrogen
co tration of at | east X 1020 at

SoRPaTle eRthrcd, G cof Maskn ode af cclas 1459 Lbgrein the

gr ai NsenRESHdLLIDE Q&ViEEIsBAk ofh pPleaktyldTatm B cti el Red formed in a
A sem conduct or devi ce conpri sing:
display region of a display device.

21. A semiconductor device comprising a gate electrode, a source electrode, a drain
electrode, an insulating layer, and a semiconductor layer, the insulating layer
being interposed between the gate electrode and the semiconductor layer, and
the source and drain electrodes being electrically connected to the
semiconductor layer, the semiconductor layer including a surface having a

nitrogen concentration of at least 3x10? atoms/cc.

22. A semiconductor device comprising a laser-annealed semiconductor layer, the
laser-annealed semiconductor layer having a nitrogen concentration of at least
3x10% atoms/cc at a surface thereof, and a root mean square (rms) value of grain

protrusion height of less than 20nm.
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a | aser-anneal ed sem conductor |ayer having a first
surface and second surface, and being di sposed on a
substrate such that the second surface is adjacent
the substrate; 5 a gate el ectrode di sposed over the

| aser - anneal ed sem conductor |ayer and adjacent the
first surface, with a gate insulating |ayer separating

th%%k@rmc%h&ﬁ%r%@w@%@ ?B@in irst surface; and source
and drain el ectrodes connectéd to the | aser-anneal ed

sem conduca taser-anpealed ;Banmadlsjttpr ayer ]DHV@HI first surface and second

[ asor S Rb i DIRE A OPof AYELS UL Ina! e sesgpd surfce s

1020 @ﬁgﬁﬁﬁﬁgsm%ﬁamThe sem conduct or device of claim
23, wherein the | aser-anneal ed seniconductor | ayer is
t he resul ta ghteelentioide cima@bpverrat}nerlaman@eaﬂqdr seamigordictor layer

W th t | east first beam

o Eoadieesto Bl BEEMARSI%idn &8 hafiidel Ble GREEE e gace
of cleédiodd and thé4irst¥iehed; and he | aser - anneal ed

sem conduct or | ayer has a %ral size not less than 0.2

u m 20 260uke Wi é@HYuekesrodesy | anested| 49 mthss, laser-annealed
“heerﬂl&ﬂﬁu&thgms'ze of the | aser- anneal ed

seni conauct or is not less than 0.3 u m 17
wherein a nitrogen concentration at the first surface of the laser-annealed

semiconductor layer is at least 3x10%° atoms/cc.
24. The semiconductor device of claim 23, wherein the laser-annealed
semiconductor layer is the result of a semiconductor layer being irradiated with

a laser beam using at least a first beam scan and a second beam scan.

25. The semiconductor device of claim 23 or 24, wherein the laser-annealed

semiconductor layer has a grain size not less than 0.2 u m.

26. The semiconductor device of claim 25, wherein the grain size of the laser-

annealed semiconductor layer is not less than 0.3 y m.

17



