‘4 August 2005 -1 DESCRI PTION DI SPLAY DEVI CE AND METHOD OF MANUFACTURI NG

" THE SAME  Technical Field This invention relates to a di spl ayguderocse and a
met hod of manufacturing the sane. Mre particularly, the present invention
relates to an inprovenent to the planarizing technique that is being used

for burying undul ations produced by-ithin filmtransistors and their wres

in the process of nmanufacturing an active matrix type display device,

which conprises as integral pDESCRPHONpi xel el ectrodes and switching
thin filmtransistors, so as to formpixel electrodes on the pI anari zed
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So- caIIe tructure “produ y afranging a pair of s%strates wth
a predeterm ned gap separating them and bonding themto each other with an
el ectro optic substance such as liquid crystal held in the gap. A set of

thin filmtransistors are formed on one of the substrates and covered by a
pl anarfedbmgcal Fimldon which a set of pixel electrodes are arranged, whereas
an opposite electrode is arranged on the other substrate vis-a-vis the set

of . pi xel el rlﬁdeﬁtlohrteldtes qa%edgblgf deb Ry afld anhevh st uF eeamefaawingi | ters
are arranged on the 4 August 200
the same. More particularly, the present invention relates to an improvement
to the planarizing technique that is being used for burying undulations .
produced by thin film transistors and their wires in the process of
manufacturing an active matrix type display device, which comprises as

Jintegral parts thereof pixel electrodes and switching thin film transistors, so as

to form pixel electrodes on the planarized surface.

Background Art

Conventional displ.'ay devices typically have a so-called panel structure
prdduced by arranging a pair of substrates with a predetermined gap separating
them and bonding them to each other with an electro optic substance such as
liquid crystal held in the gap. A set of thin film transistors are formed on one
of the substrates and covered by a planarizing film, on which a set of pixel
electrodes are arranged, whereas an opposite electrode is arranged on the other
substrate vis-a-vis the set of pikel electrodes. |

In the case of a colour display device, colour filters are arranged on the




I  so-called other substrate so as to assign the three primary display
colours of red, blue and green are to each of the pixel elgglstodes. Each
pixel electrode transmts or reflects light of the wavel ength of the
colour assigned to it in order to cause the display device to display a
desired, col our image. The thicknesspof the |ayer of the el ectrooptic
subst ance, which may typically be liquid crystal, of the col our display
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assigned to each pixel so as to optimze the ssion factor or the

-reflecti,on . factqgr. However, convent, onal .cgl our [ [ not
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optimally bal ance the three primary colours of red, blue and reen on the
di spl dyansniferor reflects hight iof thepwarelengih abvhe colepr assignad ?‘-’il Brive
circuit type are known. The display device of this type conprises high

per f orgrdeg o pouyesithe cdizpldy ridviitentor dfqilﬁywslcisixeﬂakeldur pmagebl &heo
integrally forma pixel array section and a peripheral drive circuit
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pi xel r _ in filmtransistors or driving t _ _ _
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array section and the drive circuit section formed on a sane substrate are
cover dbe byavelemgthnofl theacolowsgagsigned doneach pixpl se| antpa9PYBHES dR€and t he
drive circuit section are different fromeach other in terns of the mcro 4
AugustraAfidbission factor or the reflection factor. However, conventional colour
display devices are not provided with such a regulating function and hence it
is difficult to optimally balance the three primary colours of red, blue and
- green on the display screen.
Active matric type display devices of the built-in drive circuit type are
- known. The dispiay device of this type c;ompriscs high performance
polysilicon thin film transistors to make it possible to integrally form a pixel
array section and a peripheral drive circuit section on a same substrate. The
pixel array section is formed by using pixel electrodes and thin film transistors
for driving the pixel electrodes. The drive circuit section is also fornied by
using thin film transistors that are adapted'to drive the pixel array section. The
pixel array section and the drive circuit section formed on a same substrate are

covered by a common planarizing film. Since the pixel array section and the

drive circuit section are different from each other in terms of the micro-




-3 structure on the surface of the substrate, it is not always possible to
unifornmy planarize the two sections so that the thickngagggdt Jobs

el ectrooptic substance, which may typically be liquid crystal may | ocally
show fluctuations to consequently degrade the quality of the d| spl ayed

I mage. Additionally, in the case of reflection type display devicces, mcro-
undul ations are forned on the surface of the planarizing filmand |ight-
reflecting pixel electrodes are forned t hereon so that the pixel electrodes
may be made to provide a desired light scattering effect. However, a
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that can overcone the technologlcal probl ens of conventlonal di spl.ay

- devi cewhigdcanpayntypicadly ibetligupdcerystal hanayvkogaldy, show é‘lmgttpartéonae@ a
di splay device having a panel structure fornmed by a pair of substrates

bondedcbnsequdntdy egrade tie gquplieylefeheidisplayapn sepge.ati ng them and an
el ectrooptic substance held in the gap between the pair of substrates, a
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reflecting pixel electrodes are formed thereon so that the pixel electrodes may be
made to provide a desired light scattering effect. However, a special processing

step needs to be introduced for forming micro-undulations on the planarizing

film to complicate the manufacturing process.

Disclosure of the Invention
Embodiments of the present invention seek to provide a display device and
a method of manufacturing the same that can overcome the technological
problems of conventional display devices. |
According to a first aspect of the invention, there is provided a display
device having a panel structure formed by a pair of substrates bonded to each other
with a predetermined gap separating them and an electrooptic substance held in
the gap between the pair of substrates, a set of thin film transistors, a planarizing
ﬁlrh covering said thin film transistors and a set of pixel electrodes arranged on
the planarizing film being formed on one of the substrates, or the former substrate, an

opposite electrode being formed vis-a-vis the set of pixel electrodes on the other




-4 substrate, or the second substrate, the planarizing filmof the display
device is made of a photosensitive material and formed yQgRlievsgpsvarying
thickness in the first substrate by neans of an exposure process wherein
different display colours are assigned to the pixel electrodes and the
planarizing filmis fornmed to show a thickness that varies according .to

t he wavel ength of the display colour assigned to each of the pixel .

el ectrodes. In an enbodi nent, the first substrate has thereon a pixel array
section fornmed by the pixel electrodesdand thin filmtransistors for
driving the pixel electrodes and a drive circuit section fornmed by thin
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filmis formed so as to extend fromthe pixél array s on to the
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el ectrodes are made of reflective filmand arranged in the regi on show ng
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I's provided a nethod of manufacturing a display device having a panel

st r uctthicgkriegs gt Maries paiidor@fn%ttb%hé avgvelehgiided the digplayotdRiurwdsiiz®ed to
predeterm ned gap separating themand an el éctrooptic ~ substance held in

th -1 he ' substrates, the nmethod including a ste of
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form ng mtransistors, a planarizing filmcovering said

thin fil ' t of .pixel. electrodes arranged on.th
pl ;2 ar : zimng é%gféra grgﬁgggg t%ﬁzﬁrstésub%{:r)é%e has thereon a pixel alpay section formed

by the pixel electrodes and thin film transistors for driving the pixel electrodes and a
drive circuit section formed by thin film transistors for driving the pixel array
section and the planarizing film is formed so as to extend from the pixel array
section to the peripheral drive circuit section and show a thickness differentiated
between the pixel array section and the drive circuit section.

In another embodiment, the‘ planarizing film has a region where the thickness
thereof i1s made to vary so as to produce undulations on the surface and the pixel
electrodes are made of reflective film and arranged in the region showing
undulations.

According to a second aspect of the present invention, there is provided a method
of manufacturing a display device having a panel structure formed by a pair of substrates
bonded to each other with a p?edetermined gap separating them and an electrooptic
substance held in the gap between the pair of substrates, the method including a step

-of forming a set of thin film transistors, a planarizing film covering said thin film

transistors and a set of pixel electrodes arranged on the planarizing film on one of the




4 August 2005 -5 substrates, or the former substrate, and form ng an
opposite electrode vis-a-vis the set of pixel electrodegp& &Qﬁogther
substrate, or the second substrate, the step of formng sala planari zi ng
filmincluding an application step of applying a photosensitive materi al
onto the first substrate, an exposure step of subjecting the planarizing
filmto an exposure process using a varied planar distribution of quantity
of exposure light, and a processing step of processing the planarizing
filmso as to make it show a thickness varied according to the planar

di stribution of quantity of exposure light by etching the surface of the
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irradiated onto the planarizing filmby way of a mask showing a varied
pl anasa glandizingn fdfn tinehsdings annapplication rstepeof appdying asphptostemsmve
anot her enbodi nent, the planarizing filmmay be made to sense light for a
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pl urali tyo masks, 1n order td irradiate l1g e planarizing fil
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irradi ate |i ht to the planarizing filmw th different. . respective
quant pﬁpggul@f lighte repd ar@?o%syﬁate% of processing the planarizing Afmso as to make

it show a thickness varied according to the planar distribution of quatltity of
exposure light by etching the surface of the exposed planarizing film, wherein
different display colours are assigned to the pixel electrodes and the planarizing film
is formed to show a thickness that varies according to the wavelength of the display
colour assigned to each of the pixel electrodes.

In an embodiment, light may be irradiated onto the planarizing film by way of a
mtisk showing a varied planar distribution of transmission factor in the exposure
step.

In another embodiment, the planarizing film may be made to sense light for a
plurality light for a plurality of times in the exposure step, using a plurality of masks,
in order to irradiate light to the planarizing film with a predetermined quantity of

_energy.
In another embodiment, a single mask provided with a filter having
- predetermined rparts adapted to irradiate light to the planarizing film with different

respective quantities of energy may be used.




4 August 2005 -6 In another enbodinent, a pattern adapted to diffract

| ight nmay be used for the filters in the exposure step. 4l r

enbodi ment, a filter nade of two or nore than two |ight gﬁ?@?ﬂ?ﬁgg
substances having different light transm ssion factors may be used. In

anot her enbodi nent, a nmask provided with a filter showing a |ight

transm ssion factor between 1 % and 50 % may be used in the exposure .step.
In accordance with a third aspect of the invention, there is provided a

cel lular phone term nal device conpri<-ng an operating section to be used
for operations relating to making a call and receiving a call, a talking
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maki ng a ca recerving a’calfl and a ay secti ayl ng
i nfor iion.r lating at | east to the operation for the <call; said display
sect i oHIIFEAMECL C8tScture formed by a pair of substrates bonded to

each other with a predeterm ned gap separating them and an el ectrooptic

subst ance falahdthet bmtgafintesithe dilt¢hmaeri of elvosobstort tmn awe dighifstidliding
filmtransistors, a planarizing filmcovering said thin film transistors

o one e R R O s aha B LA it el ectrode
oy T O iR aneiht crabedingsn & myask rovidssiwith a Hlier Showing a fight fransmission
factor between 1 % and 50 % may be used in the exposure step.

In accordance with a third aspect of the invention, there is provided a cellular
phone terminal device comprising an operating section to be used for operations
relating to making a call and receiving a call, a talking section to be used for allowing
telephone conversation to take place after making a call or receiving a call and a
display section for displaying information relating at least to the operation for the
call;

said display section having a panel structure formed by a pair of substrates
bonded to each other with a predetermined gap separating them and an electrooptic
substance held in the gap between the pair of substrates;

a set of thin film transistors, a planarizing film covering said thin film
transistors and a set of pixel electrodes arranged on the planarizing film being formed
on one of the substrates, or the former substrate;

an opposite electrode being formed vis-a-vis the set of pixel electrodes on the

other substrate, or the second substrate; and




- el ectrodes e ot er su

-6a the planarizing filmof the display device being nade of a

phot osensitive material and fornmed to show a varying thlgﬁﬂﬁé o the
first substrate by neans of an exposure process, wherein erent displ ay
colours are assigned to the pixel electrodes and the planarizing filmis
formed to shown a thickness that varies according to the wavelength of the
di spl ay colour assigned to each of the pixel electrodes. In accordance with
a fourth aspect of the invention, there is provided a portable information
term nal device conprising an operatingasection to be used for inputting

I nstructions, a processing section to be used for processing information
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substrates; a set of thin filmtransistors, a planarizing fllntcoverlng
sai d txipestid proaasansi stors and a set of pixel el ectrodes arranged on the
planarizing filmbeing formed on one of the substrates or the forner
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wavelength of the display colour assigned to each of the pixel electrodes.

In accordance with a fourth aspect of the invention, there is provided a portable
information terminal device comprising an operating section to be used for inputting
instructions, a processing section to be used for processing information according to

instructions and a display section for displaying processed information;

said display section having a panel structure formed by a pair of substrates

bonded to each other with a predetermined gap separating them and an electrooptic
- substance held in the gap between the pair of substrates;

a set of thin film transistors, a planarizing film covering said thin film

transistors and a set of pixel electrodes arranged on the planarizing film being formed
on one of the substrates, or the former substrate; |

an opposite electrode being formed vis-a-vis the set of pixel electrodes
on the other substrate, or the second substrate; and

the planarizing film of the display device being made of a photosensitive

material and formed to show a varying thickness in the first substrate by means




Thus, in a display device according to enbodi nents of the invention
realized by using an electro optic substance such as |i gy g,spsal . the
planarizing filmapplied to the surface of a substrate intéegrally carrying
active elenents such as thin film transistors is so devised that its

t hi ckness is made to vary within the substrate. Wth this -arrangenent, it
is now possible to provide each of the red, blue and green pixels.of the
col our display device with an optinmal thickness. Therefore, it is possible
to inprove the wuneven gap in both of -ghe pixel array section and the drive
circuit section of the panel of a built-in drive circuit type display
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possi ble to e . the pixe] electrodes .operating,as reflective tilm proyide
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varyingELhe t hi ckness of the planarizing filmso as to produce undul ations
on t hetheusuataset pEragfubstiate dnipgraldyj earyinghactive alomentsgsuchoras plainp ddsent
invention will be 4 August 2005 mnade clear in the follow ng description of
t he prahesiserds énbodevisetishafits thiecknensds made tBvargf widhie thepdulsstrasé. With this
Drawings FIG 1 is a schematic cross sectional view of a part of a display
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FIG 21s: chémat'ic cross sectional view a paft of t
enbodi nent _of display deyjce accordjng to t i pvention. Fl 3.1.s a graph
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etching the planarizin% filmaof a display device accqrding to.
uneven gap in both of the pixel array section and the drive circuit Section of the panel
of a built-in drive circuit type display device realized by integrally forming pixel
arrays and drive circuits. Additionally, in the case of a reflection type display device,
it is now possible to make the pixel electrodes operating as reflective film provide a
desired light scattering effect with a reduced number of steps, by varying the thickness

~ ofthe planarizing film so as to produce undulations on the surface thereof.

The other objects and the advantages of the present invention will be




-according to the invention. 4 August 2005 -

the.invention. FIG 4 is a cross sectional view of a part of a display

device shown for reference. FIG 5 is a cross sectional yisggyu&fooaspart of
.a display device also shown for reference. FIG 6 is a schematic cross

sectional view of a part of the second enbodinent of display device
according to the invention. FIG 7 isi-a cross sectional view of a part of
di spl ay device also shown for reference. FIG 8 is a schematic cross
secti afatledlewr Gh thepllowing deséHptidn @ﬂﬂwgmreﬂ edilsgdiaye s wfcthe

i FIG 9 is a schematic plan
Vi ew QBv@nf@I | ul ar phone term nal device realized by applying the present
i nventioR FI'G. 10 is a schemat I c perspective views of a portable
information termnal device realized by applying the present invention.
Best Mbde for Carrying out the Invention Now, the present invention will be
described in greater detail by referring to the acconpanying draw ngs that
i |1 ustBaet Dessrgptien of tbodrasvings of the invention. Firstly, the general
configuration of colour display devices will be briefly described by

referring tRICE] Gisha s¢hahaft dressIsetiibyal Peewasika pavneaf of dispbay device

according to the invention, illustrating its basic configuration.

-FIG. 2 is a schematic cross sectional view of a part of the first
embodiment of display device according to the invention.

FIG. 3 is a graph illustrating lthc relationship between the exposure time -
and the extent of etching the planarizing film of a display device according to.
the invention.

FIG. 4 is a cross sectional view of a part of a display device shown for
reference.

FIG. 5 is a cross sectional view of a part of a display device also shown
for reference.

FIG. 6 is a schematic cross sectional view of a-part of the second
embodiment of display device according to the invention.

FIG. 7is a cross sectional view of a part of display device also shown for
reference.

FIG. 8 is a schematic cross sectional view of a part of the third

embodiment of display device according to the invention.




- structure an

i nvention. The display device of FIG 1 has. a so-called panel structure
produced by arranging a pair of glass substrates 100, 13§ vm'tqé%a

‘el ectrooptic substance 130 hel d between the substrates. IAHQ E an
opposite el ectrode 131, a polari zi n% | ayer 132, a colour filter 133 and a-
black matrix 134 are forned on the Upper glass substrate 135. On the other
~hand, a pixel array section 120 and.,a drjve ctriquit sectjon. %13% are
arranged oflhe9| buarschematigiplanoyicwrel @ pglular, phope Jermigal $5¥1G%

located peripherally relative to the pixel array section 120. The pi xel
arr ay resheed by 4l yiinglthdgrependainvenéiom:. odes 111 and thin filmtransistors
(TFT-PXL) for swtching/driving the pixel electrodes 111. The thin film

transi stor T u i cIRMNE vieWdabs Gatperiatle dbimatioat
qﬁ?a}g ﬁjghgxr:l%e Qtﬁfpgc Stﬁeansi stvg?s. On t erot her hand, the drive

circuit section.130 ipclydes thin fi]lm_ transist (TFT-CKT) for driving
Che L termmal iR aeahgrd BRadMying the preS A RER®al L T T L e Yy
the-single gate type and have a bottomgate structure. Note that only an
- N-channel type thin filmtransistor TFT-CKT is 'shown in FIG 1. Both the
thin filmtransistors TFT-PXL and thin film transistors TFT-CKT have a

nul t i [BestMedefor Carryigt bnethdInsespient i al |y laying a gate el ectrode 101,
gate insulating filns 102, 103 and a sem conductor thin film 105. The

oo concuChEyd 1 Sk plnta Gl borscbamiycpugiat dael b o
f_i_,:l m %gfgérring' to the accompanying drawings that illustrate preferred embodiments
of the invention. |
| Firstly, the general configuration of colour display devices will be briefly
Er described by referring to FIG. 1 in order to clarify the backgrouﬁd of the
invention. The display device of FIG. 1 has-a so-called panel structure
produced by arranging a pair of glass substrates 100, 135 with an electrooptic
substance 130 held between the substrates. In FIG. 1, an op_posiie electrode
131, a ?polarizing “layer 132, a colour filter 133 and a black matrix 134 are
formed on the upper glass substrate 135. |
On the other hand, a pixel array section 120 and a drive circuit section
130 are arranged on the lower substrate 100. The drive circuit section 130 is
located peripherally relative to the pixel array section 120. The pixel array

section 120 includes pixel electrodes 111 and thin film transistors (TFT-PXL)

for switching/driving the pixel electrodes 111. The thin film transistors TFT-




The seni conductor thin film 105 is patterned to produce islands that
correspond to the el enment regions of the thin filmtransjstQisoodbe
patterned sem conductor thin film 105 has channel regions gﬁ l'ocat ed
‘inside the ends of the respective gate el ectrodes 101, |ow concentration
inmpurity regions (LDD regions) extemding outward fromthe respective _
channel regions ch and high concentration inpurity regions (source regions

S and ip.regio D.,.e ' u ( r 14 |
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each thin filmtransistor |s prqQtegted by a sta ro il 06,, .Thgythin
film trapgstors, Omihe piher hﬁgdilﬁ éﬁéfe %Q\;HF éac‘aﬁﬁin"ﬂf m@v?’%&hmi ﬁ?lh ating
film 107 and a protection film 108. Wring 4 August 2005 10 el ectrodes

109 ateardsistod (FFTHEKE)dlogadriieing therthiasfilBatransistonsgl ETeBXdoddn theg i s
electrically connected to the source region S or the drain region D of the

corr eSRNARACBYof FIG. M1 | Mdy 8F6 0T thie @mg}»ﬁx%a% t§pe Ot Have ol ddtesmegatenr ough

he, “Interlayer insulati'ng film 107 he protection film 108. The
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filter 133 and an opposite el ectrode 131 are disposed vis-a-vis with an
- el ect taapistors TRBCGKTh a0 ind dlpesetnidunemalizedby sequantiadlyplayiagspl ay
device of FIG 1. The pixels that control transmtted |light form an
or gani;,Cofledll8birdda0161) FAtkidsulating films 102, 103 and a semiconductor thin
film 105. The semiconductor thin film 105 is typically made of polycrystatline
silicon. The gate insulating films are a gate nitride film 102 and a gate oxide
film 103.
| The semiconductor thin film 105 is patterned to produce islands that
correspond to the element regions of the thin film transistors. The plattcmcd
semiconductor thin film 105 has channel regions ch locatéd inside the ends of
the respective gate electrodes 101, .I.ow concentration impurity regions (LDD
- regions) extending outward from the respective channel regions ch and high
concentration impurity regions (source regions S and drain regions D)
extending outward from the respective Jow concentration impurity regions
~ (LDD regions). The channel region ch of each thin film transistor is protected

by a stopper film 106. The thin film transistors TFT-PXL, TFT-CKT are

covered by an interlayer insulating film 107 and a protection film 108. Wiring




as passivation layer on the gate insulating filmand the interlayer
insulating filmthat are conponents of the thin fil mtrgﬁsui Stt(ﬂ'ﬁ and the
-pi xel electrodes 111 typically nmade of transparent el ect AN >9 gonduct‘i ve
filmsuch as I TOfilm are fornmed on_the planarizing film On the other
hand, a colour filter 133 of the t it%e primary colours of red, blue and
green and a black matrix 134 are forned of th pposite.substrate 135 side
and acpestaedes 499 argeformed @He‘rh&tli’ﬂﬁecagnogbﬂcﬁ?ﬁq %gifbrwéﬁﬂga#e& ite

el ectrode 131 are forned on the colour filter 133 and the black matrix
134, 09 isi aletthicalyp cohnkayeer tosthecsiurbe degjon Seor thetbraimregioroD ol have a
~substantially sane thickness and shows the highest transm ssion factor in

a s pe%'lo_flr'nf%?}@k\ﬂ‘ﬂég Qﬂhpgﬂ)?ﬂlgai;&e‘i?ioﬂ §¥ deiy BEQ @mtacl Hol forned h 805 of

the fi ness an ractive “index of the liquid crystal layer. In
the case of the sinple str re as,. illustragted 4n F 1, e Py fic
wavel é’r\fﬁ‘ffﬁyez‘oﬁ%mﬁé‘%& r@ﬂ?f@z i ey PJQE?%E?{gKQHPt Ilggf eeT?/lmEt ﬁﬁ?ﬁ% of
green colour in order to maximze the transn ssign factor of gtsl.-hlgleﬁranel but

with tehettrofesl 08 areaioveredibyra phnarsring filwnbl).aPird slecugs €t the
time of displaying white. Inprovenent in ternms of transm ssion factor and

col oUfofREHG IR KE P]aﬁhﬁzihgeﬂlmflcllﬂ bepateaaiagy and it is necessary to make
the liquid crystal |ayer "show an optimal filmthickness for all the

| th | i ) id
wavel eng ﬁa?%‘gqb?@asg%gf% B]Lt?%rat'f?ll?’ﬂt) @iﬁgrﬁgg i el Rerd e qectionwm

However, w structur cult to change the film

§ ner oA Ao aiEcH setion: ah bepp Ry e ufest FlE L 5 SRty f Bl hE I Y
sect i,(:)lggl aI;/(ii i\llflv (());;pgsigg glé)gtr(t)gg lgﬁcfrréddisposcd vis-a-vis with an clectrooﬁtic
substance 130 interposed between them in the colour display device of FIG. 1.
‘The pixels that control transmitted light forﬁl an organic planarizing film 110
as passivation layer on the gate insulating film and the interlayer insulating
film that are comll)onents of the thin_film transistors and the pixel electrodes
111 typically madc of transparent electrically conductive film such as ITO film
are formed on the planarizing film. On the other hand, a colour filter 133 of
the three primary colours of red, blue and green and a black matrix 134 are
formed on the opposite substrate 135 side and a:polarizing layer 132 operating
~ as overcoat layer and an opposite electrode 131 are formed on the colour filte;
" 133 and the black matrix 134. The liquid crystal layer sandwiched by the

substrates 100, 135 have a substantially same thickness and shows the highest

transmission factor in a specific wavelength zone that is defined as a function




enbodi ment according to the invention. As shown in FIG 2, this enbodi nent
of display device has a so-called panel structure produg%!I Qéfzgpgangi ng a
pair of substrates 1, 2 with an electrooptic substance SO Iquid
crystal 3 held between the substrates. The paired upper and | ower

. Substrates 1, 2 are bonded to each ajpner by neans of a sealing material 9
with the liquid crystal 3 interposed between them A set of thin film

tr ansiﬁ%&iﬁngﬁﬁcﬁﬁs@d}ﬂl ﬂ}ef)frﬁf‘gict%é Wdé@ﬁﬁg?{‘hiﬁ%i?i’é?%@ta@ﬂéy’&. Clf hé t

section anari zi ng covering t transistors 4 and a

set of I xel. el ectrodes arranged i he . pi r Lk he

o1 anarasPrdf 11 siiapI SR ar08s tHysiatelf i il TR sPERA R 1ot
substrates, or the substrate 1. Note that the pixel electrodes, are, not
shown ZomeFiGnormaly se defined asrtongwdkeoit agreeswithothatnphgresn gploWnN st or s
4 and the above described planarizing film5 is formed so as to cover the

Wi res drdeflto magyRifeske thakmrsial fidion df {e panekibut ovithithias ofi Miuged into
the pixel array section 21 integrally conprising a plurality of pixels PXL

and ! h1oBEWRAFIRL HibYP Ct)%%@?}f%{uré%t%@ggﬁﬁze@a{ e HHE oiMafkplay kg Upper

substrateg carries t e elec e that 1s arranged vis-a-vis the
PG avhithe TpEATISN g PGt ConsmasORRelAstor GR0rerDLy deufr e any
shaped. by way of an exposure processing operation so as_to show a
"t hi ckiesdbedmrequired secepymaicy ismedessagyoto makenthe ligaid supstal dayery
show an 6ptima1 film thickness for all the wavelengths of red, green and blue
| in order to meet the requirement. However, with the structure of FIG. 1, it is
difficult to change the film thickness of the liquid crystal layer for each pixel
without remarkably increasing the number of processing steps.
| FIG. 2 is a schematic cross sectional view of a par of the second
" embodiment according to the invention.
As shown in FIG. 2, this émbodiment of display device has a so-called
panel structure produced by arranging a pair of substrates 1, 2 with an
electrooptic substance such as liquid crystal 3 held between the substrates.
The paired upper and lower substrates 1, 2 are bonded to each other by means
ofa sealing. material 9 with the liquid crystal 3 interposed between them. A set
of thin film transistors 4 for forming a pixel array section 21 and a drive circuit

section 22, a planarizing film 5 covering the thin film transistors 4 and a set of

pixel electrodes arranged in the pixel array section 21 on the planarizing film




A colour filter CF and a black matrix 7 are forned on the substrate 2 in
addition to the opposite el ectrode and covered by a protg?&li ol bPJSm 8.
Actually, the opposite electrode is forned on the protec e T2| m 8.
Different display colours of red (R), green (G and blue (B) are. assigned
to the pixels PXL by neans of the cglour filter CF. The planarizing filmb5
I's shaped in such a way that the thickness of its part corresponding to

the PixGle afeloskadi SnBofthe dltiskiaAls Obr HIEsHBMEARND! INGe AP (Bé pPAely

col our” assig to each pixel. us, ment of FIG 2 is so

designed that the liquid crys | ayer. 3 shows a filmthjck t
maxi m& espees @Fﬁﬁ%@é‘?%ﬂ ‘?l’atf{ir L ogﬁﬁeah% a&"'&lf@%%%"dzn%%{he- §%5§¥ wﬁ'e
wavel ength zone of the display colour assigned to each pixel PX(% by

pr ocediimdransisiprstdbogndsihei sleove desciibpd planarizing ilmnSsts famed §0iap
crystal that is typically used for the VA node is adopted for the liquid
cryst gb d@%ethd wirkg'6.exanpl e, the fil mthickness of the liquid crystal

| ayer 3 is nade to vary so that it shows a thickness DI or 3.7 mfor the

parts of Und iRt bengy sHLoP SR AT KLl Bapibgghnere |
o Chut SRR AP, Rl ST R R
| thi ckness that varies depending on the spot on t hgl &%Eppgggi)gérgebz\ggﬁged
_ ggnu;?g:]%]iwrfgl grgﬂgfirg?“gﬁatgm?il \?ﬁt ﬁligttﬁegt&rjogpt I ¢ substance such as
l'i qui Garries the opposite electrode that is arranged vis-a-vis the set of pixel
electrodes. Note that the opposite electrode is not shown in FIG. 2. The
planarizing film 5 is made of a photosensitive material and shaped by way of
an exposure processing operation so as to show a thickness that varies
depending on the spot in the first substrate 1.
A colour filter CF and a black matrix 7 are formed on the substrate 2 in
addition to the opposite electrode and covered by a protection film 8. Actually,
the opposite electrode is formed on the protection film 8. Different display
colours of red (R), green (G) and blue (B) aroassigﬁed to the pixels PXL by
means of the colour filter CF. The planarizing film 5 is shaped in such a way
that the thickness of its part corresponding to the pixels PXL varies as a
function of the wavelength of the display colour assigned to each pixel. |

Thus, the embodiment of FIG. 2 is so designed that the liquid crystal

layer 3 shows a film thickness that maximizes its transmission factor for light




crystal held between the substrates, a set of thin filmtransistors, a

pl anarizing filmcovering the transistors and a set of ?i/ﬁ%ﬁﬁbsﬁ %gtrodes to
_be arranged on the planarizing filmare formed on one o e Sl‘JJbstrates,

or the first substrate, while an opposite electrode is fornmed vis-a-vis
the set of pixel electrodes on the giher substrate, or the second
substrate. As described above, the process .of formng the planarizing film

i nclu n ki i t f [ Lid : rplyont o
the {icURCBRRIFEN Jang0u dRBTaY' oy MERRIERF L BisRt BXB VTP
to. an exposure process usjng a varied planar distribuytl . of rquantity of
expos PTECEFHRE ﬁmhofmsse&g?%grg@w B%aplwb%légsﬁiﬁa ihﬁ@ﬁﬁdaﬁ'é{ 8%8%“ -14
planarizing filmso as to make it show a thickness varied according_to the

pl anarhai i typicallgrsetd furahei VA ofodexisoadoptedifonthe Pgpridrerystal layehd. i s
irradiated onto the planarizing filmby way of a mask showi ng a varied

pl anarp gy éﬁ:{@p?&i 18R filth thiGaREs ST M fiﬁﬁid)brwar e PRSIadeSoevaryTde
pl anari zi ng mis mde to sense light for"a plurality of tinmes in the

exposuyj e, sfep, using a.pluraghit f S ' r LT [ ight to
eho” pithtl oS i PrdrBetL 1 oce? HREGOT Sh3 PROS of Wbckad ARS8

Al ternatively, a single nask provided vxi'lt h a filter haying. redehtgr I ned
par t s thiskness Po o;fr3-gdmt o1 thmpagts phdhp gI68R PAX WqY ) &rlf«‘ﬁﬂe?ﬁ éHent
respective quantities of energy may be used. A pattern adapted to diffract

| i ght 2(&nrmhfsrdhenpdrtsdfiphedlue pimsld.ve an i nage nmay be used for the
filters in the exposure step. Alternatively, a filter made of two or nore

fjih?perte no :glgﬁplﬁﬂbgﬂfih@g AP EBRARS MAY et ARedS #RStentARtibAY With a
material forthe planarizing film so that the planarizing film may show a film
thickness that varies depending on the spot on the film. Generally, when
manufacturing a display device having a so-called panel structure produced by
érranging a pair of substrates with an electrooptic substance such as liquid
crystal held between the substrates, a set of thin film transistors, a planarizing
film ;:overing the transistors and a set of pixel electrodes to be arranged on the
planarizing film are formed on one of the substrates, or the first substrate,
while an opposite electrode is formed vis-a-vis the set of pixel electrodes on
‘the other substrate, or the second substrate. As described above, the process
of forming the planzirizing film includes an application step of applying a
photosensitive material onto the first substrate, an exposure step of subjecting

the planarizing film to. an exposure process using a varied planar distribution -

of .quantity of exposure light and a processing step of processing _the




transm ssion factors nmay be used. Preferably, a mask provi ded with a half
tone filter showng a light transm ssion factor betvveen é rkﬁ? 0 %is
used in the exposure step. Particularly, when the pl anarl 4 ng mis made
to show a filmthickness that varies frompixel to pixel, preferably the
planarizing filmis exposed to I|ighjsto a half extent for each pi xel and
then the filmthickness is reduced further by an etching operation that is

Condurﬁlgﬂ?ﬁ?h@ If“{fﬁtﬁ%sotf o ke EHBWOB tHSRPSY e?heﬂ ﬁ%‘d‘rdﬁ)ﬂgg% iliz or der

~to co I ckness of e planari zing shows the

rel at| nshi en the ext.ent of expos a A 15 of
et chi an BWS ‘Eﬂﬁ‘@é‘r?gﬂﬁﬁmﬂﬁ qf GKBAS {Fcﬁgﬁt EE?#?F%“&%’ llgiﬁslgdn%agéerrl ng to
FIG 3, the horizontal axis of the graph indicates the extent of exposure
to i gmtoahprpdanedzmg fibmny vrayn ofa dask show g axpoiedrpiapas ée%tﬂémmlt he
vertical axis of the graph indicates the extent of etching (m of the

pl anargfzirafisinlisdton Haet&X e e @fxpﬁxﬁﬁ@ 8iep.OTHeplaplaaiinp Aihg ikimadedol i ght
is controlled by using a mask that utilizes a diffraction pattern. The
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masks. Referring to FIG 3, the curve A shows the data obtai ned when a
ful | y qupatityeskenargys eAlternatively, bsingle mastoprovidesiwith A filtex havisigext ent
of etching (the reduction of.the film

predetermined parts adapted to-irradiate light to the planarizing film with

different respective quantities of energy may be used. A pattern adapted to

diffract light (and hence not adapted to resolve an-image) may be used for the

filters in the exposure step. Alternatively, a filter made of two or more than

fwo light shielding substances (half tone substances) having different light

transmission factors may be used. Preferably, a mask provided with a half tone

filter showing a light transmission factor between 1 % and 50 % is used in the

exposure step.

Particularly, when the planarizing film is made to show a film thickness

that varies from pixel to pixel, preferably the planarizing film is cxposéd to

light to a half extent for each pixel and then the film thickness is reduced

further by an etching operation that is conducted as a function.of the extent of

exposure for each pixel in order to control the film thickness of the planarizing

film. FIG. 3 shows the relationship between the extent of exposure and that




t hi ckness of the planarizing film increases as the exposure tine

I ncreases, although the extent of etching becones saturg&&@u&gﬁa t he

.exposure tinme exceeds 500 nsec. On the other hand, the curve s%oms t he

data obtained when a mask of a striped pattern having |ight zones and dark

zones arranged alternately, both thg-light zones and the dark zones havi ng

awdth of 0.25 m is used. It will be seen fromthe curve B that the

ext enty (GBI L9 € Plasdfiiz IR W An SURR'PAIChAlgYe ouged ] near functi on of
rme. Finally, e C

t he exposure curve shows the data obtained when a

mask of a riped pat n,hgvi Jights  zon W th a.w m and
dark zones %‘Eﬁeﬁr@gﬁ"d{: ﬁl‘;‘ of _gﬁgwoﬂg\]&)ﬂs Rgahgtgrﬁﬁggﬁh%’q?ggh% e%%r?gs
arranged alternately. Thus, the mask of the curve C bl ocks re  light than
that ef cxposeuede lEhtinpressedin termsef thedutstionof expesute ?&ﬁFF)eaP e
extent of etching increases linearly proportionally relative to the

- exposypg {iffcal hRR O Mebraph dhdidwesxhentxieht oL kitcisingn(uegses the | over
than that of the curve B. The above described techni que. of using a

diffr L on. tern f o | Lei ] i #sepl aced
by « nS1aRarighh il Phe BHEhE af. PihosapE ECHRTpIBarExingemA (ISR K00
transm ssiaon factor. If such ig the case, a sk..is prgpare Ing a

| ayer comteplied By &Slﬁﬂoéemﬁgnﬁ}ﬂtsml&?eﬁa& 81&1%{%01%\%“&38[ aﬁ‘@ée(#gha
predet erm ned wavel ength of light to be used for exposure, MS for

i nst athikreesd ofithe plananizing Gikmesan be controbled by prposing:ié te dghtapEngne
quantity of transmtted light. For exanple, the filmthickness can be so
cont r gl iadkagntos iy ueatly sibjeetiagtit\tal aidevélopmhent pgocess. f Thetgraphl y

of FIG. 3 shows the relationship between the extent of exposure and that of
etching of the planarizing film for three different masks. Referring to FIG. 3,
the curve A shows the data obtained when a fully open mask is used. It will
be_seen from the curve A that the extent of etching (the reduction of the film
 thickness of the planarizing film) increases as the exposure time increases,
although the extent of etching becomes saturated when the exposure tim¢
exceeds 500 msec. On the other hand, the curve B shows the data obtained
when a mask of a striped pattern having light zones and dark zones arranged |
- alternately, both the light zones and the dark zones having a width of 0.25 pm,
is used. It will be seen from the curve B that the extent of etching can be
controlled substantially as a linear function of the exposurc time. Finally, the
‘curve C shows the data obtained when a mask of a striped pattern having light

zones with a width of 0.25 pm and dark zones with a width of 0.75 pm, said




transmtting light) by. using a three-layered mask forned fromtwo
different half tone materials, one show ng a transm SSiQ%&%‘EEﬁ()SOf 25 %
for red pixels and one showing a transm ssion factor of or-"so for
green pixels, and a material that conpletely block light for blue pixels.
Now, the technol ogy that provides thgs-background of the present invention
will be briefly described by referring to FIG 4 before describing the

secong; Wﬁghé?ﬂfra%tﬁeﬂhﬁté OThuE] fhe hask 8f ¢hoTaree T beks mixe of a

part o an active rix type |sp ay devi ce shown for reference. It

devi odgpcig iy EAhE Tyetle " HETAGE, i U FabV By The Slte G e ™

substrate 201 typically made of glass. Each pixel is divided in an open
regi orextertiobel¢ sngm cIspses Hagridy PZQEOffAOIM&E relaxive to e ekPOSHES HfE-0pen
region 221 and adapted to emt |ight through the substrate 201. More

speci ftheahteyat Wihtch ph @xtéiilof tchitnie imércasesiisllewystidn Hal ofrtéehaintebet ween
a pair of transparent electrodes 210, 219 that are arranged vis-a-vis

rel atipyeqi ﬁf:ﬁg—, g{,&ﬁ bed ieélﬁugb %g u?ﬁ{gﬁrcﬁflﬁrheuan la9téire] f6F ¥ohdolak! - Note

t hat, "oné of rodes ectro e 210, is forned at the

side of the glass substrate t hg ot her rod second
el ect F{aaeeXﬂ% fQXPBWEdW ﬁ%B%@éﬁﬁﬂsPa‘?fe %fgtc{o &at&rl %Qﬁrteferred
to as opposite electrode. The liquid crystal. cell ﬁger at es as ght
bul b tcearespengisies pregleterminadiransmissiondactos: 1§isu6h)is the sasfed Ialtﬂs he
~rear surface side of the glass substrate 201 and emts light to the front
sur f age prepared by using a layer of a material whose transmission factor is known
relative to a predetermined wavelength of light to be used for exposure, MoSi
| for instance, and whose film thickness is so controlled as to regulate the
quantity of transmitted light. For example, the film thickness can be so-
controlled as to show four different values (including one for totally
transmifting light) by using a three-layered mask formed from two different
half tone materials, one showing a transmission factor of 25 % for red pixels
and one showing a transmission factor of 20 % or so for green pixels, and a
‘material that completely block light for blue pixels.
Now, the teéhnology that provides the background of the present
invention will be briefly described by referring to FIG. 4 before describing the
second embodiment of the invention.

FIG. 4 is a cross sectional view of a part of an active matrix type display

device shown for reference. It illustrates only a pixel of the device. The




- side of the glass substrate 201. The. surface of the pixel electrode 210 is
covered by an orientation film216, while the surface of4gn%ugg%§gite
electrode 219 is covered by a different orientation film 218. t he ot her
hand, a thin filmtransistor TFT for driving the above described |iquid
crystal cell is fornmed in the non-opgn region 222. As showmn in FIG 4, the
thin filmtransistor has a bottomgate structure and a polycrystalline

Do CORHEY et RieMdd pTk el rrhlBLA A IhTRON ST Romuik SP IrRmshatamd on

a gate insulating film 2030

| nt er posed be nth Th | ycrystalline .sem. : ' Ll m 204P 4
Augusgugﬁfé?)te é%?ygl%ﬁ&,F@df%gpgﬁsﬁnf%??]&yé’fdi ﬁ%&i@?‘#gﬁ% :ill (?#‘LZIBJI'%IP ?/Ppi cally
made of silicon nitride and a source el ectrode 205S and a drai.n ;I eict rode
205D 224 #ngt amdnenpenreginne2aledd povekPXdsss foused dn dhe opendegign £2
planarizing film209 that is nade of organic transparent resin film The

pl anagjai adagtetinto2@mipliasiarthiesgh the subisteae 2011 hMaleaspedifivallyatthe201
and, at the 'sane tine, operates as protect filmfor the thin film

1S R A5 SO ESEIA e i nhestnda F e pe R (he
2030, clarradint ]ty 1Y that ik PEREFS ST KLIFINRE IATAN IRy 1 1 AB08 ¢ hat
are. described above are laid one on the other to produce a first_film
st r uctefiearedrbe a Fignid crystal setlucNote theht eneofithe elgctrodesnof thgdistor TFT
I n the non-open region 222. In other words, the first filmstructure is
- for med)d@redI 220D s Rerrhbd At fthé Ride of the glass substrate 201, while the other
:clcctrode, or the second electrode 219, is formed on an dpposite substrate 220.
It is also referred to as opposite electrode. The liquid crystal cell operates as
a light bulb that receives light from a back light (not shown) arranged at the
fear surface side of the glass substrate 201 and emits light to the front surface
side of the glass substrate 201. The. surface of the pixel electrode 210 is
_ covered by an orientation film 216, while the surface of the opposite electrode
219 is covered by a different orientation film 218.
On the other hand, a thin film transistor TFT for driving the above
described liquid crystal cell is formed in the non-open region 222. As shown
in FIG. 4, the thlin film transistor has a bottom gate structure and a
polycrystalline semiconductor thin film 204P typically made of polysilicdn is

formed on the metal-made gate electrode 202 with a gate insulating film 2030

interposed between them. The polycrystalline semiconductor thin film 204P




transistor fromthe upper and | ower sides. On the other hand, a second film
structure extends fromthe first filmstructure and arraﬁg@gugtrbobge
open-region 221 that is |ocated adjacently relative to the“non-open region
222. In the instance of FIG 4, the second filmstructure conprises only
the planarizing film209 which is |lggated between the Iiquid crystal cell
formed on the pixel electrode 210 and the gl ass substrate 201. In the

[ t 4, 1Ed | ; s
I ns ari%gcé%el%gegxl :Stln ?hgcfglﬁgﬁgplﬂgﬁgagﬁg ?fllfni 07N 1 B¢ hbdl dhilienen

region 1 an m 209 of ganit resin is directly

formed on .the glass _substrat |f,th | anari zi [ | de of 4
Augustnigﬂég an_#g SQEF% Fieq5%$%§8$§sarf%flr(§3ﬁ? \728 tﬁ%‘l&%lo?ﬂlmﬁg? %Iﬁ.é%%glnd does
not practically differ fromthat of the glass substrate ,fOl ﬁé gl | .

Ther efibr eThacloetiedes 2055, 205Dt eovereduby aaplnpriziag Hmy 2824haLss 1 o
~difference of refractive index. Thus, by renoving |ayers show ng different

r ef r agihade ofdgrfic frapspafeat epsin filegiThe Plahaszing ¢ilnm20pqdanatiees thee
mul tilayer interference is reduced to inprove the transm ssion factor of

the p ace r&?ﬁe?@%@%‘ﬁb@&a‘?& iﬁl”%ﬁﬁ,o% dg;e shﬂfcefiill’,?é,re(gﬁfrg?éé 4§ tpro¥@dti ances

anong e products”can be nminimze _ t1onal ction’of the panel
open riandnr 3b4 B Filip eRRRRF TET, ThRABeve feRRlet Bl Hkiadp 28 "
process does not require any additional steps_ if conpared with, -
converisiformedriarthe pdanaiinngEimo2e9 andeledrically epnrecteddo thedhin flm of a
part of a display device of FIG 4
transistor TFT by way of the drain electrode 205D. The gate insulating film
2030, the interlayer insﬁlating film 207N and the planalrizing' film 209 that are
described above are laid one on the other to produce a first film structure.” The .-
first film structure contains the thin film transistor TFT in the non-open region
222. In other wbrds, the first film structure is formed to contain the thin film
transistor from the upper and lower sides. On the other hand, a second film
.:Structurc extends from the first film structure and arranged in the open-region
221 that is located adjacently relative to the non-open region 222. In the
 instance of FIG. 4, the second film structure comprises only the planarizing
film 209 which is located between the liquid crystal cell formed on'the pixel
" electrode 210 and the glass substrate 201.
In the instance of FIG. 4, all the unnecessary film is removed from the

open region 221 and only the planarizing film 209 of organic resin is directly

formed on the glass substrate 201. If the planarizing film 209 is made of




al so shown for reference. The drive circuit section 22 is shown in FIG 5

in addition to the pixel array section. In order to faci
understanding, the parts corresponding to those of the fiAﬁs%qS?%%odl ment of

the present invention illustrated in FIG 2 are denoted respectively by
the sanme reference synbols. As showyp.in FIG 5, the display device is
divided into a pixel array section 21 where pixels PXL are integrally

for maglcg)ﬂﬁaregﬁ{ | ROSEfHh Y] @(fegﬁr fsu'tlittl G%d aﬁes ot ﬂabti@ﬁllgpc%ﬁﬁ' at ed

t hat oWs "a” pIxe e pi xe arr section 21 in

enl arged di n5|ons oth the driv ir 22 and t he X array
sect i aFopn ge @259 strg@ %r dalgn a gﬂf%t 89 “?Hﬁgg Sél?% 1 and
i ncl ude a set of thlnfllmtran3|stors4 As seenfromFIG 5, the set of

thin freflectivanscetoy along $hecinderfdcbydu toi diffeicager of nefilastivegindaxm 10 and
wires 6 are formed on the surface of the latter by neans of a patterning

oper a by Febifife Payér® sHROWRIRAdiRfe Rl rBfRctRic T ddxicdsnfrbni Bieé openends to
bot h :Irhlg{bdrlve Igor;ﬁ%t yzéectlon e{% the pixel array section. A colour

filter ablack rix.  fal e .for h urf e
upper "eeiae a3 Ay Bhadsnl BBt i ridRa Rl BEMES 1"
ot her by neans of a sealin materl I 9vmt a liquid t]al 3
i nt er pEREQVeBe LERISRISSIAN Eagios 9 dbepanel o %srlé‘?fﬁ’é'é I‘I’@’B%%Ogé’ arating
the substrates 1, 2. As described above by referring to FIG 4, reflection
due t mntemfaieheeerecfﬁect; svaddnces amdngrthee pmmansanséleorinﬂmmﬁdand t he
col our tenperature of the
~ Additionally, reflection of the panel can also be minimized. Furthermore, since
the non-open region 222 and the open region 221 can be treated in a common
process, the manufacturing process does not require any additional steps if
compared with conventional manufacturing methods.
FIG. 5 is a cross sectional view of a part of a display device of FIG. 4
also shown for reference. The drive circuit section 22 is shown in FIG. 5 in
addition to the pixel array section. In order to facilitate understanding, the
parts corresponding to those of the first embodiment of the present invention
illustrated in FIG. 2 are denoted respectively by the same reference symbols.
As shown in FIG. 5, the display device is divided into a pixel array section 21
where pixels PXL are integrally formed and a peripheral drive circuit section
'22. It will be appreciated that FIG. 4 shows a pixel PXL formed in the pixel

array section 21 in enlarged dimensions.

Both the drive circuit section 22 and the pixel array section 21 are




“.the s

open region 221 of each pixel PXL of the pixel array section 21 by renoving
the films show ng different refractive indexes therefronh%ggatzobge
.planarizing film5. However, it is difficult for the planarizing film5 to
conpletely elimnate the steps produced by the gate insulating film and
the interlayer insulating film 10, -which may be of the size of about 0.6
m In-other words, the surface of the planarizing film5 may show a

' emar BPe i An RLURRMhd Sfbsiihlc P afli/ifiki S & EEL 8F (R AN fehpsiBiorsld.ar ray
section ere ore, probl em o uneven gap can occur in-a peripheral
part of the p ularl SPALSLS ol N the
pi xel HF rsz??nsgﬁm E? i 5@6 tt‘?ﬁ% ﬁgfl?aﬁ%ﬁﬁga oﬁ{ﬁgﬁsfs %gé{éd’%ﬁgl Im5 in
the drive circuit section. FIG 6 is a schematic cross ?ectl r}l V|ewof a
part dhterbayerdasniatingfidai 18 andowixtisdparg faaed endbesnd latter

I nvention, which dissolves the problemof the device |Ilustrated in FIG 5

for ref ﬁﬁ:’ﬁ‘ﬁ%-oﬂzﬂ ft‘é?ﬁmt o&@ﬁtidﬂ .alfthe wifley Starndiovgred by pptamarizing
corres ondlngto hose o e device illustrated in FIG 5 are denot ed

r 'espe qngg *SP%E*L*‘%‘Q %f@o{heﬁﬁf&p%g c'ig’ém?kﬁcnéﬁ ;.34 %Ipam édutf> 6,

anar|2|ng ower e ethef|Im5 show a

fil hi k d 22
|1 ConbEoRR I GIE ATk AYaLBe s, o Jormtsdsan ﬂrs'léf?sf'aﬁ b 0K Gap. i n

t he perlpheral area of t he panel Nbre S eC|f|caII , the thickness of the
pl ananippieagsubistiate 2.i Thevpped and kowar sgbstratesom Qh@eshpﬂdéé ihepehs in
the peripheral drive circuit section 22, taking the thickness of the

inter layeF bynhiehabidta kbAling Gnatirinl 9 with a liquid crystal layer 3 interposed
between them. Gap spacers 11. are arranged in the gap separating the |
substrates 1, 2.

As described above by referring to FIG. 4, reflection due to interference
is reduced to improve the transmission factor and the colour temperature of the
open region 221 of each pixel PXL of the pixel array section 21 by removing
the films showing different refractive indexes therefrom except the planarizing
film 5. HoWevcr, it is difficultl for the planarizing film 5 to completely
eliminate the steps produced. by the gate insulating film and the inferlayer
insuleting film 10, which may be of the size of about 0.6 pm. In other words,
the surface of the plaharizing film 5 may show a remarkable step between the
drive circuit section 22 and the pixel a?ray section 21. Therefore, a problem

“of uneven gap can occur in a peripheral part of the panel particularly when the

- gap spacers 11 distributed in the pixel array section 21 ride on the planarizing




consideration, so that the planarizing filmb5 may show a uniform surface
over the entire area of the substrate 1. If, for instancdAughet3@08nari zi ng
dilm5 is fornmed by applying photosensitive organic resin to the surface
of the substrate 1 and subsequently subjecting it to a |ocal exposure
process by using a mask show ng a triansm ssion factor of 25 % so that the
planarizing filmb5 nmay be renoved by etching fromthe surface thereof only

Jin thejds isvg Gid 8Hive Se&lit 98ctidRW, the technol ogy that provides the
background of the present invention will be briefly described again by

mvent i on. FGufui 25680 Rass Bieds”8RubHEL MLk oE R RALEIY G SofBnd

di spl ay device also shown faor reference and, conpysi sSi nﬂi?g’sgai r, of
subst camkedBoent gbdisplaydavienacsopdingataetig ivegtiof, w Is3plvesided to

each other with a predeterm ned gap separating themand a |ayer_ of an
el ect peobldm cliket dewieesliubiratedin RiG.& foysifatericey en 8oder te arilitatehe gap.
Pixel § are arranged in the formof a nmatrix in the device and adapted to

L) S B AR R raRe e e st TO on

_ _ efle _ e device conprises el ectrodes 310,
2 N er ST W B S R BB S S
reflection |ayer 308 forned on the rear substrate 302 an rovides
so- calindtiG.e6] the surface of theqpliagariging tfillm bsp]‘&\}e’@lde%mﬁf_ ﬁﬁst‘éﬁé? i i ngi
| ayer 340 and a quarter-wave plate 309 are fornmed on the
.- show a film thickness reduced to a certain extent in the drive circuit section 22
if compared with the pixel array section in order to avoid an uneven gap in the
Vperipheral area of the panel. More specifically, the thickness of the planarizing
film 5 is reduced by etching it from the surface thereof in the peripheral drive
circuit section 22, taking the thickness of the interlayer insulating film 10 into
consideration, so that the planarizing film 5 may show a uniform surface over
the entire area of the substrate 1. If, for instance, the planarizing film 5 is
formed by applying photosensitive organic resin to the surface of the substrate
1 and subseqﬁenﬂy subjecting it to a local exposure process by using a mask
- showing a transmission factor of 25 % so that the planarizing film 5 may be
removed by etching from the surface thereof only in the drive circuit section.
Now, the technology that provides the background of the present

invention will be briefly described again by referring to FIG. 7 before

describing the third embodiment of the invention.




outer surface of the substrate 301. A colour filter CF fornmed by a.
coloured Ilayer 350 is arranged on the inner surface of th@augustzoste 301.
A black matrix BMis fornmed al so on the inner surface of the substrate 301
so as to divide the <colour filter CE into small units that correspond to
so many pixels. An opposite el ectrod& 310 is formed on the surface of the
colour filter CF and that of the black matrix BMto commonly correspond to
the pi xel s.FIfh 7 b 2 6ness sestionalwiswrof a ppst obdisplay W@V%@EMS&]%%&? ode
- 310. The liquid crystal layer 303 is arranged on the orientation film 307
and adefi¢ractamhcompaisingposiir of sabsaratésv30 by 302y oya fidre substratelandr at e
302 is arranged bel ow the 4 August 2005 -23 liquid crystal |ayer 303. The

surface ofr Nﬁ%q\%ﬁ&ﬁf&d??@iégﬁh?%rgg@ﬁ% Pa?%ee&rﬂ?ﬁﬂ‘iﬁéd %BEI éré rﬁﬂiﬁ% whi ch

cooperates w & orientat ront s te 30T to
orient,the |iquid crystal. | ayer 303 typically in a. horizont di rect i on.
She-r aheBtand d et ot JaclecBpi P tROES Sudh 23 A Lineid PERAlaverst8 Log
designed to operate_as pixel electrodes. The reflection layer 308 is. nade
of netheldfinitheigameRivelstare anranged dn thafoaseobia madriglianthe devigerandn 314
and designed to operate as pixel electrodes. Thin filmtransistors 308 are

- forneadaptedvié heflptalight ztriRidg itnfrdhd thed b rdthiuificd side back $6 ohs fiifift have a
bottom gate structure, which is a nmultilayer structure realized by

St RSty 35 B A Py DOTSSAT o

sem conduct or in
made. gl Renetystaline, (b hsoDs SARLRLSSOT 302 MRS Hydtal lPRer 310
303 sandwiched between the electrodes 310, 322 and a reflection layer 308
-formed on the rear substrate 302 and provides a so-called reflection type liquid
| crystal display element LC.
| A 'polarizingj layer 340 and a quarter-wave plate 309 are formed on the
outer surface of thc_substrate 301. A colour filter CF formed by a coloured
layer 350 is arranged on the inner surface of the substr-a_te 301. A black matrix
- -BM is formed also on the inner surface of the substrate 301 so as to divide the
-colour filter CF into small units that correspond to so many pixels.
An opposite electrode 310 is formed on the surface of the colour filter
CF and that of the black matrix BM to commonly correspond to the pixels. An
orientation film 307 is formed on the opposite electrode 310. The liquid

crystal layer 303 is arranged on the orientation film 307 and adapted to show

‘a composite refractive property. The rear substrate 302 is arranged below the




mat ches the gate el ectrode 316. Each of the thin filmtransistors 308
havi ng such a bottomgate structure is covered by an in&§@ t%@ énsulatlng
film320. The interlayer insulating film 320 has a pair of “contact hol es
and a source electrode 321 and a drain electrode 322 are electrically
connected to the thin filmtransistgy 308 by way of the respective contact
hol es. The el ectrodes 321 and 322 are typically forned by patterning an

al um gum.film  Th r ctroe3 ' t scrlbed
refl e@’cqlblﬂ ¢rypta! %@ﬁaﬁ%ﬂs ﬁ? h%lrf%qq éitt?%n ayer ?% Jeﬂﬁrgg?é?l a%
connected to the drain el ectrode 322 by ¥1 of .the contfalﬁ Meﬁi’z forrred
in t horpnationziihe Bilbmvehich cpopsrates I’ﬂé‘i‘héi guetisntataor 11 &1 s gnal
voltage is applied to the source electrode 321. Wth the above described

ref | eqpomn supprrate sPOhytolestien, thedlifaid ooy stale layem&dH typiratlyd isnat he
pl anarizing film 314 that is produced by applying organic resin onto the

Subst m%&%(ﬁﬁal QUL The HMEQTGn Lier/308 B hirakigRl uridi R ogftsithadbh.

wever nown nanu acturing net or nmanu uring such a display

Sf"éhé?f;l Sa3randeayead thSeded bhﬁ”ﬁggfs] Blekdiies - be JERRKTEn YR 08T ©

order to randomy form undul ations. The third enbodi nt _of the é sent
i nvents. mﬂdﬁsoﬂmﬁ:@r}uédm dormefl o1t ?hfsupfjﬁlﬁtéﬁﬁw 9 At e?@@%ﬂ%‘r"é shown
in FIG 8. The present invention also provides a nmethod of manufacturing a

di spl 3y 4dgyd desiimddto spetata astpitel electrodesr Tdvin il ni fcinlsistars 308 are
under standi ng, only the | ower substrate 1 of the
formed below the planarizing film 314. The thin film transistors 308 have a
bottom gate structure, which is a multilayer structure realized by sequentially.
. laying a gatc electrode 316, a gate insulating film 317 and a semiconductor thin
f-ilm 318. The scmicondﬁctor thin film 318 is typically made of polycrystalline -
silicdn and protected from above by a stopper 319 in a channel region that
matches the gate electrode 316. Each of the thin film transistors 308 having
such a bottom gate structure is covered by an interlayer insulating film 320.
The interlayer insulating film 320 has a pair of contact holes and a source
electrode 321 and a drain electrode 322 are electrically connected to the thin
~ film transistor 308 by way of the respective contact holes. The electrodes 321
'.and 322 are typically formed by patterning an aluminum film. The drain
electrode 322 is connected to the above described reflection layer 308. Thus,

~the reflection layer 308 is elecftrical‘ly connected to the drain electrode 322 by

“way of the contact hole 312 formed in the planarizing film 314." On the other




di splay device is showmn in FIG 8. A planarizing film5 is forrred on the
substrate 1. Undul ations. 12 for reflection filmand a cg Jipke CON are
formed in the planarizing filmb5. Photolithography and etc |ng are used
~along with a mask Mfor formng the undul ations 12 and the contact hole
CON. In. other words, the photosensp4.ive planarizing film5 is subjected
to an exposure process by using the mask Min order to locally control the

filmt | fically, the parts of
t he Hyfﬁ%%ﬁ?@é@éﬁé’flﬁgeﬁs Aiegdc%%]géc%%l?ce%&%%ﬁhe%e t he organic

Pactor of 106 {Reabore BRrbEq ke ERRY T pebalPl ab el PG B Sne" 1

are forned using a half tone materjal 51 showing a transm ssion factor
of 20 mnslnmé formedien yheipenasirieg dilsy 34 dhatis produged IhaPPWBIYE, a
filmlayer of the half tone material 51 and that of the conpletely Ilght

shi el dipani@tresimloftad e stbstrate 302 e bader tmtisipriveSthofvistialitpsed M
Wth thi's arrangenent, it is possible to produce undul ations 12 and contact

hol es rghe%ké'a“ﬁ Sugﬁéﬁéevén l?ﬂd\gﬂ adtepiiadid ggn’tflﬁoﬂ yﬁr%ahﬁﬁ&’étui‘ﬁl ng a

| ong "Wavel eng rays or rays 'S erably used for th

pur pose of the ention. M|ld undu I ons n easl d
B Focush adiirnigm device e Asqamiraied b on roqms o ny UG PEERR e
produced by heating the organic planarizing film5 for a re-flow process.
Wth ttiwe atganicgdasaiiping fibetlayars need by besybjestedito a0AXROSURGPIALTBns 12
that normally requires a nunber of processing steps is greatly sinplified

so thah crdeir1p! @AndeNiform undulations. The third embodiment of the present

invention is designed to avoid this problem by using a structure as shown in

FIG. 8. The present invention also provides a method of manufacturing a
display device having such a structure.

| In order to facilitate understanding, only the lower substrate 1. of the

display device is shown in FIG. 8. A planarizing film 5 is formed on the

substrate 1. Undulations. 12 for reflection film and a contact hole CON are

formed in the planarizing film 5. Photolithography and etching are used along

with a mask M for forming the undulations 12 and the contact hole CON. In

- other words, the photosensitive planarizing film 5 is subjected to an exposure

process by using the mask M in order to locally control the film thickness of

the planarizing film 5. More specifically, the parts of the mask corresponding

to the coniaét holes CON where the organic planarizing film 5 is completely

removed are made to show a transmission factor of 100 % and the parts for




the present invention is by no neans limted thereto and

according to the invention can be manufactured at reduced cost. Wile

typical bottomgate type transistors are used in the aboggw dasgpspt i on,
{he present

i nvention can be applied equally to the use of other top gate type

transistors, a-Si transistors and si@ple matrix type liquid crystal. FIG 9

Is a schematic plan view of a cellular phone term nal device realized by

app! yifoaniihg widsRiforisnY2nireddrmsl Bawingm RhIE tdhe twerel KAl showimmne
term nal device 400 has a conpact structure realized by form ng as

| Nt 0T A raRfdiSsibAatibr 8F 2809/ Ad A% dimpHALR 116D 3niclding Gfdtepial A S used

for making a ca recerving a ca I'ng section that 1is used for
a tel ephone conversation affer ing a call .qr receivi a call a

di spl é{}?‘%é‘qu » pfzkm &%}ﬁewﬁﬁwaﬁﬁ?m&% el od and ﬁ&tﬁqﬂl&é‘sﬁm%‘ﬂqgﬁe
operation for the call. Mre specifically, the cellular phone term nal

devi cdigiioshiebdimgj smserial SRtaradard@d borthedrise materdal $Qiodrihegnagk Mn, a
receiver 432 and a transmitter 433 along with operation keys 434 incl uding

di al kgth e @rraﬂgéﬁie@ﬁ, sefd 'Pa@sﬂﬁé-toTﬁﬁodlﬂfeehnanm%ns:qapaﬁ@emmct
| oudspeaker and the transmtter 433 conprises a m crophone. The display

devi o OIER A mh oS Eousty AR AP SlBRREY ke xS RREV R Rl 2P 00

- can display te] ephgne directiop infaormati.on,incl udi per sonal s and
tel epm‘ééﬁa%ﬁ chna Bel A¥iSspH fayédﬁimﬁfw@bﬁy |q=seae§%rté‘&,9urpose of the

invention. Mild undulations can easily be produced by de-focussing light in
the exposure process. More mild undulations can be produced by heating the
organic planarizing film 5 for a re-flow process. With the above described
. method, the process of producing undulations 12 that normally requires a
number of processing steps is greatly simplified so that al display device
according to the invention can be manufactured at reduced cost.

While typical ‘bottom gate type tramsistors are used in the above
description, the present invention is by no means limited thereto and the
present invention can be applied equally to the use of otﬁer top gate type
transistors, a-Si transistors and simple matrix type liquid‘ crystal.

FIG. 9 is a schematic plan view of a cellular phone terminal device
realized by applying the present invention.

As shown in FIG. 9, the cellular phone terminal device 400 has a

compact structure realized by forming as integral parts thereof an operating




It may be so designed that it can display the received e-mails on the

di splay section 435. FIG 10 is a schematic perspective ”\ﬁ%ﬁst%oé
.portable information term nal device realized by applying the present
invention. Referring to FIG 10, the portable information term nal device.
(PDA) 500 has a conpact structure r#alized by formng as integral parts
thereof an operating section 511 that is used for inputting instructions,

a progeepiondhat 8EESQNFOLhAKIAL 4 Saltafd reotivingeessll g talkimg sattion thaicor di ng
to instructions and a display section S20 that can display processed

i Con Th . . : 5 . .
* communlr S5 gt SsTrioHE bofithyoh U8 EAER A ol XTERITEPEMIER 1 &
menory section that are necessary, for ﬁﬁerfo mng b ctions,.of a PDA

ic f
The candisplaysection thabean displayiipfomaatipnde f&l&:ﬁbﬁ%ﬁ%ttf’gﬂﬁ qRfaation

functions to allow the information termnal device to operate as tel ephone
set orfoasthgercatinal Mamepspecifically sehdi ogllubkaephiong temminad, deviesudDBat i ng
wi th other personal conputers and/or controlling personal information. Any

of t h%?g.l;%.\rﬁgeé HRGh O 437 f%g radf) BahSahiSonpRLRptidn, bhecepriraf3lgngect i on

511. ocessing section 510 generates inmage information according to

tne. PSP et anoBer ity okChifion KeE et PLibtuARH (B ReNs R0
Svo: -I(-iqse lcajti Sgégtyims} e‘%is.o " '1511260 rgggiv%?' 23§Ot|:gILrlir rlgsiegpllai/oud At ie%ﬁ’er %nd fi{lfe: ction
type play | : P P
- transmitter 433 comprises a microphone.
| The display section 435 of the cellular phone terminal device 400
éomprises a display device according to the invention. The cellular phone
terminal device 400 can display telephone direction information including
personal names and télephone numbers on the display section 435. If desired,
it may be so designed that it can display the received e-mails on the displﬁy
section 435. |
FIG. 10 is a schematic perspective views of a portable information
terminal device realized by applying the present invention.
Referring to FIG. 10, the portable information terminal device. (PDA)
500 has a compact structure realized by forming as integral parts thereof an
operating section 511 that is used for inputting instructions, a processing

section 510 that is used for processing information according to instructions

: énd a display section S20 that can display processed information. The




di spl ay device or a display device having a built-in drive circuit realized

by applying the present invention. Industrial Applicabildg gu-gpétﬁ)s
according to the invention, it is now possible to forma photosensitive

organic planarizing filmhaving a varied filmthickness on a sane
substrate by preparing a pattern for2fransmtting varied quantity of I|ight
in.a same mask to be used for exposure to light. Then, a nulti-gap panel

can 3&0&:@5%@ Jeti FRCBL O CHRIpTided 4 GPMPNEnTdacion LSIvIS 2i somnidasitovessing t he
col our 4 August 2005 -28 reproducibility. Additionally, it is possible to

| nmpr ov, upe p t td.ty: af S | NRfge by
redycis%é{[bﬁ‘é ?i ¥§ﬁ¥rﬁ?&eﬁ%g§1 fo},ﬁﬂfﬁde ﬁ%?g%@?cge% lgﬁarﬂfléfr?géfﬂi%%gr* he

BT CpameTipENIng (ARG kACEOmaet hdlBA-of THer gimtael iR thAaTIRIAY Yaevi ce
In a sane step to reduce the nunber of steps and hence the overall.

manuf astmpiisgs @SIPU & ohigplstth260 FunchionSL 1l wHowl the\ infanphatjondermindavi ng a
panel structure forned by a pair of substrates bonded to each other with a

Rt - o A e e Rt Hi s
Pl anarsie%lidrilxgg;rialtgfv(iﬁéeEirﬂgﬂ%fiicdo&m&ifcia{igpg with other personal computers
-aI.ld/Ol' controlling personal information. Any of the above functions can be
selected by operating the operating section 511. The processing section 510
generates image information according to the processing operation it performs.
The display section 520 displays the. image information generated by the

information processing section 5.10.‘

| The display section 520 may be a colour display device, a reflection type

display device or a display device having a built-in drive circuit realized by

- applying the present invention.

' Industrial Applicability
Thus, according to the invention, it is now possible to form a
bhotosensitivc organic planarizing film having.a varied film thickness on a-
same substrate by preparing a pattern for transmitting varied quantit‘y of light
in a same mask to be used for exposure to light. Then, a multi-gap panel can

be formed for RGB pixels to improve the transmission factor and the colour




transistors and a set of pixel electrodes arranged on the planarizing film
being formed on one of the substrates, or the forner su%&{trat&o gn
.opposite electrode being fornmed vis-a-vis the set of pixél Ugh¥4%%des  on
t he ot her substrate, or the second substrate; and the planarizing film of
t he di splay device being nmade of a pbg@tosensitive material and formed to
show a varying thickness in the first substrate by neans of an exposure
ProceseprbRaCRTitd! M AR IbndlISPifds PRISSHIE 18 AnpROVAITRS Uit vehegRp Xald

and the p g Ti I

el ectrodes anari zi s stored to show a thickness that

varies accoyding to t velength of the display. col - j each
of thzleﬂlqgeqhee‘ﬂ‘gﬂtpd’a%gﬁw\?ﬂ&mﬂ@’%%{mﬁgei’é’c@?f iCﬁrbg ¥12)c glll%u{]%]@?ﬁé e(sfej’ltﬁn@sai d
first substrate has thereon a pixel array section formed Dy the pixel

el ect rargagiapiananizing fibm on the peripherabdriye Girayitisestigny FIENEEMOSGes and
a drive circuit section forned by thin filmtransistors for driving the
pi xel jpgg ﬁbvﬁ?@héi‘b@e t@@de?ﬁﬂlmmﬁdmi agl Eohtact holes ofd refleatiamtypet end
fromthe pixel array section to the peripheral drive circuit section and
show a4:t.]hj i fferent Late el j t he
i ve sl Ae¥kes B SHERE, st JFHREETHE JRHEF oSIRS SR HAACE e m
1, wherein said planarizing filmhas a region where the thickness thereof
i s madyergllmapu %Ct%"’cg)c‘bgoduce undul ations on the surface and the pixel
el ectrodes are nade of reflective filmand arranged in the region show ng
undul ati ons. '




4. A nmethod of manufacturing a display device having ai panel structure
formed by a pair of substrates bonded to each other w th sopfgdRjp8r M ned
gap separating themand an el ectrooptic substance held in the gap between
the pair of substrates, said nethod including: a step of fornming a set of
thin filmtransistors, a planarizing film covering said thin film
transistors and a set of pixel electrodes arranged on the planarizing film
on one of the substrates, or the fopper substrate, and form ng an opposite
el ectrode vis-a-vis the set of pixel electrodes on the other substrate, or
the second substrate; said step ff jgkfd ng said planarizing filmincluding:
an application step of applying a p otosenS|t|ve naterlal onto the first

substrate; jan AXpY oeé\ﬁl%e‘}ia g 4 ?6%&1 20"
exposur e process g a varle ar | i ORIGF F 8 ]
Sfiﬁzﬁ‘«ﬁb%t"@%hnﬁéﬁta 5 et ! agp”“‘ceﬁ?gé?p?s%aetp ga%sﬁféﬁ g to the
pl anar distribution of quantlty of osure light, by etching the surface

of t hN elgsdeeeptie éﬂbﬁ!ﬁanpﬁélefldllmthﬁmpe etvapent thespairdyfspibsfratesiour s ar e
assigned to the pixel electrodes and the thickness of the parts of said

pl anari zi ng st lofthas feapormisigory 4 ptandrixiab flmcidvdase 3akl deigefila vary
according to the wavel engths of the display colours aSS|gned to the
respaghniStdrs4eld £1s8EbF PYRE! electrodes arranged on the planarizing film being
formed on one of the substrates, or the former substrate;
an opposite electrode being formed vis-a-vis the set of pixel electrodes
on the other substrate, or the second substrate; and
the planarizing film of the display device being made of a photosensitive
material and formed to show a varying thickness in the first substrate by means
of an exposure process,
wherein different display colours are assigned to the pixel electrodes
and the planarizing film is stored to show a thickness that varies according to
the wavelength of the display colour assigned to each of the pixel electrodes.
2. The device according to claim 1, wherein said first substrate has
thereon a pixel array section formed by the pixel electrodes and thin film
- transistors for driving the pixel electrodes and a drive circuit section formed
by thin film transistors for driving the pixel array section, and
said planarizing film is formed so as to extend from the pixel array

section to the peripheral drive circuit section and show a thickness

differentiated between the pixel array section and the drive circuit section.




5. The net hod accor di ng to claim4, wherein light is irradiated onto the
~ planarizing filmby way of a mask showing a varied pl anaﬁpmgargrﬂo@gti on of
r

transm ssion factor in the exposure step. 6. The nmethod acc ing to claim

4, wherein the planarizing filmis nmade to sense light for a plurality of
times in the exposure step, using a plurality of masks, in order to
irradiate light to the planarizing filmwith a predeterm ned quantity of
energy. 7. The nmethod according to claim5, wherein a single mask provided
with a filter having predeterni ned ggrts adapted to irradiate light to the
planarizing filmwth different respective quantities of energy is used in

said exposur - .. 8..Tha: .aceordi ng. claim7. -whes,ein a pattern
2dapted Lo g Pefiee oS BbiBER Pl S BlaPelinieiUR. Bl L e
step. 4 _August 2005 -32 9. The nethod according to claim?7, wherein a
filtciegionavhsretthe thickness shereah is made yhvaghsehditagpredbet andukations ng
different light transm ssion factors is used in the exposure step. 10. The

met hosh alte surfaog ahd thlegpirel clevhrdeshra MadK ofrefleetide Wlhhaad dridrdgrid showi ng
a light transm ssion factor between 1 % and 50 %is used in the T“exposure

st ep.inlthe ¢ Oﬂghg%ggﬁﬁgdahﬁgggo claim4, wherein a pixel array section

conprising xel ele odes and thin filmtransistors

4, A method of manufacturing a display device having ai panel structure
formed by a pair of substrates bonded to each other with a predetermined gap
separating them and an electrooptic substance held in the gap between the pair
of substrates, said method including;:

a step of forming a set of thin film transistors, a planarizing film
covering said thin film transistors and a set of pixel electrodes arranged on the
planarizing film on one of the substrates, or the former substrate, and forming
an opposite electrode vis-a-vis the set of pixel electrodes on the other
substrate, or the second substrate;

said step of forming said planarizing film including;:

an application step of applying a photosensitive material onto the first
substrate;

an exposure step of subjecting the planarizing film to an exposure

process using a varied planar distribution of quantity of exposure light; and




for driving the pixel electrodes and a drive circuit section conprising
thin film transistors for driving the pixel array sectigrh@hgddb%ned on
one of said substrates; and said planarizing filmis forne 0 extend from
the pixel array section to the peripheral drive circuit section and have a
filmthickness differentiated between the pixel array section and the
drive circuit section. 12. The nmethod according to claim4, wherein a
regi on having surface undulations _wyth a varied thickness is formed in
said planarizing filmand the pixel electrodes are nade of reflective film

and arranged_in the region.having. sunface undul atpons. 13. A cell u]ar
phone. t er i AEPCAEY EcS BanaT PEPRESSInE s Blanaiaing: DR be 858 Mk for
operations relating to nmaking a call and receiving a call, a talkin

sect i SWW Bhicknssst waried |assonding ite ghenplansmvdistabutont of waleatisy af t er
4 August 2005 -33 namking a call or receiving a call and a display section

for digmayeright, byostehingthe shethtodfahel dgiseti plahgrioheys Glien for the
call; said display section having a panel structure forned by a pair of

and on o WRERTL gl eRaRRRIEE clodaR BETRETL B e PRl B0 B "

substrates; a,set of thin filmtransistors, a planarizing filmcovering

sai d a4l fthe ithigknessnet the partsnaf sasdiplanapizing fdnecormspondingrigetheon t he

planarizing filmbeing fornmed on one of the substrates, or the forner

substpiakeéelectrodes are made to vary according to the wavelengths of the display
colours assigned to the respective pixel electrodes.

5. The method according to claim 4, wherein light is irradiated onto the

y planarizing ﬁlrﬁ by way of a mask showing a varied planar distribution of
t;ansmission factor in the exposure step.

6. The method according to claim 4, wherein the planarizing film is
made to sense light for a plurality of times in the exposure step, using a
plurality of masks, in order to irradiate light to the planarizing film with a
predetermined quantity of energy.

7. The method according to claim 5, wherein a single mask provided
with a filter having predetermined parts adapted to irradiate light to the
planarizing film with different respective quantities of energy is used in said
exposure step.

8. The method according to claim 7, wherein a pattern adapted to

diffract light may be used for the filters in the exposure step.




an opposite electrode being fornmed vis-a-vis the set of pixel electrodes

on the other substrate, or the second substrate; and the4ghgﬂgﬁb6§ng film
of the display device being made of a photosensitive materral and forned
to show a varying thickness in the first substrate by nmeans of an exposure
process, wherein different display colours are assigned to the pixel

el ectrodes and the planarizing filmis fornmed to shown a thickness that
varies according to the wavel ength of the display col our assigned to each
of the pixel electrodes. 14. The dggice according to claim 13, wherein
said first substrate has thereon a pixel array section fornmed by the pixel

el ectrodesg an ' | ' S r VN e pixel electrodes and
a drive c?grcuﬁzﬁé;g&tfléhrp\‘cgﬁggfé ﬁ@gi%‘ﬁ]% i%rte%%sﬁgpwga&%f)%&»ﬂ?ﬁg t he
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circuit section and show a thickness differentiated between the pixel

ar r ayfastrsiismsaddntthe ekposereistaquit section. 15. The device according to
claim 13, wherein said planarizing filmhas a region where the thickness

thereof isjoraqte Meidbd a%@o?cﬁng?topélﬁﬁﬂc’& wHBfha! hofik Srbvilied évftﬁaace and

the pixel electrodes are made reflective film and arranged in the
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¢xposure step.
11. The method according to claim 4, wherein
a pixel array section comprising pixel electrodes and thin film transistors
for driving the pixel electrodes and a drive circuit section comprising thin film
- transistors for driving the pixel array section are formed on one of said
substrates; and
said planarizing film is formed to extend from the pixel array section to
the peripheral drive circuit sectioﬁ and have a film thickness differentiated
between the pixel array section and the drive circuit section.
12. The method according to claim 4, wherein a region having surface
- undulations with a Varied thickness is formed in said planarizing film and the
pixel electrodes are made of reflective film and arranged in the region having
surface undulations.
13. A cellular phone temﬁnal device comprising an operating section to

be used for operations relating to making a call and receiving a call, a talking

section to be used for allowing telephone conversation to take place after




section to be used for inputting instructions, a processing section to be
used for processing information according to instructioqg“gﬂg“gmgisplay
section for displaying processed information; said display~ section having
a panel structure forned by a pair of substrates bonded to each other with
a predeterm ned gap separating themand an electrooptic substance held in
the gap between the pair of substrates; a set of thin filmtransistors, a
planarizing filmcovering said thinggilm transistors and a set of pixel

el ectrodes arranged on the planarizing filmbeing fornmed on one of the

subst r e fo 2 trate;, an opposite el ectrade bei .fornmed

i os iR 8" All® g YRy Rt 3 {411 o sh RPRBILY s P 0F af iinghe
second substrate; and trie planarizing filmof the display device being nade
of a m%%’%@%lirﬁl%ng@ét%ﬁtép PrsEten s thasalk varying thickness in the
first substrate by neans 4 August 2005 -35 of an exposure process, wherein

di fferent stispdisplayl sectsonrkavisg gnpdneb sthectpira eforaheat thyodepainnd t he
planarizing filmis formed to show a thickness that varies according to

t he vauslenes boaledhe cdichrbthér Qﬁ‘tﬂ%p&ﬂ%k%ﬁ%eﬁ?@@ﬁ%ﬂfaﬁ%ﬁi% ahd

el ectrodes. 17. The device according to claim1l ein Sa I rst
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cireul t_ S tsé:to of ftﬁlrnn?ﬂm transistors, a planarizing film covering said thin film
transistors and a set of pixel electrodes arranged on the planarizing film being
formed on one of the substrates, or the former substrate;
an opposite electrode being formed vis-a-vis the set of pixel electrodes
on the other substrate, or the second substrate; and
the planarizing film of the display device being made of a photosensitive
material and formed to show a varying thickness in the first substrate by means
of an -exposure process,
wherein different display colours are assigned to the pixel electrodes
and the planarizing film is formed to shown a thickness that varies according
to the wavelength of the display colour assigned to each of the pixel
electrodes.
14. The device according to claim 13, wherein said first substrate has
thereon a pixel array section formed by the pixel electrodes and thin film

transistors for driving the pixel electrodes and a drive circuit section formed

by thin film transistors for driving the pixel array section, and




by thin filmtransistors for driving the pixel array section, and said
planarizing filmis formed so as to extend fromthe pixeh;&{hgxzogectlon to
t he peripheral drive circuit section and show a thickness gl ferenti ated
bet ween the pixel array section and the drive circuit section. 18. The

devi ce according to claim 16, wherein said planarizing filmhas a region
where the thickness thereof is made to vary so as to produce undul ations
on the surface and the pixel electrodes are made of reflective film and
arranged in the region showi ng unduy4tions. 4 August 2005 36 ABSTRACT An
active matrix type display device is realized by integrally formng pixe
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transistors (4), a planar|2|ngfllm(5) covering said thin film

t r angliftesentiated heteeerothepies] arehypsectioasamt thededearireuie spttipati zi ng fil m
(5) are formed on one of the substrates (1), whereas an opposite el ectrode

is formed M. S'-Ihe\/de?vlbégcééidlﬁg tomléﬁh 1, eﬁhéf@ﬁ%aﬁ!‘ élfar%ﬂgrﬁﬁﬂllﬁ%r ate
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and arranged in the region showing undulations.

16. A portable information terminal device comprising an operating
section to be used for inputting instructions, a processing section to be used for
processing information according to instructions and a display section for
displaying processed information;

said display section having a panel structure formed by a pair of
substrates bonded to each other with a predetermined gap separating them and
an ¢lectrooptic substance held in the gap between the pair of substrates;

a set of thin film transistors, a planarizing film covering said thin film
transistors and a set of pixel electrodes arranged on the planarizing film being
formed on one of the substrates, or the former substrate;

an opposite electrode being formed vis-a-vis the set of pixel electrodes
on the other substrate, or the second substrate; and

the planarizing film of the display device being made of a photosensitive

material and formed to show a varying thickness in the first substrate by means




have a thickness that is made to vary according to the"wavel ength of the
di spl ay col our assigned to each of the pixel electrodes. 4 August 2005
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of an exposure process,
wherein different display colours are assigned to the pixel electrodes
and the planarizing film is formed to show a thickness that varies according
to the wavelength of the display colour assigned to each of the pi.xel

electrodes.

17. The device according to claim 16, wherein said first substrate has
thereon a pixel array section formed by the pixel electrodes and thin film
transistors for driving the pixel elecltrodes and a drive circuit section formed
by thin film transistors for driving the pixel array section, and

said planarizing film is formed so as to extend from the pixel array
séction to the peripheral drive circuit section and show a thickness
differentiated between the pixel array section and the drive circuit section.

18. The device according to claim 16, wherein said planarizing film has
a region where the thickness thereof is made to vary so as to produce
undulations on the surface and the pixel electrodes are made of reflective film

and arranged in the region showing undulations.






