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FIELD OF THE INVENTION

This invention relates to a display device and a method of
manufacturing the same and, more particularly, to a light-emitting
type display device with a light;emitting element provided for
every pixel and a method of manufacturing the same.

0002

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is based upon and claims the benefit of
priority  from the prior Japanese Patent Application No.
2003-398085, filed on November 27, 2003, the entire contents of
which are incorporated in this application by reference.
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BACKGROUND OF THE INVENTION

Recently, a light-eﬁitting type ﬂat_ panel display, such as
an organic electroluminescence (EL) display device, has been
widely noticed. Such an organic EL display device, for example,
consists of a large number of pixels, each of which is provided with
a fine organic EL display element.
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1 t+1 The organic EL display device has the foll ow ng advant ages: (1)
Since the EL display elenent is a light-emtting type, a bright and sharp
display with a wide view ng angl e can be achieved. (2) No rear |ight source
is required so that the display device is thin in thickness and light in
wei ght. (3) Since the display device can be driven by a direct current, it
IS not subjected to noises. (4) A response speed of the EL display el enents

is fast in the ordgfe of ¢ SR hgtsSIRot L on, i ctyr.es
reproduced. (5) Si ncee toﬁ‘e%aéﬁ di sp aga/ %@gﬁgn?ewg&% sr,}%) |dEt!i-e~- f@gﬁgf?gg
light-em tyvagtdgybce, it is possible to widen a service tenperature range.

For the advantages as descri bed above, the EL display device has been

aggressi vely develqpegin QbR R Idi8ped ] e ARk i08 BERt MR P! aY

device provided with polycrystalline-silic In-fiFmtransis as been

al ready pyt aghheal gt ' -cr | Lk nes Sl sgm. canduct or
| ayer for Ht rl#gélﬁ ?anﬁpgrghg?gt glrfs |afnggde}yo eﬁ%gl b’i%’?g%akﬁgg%gﬁl ggn film
i nto whi CF ﬁ{bﬂ,ﬂprphous-si licon filmformed on a substrate is

fi2ed a

re-crysta nd to which a prescribed patterning process is then
appl i ed. 0006 (2) No rear light source is required so that the display

device is thin in thickness and light in weight.

(3) Since the display device can be driven by a direct.
current, it is not subjected to noises.

(4) A response spéed of the EL display elements is fast in
the order of 4 sec so that smooth motion pictures can be
reproduced.

(5) Since the EL display element is a solid-—state
light-emitting device, it is possible to widen a service temperature
range.

 For the advantages as described above, the EL display
device has been aggressively developed.

0005

On the other hand, an active matrix display device
provided with poly-crystalline-silicon thin-film transistors has
been already .put into a practiéal use. A poly-crystalline-silicon
semiconductor layer for thin-film transistors is made of a
poly-crystalline-silicon film into which an amorphous-silicon film
formed on a substrate is re-crystallized and to which a prescribed
patterning process is then applied. |

0006



2 There are prior art |aser-annealing nmethods in which pul sed-1aser
beans are irradiated to nelt and re-crystallize an anorphous-silicon film
into a poly-crystalline-silicon film According to Japanese Unexam ned
Patent Publication No. Hei 11-121751, for instance, |aser beam scanning
directions are consistent wwth the wwdth direction of a channel region of
the sem conductor |ayer to prevent discontinuities at the sem conductor
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thin-film transistors is at an angle of 45° with respect to that of

'cry's'talli'ne grains (as pointed out in Japanese Unexamined Patent |

Publication No. 2000-243968, for instance).

0008
Where these prior art methods are applied to an active
matrix type liquid crystal display device, even though there is more

or less dispersion in grain dlameters of silicon crystals constltutlng

semiconductor layers for pixel switches, improvements in their
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the | aser beam power is supposedly set to be uniform but sone shots of the
irradiated | aser beans are actually higher or |lower in power than the

remai ni ng ones of the irradi ated | aser beans. Such irregul ar power shots of
the irradi ated | aser beans may nmake the crystallinity of silicon different.
0011 Since the driviing elenments connected in series with the light-emtting
devi ces are, however, disposed in the sane |ocation as in the row pixels
per pendi CadyafcHifl g2 prepBRLG daeHd Wkpetbhe 1R2SEhe PEAYE ofyihbese
driving el en'entsgﬁgg g poly-crystalli e-CS|Ee fc%lg ?IE? mgﬁ%a(fﬁe%woarg%ggby t he
same shotnGftri@23ehePBM: - tinb g H1bL Y e L.sppsegd. in the
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light-emtting diodes, rightness of the light-emtting diodes driven

by the high nobil pppgdriving el ements becomes high, and vice versa. Thus,
- the nobility of driving el enents depends on the shots used for nmaking the
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preparing an amorghpgis-silicon filmformed on a substrate, irradiating
pul sed-| aser beans toward the anorphous-silicon filmwhile shifting to

shoot each of th . e ' .pitch .hn a predeterni ned scanni ng
direction to for?nrgég%s %g?g{oﬁr{ Zﬂl (lgrS'resum%I %é)_&tselhﬁ_oﬁ‘gpﬂ ﬁ'é%%i‘?&ﬂy;‘i% line
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N hg”gganﬁ?ﬂ%ﬁp;@%ﬁ?@%dﬂ’ﬁo& filth f f0fmed BY ifradiating laser bedms to o O
melt an amorphous-silicon film and then by crystallizing the same,

the crystallinity of such a poly-crystalline-silicon is finally

determined by the shot of irradiated laser beams. In other words,

4



0017 The third aspect of the present invention is directed to a display
device provided with a display area having pixels ,disposed in a matrix, -
light-emtting el ements provided for the pixels, and driving elements to
supply driving currents to the light-emtting el enents. The driving

el ements have thin-filmtransistors with sem conductor |ayers of _
polycrystalline filns. The sem conductor |ayers includes source, drain and

nd | nol uiek "Bber BERBOBNor RTSARORRHEY &of 18 BE. LRERY PR b ge

and includes at [east regi ons W

A2 ol ZFRotd BT ARENGRRAEO] 1hOKE TSR oA ROPULTG BighSP oo 28 01

driving elenents capable or supplying nore uni ; JCurent
[ -em b B | suc
devi ce. | oBY T RATET Rk Y AR M SR AU Fa%s-éﬁpréci ati‘on
: , : t o
eadi 1y onr SeasaP S pERIRRE GERe Terplifadid FREA RS NATGR nE8Sto 1 he
i hi; 4nbi id d i nnection with the
nccompanyg oA &1 U bR SR. 200 1% S, Cohemmti ¢ per specti ve vi ew

of an organic EL @jygR! ay device in accordance with the first enbodi ment of
the present invention 0021 Fig. 2 is a cross-sectional view of a driving

Ie:! g_”ent provided i9ngacth @ dfthidh 185 dh AP bGnTetal SR B 5y WignS PRen 1N
light-emitting devices are, however, disposed in the same location
as in the row pixels perpendicular to a scanning_direction of the
laser beams, each of these driving | elements has a
pol.y-crystalline-silicon film finally formed by the same shot of laser
beam. Thus, the driving elements disposed in the direction
perpendicular to the scanning direction of laser beams have
substantially the same mobility but those disposed in the scanning
direction of laser beams have some dispersion in mobility.

0012

Since high mobility driving elements are highly capable
of supplying currents to the light-emitting diodes, the brightness of
the light-emitting diodes driven by the high mobility driving
elemlents becomes high, and vice versa. Thus, the mobility of
driving elements depends on the shots wused for making the
poly-crystalline-silicon films of the driving elements and the
brightness of the light emitting diodes has dispersion in accordance
with the shots so that line-like uneven brightness appears to
extend in the direction perpendicular to the scanriing direction of

the laser beams.



1~ 0022 Fig. 3 is a schematic plan view of a sem conductor |ayer applicable
to the driving el enment shown in Fig. 2~ 0023 8 Fig. 4 is a schematic

pl an vi ew of anot her sem conductor |ayer applicable to the driving el ement
shown in Fig. 2~ 0024 Fig. 5is a schematic plan view to explain
rate-control of nmobility 0025 Fig. 6 is a schematic plan viewto explain a
| aser annealing process in the first nmethod of manufacturing the

sem conductor shoypijigh Fig. 3~ . 0026 Fig. 7 is a schematic plan view of
poly-crystalline-silicon regions of a poly-crystalline-silicon film nmade by

the laser annealing. H%QE??D%@'?H""Hek%IFonvé B8 t?i f& fi¥nd %r nSENSYRLI C

plan view of a patterned poly-crystalline- silicon orrre I n accor dance

wth the §1tdergat hoq%,pcfh nanug@}ﬁ%w&&mcgd}e semag,ggguct o;nap&)gS Fi ﬁ'on? is a

schemat i c an Vi ew of source an rarn regions
poly crystalline-silicon films to drive light-emitting elements have

certain differences in crystallinity of silicon due to irregular power
shots of laser beams in an annealing process to form the
poly-crystalline-silicon films. The differences in crystalline silicon
give rise to different magnitudes of driving currents supplied to
light-emitting elements under.the same level of voltage. Such
different magnitudes of driving éurrents cause uneven brightness
.among pixels.

0014

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a display
device with driving elements capable of supplying a uniform
driving current to light-emitting elements and a method of
manufacturing the same.

0015

| The first aspect of the present invention is directed to a
method of manufacturing a display device with driving elements for
driving pixels which carries out preparing an amorphoﬁ_s-silicon
film formed on a substrate, irradiating pulsed-lésér beams toward
the amorphous-silicon film while shifting to shoot each of the same
in a predetermined scanning direction to form a poly-crystalline

film, patterning the poly-crystalline film to include at least two
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of the sem conductor fornmed in accordance with the first nethod of

manuf acturing the sem conductor 0029 Fig. 10 is a schematic plan view to

expl ain the second nethod of manufacturing the sem conductor shown in Fig.

3~ 0030 Fig.

Fig. 10~

pol y-crys

ine-silicon filmfornmed i n accordance W

11 is a schematic plan view of poly-crystalline-silicon 9
regions of a poly-crystalline-silicon filmmade by the |aser annealing
process in the second nethod of manufacturing the sem conductor shown in
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inventiond grot limted to the enbodi nents but covers their

nts. Throughout the attached drawi ngs, simlar or sane reference

show si ML g0 EGKE VA S t B PEe SONP PRGN Bion is directed to a

method of manufacturing a display device with driving elements for
driving pixels which carries out preparing an amorphous-silicon
film formed on a substrate, irradiating pulsed-laser beams toward
the amorphous-silicon film while shifting to shoot each of the same
by a predetermined pitch in a predetermined scanning direction to
form a poly-crystalline film, patterning the poly-crystalline film to
make a width of the poly-crystalline film wider than the pitch, and
forming a channel region, and source and drain regions on both
sides of the channel region, respectively, in a direction
substantially perpendicular to the scanning direction.

0017

The third aspect of the present invention is directed to a
display device provided with a display area having pixels disposed
in a matrix, light-emitting elements provided for the pixels, and
driving elements to supply driving currents to the light-emitting
elements. The driving elements have thin-film transistors with
semiconductor layers of poly-crystallihe films. The semicohductor
layers includes source, drain and channel regions. The channel

region connects the source and drain regions and includes at least

7
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0035 10 As shown in Fig. 1, organic-EL display device 1 includes a
circuit array substrate 100 with display area 102. Pixels PX such as those
PXR, PXG and PXB are arranged in a matrix in display area 102. At | east

di splay area 102 of circuit array substrate 100 is tightly seal ed by

seal i ng nenber 200. 0036 Each pixel PXR, PXG or PXB is provided wth pixel
swtch 10, driving elenent 20 and capacitor elenent 30. Pixel swtch 10
hol ds a_wiwieeosusiealve ¥opldidl wilh! diFfdheifl aYBPRel lerainl diiagd on and
prevents the video signal from being supplied 0 it's pi Xel " when it is
turned off. Drivipgigl ement 20 controls a driving current supplied to a
light-emtting (display) elenent in response to the video signal. 0037

Capaci tor el enent T8 pie & eALEA Al Wae p9BLFIEN diRHILE FIRELIOUAS Of

driving el ement 20 and naintains a voltag _ _
Pi xel swidiGid® efém@nityi R4pSlHABEYF 3% MRSEd Anifefan M yig M

transistors with sem conductor |ayers r@c}glﬁgom pory-Ccrys

films, fQurrBs 038 ; i ' eQVI it h. organic
L dr spl oy o Be R REIROCRI g ElomBRED I F i BRI B
and PXB igudhugedi@pdapideikedi spl ay el ements 40R, 40G and 40B to emt red)
green and blue light, respectively. 0039 11 Red, green and bl ue col or

pi xel s PXR, PXG apg1§XB are basically the same in structure. Organic EL
di splay elenents 40 are disposed in a matri x and conmposed of the first

el ectrodes 60 i soRgiade iDEP@RPP'TTQ%i(mr'P%tE? %ﬁﬁ*&?wm other, the

second el ectrode 66 conmonly. provi and facing the
first electrodes 60, and organic active |layers 64 held between the first
and second el ectrodes 60 and 66. 0040 The first el ectrodes 60 are nmade of
optically transpagep i.al i pndi Hin-oxide (LTO filnms or
i-ndi um zi nc oxi de (I %&@%?H@egﬁdﬁpggg | (}Jﬁggsgg:%l e RHe8ER o LRECDEO
Organi ¢ aGld ¥eahysr pb4tidicdsde o 1L PG, 9B9aNI &4 Gampounds
and may be made gf t hr ee ?ayers o@%%ﬁ?%%dd%&qie;bt%%%g% 8?’ p1Red &8 ormonl y
provi ded¢har g4 MeCBe SRS I | £yl 1tting liayer..pravi ded for
T En R P PN, IRlerbbad P abrefnga B oY Joup

each of three colors, two functional NG | ayer .

The hol I ih 6 ' - | ect r od t h
or gani . LRohtemorp Faner ARERSan Fasedn A SRR ionc e v ve
film po%gﬁhw%gdg%%qhkge“mé Q¢ polyanine derivative film The

organic light-emtti’ng l'ayeP s nade of an organic conpound to emt red,
green or blue |igygg The organic conpound in the case of the adoption of a
pol ymer systemis nade of a pol yparaphenyl ene vinyl ene derivative film

pol yf | uorene deripv%t_iyqsfélé’g mba §caq)req.tggF§ e Ul Bgr%%nﬁétg%gﬁgégggﬂ 12

The second el ectrode 66 is made o me iTmw th bl e. of

i nj ecting; r suech i ari . Ag (silver) or Yb
(ytterbi Eﬁ)@ﬁacytnddgﬁﬁgt%nagéo@ﬂ%é (L)Ug‘éfﬁe’{%}é? rB%iﬁéE 'gl"ﬁlg’rpsdégb%aé e‘?tleé?‘f’ode 66
nmay be apdoudheih@¥ftiod;ructure of a surface of the cathode nmetal film
coated wwth a cover nmetal. Further, the surface of the second el ectrode 66
may be al so coat ghgy th a hygroscopi ¢ desiccating agent material. 0043
Circuit array substrate 100 is provided with scanning

Fig. 2 is a cross-sectional view of ‘a driving element
provided in each pixel of the organic EL display device shown in Fig.
1; |

0022

Fig. 3 is a schematic plan view of a semiconductor layer
applicable to the driving eleme_nt shown in Fig. 2;

0023



Finess Ym (nmel, 2, ...,) disposed along line directions (i.e., the Y

direction shown in Fig. 1), signal lines Xn, (n=1, 2, ...,) disposed al ong
row directions (i.e., the X direction shown in Fig. 1) perpendicular to
scanning lines Ym and power supply lines Pm (m=l, 2, ...) to supply power

to the first electrodes 60 of organic EL display el enents 40 through
driving elenents 20. The second el ectrodes 66 of organic EL display

el enents 40 are ceppeqtgdat Qi A, Li ot .shown but
arranged at ci rcurrfgr enceal oca‘{llﬁgﬁgccg?gaﬂs%ﬁ%f ar eg%sfe@%%@&c&?ﬁg a
common r ef[fHN taB 0 | ' LU, aknay osubstrate 100 is
further pra(;ey\r/i dﬁﬁdplﬂnac?‘?gg%fh%r gg%h?r%%eq%gﬁt%}%oﬁgholu gigalzdes of display
area 102 with scaﬂabgg-l ine-drive circuit 107 to supply scanning signals to
scanning lines Ymand signal-line-drive circuit 108 to supply video signals

to signal lines Xpy,A§L sgani d signal lines Ym.and Xn are cpnnected
to scanni ng=-~ andpé 'g%z]ﬂs-sﬁi ne-éc}rgla\?gc ?%gu‘? ew §9 %mml raf?)é’,‘m&égf)@?ti vely.
0045 Pi Xe;{no%‘ﬁirt hes 10 are disposed in the vicinities of crossing points of
scanning Tines *Ymand signal lines Xn. Gate el ectrodes of pixel sw tches 10
are connected to §gagning lines Ymwhile source and drain el ectrodes of

pi xel switches 10 are connected to signal lines Xn, and one el ectrode of
capacitor el enment ;30 @as. I el gctrodes of driving el eqents 20,
respectivel y. Sou?clz%' aéridléc,ivreéi r@@ﬁ%@%ﬁgdé’ Lk EWi Fﬂ% grRARFR s2odaspE
connecte |y .l ne and the .ot her .el ectrqdes of capacitor

el ement sd%%l?egﬁg%tr h‘z ¥| rsét ltl!a‘l e@%é:g?jlggngn%'fh%&ggrﬁi PEB“&?@E‘F%&‘% nts 40,
respectiy, .00 I i dipspl ay. device 1, electrons and holes are
i njected S%’In %)coglr%gcntlog %%(??\ge"} ?}Er 364 hel d between the first and second

el ectrodes 60 and §§6°f each pi xel PX of organic EL display elenment 40, the
reconbi nati on of 9 0sSe el ectrons and hol es generates excitons and organic

EL display el emeng. 40 ' i gh S result of releas . light with a
pr edet gr m'yned wavig énaﬁﬁl %tssclthhegn%F%ep rYlFWeochqub‘h‘éyq%GiL‘nteﬁg’l 1C%her gy.
The |ight.. oj gct ed ] per .side, h.e., fromthe side,of the
secondgelrg ?%(E:Ielo 6 a(aﬁggfgp@é'&-ggﬁﬁgggemﬁc@ﬁ’t %‘Mnt t P‘}‘Pg‘i)%y yerrﬁ'.le 0825°%y i vi ng
el enent i X ?X has sem conductor |ayer 21 nmade froma
pol y-cryéqéﬁ%lﬁgg?ﬂcggﬁaﬁc}ﬁ%ha@ gpg\‘/vﬁ’i n Fig. 2. Semiconductor layer 21 is

formed on insul at66@7substrate 110, such as a glass substrate of circuit
array substrate 14 100, or on an undercoating |ayer nade of nitride or

oxide film depo_siFF (ég iins_ul at i q{l sugstrate 110. Sem conduct { | ayer 21
has channel region 21C and i fputT1§24 b‘édp&?‘&! nVEW sBur e Pég edi%‘g 1D and
Fnoutaci doyrorvetalingodiiEn FHhceragy 38° aptoffnng wibherio 2Bree

di d | i 21C t h gate i | ati film111.
Gat ool e A BE MR HARRE B M ien N 3 T or ayer

insulation film 0049 Drain electrode 23D is electrically connected to
drain region 21D through contact hole 113 nmade through gate insulation film

111 and interl ayeg: | latiqon film 112. Source electro 23S i s .
electrically conﬁﬂélcé'erbcgiil% % Sscg‘fr%gt’rce@faorh v34¥ ?ﬁ?%’ﬁﬁ?? 88%?‘35‘[‘”}16?6101’1% nmade
t hrough g [ ion film 111 and interlayer insylatjon fil 2, 0050
Channel rggi%gﬁr%%ﬁosmg?% olrgt‘eoa-nw(?ﬁnachog ff%/cteml@bﬁhﬁcéf%mr"ég%ﬁ%f Cl and
C2 to ele i ct source ;and drain regions 21S and 21D as shown in
Figs. 3 a%ﬁhﬁﬁr‘%‘ﬁﬁgﬁ HEEBICBRGYEPYe regions C1, C2, ... are conposed
of at | east t\/\o.%%/gcrystal line-silicon regions formed by irradiating

0

pul sed-| aser beans anneal anorphous-silicon filnms for re-crystallization

and by different ﬁfgr]aiosps()%t 's@ e%aéigepiafar?e\rriet%?at%s'ex%q

511
a}n t5he second
method of manufacturing the semiconductor shown in Fig. 3;

0030

Fig. 11 is a schematic plan view of poly-crystalline-silicon
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Averaged grain diameters of silicon crystals (i.e., crystallinity) for
channel region 21C are determned by irradiating the final shots of | aser
beans. Thus, if there is dispersion in power of finally irradiated | aser

beans when polycrystalline-silicon regions Cl, C2, ... are forned, their
crystallinity is different fromeach other. In other words, channel region
21C has two conductive regions C1, C, ... with different average grain

di amet er spd & (H@NNGEL 5 S PY15% A aBlidleR | ONF: 1%L S 2 2 of
conduct i vre ?ﬁggi ons sziL, Q}é{z? c : iagrc1 Sdseo]lﬁ%;nrpc %ﬁ%ef&?g& 0 2%%&5%2 of any

confi gur aj 1 ABalidY GHFYRGE $AULHS gﬁgggaamefﬁ&aoef &Ja%mdcéium&‘)%é Asrmy

shown in Fig. 3, Tor instance, eac conducti ve regions

be a configuiddh@lctod SRIWI0iAI®RI 1@ngi tudi nal direction A of channel
region 21C (or thecl ongllqttvg?}lal %lgrledgti on of sem conductor |ayer 21) and

may be in parall ego‘ﬁilth the source-drain direction. In this case, boundary

21B between two adjacent conductive regions ClL and C2 is substantially in

paral l el with | ongi:tudijmal ; di pecti A nel. regi gn 21C. 0054 shown
PEndon e cutiinaell BIAR"viesf U0 £  Barebnied;

in Fig. 4, each o uctive regions ion

whi ch do | 4 i ongi.tudi.pal diregti.on A of ehannel
regi on 2?%0 o%rfﬁaq%nég?%lgg?ﬁaﬁlﬁéi ¥8ec anﬂgfacgg%‘laggﬁgu%’f@% t?‘ﬁya?c% . In
this cas _ a?ﬂﬁf js ductive regions ClL and C2
is at a s gﬁ?ﬁ?‘é@fiﬁwt Jr)(gtél\gg@? tth\(l)&)F%ﬁJd%ﬁglhﬁg‘?{tdi rection A of channel
region 21C. 0055 @se structures provide the inside of channel region 21C
with conductive regions C1, C2, ... of a plurality of nobility differences
so that the nobil gt hannel 1regi c e agveraged out gs_a whole
even i f every pol gtlgr %‘? gllrgll ir&ngs-célleﬁ!?%gi% i’égflonlggrns?%s??ﬁ c%a%ﬁdcgﬁah%t ive

20t o supm 3P o e b HiEpatiotds iz B BRERIALY mith e e Te

al so_aver agedhillof ity fiAukEYIthel SeATchHRLOVEIONL i n di spersi on of

current-supply capabilities 0o rving elemnen I'h the case that organic
EL display el eneng340 are driven by the sane |evel of video signals.
Accordingly, when a uniforminage is displayed, brightness differences

bet i xel . d tQ. i ' i spl lity. 0056 As

o, 5o HiBE MBS, LOrb AR oF 5P AR bl epORE, %
IS ”Otdiﬁﬁ‘é?é‘fdrgﬁﬁactfﬂr%gh jlc‘nﬂ%%gnects source and drain regions 21S and
. i 2 .

21D i.e. at eac conductive Tégions , Cl, C2, ... is substantially
per pendi cul ar to ngi tudinal direction A of channel region 21C. Wen
different silicon crystallinity nakes even one of conductive regions Ci,

C2, ... small in nobylg ﬁEﬂtqno' ‘g i bet ween source and
drain regions is go%?née%Rgg,t a m%?ﬂ?yE%%@pgf case of such

silicon crystallinity, the capabilities of 17 driving elenments 20 to
supply currents are not averaged out but their dispersion rather increases.

@, T o Conneck eigb Mty thE Srdled TSP I e ShoiERETS
descri boch TERY WAChHIBReL S o O B SAHET RuBRAEY, By WRYCoR bohariteor 1 ayer
amor phous e PriERney el thl AihEHY YR R arvliad shiia, oFemig. o
Ccanni ng e Uaprey, FfistSEa SRS B I YU RRRENS BhERE, hapie) aser
sane. pol YTy rar g o el B Jigt PR ep! i SombbmeR A0 Rb: oo
a-si are WiErS: wryiRobtay vl Rte Thre Sy Rendhe aRRIB | ReSenedy. each
i ot o BT F SR RSB, FutereRelPitmBrald SO oiitien, Ravivalipingr
directi on B, Everﬁlgl asgr beamis irradiated while being shifted by pitch LP

al ong scar%lr‘ln'l‘lﬁé:o(ﬁl E?P B B. 0061 As shown in Fi gs. 6 and 7,
poly-crystalli ne-ébggcon regi ons
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18 N, (N+1), (N+2), ... are eventually forned by finally

i rradi at ed-| aser-beam shots n, (n+l1), (n+2), ..., respectively. Wdth LWis
defi ned between adjacent poly-crystalline-silicon regions corresponds to

| aser-beam pitch LP. The width direction is consistent wth scanning
direction B of the | aser beans. 0062 Where width LWand pitch are 100 ,u m
and 5 ,~ m for instance, respectively, every 20-shot-|laser beamis

[ diated to f - line-skl|i i . all .t f

channel  regi on 218" WS ¥EbTn, bPEaREG IS Ripp 4N Tied LindlBBRGR, (he

initial h fihnal n-th sh J jated,.to f

Ip(r)]: yl- 2r ygdt1 51}1?%%%{}5&3{1?%8%1{%;{% i %@18 1|tn n@hﬁpgaa’a?f‘?agfh@; %8g‘rfzg$&g§§cba§%r O[)(ranam

[ i : f I ystal li f.ilmb hifti f

S aser - iERe PRI RERE AL EEB R e Rt sy po R R ReSbect to-
fixed t gt by h sSi | d filmf ti

aser beatt Atate b AiRBLEY SR CRF | P orHREE RS TP ErATECAObies at a
det I . t hg.l att W tim fi di ati th

Paser bediBiry RERRAbY A4 mBrmber 200"t ubl csome adj ust ments. are not

required for a po "tgiPon of the substrate with respect to the |aser beans so

that it can |rrpro@Q aser annealing efficiency. 0064 Subsequently, as shown

in Fig. 8, tt i.ng. ' j .out f | y- tallipe-sili
Himpes to | nel HaeharRldoR PRGGE B a8 atnadaehoryi mfRebomifiii 1| con
[ N1 N+1 d 2 | di ff t. fjnal
shots of 1hedridne plement 20 Gliaciter, dearent oy PeroLemPed e | i con
fil - Siy i tf. d to,incl l.east. t f. t) dj t f
bol y- or y eIl R, an il OrBRERE by RS pixBl W R, D ERFRA 4y Prboess.
pol y- or yStaierie- Y TREFP pehFLAGE h ie FRERL b iEbPorel HBOmiLHS bears.
i.e., wiqgth | y- | linessili i N, (NF1),  (N+2),
Thus, pattePAsofo Y pE Slmrab S casiorid f praringoneraiinenpalind udes at
3 t ot | Vi talline-sili [ N.and (N+1), (N+ d, (N+2
o D066 tBed HLERY Bubieaing s AR  SRBERL) FngetppRbbnte cHhevIIOq NrL) ,
(N+2), or....y (i.e., pitch LP of the |aser beans) is set to be not nore
than hal P8P8 dth CWof poly-crystalline-silicon filmp-Si. This makes

patterned pol y-cr(ﬁ{a?l line-silicon filmp-Si have not |less than two
poly-crystalline- con regions N and (N+1), (N+1) and (N+2), or .... 0067

In th t hat i dt h. NW of | y- talline-sjlj [ N, (N+1),
(v2) o e artiRpaI ORISR (il pengecterh i BP VY REncEAt ORI | m p- 5
t to be 5 d 15 ,u.Io tively, f i nst : h [
Fia. 6, SOPPE elbopbrgee At i Vi SIPRarh 40 i mpinttinias oHaRP 20 |
ly- talline.sili i N, of: N+ d 2 . Q068 Next,
Chown | 1 oeRy o8 EBem E8hn EPBPtR Rl Pitl by oot doand (IR Cb FleBant of i n
[ d 21D f bot id h I i 21C of .
polyorys i1 HHE- SEPRISITR | . Brehanpan b i, bfhdiarhen with
ly- talline-sili fil ¢ Sip | d with th te ., | gt i
Prim  sepeRicofdniiear dBbesnomsbia refy RO syastpipe crylion (AR s 9T con
filmp-Si. Eﬁi‘nally, an inpurity is doped into poly-crystalline-silicon film

p-Si thr B8R e el ectrode 22" as a mask. 0069 Thus, source and drain
regi ons 21S and Z(jl&glre f ormed

Further, each pixel PX is provided with organic EL
display element 40. That is, red, green and blue color pixels PXR,
PXG and PXB include organic EL display elements 40R, 40G and
40B to emit red, green and blue light, respectively.

| 0039
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on both sides of channel region 21C of poly-crystalline-silicon filmp-S
in a direction substantially perpendicular to scanning direction B. Neither
source region 21S nor drain region 21D is overlapped with gate el ectrode
22. 0070 Channel region 21C is provided with conductive regions Cl, C2, C3,
. conposed of poly-crystalline-silicon regions N, (N+1), (N+2), ...,
.respectively. Each of conductive regions C1, C, C3, ... is fornmed to

contuct ive Tegi on B e BRdEE TP PL KHIe R AR, L i AR Bre n e
| & compooka SF o e Bthe B skREcLARE QREFHE: BY AENES afORERRAAaES " e
Fogi ons reRggPU iR e HEENARA, Etmpeitts " BETirsty UBREAT 0 of 1 ne
onor chanoi A o 5 i 18hd Bl sRBEE it emamch o hga pHREeHC b ent | on,
w dtn owvaPeERAEGe caBmei bl BIRE Al nfieids B and i ol shot
R R R R R A TR S
manuf act gﬁf&g?ﬁflsé%gnwegeec\éltrﬁgggféeﬁéi%%;‘gg to the first enbodi nent, however)

forns a plura conduc él, C2, C3, ... with different
mobility in chann§b4begion 21C so that the nobility of channel region 21C
.can be averaged as a whole. Thus, an averaged driving current can be

supplied from drimi . nt, 20 to,Qrgani c EL di spl.ay,el ement 40.

Accor di ngly, V\her%‘h(%?%g%fc@ﬁtr&%?[gl %@ CeMHts °?@£?18¥£E'pg¥?%%PW?%t

"~ substanti ; sang magni tude video Sigr rgani c EL display el enents
40 enit Srﬁgg%ﬁgt%? ?’alsﬂrﬁt rﬁééﬁ‘ﬁ“ﬁh&hﬁ%@q Rgﬁ))t 8118?%p?’éyl U #iR¢ages so

that their .di ality,can he significant]ly inproved. 0073 Further, a

pat t er ni ﬁgl@?i‘@?@ ﬁgméa?’?{fiefgm(ﬁ?tm’? . ﬁ&P@&%}é’F&?Wﬁ% silicon filmp-Si

formed by at Ieasé i different final shots of the | aser beans.

Practically, such % y;tterni ng process is perforned to make predeterm ned

e S 2 SRS S B Bes RS
channel  PEERBREHrbaBndfeRRICAY B HhRHS 6F shtee, Living Ghchele, ded | o3,
of channdfed3Eh biter betrs conimitty, BEPT IS dPF cliuie & dabiora mdl i on | &
oo74” seoB BIBUFRERRITE VAR i R it Pk PE ABrSEn doRaurSt | ayer
oresent | (ipEHRAT oR Bk IRTRER BE, D5 NGl aTEr Aling RloaRBEttar | ons
on anor phovef o BXRTVART bPLvHER thEcamhil idleghuly cd abhe aemaRIcal |y
o U R RO 58 A e g
ol y- cry SUGF) pRLY BiolEns dirsiRatiye” tie)or molfpmine Urigabiventilan y
respect | 219 SRS gt BNatcR i Gt of om Fgahje cambonadita con
50,005t LTS BT A e S S ) S SF
the adoption of a polymer system is made of a polyparaphenylene
vinylene derivative film, polyfluorene derivative film or its

precursor film, for instance.

0042
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0077 Subsequently, as shown in Fig. 12, a patterning process is carried out
for poly-crystalline-silicon filmp-Si to include at | east tw consecutive
poly-crystalline-silicon regions N and (N+1), (N+1) and (N+2), or ...
fornmed by different final shots of the |aser beans, respectively. 0078
Further, the patterning process may nmake w dth CW of _
‘poly-crystalline-silicon filmp-Si wder than pitch LP of the |aser beans,

i.e., width NWof ' il ion. , T . d
oy oryor o | ot THACGBRATLNREAL 0 S b0l QR oA LB 2
i - | |} nessilti ' N _and N+1 N+2) ,

or o SR AR o BRI E RSy bR Iﬁ”ﬁ@l&j@@?é@z I’E )

i h L f . I . i {e. t tE pdth CW,
(P! Lo, Sl 1B SRBT Y BPlse Bl Sn o9 A0 cRinds

ly- Ll ne- Shii f -Si 5h | th t
B L e T
Next , 5 Fi 3, ' duct or,. 4 21,1 s, t i
and drai 10 Bgrerees: & 4R st ERF Heatah TR Cn (L YDt hCRLrEe FEB T 21C of

ly- | JJine-sili fil -Si 24 I - _First, tt
Dol v- cr yak artheie e pigfaed phiBesredind STRrbPis B B o5 af’?mgﬁ%ﬁf&on
fil S t | ect. 22 j.s f ly- talline-sili
1 m p- Wil ARy Er S Rif rRiroe R R BBER SRS BBty or yorai |1 ne-si 11 con fi1m
p-Si through gate §I4 ctrode 22 as a mask. 0081 Thus, source and drain
regions 21S and 29 re fornmed on both sides of channel region 21C of

ly- talline-gj.li fil - Si . whi , bst apt i, al . di cul t
ey i rect o St agrpdh Substite vl e manvined withEr RERi R 20
0082 Channel i 21C | i.ded wt ' tiMm i . Cl,,.C2,.,C3, ...
O ons oot e aBl: b Lor oo lah R g B0 67 v v

tively:, Each,of duct i i .C1, y L3, o 1S d
B S U e VR TR R AR
oL oS B eSS oL A o o Ky e,
(hedy b erse ngfiialaf (62 bPanuif linges Y, Al P VEEF AR VR cgi ons
C1, C2, o h I i 1 i di t] B of th
boans | s (AThi Zea ho0 SUPRAY ROFEEG the 3rratoe lertapAEE ACAL FEARiGihn_ cw of

h I i 21C. In,th d enbodi t of th i tion,
scanni ng TFPLLY | BIFBeRS 40 AETPUEH SIUHRR: pmen el The s8ecoRfe
di ti I i dt.h f ch [, . i 21C. 00 A di t h
Gecond orBaRHEIRY ook mibarin Bh fiasth 16 mente, Aleare,F anmehteds b -
nbodi . Wh he, dri vi I t. of h pi xel is f d at
cubst ant 1419 yaapd (Fle St ERA P pAw L inge T AT Ao Bt e rHRAn R phkel s
Dol orysuilpiiiterefife atiofa oL FRRIo aten Wk for PRBPIDHE o Comaron,
words, the.d el enen %O%fgngiﬁxlﬁles di sposed in slant directions have

i

rivin
pol y- crySeAPFomEe gi’lgré’dﬁ’ d by the same | ast shots. Thus, the

driving el enents §é4t he second enbodi nent can nmake it nore difficult to
visualize line-li &neven bri ghtness possibly forned in the |ine and row

directions of the display area than those_af the first enbodi nenf. 0085
Meanwhi [ e, in t heCAEELItoFaLrayy) BI‘%BFB%W c1§9 dISspIW vi BEOVIGRA v1Ryal

sensitivit. relative |um s efficiency). of h n es dep S Q

di spl ayecfl\é%IgﬁlﬁIg?eW%rae"e@oﬁﬁz 1 %Itﬁé{}’steiré‘doﬁédeygﬁsf’g%y Aadesr Ii@%x&’llgh PXR,
green col or pi.xels. P)_(g and b] ue.col glr pi xel s PXB, the vyisual, ggisi tivity of
green colsc?ra'Ip‘E"Iﬁ Theh eWstibe 100t naRPRLY opsanping, sigeals &Pspl ay

of the green color. (in,the case of entirely gree ol or display) is
parti cul zfrclaﬁub‘S‘rgsIﬁ“é’ﬁgEE‘? 81%%?&9{311'}‘,’9 icﬂr?g‘éltdgggrtgb?‘épPEV yafeq ratio
of width CWo hannel .r.egion 21C to wi dith NWof ,each_ conductive_ regi on Cl,
& " N eiEnale dnauaned 15T &oh Al Srapnbee AT EigBRLIGH Nob AR

di fferent . . . . . .
‘are connected to scanning= and signal-line-drive circuit 107 and
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26 fromthat of width CWof channel region 21C to wdth NWof each
conductive region CL, C2, ... with respect to a red or blue col or pixel
(the second col or pixel). 0087 Wdth NwWof each conductive region is set to
be not nore than CW3, for instance, with respect to width CWof channel
region 21C for the green color pixel while width NWof each conductive
region is set. to be not nore than CW2 with respect to width CWof channel

region 21 o] d r blue color pixel. In order to configure these
structur eg(,)éhi%éﬁe%etﬁggl ined pitch of the laser beanms to formthe green

color pixels is sgpler than that of the laser beans to formthe red or
bl ue col or pi xel s. ,&Pternatively, a wdth of the sem conductor |ayer for

(e green o0 o, Ppiehy gl afgeso g Rl 4 18 B SRRUS ke "o
B N o A
ool DLrEle e el afl PAGATL B0 B, TR o] SuSHRRIS ohiBhe”
chanvel bt o050 By Sy o PRGN BUARL .,
7P 0veS RSB ITAR B s SO SRR Bl oy i gt

P B, O B 01 b1 BRSO B e
1 eonel L REIAL 3 YRSkl i RS LTS SRR Shp B
o0 COM tho SRR o) SN2 FRRAEE U AR SO Rlshl s B 9P
oI, B EAEIIAh A STSTkRDES O Ehuad MG RO L RARhNIG, L e

mobility dispersi 8@4§orrpl etely. Wiere the sem conductor |ayer of driving
elenment 20 in the Crrcuit arrangenent is nade of such a

poLyerystel 1 neshy Syl Rl STl P RR0ne
| injected into organic active layer 64 held between the first and
second electrodes 60 an_d 66 of each pixel PX of organic EL display
element 40, the recombination of those electrons and holes
generates excitons and organic EL display element 40 emits light
as a result of release of light with a predetermined wavelength at
the time when the excitons lose their energy. The light is projected
from the upper side, i.e., from the side of the second electrodé 66
(an upper-surface light-emitting system).
0047 |
Driving element 20 arranged in each pixel PX has
semiconductor layer 21 made from a poly-crystalline-silicon film as
shown in Fig. 2. Semiconductor layer 21 is formed on insulation

substrate 110, such as a glass substrate of circuit array substrate

14



As descri bed above, direction (longitudinal direction) A of channel region
21C of driving elenment 20 to supply a driving current to organic EL display
el enent 40 is perpendi cul ar to scanning (shot-noving) direction B of the

| aser beans and channel region 21C is conposed of conductive regions Cl,

C2, ... to connect channel region 21C to source and drain regions 21S and
21D. 0092 Even if average grain dianeters of conductive regions ClL, C2,

are parai 1oy i B, 820 iRt oncEh B TR SEUEY B BRI % oXide §9Fhr ned by
dr' vi ng e@PeiemJIt&%B)%’Wfa'fﬂ' J E?ﬁ qh?r§ﬁtm’tc(5’“tﬂ"b‘§r?|r?oaé’|9rd?ip'i‘%§r

bet weon piorae bRtk @f‘? mﬁ.efréé&r‘fgy G KT %ﬁ%eiﬁgﬁc'r%fere“es
descri bed & i%éﬁea?ﬁﬁéﬁ% ST f%ﬁ%’ig& rbe%hﬁﬁai@pf%ﬁaeﬂsﬁgg%ére ol i ed
formwt I\v?t éﬁgérﬁé‘?ﬁ% fi?‘giﬁil cularity, it is understood that the

present di scbfg d formcan be changed in the details of
construction and bpi conbl nation and arrangenent of conponents nmay be
resorted to wthou gepartl ng fromthe spi rit and the scope of the

h f | f di b
el mimated or var TRUE. CURBEACR 2% 1 B AFRRBE Lot Hinis igP are e’
mbi ned. 29 I d of t
Govi co wkesy IRy ERaRofl FRpR pte Rt %&ecgﬁga{ <fing. Bt ng an

h d. bt di at ] sed- | b
Covar - sarace PR 2 PRk P TRRE R el 5B RS LeIafot ne cans

in a pred f ned ng direction to forma polycrystalline film
patternlné'géﬁ @ gg?alline filmto include at | east two

pol ycrystal line cgaggctlve regions in a channel region finally formed by
different shots o id pul sed-1aser beans and

Drain electrode 23D is electrically connectod to drain
reglon 21D through contact hole 113 made through gate insulation
film 111 and interlayer insulation film 112. Source electrode 238 is
electrically connected to source region 218 through contact hole 114
made through gate insulation film 111 and interlayer insulation
film 112. |

0050

Channel region 21C is provided with at least two
cond...uctive regions Cl and C2 to electrically connect source and
drain regions 21S and 21D as shown in Figs. 3 and 4. That is, these
conductive regions C1, C2, ... are composed of at least two
poly-crys_talline-silicon regions formed by irradiating pulsed-laser
beams to anneal amorphous-silicon films for re-crystallization and
by different final shooting of the laser beams.

0051
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formng source and drain regions on both sides of said channel region, _
respectively whereby said channel, source and drain regions are provided in
a sem conductor |ayer of each of said driving el enments. 2. A nethod of
manuf acturing a display device according to Caim1, wherein said scanning
direction of said pul sed-laser beans is substantially in parallel with a
width direction of said channel region. 3. A nethod of manufacturing a

O e R P A S AT
chamel < e iR A TR o S e e e sccond
prxel s, 20 B Lo of LA Reltn £ 0,00 (T BhdesIndteb e reone, b sai d
[rom e 1t iRy sl far,of BELd Coppuclive re on i o2t d second
Tan oct Wdgigpd GISEY ISLCR MY, Shl g elellent s (o g bl s
Shi 111 ng S EBEr LA iBee, HETdanEhaprE  Fsipcs Anbas e ponduetive.

Cai d pol RgRR ol Pnd# 1-m bt Ta ACHEe R ok riebrrdee Uepaiy. diymedorbntof | m -
wi der than sai(ﬁ gitch angséor,m' ng a channel Eiegl on, and source and drain

regi ons oft BOtGr YIHES BRI rapins £dg aRd 2:Bpectively, in a direction

tiall er icular to said scanning direction. 6. A nethod of
?nl;Eﬁ]E thuri né g dﬁ@ﬁgay devi ce according to d ai m 5, whe_rel n said channel
regi on includes aﬁaltcga(gé‘?fi@st and second_conductive regi ons connecting

sai d source regio Rriden pabrye ¥RgionssGild ¢ 2r st 186 diipechanneh is
finally fr%"g,JIES EXCan;él{rsf)eS&f any configurations to connect source and

drain regions 218 and 21D.

0053

As shown in Fig. 8, for instance, each of .conductive
regioné C1, C2, .. may be a configuration extending along
longitudinal direction A of channel region 21C (or the longitudinal
direction of semiconductor layer 21) and may be in parallel with the
source-drain direction. In this case, boundary 21B between two
adjacent conductive regions C1 and C2 is substantially in parallel
with 'lonéitudinal direction A of channel region 21C. |

0054

As shown in Fig. 4, each of conductive regions C1, C2, ...
may be a configurétion which does not extend in parallel with
longitudinal direction A of channel region 21C (or the longitudinal
direction of semiconductor layer 21). In this case, boundary 21B

between two adjacent conductive regions C1 and C2 is at a slant

16



shot -of said pul sed-laser beans and sai'd second conductive region is
finally fornmed by a second shot of said pul sed-|laser beans which is
subsequent to said first shot of said |aser beanms. 7. A nethod of _
manuf acturing a display device according to Claim5, wherein said pitchis
not more than half of a width of said channel region. 8. A nmethod of
manuf acturing a display device according to Caim5, wherein the scanning

[ [ 1. d nu - | asey. bea | S. subst lally in parallel with a
ai rect i on* o EBbPett e s itindi iR rBigton oochalnel moiBh Akt act uring a
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consisting each conductive region has different crystallinity. Thus,
a .capability for driving elements 20 to supply organic EL display
elements 40 with driving currents can be also averaged out. This
can result in an improvement in disperéion of current-supply
capabilities of driving elements 20 in the case that organic EL
display elements 40 are driven by the same level of video signals.

Accordingly, when a uniform image is displayed, brightness

differences between pixels can be reduced to improve their display

quality.

0056

As shown in Fig. 5, it is undesirable that each of
conductive regions C1, C2, ....is_not a configuration which connects

source and drain regions 21S .and 21D, i.e., that each of conductive

regions C1, C2, ... is substantially perpendicular to longitudinal

direction A of channel region 21C. When different silicon

crystallinity makes even one of conductive regions C1, C2, ... small

in mobility as shown in Fig. 5, resistance between source and drain -
regions is governed by that mobility. |

0057

In the case of such silicon crystallinity, the capabilities of
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to, said pixels and driving elenents to supply driving currents to said

light-emtting el enents,

said driving elenents having thin-filmtransistors

with sem conductor |ayers of polycrystalline filnms, said sem conductor
| ayers including source, drain and channel regions, and said channel
connecting said source and drain regions and including at |east two
conductive regions with different average grain sizes. 12. A display
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Next, a method of manufacturing the display device set
forth above will be described. Here, the first manufacturing method
to form semiconductor layer 21 of driving element 20 will be
explained below.

0059

First, an amorphous-silicon-film-formed substrate is
prepared. As shown in Fig. 6, pulsed-laser beams are then
irradiated to amorphous-silicon film a-Si in scanning direction
(shot-moving direction) B. Heating energy of the laser beams melts
amofphous-silicon film a-Si and re-crystallizes to make the same
poly-crystalline. Thus, poly-crystalline-silicon film p-Si is formed.

0060

In this laser annealing process, all areas of
amorphous-silicon film a-Si ﬁre uniformly heated by substantially
the . same heating energy. Each laser beam is approximately
rectangular in cross section so that scanning direction B is shorter
than the direction perpendicular to scanning direction B. Every
laser beam is irradiated while being shifted by pitch LP along
scanning direction B. | |

0061

As shown in Figs. 6 and 7, poly-crystalline-silicon regions
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0063
Laser beam scanning may be carried out to form a
poly-crystalline film by shifting of a . laser-beam-irfadiation
position at a predetermined pitch with respect to a fixed substrate
with an amorphous-silicon film formed or by shooting laser beams
to an amorphous-silicon-film formed substrate which moves at a
predetermined .speed. In the latter case, where timing of
irradiating the laser beams is kept at a regular interval,
troublesome adjustments are not required for a position of the
substrate with respect to the laser beams so that it can improve
laser annealing éfficiency.
0064
Subsequently, as shown in Fig. 8, a patterning process is

carried out for poly-crystalline-silicon film p-Si to include at least
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two consecutive poly-crystalline-silico-n regions N and (N+1), (N+1)
and (N+2), or ... formed by different final shots of the laser beams,
respectively. In short, poly-crystalline-silicon film p-Si is patterned
to include at least parts of two adjacent ones of
poly-crystalline-silicon regions N, (N+1), ... in the patterning
process.

0065

Further, the patterning process may make width CW of
poly-crystalline-silicon film p-Si wider than pitch LP of the laser
beams, i.e., width NW of poly-crystalline-silicon region N, (N+1),
(N+2), or .... Thus, patterned poly-crystalline-silicon film p-Si
consistently includes at least two poly-crystalline-silicon regions N
and (N+1), (N+1) and (N+2), or ...

0066

Desirably, width NW of poly-crystalline-silicon region N,
(N+1), (N+2), or .... (i.e., pitch LP of the laser beams) is set to be not
more than half of width CW of poly-crystalline-silicon film p-Si.
This makes pattefned poly-crystalline-silicon film p-Si have not
less than two poly-crystalline-silicon regions N and (N+1), (N+1)
and (NT+2), or ...

0067

In the case that width NW of poly-crystalling-silicon
region N, (N+1), (N+2), or ... and width CW of patterned
poly-crystalline-silicon film p-Si are set to be 5[Lm and 15 m,
respectively, for instance, as shown in Fig. 8, patterned

poly-crystalline-silicon film p-Si includes three
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poly-crystalline-silicon regions N, (N+1) and (N+2) or more.

0068

Next, as shown in Fig. 9, semiconductor layer 21 is
completed with source and drain regions 21S and 21D formed on
both sides of channel region 21C of poly-crystalline-silicon film p-Si
as follows: First, patterned poly-crystalline-silicon film p-Si is
covered with the gate insulation film. Second, gate electrode 22 is
formed over poly-crystalline-silicon film p-Si. Finally, an impurity
is doped into poly-crystalline-silicon film p-Si through gate
electrode 22 as a mask.

0069

.Thus, source and drain regions 21S and 21D are formed
on both sides of channel region 21C of poly-crystalline-silicon film
p-Si in a direction substantially perpendicular to scanning
direction B. Neither source region 21S nor drain region 21D is
overlapped with gate electrode 22.

0070

Channel region 21C is provided with conductive fegions
C1, C2, C3, ... composed of poly-crystalline-silicon regions N, (N+1),
(N+2), ..., respectively. Each of conductive regions C1, C2, C3, ... is
formed to couple source regionIZIS with drain region 21D. As
described above, conductive region C1 is composed of
poly-crystalline-silicon region N made finally by the n-th shot of
the laser beams. Likewise, conductive region CZ. is composed of
poly-crystalline-silicon region (N+1) made finally by the (n+1)-th

shot of the laser beams.
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0071

In order to form conductive regions Cl1l, C2, C3, ... in
channel region 21C, scanningldirection B of the laser beams is
required not to be perpendicular to a direction along width CW of
channel region 21C. In the first embodiment of the present
invention, scanning direction B is, in fact, in parallel with the
direction along width CW of channel region 21C.

0072

Power dispersion in laser beam shots of the laser anneal
process gives rise to different crystallinity of
poly-crystalline-silicon regions formed in conductive regions. A
method of manufacturing a display device according to the first
embodiment, however, forms a plurality of conductive regions C1,
C2, C3, ... with different mobilit.y in channel region 21C so that the
mobility of channel region 21C can be averaged as a whole. Thus,
an averaged driving current can be supplied from driving element
20 to organic EL display element 40. Accordingly, where organic EL
display elements .40 are supplied with substantially the same
magnitude video signals, organic EL display elements 40 emit
substantially the same magnifude light to display uniform images
so that their display quality can be significantly improved.

0073

Further, a patterning process is carried out for
poly-crystalline-silicon film p-Si formed by at leasf two different
final shots of the laser beams. Practically, such a patterning

process is performed to make predetermined width CW of
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poly-crystalline-silicon film p-Si wider than pitch LP of the laser

beams so that channel region 21C can include at least two

consecutive ones out of conductive regions C1, C2, .... Particularly,

channel region 21C includes more than two conductive regions C1,

C2, C3, ... in the case that pitch LP is set to be not more than half of

width CW of channel 21C. Thus, even where the mobility of each

conductive region is different, total mobility of channel region 21C |
can be averaged better.

0074
SECOND EMBODIMENT |

Next, a method of manufacturing semiconductor layer 21
of driving element 20 in accordance with the second embodiment of
the present invention will be described below. However_, detailed
explanations of the same processes as in the first embodiment are
omitted.

0075

First, an amorphous-silicon film-formed .‘ substrate is
prepared. As schematically shown in Fig. 10, pulsed-laser beams
are then irradiated to amorphous-silicon film a-Si and shifted by
pitch LP in scanning (shot-moving) direction B.

0076

As shown in Figs. 10 and 11, poly-crystalline-silicon
regions N, (N+1), (N+2), ..., are eventually formed by finally
irradiated-laser-beam shots n, (n+1), (n+2), ..., respectively. Width

NW defined between adjacent poly-crystalline-silicon regions
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corresponds to laser-beam pitch LP. The width direction is
consistent with scanning direction B of the laser beams.

0077

Subsequently, as shown in Fig. 12, a patterning process is
carried out for poly-crystalline-silicon film p-Si to include at least
two consecutive poly-crystalline-silicon regions N and (N+1), (N+1)
and (N+2), or ... formed by different final shots of the laser beams,
respectively.

0078

Further, the patterning process may make width CW of
poly-crystalline-silicon film p-Si wider than pitch LP of the laser
beams, i.e., width NW of the poly-crystalline-silicon region. Thus,
pattefned poly-crystalline-silicon film p-Si securely includes at
least two consecutive poly-crystalline-silicon regions N and (N+1),.
(N+1) and (N+2), or .... |

0079

Desirably, width NW of the po.ly-crystalline-Silicon region
(pitch LP of the laser beams) is set to be not more than half of width
CW lo__f poly-crystalline-silicon film p-Si. This makes patterned

. poly-crystalline-silicon film p-Si have not less than two

poly-crystalline-silicon regions N and (N+1), (N+1) and (N+2), or

0080
Next, as shown in Fig. 13, semiconductor layer 21 is
comple.ted with source and drain regions 21S and 21D formed on

both sides of channel region 21C of poly-crystalline-silicon film p-Si
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covered with the gate insulation film. Second, gate electrode 22 is
formed over poly-crystalline-silicon film p-Si. Finally, an impurity
is doped into poly-crystalline-silicon film p-Si through gate
electrode 22 as a mask.

0081

Thus, source and drain regions 21S and 21D are formed
on both sides of channel region 21C of poly-crystalline-silicon film
p-Si which are substantially perpendicular to scanning direction B
and which are not overlapped with gate electrode 22.

0082

Channel region 21C is provided with conductive regions
C1, C2, C3, ... composed of poly-crystalline-silicon regions N, (N+1),
(N+2), ..., respectively. Each of conductive regions C1, C2, C3, ... is
formed to couple source region 21S with drain region 21D. As
described above, conductive region C1 is composed of
poly-crysfalline-silicon region N made finally by the n-th shot of
the laser beams. Likewise, conductive region C2 is composed of
poly-crystalline-silicon region (N+1) made finally by the (n+1)-th
shot of the laser beams.

0083

In order to form conductive regions C1, C2, C3, ... in
channel region 21C, scanning direction B of the laser beams is
required not to be perpendiculér to a direction along width CW of
channel region 21C. In the second embodiment of the present

invention, scanning direction B is, in fact, at a slant with respect to
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H st 100/q&le@e_cts provided by the first embodiment, where the driving
element of each pixel is formed at substantially the same location,
each of the driving elements of pixels disposed in the line and row
directions of the | display area -does not have a
poly-crystalline-silicon film formed by the same final shot. In other
words, the driving elements of pixels disbosed in slant directions
have poly'crystalline-silicoﬁ films formed by the same last shots.
Thus, the driving elements of the second embodiment can make it
more difficult to visualize line-like uneven brightness possibly
formed in the line and row directions of the display area than those
of the first embodiment.

0085

Meanwhile, in the case of a color organic EL display
device, the visual sensitivity (relative luminous efficiency) of
human eyes depends on displayed colors. Where color displays are
made by red color pixels PXR, green color pixelé PXG and blue color
pixels PXB, the visual sensitivity of green color is higher than that
of the other colors. Thus, uneven display of the green color (in the
case of an entirely green color display) is particularly conspicuous.

0086

Accordingly, it is desirable to set a ratio of width CW of
channel region 21C to width NW of each conductive region C1, C2,

.. with respect to a green color (the first color) pixel to be different

26



10g 10g 10gy; 10%& ()- S9SL0%& () - x667888888} "SH=@M ! 10 10 10; 10%& ()-
s30s! 109USU&' () - s3%s! 1098 () -s3%s! 10%&' ()- ! 100EUS () - 8N: ; >: #>(>+>, >{ Z;
0= 10; 10%&' ()- ~9!'!1 10% & ()-"9!! 10%& () - \ |

| M 109PSP& ()-!1M 10%& ()-!'1M 109%& ()-, > >. >?@8BDf G= 1031" ! 1096°& () -

F 1109 ()-9F 1 109%& ()- M10% & ()-1!M 109%T& ()- 10 10D DDD DbDFFH] >
109! M 10967& ()-!1 1109& ()-1 11094& ()- hl 1109 ()-& 10T 10T 10T;

") -H LTI IKK=\:  1Q :110%*& ()-1:110%z& ()-:!10%& ()- 10T 10T 10T;
igg//gg' 8-‘?@%#6&#&?"(‘;&@1 Rﬁlﬂhﬁgﬂ{m&i 116031090218 to width I\%V of each

conductive region C1, C2, ... with respect to a red or blue color pixel

(the second color pixel).

0087

Width NW of each conductive region is set to be not more
than CW/3,' for instance, with respect to width CW of channel
region 21C for the green color pixel while width NW of each
conductive region is set to be not more than CW/2 with respect to
width CW of channel region 21C for the red or blue color pixel. In
order to configure these structures, a predetermined pitch of the
laser beams to form the green color pixels is smaller than that of
the laser beams to form the red or blue color pixels. Alternatively, a
width of the semiconductor layer for the green color.pixel is large_r
than that of the semiconductor for the red or blue color pixel.

0088

Thus, three conductive regions or more are provided in
the channel region for the green color pixel but two conductive
regions or more are provided in the channel region for the red or
blue color pixel. As a result, dispersion in mobility of the channel
region for the green color pixel is averaged better than that in
mobility of the channel region for the red or blue color pixel.
Accordingly, uneven brightness of a higher visual-sensitivity color
(e.g., green color) can be improved.

0089

This invention is applied not only to the circuit

arrangement shown in Fig. 1 but also to other circuit arrangements,
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accumulation capacitor element 30, and control elements 33 and 34
connected to control lines 32.
| 0090
Since the circuit arrangement, however, also includes
pixel switch 10, driving element 20 and control elemer_xts 33 and 34,
the - semiconductor layers of which are composed of a
poly'érystalline-silicon film, it cannot céncel the mobility
dispersion completely. Where the semiconductor layer of driving
element 20 in the circuit arrangemeﬁt is made of such a
poly-crystalline-silicon film as set forth above in the first and
second embodiment, the mobility dispersion can be significantly
averaged.
0091
As described above, direction (longitudinal direction) A of
channel regioﬂ 21C of driving element 20 to supply a driving
current to organic EL display element 40 is perpendicular to
scanning (shot-moving) direction B of the laser beams and channel
region 21C is composed of coﬁductive regions C1, C2, ... to connect
channel region 21C to source and drain regions 218 and 21D.
0092 |
Even if average grain diameters of conductive regions C1,

C2, ... are different from each other, since conductive regions C1,
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organic EL display element 40 can be averaged. Therefore, it can
reduce brightness differences between pixels when a uniform image
is displayed and improve display quality.

0093

The present invention is not limited to the embodiments
described above. Although the invention has been described in its
applied foi'm_ with a certain degree of particularit&, it is understood
that the present disclosure of the preferred form can be changed in
the details of construction and the combination and arrangement of
components may be resorted to without departing from the spirit
and the scope of the invention as hereinafter claimed. Some
components of the embodiments may be eliminated or various

components from different embodiments may also be combined.
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1. A method of manufacturing a display device with

driving elements for driving pixels, comprising:
preparing an amorphous-silicon film formed on a

substrate;

irradiating pulsed-laser beams toward said
amorphous-silicon film while shifting to shoot each of the same in a
predetermined scanning direction to form a poly-crystalline film;

patterning said poly-crystalline film to include at least
two poly-crystalline conductive regions in a channel region finally
formed by different shots of said pulsed-laser beams; and

forming source and drain regions on both sides of said
channel region, respectively;

whereby said channel, source and drain regions are

provided in a semiconductor layer of each of said driving elements.

2. A method of manufacturing a display device according
to Claim 1, wherein said séanning direction of said pulsed-laser
beams is substantially in parallel with a width direction of said

channel region.
3. A method of manufacturing a display device according

to Claim 1, wherein said scanning direction of said laser beams is

at a slant with respect to a width direction of said channel region.
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to Claim 1, wherein said driving pixels include first and second
pixels, and a ratio of a width of each of said conductive regions in
said first pixel to that of said channel region in said first pii{el is
different from a ratio of a width of each of said conductive region in

said second pixel to that of said channel region in said second pixel.

5. A method of manufacturing a display device with

driving elements for driving pixels, comprising:
preparing an amorphous-silicon film formed on a

substrate;

irradiating pulsed-laser beams  toward said
_émorphous-silicon film while shifting to shoot each of the same by a
predetermined pitch in a predetermined scanning direction to form
a poly-crystalline film;

patterning said poly-crystalline film to make a width of
said poly-crystalline film wider than said pitch; and

forming a channel regioﬁ, and source and drain regions on
both sides of said channel region, respectively, in a direction

substantially perpendicular to said scanning direction.

6. A method of manufacturing a display device according
to Claim 5, wherein said channel region includes at least first and
second conductive regions connecting said source region to said
drain region;

said first conductive region is finally formed by a first
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said second conductive region is finally formed by a
second shot of said pulsed-laser beams which is subsequent to said

first shot of said laser beams.

7. A method of manufacturing a display device according
to Claim 5, wherein said pitch is not more than half of a width of

said channel region.

8. A method of manufacturing a display device according
to Claim 5, wherein the scanning direction of said pulsed-laser
beams is substantially in parallel with a direction of a width of said

channel region.

9. A method of manufacturing a display device according
to Claim 5, wherein the scanning direction of said pulsed-laser
beams is at a slant with respect to a direction of a width of said

channel region.

10. A method of manuf&cturing a display device according
to Claim 6, wherei.n said driving pixels include first and second
pixels, and a ratio of a width of each of said conductive regions in’
said first pixel to that of said channel region in said first pixel is
different from a ratio of a width of each of said conductive regién in

said second pixel to that of said channel region in said second pixel.

32



. £ 1096& () - 3%INdEbC 1! F1 931096& () - |
:9],(/200/5&'(%)-49&- M 1096& () - Z3+109%6& () -399' ' 1096& () - GLFUM 10968 () - FNS' ()*
j xnbC 11 F1°| & 10%0&' ()-4 105 105 105F; 1096& ()- &M 1096& ()- 7' 109%6& ()-
5110968 ()-3j 5SmaBmbC 1! FILL10%0Z ()- | 10%08' ()-4Lf' 10%08' ()-

L' 110%08 ()-3!$l #10%0+Q& ()- * yl0%0& ()- 5maBrbC 1! FILLIO%O! () - )
| 10908 ()-4Lf' 10908 ()- L' !110%0& ()-3!$l #109%-O+Q& ()- ; 10%& ()- Nor mal

T e TR e e T S E T
R EAEE O W e RN S -
!?ogg(r)}grl(?i _IC_:OE”} grlléggge)e%gtotﬁlglzg erng\g%g[)p?xgouvq‘agﬁi. for, and corresponding
<=>?@\B ol’:csalalli&%i%%EJU\MXYZ[\]’\_‘ abcdef ghi j kIl mopqgr st uvwxyz{| } ~
driying elements to supply driving currents to said
light-emitting elements, |
said driving elements having thin-film transistors with
semiconductor layers of poly-crystalline films,
said semiconductor layers including source, drain and
channel regions, and
said channel region connecting said source and drain

regions and including at least two conductive regions with different

average grain sizes.

12. A display device according to Claim 11, wherein said
conductive regions have a boundary which is substantially in

parallel with a llongitudinal direction of said channel region.

13. A display device according to Claim 11, wherein said
conductive regions have a boundary which is at a slant with respect

to a longitudinal direction of said channel region. -

14. A display device according to Claim 11, wherein said
pixels include first and second pixels, and a ratio of a width of each
of said conductive regions in said first pixel to that of said channel

region in said first pixel is different from a ratio of a width of each
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of said conductive regions in said second pixel to that of said

channel region in said second pixel.

15. A display device according to Claim 11, wherein said
semiconductor layers are formed by irradiating pulsed-llaser beams
 to anneal amorphous crystalline films, and
said conductive regions are formed by finally different

shots of said laser beams.
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