‘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

surfacep pa@%ﬁ/ﬁﬁﬁ ARy ‘Mg’]gg‘gﬁ%@ﬁ NMANGFACTURMG TH

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 anarfedbmgcak 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%edgbwy del ey afld anhavhstPyf afamefacawingi | ters
are arranged on the 4 August 2005
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




-2 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 filfmtransrstors or driving t
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array section and the drive circuit section formed on a sane substrate are
cover dlie byavelemgtbnopl theaeolourgassigned dioneach mixpl sel antpagpUeEHEs d&?eand t he
transmission factor or thé 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-




drive circuit section are different fromeach other in terns of the mcro 4
August 2005 -3 structure on the surface of the substratgﬂugﬁﬁgﬁggot al ways
possible to uniformy planarize the two sections so that the thickness of
the el ectrooptic substance, which may typically be liquid crystal, may

| ocal |y show fluctuations to consequently degrade the quality of the:

di spl ayed image. Additionally, in the case of reflection type display.

devi ces, mcro- undul ations are formed on the surface of the planarizing
filmand light- reflecting pixel electrodes are formed thereon so that the
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However, a specl al processing step needs to be intr orm ng

m cro-undul ati Qps on the planarizin fijmto conplicat.e [ he nmanufacturing
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seek to provide a display device and a nethod of manufacturjing the sane
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devices. According to a first aspect of the invention, there is provided a

di spl agonseyueetl haeigrgda tipagaklisy ofchardisplayeddinhyga pair of substrates
bonded to each other wth a predeterm ned gap separating them and an

el ectroopti | ¢ N enfa n ' f a a
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transi st ittt kS rothndd (& HSHrsss & rﬁlrégepqaﬁgrizing film and light-
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




the planarizing filmbeing formed on one of the substrates, or the forner
substrate, an opposite electrode being formed vis-a-visgtQg u§ﬁﬂxﬁf pi xe

el ectrodes on the other 4 August 2005 -4 substrate, or the secon
substrate, the planarizing filmof the display device is made of a

phot osensitive material and formed to show a varying 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 forned to
show a thickness that varies accordi ngd4o the wavel ength of the display
col our assigned to each of the pixel electrodes. In an enbodi nent, the

first subRfEhtatn thé%ebbﬁﬁ@abs@aw Xieé piraaziAL Fhoof fies ggglasbuev% Rintlle of

electrodes and thin fil mtran5|stors for drTving the el ectrodes and a
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pi xel ra ctlontothe eri pher al dr|v circ secti.on_and show a
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circuit section. In another enbodinent, the planarizing filmhas a region
wher e ashignedi ¢knidies pixele etastradesnand the \alapaszis film pisodomedntiul dovons
on the surface and the pixel electrodes are nmade of reflective film and
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of the present invention, there is provided a nmethod ‘of "manufacturing a

di spl %cﬂ%‘f‘tﬁ@ﬂ?ﬁéﬂ'élgc&oﬁé‘ﬁe' structure fornmed by a pair of substrates

In an embodiment, the 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 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




~bonded to each other with a predeterm ned gap separating them and an

el ectrooptic substance held in the gap between the pair 40f,,544Bph5at es, the
met hod including a step of formng a set of thin filmtranSistors, a
planarizing filmcovering said thin film transistors and a set of pixel

el ectrodes arranged on the planarizing filmon one of the 4 August 2005 -5
substrates, or the former substrate, and form ng an opposite el ectrode
vis-a-vis the set of pixel electrodes on the other substrate, or the
second substrate, the step of formng-5%aid planarizing filmincluding an
application step of applying a photosensitive material onto the first
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exposure process using a varie aPstr on of quanti

exposure light, and a_processing step of processing the planari zi filmso
as t o pdeclectroderoandherpbrnsubsirata, i i seennd sugsnﬁte, d}hﬁn%tﬁpd@g%@mmg on
of quantity of exposure |light by etching the surface of the exposed

pl anashitl pdahatizingnidnei inclutihizeaanapplisaiicy step oof wpplpines s phetbdensitivee

pi xel electrodes and the planarizing film is forned to show a thickness
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each of the pixel electrodes. IA an e I ment; [ight may De irfadiated

onto pl a | Z] fLl Of 1.Ng: | ed .
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enbodi ment, the, planarizing filmmy_be nmade to sense |jght _for a
pl ur aExpgsuieghight, gndaa progessing sisp of processingHieylgpatizmes iy, sq,as tQ maake
plurality of masks, .

it show a thickness varied according to the planar distribution of quantity 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
mﬁsk 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.




in order to irradiate light to the planarizing filmw th a predeterm ned
quantity of energy. In another enbodi nent, a single nasﬁﬁQﬁ Quisded with a
filter having predeterm ned parts adapted to irradiate Iight to the
planarizing filmwth different respective quantities of énergy may be
used. 4 August 2005 -6 In another enbodi nent, a pattern adapted to
diffract light may be used for the filters in the exposure step. In

anot her enbodinent, a filter nmade of two or nore than two |ight shielding
subst ances having different |ight trangw ssion factors nmay be used. In

anot her enbodi ment, a mask provided with a filter showing a |ight
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CeI|U|ﬁi f @F term nal device conprising an operating section to be used
for opHttgly BhdC XN A§He naking a call and receiving a call, a talking
section to be used for allow ng telephone conversation to take pl ace after
meki ng a cdhlamtheeenibodimentcalfiltenthatle of swioagr seetel thanf dwo dighyl styelding
information relating at |east to the operation for the call; said display

SoCt ! CRRHA IAYRAPRITEHYREH RafShIB Pl Rah 6k kst rates bonded to

each ot er wth a eterm gap separating themand an el ectrooptic

substance held in the bet ween, t he sybstrates;
n another emb(?c?lment a mask provﬁﬁ:dr Wlt]il Hﬁer showing a light transmission

o:

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




"~ them and an e

a set of thin filmtransistors, a planarizing filmcovering said thin fi
transistors and a set of pixel electrodes arranged on thqﬁmg@g@mOging fi
‘being formed on one of the substrates, or the forner substrate; an
opposite el ectrode being forned vis-a-vis the set of pixel electrodes on
the other substrate, or the second substrate; and 4 August- 2005 -6a the
pl anarizing filmof the display device being nmade of a photosensitive
material and formed to show a varying thickness in the first substrate by
means of ‘an exposure process, wherein6di-fferent display colours are
assigned to the pixel electrodes and the planarizing filmis forned to
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fourth aspect of .the jnvention, there.i rovi ded ortable . informatjon
tor m ABpteaacnd fsmsd @ seowr yabvine thickslessin the fiisk subsimtehy Meanscohan
I nstructions, a processing section to be used for processing information
accor dixpgsure prowsssuct i ons and a display section for displaying processed
i nformation; said display section having a panel structure fornmed by a pair
of substrat | ) '
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substragtes. .a s of.thin fi,l mtransistors., ;a planarizing filmcoverin
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pl anarizing filmbeing forned . .

wavelength of the display colour assigned to each of the pixel electrodes.
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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




on one of the substrates, or the forner substrate; an opposite el ectrode
being formed vis-a-vis the set of pixel electrodes on tﬂ@u@h%@b0§UbStrate’
or the second substrate; and the planarizing filmof the disSplay device
bei ng made of a photosensitive material and fornmed to show a varying
thickness in the first substrate by nmeans 4 August 2005 -6b -Thus, in a

di spl ay device according to enbodi nents of the invention realized. by -using
an electro optic substance such as liquid crystal, the planarizing film
applied to the surface of a substrategbhntegrally carrying active el enents
such as thin film transistors is so devised that its thickness is nmade to
vary wthi : y ] r &ﬁﬁ% I 1hS ; i t
provi de eagﬁhgg lﬁ h%ﬁ%s@%;ﬁgFﬁ%‘é}ﬁgﬂgrﬁggﬁBp@gﬁS 0 nt§ k?tefthgéﬁg%éﬁ)@? zéf) %%d by
device with an optinal. thickness. Therefare, it.,is possible tg.inmprqgve,the
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of the panel of a built-in drive circuit type display device realjzed, by
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case of a reflection type display device, it is now possible to nake the

pi xel ghesistordéssodevakidnbataiss thatkeessiivendde 1 vargwithirathedausbstede. With this
scattering effect wwth a reduced nunber of steps, by varying the thickness

ther cof i REnES, 10is od (ifsfile 10 PO PR KL e B and sl btk of the
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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




i nvention. Brief Description of the Drawings FIG 1 is a schematic cross

sectional view of a part of a display device according taaAugestizpgsntion,
Jdllustrating its basic configuration. FIG 2 is a schematic cross sectional

view of a part of the first enbodinment of display device according to the
invention. FIG 3 is a graph illustraing the relationship between the

exposure tine and the extent of etching the planarizing filmof a display
devi canadeafldandntihe fdlhewiny descaAptionl 6F tife psefereed emisedi ontal ofvibew of a

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

Vi ew anbdt of a display device also shown for reference. FIG 6 is a
schemati ¢ Cross sectional view of a part of the second enbodinent of
di spl ay device according to the invention. FIG 7 is 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 enbodinent of
di spl BridéDesergptcen of thye Diravnimgsnvent i on. 4 August 2005 -8 FIG 9 is a
schematic plan view of a cellular phone term nal device
FIG. 1 is a schematic cross sectional view of a part of a display 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 the 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. 7 is 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.




- a col our fllter

realized by applying the present invention. FIG 10 is a schematic
perspective views of a portable information term nal dew G& rte%%hbzed by
appl ying the present invention. Best Mde for Carrying out PHE Vention
Now, the present invention will be described in greater detail by '
referring to the acconpanying draw n‘g's t hat iIIustrate preferred

- enbodi nents__ of the I nventign. Firstly %é confj gmlriaa %n of col our
di spl ay dedil€es9wis p Q@Wiﬂé?l}}/al’d&%‘?’l @6 P ePPPHE tepmingg VISP or der
to clarify the background of the invention. The display device of FIG 1

has. aealizedlbyeapplynrf the presenteinventidmced by arranging a pair of glass
substrates 100 135 with an electrooptic substance 130 hel d between the

substrates.p E?G%s angéﬂex@ﬁmspk rlf‘c!c@ﬁter 9i6ws16f .a poRaitAE | Hifofmativar 132,

| ack X 134 are forired on the upper gl ass
substrate.135. On t ha |er array lon 120 and a drive

Ci rcth IQM %vxcggsag E’Yr%\l?ﬂa&“% ?Me?w ?ﬁg@ ate 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 filmtransistors (TFT-PXL) for switching/driving the pixel electrodes
111. BestiNModeffior Cartryns oat dis ITvdntdougust 2005 9 PXL have a dual gate

type bottomgate str uct ure and are N-channel type
Now, the present invention will be described in greater detail by
referring 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-




transistors. On the other hand, the drive circuit section 130 includes thin
film transistors (TFT-CKT) for driving the thin f-ilmtrgr;@g&gt@gé TFT- PXL. -
In the instance of FIG 1, they are of the single gate typeé an Iélave a
bottom gate structure. Note that only an N-channel type thin film
‘transistor TFT-CKT is shown in FIG gl. Both the thin filmtransistors
TFT-PXL and thin film transistors TFT-CKT have a nultilayer structure
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film2105 i s typical] de, of I ystalli) ili . Th t.e i | ati
f1 1 s teansistoghi Gnithy ioabex handiohe drivectgent Sestion T ngluge? Byt ' "9
sem conductor thin film 105 is patterned to produce isl ands that

cor r espmmstorst(TF B €Kit foraliomg the thie fikintransistersahElsP3ds. Imhe
patterned sem conductor thin film 105 has channel regions ch |ocated
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i mpurity regions €gi ons) extendi ng outward fromthe respective
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filmtransistors TFT-PXL, TFT-CKT are covered by an interlayer insulating
il m {fhsistors TRDICK Tiletvefd mmltik8zerd@nictyrelroalipestbysgmentialy laying
| a gate electrode 101, gafe insulating 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




el ectrodes 109 are formed on the protection film 108. Each wiring el ectrode
109 is electrically connected to the source region S or %%% drta%'%)g region D
-of the corresponding thin filmtransistor by way of a ¢ dct ?e for med
through the, interlayer insulating film 107 and the protection film 108.
The wiring electrodes 109 are coverda by a planarizing film 110. Pixel

el ectrodes 111 are forned on the planari zj, gjm 10 by .patterning. As
escr ibkgitadoy 300, are Eumesd anchecpiatapion Al 108 o Each wyrBRceiesiolft, 5
drive circuit section and an opposite substrate 135 carrying a_col our

fil teI1091i§3elaﬁtti@a’llplibnnabt&deﬂoet(tﬁcrsnﬂnrc&3&giatmaScbrstﬂmshdilv'Ieglam/DSOWhﬁh an
~electrooptic substance 130 interposed between themin the col our display

devi cobfeshotiding tlgﬁﬁfﬁugg hsisidiby Py bl dompenhslebriahthiough dre

organi ¢ planari zrn S passivation |layer on the gate insulating

i1 m ARERLANRro U AN SR L0 et sy duotEicH CFTIRACTE Tue, phivfag M 1

transparent electrically conductive filmsuch as |TOfilm are farned on
the plebeetrodend0Pidrmcomereddyo planatisiag filwol Y Pixgliddpctredesillh %8 t hr ee
primary colours of red, blue and green and a black matrix 134 are forned

on t hfopRedin ehé phaddratingliSimsilkbaphtterpdngyr i zi ng | ayer 132 operating as
overcoat | ayer and an opposite el ectrode 131 are forned on the col our

filter ;3&??%%1?63%'838?8%6 Labsipfre 106 chhgalLin aOp el arrdypyectisnndd ched

by the ave a substanti sane thi ckness and shows
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| 133 and an opposite electrode 131 are disposed 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




of the filmthickness and the refractive index of the liquid crystal |ayer.
In the case of the sinple structure as illustrated in Fhﬁug&st be specific
wavel ength zone is normally so defined as to make it agree W|t2h hat of

green colour in order to maximze the transm ssion factor of the panel but
. with that of blue colour when the cglour tenperature is enphasized at the
time of displaying white. Inprovenent in terns of transm ssion factor and
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the liquid crys ayer w an optim thi ckness for” all the
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thickness of the liquid crystal layer for each pixel wthout renmarkably
i ncr easinegis mermathyesoolefinod essionmakecijsagree avith that 0k gresta cPIOW Bk s
sectional view of a par of the second enbodinent according to the

i nventgrder tdSmadnize & tfanstniskios factoe it pahelibs ! wjthdthait aof blae a
so-called panel structure produced by arranging a pair of substrates 1, 2
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ot her by, nmeapns of a sealing mat ui d crystal '
inter ;%g.’éﬁ- gﬂPRE%YPIPﬁEHn Actgs o %apﬁpﬂsq"f’flrﬁatcrt%gflgt 1 e tFB}pefrgF%cng a
pi xel. array section 21 and a drive circuit section 22, a planarizing film
"5 covdasreearheequired recently amsl Btismecessany to swkeothe higudd caysial dayeds
arranged in the pixel array section 21 on the planarizing film4 August
2005 show an optimal 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 embodiment 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




-12. 5 are disposed on one of the substrates, or the substrate 1. Note that
the pixel electrodes are not shown in FIG 1. Wres 6 aﬁ?«uﬁﬁé&ﬂagd on the
set of thin filmtransistors 4 and the above described planarizrng filmb5
is formed so as to cover the wires 6. The above described set of thin film
transistors 4 is divided into the piixel array section 21 integrally
conprising a plurality of pixels PXL and the peripheral drive circuit

sect | &af2disBdsk AP bR o MGubRALBPG! IRLSRb4FR £ Nl has thépigilposi te

el ectro I's arranged vis-a-vis 't of pixel electrodes. Note

that the oppRosite el ectrode i ot, shown in FIG 2. The | a 4 film5
is ma esi’rmﬁ%ﬁa?dg& quéﬂr@!@r 1iiaI W;’nr Ssﬁfﬁg&rr%@g%@y%ﬁw %éﬁlﬁ%@ure
processing operation so as to show a thickness that varies_ depending on
‘the sfokmitmangistors dsanduibet abaee deseribed lanarizing fidm 3nis Eome@ROMAR ri x 7
are formed on the substrate 2 in addition to the opposite el ectrode and
cover g dwea theavResigon film 8. Actually, the opposite electrode is forned
on the protection film8. Different display colours of red (R), green (Q

and bl ue (B 240y E3pLaNBEaLR: b HBhS Bibistdrs 4RAIRINY 18 chelpake {1 er

CF. The pl anarzrng m _ I'n 'such a way that the thi ess of
vl GRERY, S5UORo 201 dieapally) shmprtang bR DL ropmiarts Tl o e
enbodi ment of FIG 2 is so designed that the liquid crystal |ayer shows
“a fil rpetri‘phﬁmbﬁivtmaircnﬂxi;mtm%ﬁ. sOur thes piker bandathoBppeF Subgzr@te %-
carries 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




4 August 2005 -13 of the wavelength zone of the display colour assigned to
each pi xel PXL by processing the photosensitive organi C49’!u§ﬂ§t@0¥)‘5ng film
5. ECB liquid crystal that is typically used for the VA node i’s adopt ed
for the liquid crystal layer 3. For exanple, the filmthickness of the
liquid crystal layer 3 is made to vagy. so that it shows a thickness D or
3.7 mfor the parts of the red pixels, a thickness D2 of 3.5 mfor the
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bl ue gr aphy an Ination with a
material for the planarizing filmsp that the pl f|| ow a
film nrﬁpéﬁﬂ@gsthehahowﬁn@él‘ereﬁéaamfgpgwﬂtfh@ngp‘!afmg'rh ﬁ@ﬁf 1gm'H &5%&5‘; ly,
when nmanufacturing a display device having a so-called panel structure

pr odudhat bytypicaHygised forphierV Af msdesis ad eptedifion the ligjuidtarysidilayeidst ance
such as liquid crystal held between the substrates, a set of thin film
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pi xel ectrodes to be arrange on the  planari zing f| m are fornmed on one
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the second substrate. As descri bed abov t he pr.oc of .f.0 th
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material onto the first substrate, an exposure step of subjecting the
pl anai.8iyng forl thet partsiof ¢hkpddue pigebcess using a varied planar distribution
Photolithography and etching may be used in co.mbination 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




of quantity of exposure |light and a processing step of processing the 4 -
August 2005 -14 planarizing filmso as to nake it show QAHJEL&%B s varied
.according to the planar distribution of quantity of exposure 1 ght.
Preferably, light is irradiated onto the planarizing filmby way of a mask
show' ng a varied planar distributionjsof transm ssion factor in the
exposure step. The planarizing filmis made to sense light for a plurality

of ti | f?ﬁﬁ) # t ' | {443 8k 4 ielBsdSordife Ab0e t O
, irrad@?ghﬂfzgﬁ 0 1%agl@ngﬁkﬁ?fggg?ﬁmgwﬂ{lﬁk%é%rg%lrelferm' nerd 1'igquant iety of
energy.. Alternativel a single.mask provxi dedywith fi] ter. havide
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different respective quantities of energy may be used. A pattern adapted to
di f f r aartolthgiplagaridingefide bpwaydeh: sskoshaxinga vasicdpigaardistibutiny f or
the filters in the exposure step. Alternatively, a filter nade of two or

nore tdfeftaniim@sdibfMactdy Bl the@xpukaiaregs (Me plammiziagtfilmnsenpdadei ng
different light transm ssion factors may be used. Preferably, a mask
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extent for each pixel and then the filmthickness is reduced further by an
et chi qmanpity aifi emerglyat Alternativebyt, edsingle niask providsd with axiléet haying

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




exposure for each pixel in order to control the filmthickness of the
planarizing film FIG 3 shows the relationship bet vveen4tAt&§usq>ibsgt of
.exposure and that 4 August 2005 -15 of etching of the plandrizing film
when such a technique is used. Referring to FIG 3, the horizontal axis of
the graph indicates the extent of epposure to |ight expressed in terns of
the duration of exposure (nsec) and the vertical axis of the graph
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exposure o ight 1s controlled by using a mask

that utilizes. a diffr I gn tern.. The.fil t hi ari zing
fil m.can béf"chﬁFPgl tloe‘gﬁgygegﬁgé?ﬂaoma tBF i°5 m"" %gﬁﬁgﬁagca%ssw@gﬁ{
subsequently subjecting it to a devel opnent process. The graph of EIG 3
shows afrexprosiuae itodightpexpessethin tgmegthe duration of cXpAsUTE eg} andy chj ng
of the planarizing filmfor three different masks. Referring to FIG 3,

~ the cyp¥eyérisbaVaxisof dhed gpiilniindicarberthe éxdeny openchingk(jim)ustdhel t will
be seen fromthe curve A tﬁat the extent of etching (the.reduction of.the

film _thickn f t I WA ' ' s otoh fsi me

I ncre J%B,gmi‘ﬁ@%hk?ﬂg %}?@%@T%éﬁs@%}%ﬁ@fe&g ?égarz%tn rgth?éﬁpv\g}eggﬁt he
exposure tinme, exceeds 500 ec. .On .the other..hand, the, curv t he
data &BDATQlled ‘%he‘%ﬁlﬁgnﬁsﬁlagﬁ ﬁ‘aét Ple&?Spﬁt &bfﬁwacﬁhq}} rPglﬁTeiréht %E%Z@ﬁﬁﬁd dar k
zones arranged alternately, both the |light zones and the dfil{gli}tzon,es havi ng

a wi dthiakne3s 24 the plasanizing film cainl be pentreliedrbyp axpasingit @ hB$inghe
extent of etching can be

a mask, and subsequently subjecting it to a development process. The graph

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




controll ed substantially as a linear function of the exposure tine.
Finally, the curve C shows the data obtai ned when a msgAﬂéuﬁzﬁbéi ped
pattern having light zones with a width of 0.25 pmand dark zZones with a
width of 0.75 m said 4 August 2005 16 |ight zones arranged alternately.
Thus, the mask of the curve C bl ocksigmore I|ight than that of the curve B.
Therefore, in the case of the curve C, while the extent of etching

incregg t%bﬂé‘@ﬁ%n@e@pﬂﬁé'xﬁ@@l‘ﬁ. yThEsaihe/ sk bPehexRPEHIEblodks mdree rate
at which the extent “of etching”increases 1s |ower than that of the curve
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tone material that corresponds _to a-predeterm ned transm ssion factor. |f
such iextentoletcdinginererses knpady prepopyonallygelativgtothsexposHie Ui, whose
transm ssion factor is known relative to a predeterm ned wavel engt h of

| i ght the rafe isetiélthexrosnt 6f etvhfig idarcasesishoeer trah thudsd thiel eurviei ckness
is so controlled as to regulate the quantity of -transmtted |ight. For
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val ues (i ncl udi ng one tota r mitting . using a :
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transm ssion factor of 20 %or so for green pixels, and a material_ that
conpl evsrespeingdsiola predeterminadirpnsmissiondactarndfsashas thy ash A maskyi des
- the. background of the present
is 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-
bontrollcd as to show four different values (including ome 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 bef(;re 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




invention will be briefly described by referring to FIG 4 before

descri bing the second enbodi nent of the invention. FIG 44Adg§st3266”5053
sectional view of a part of an active matrix type display evi ce shown for
reference. It illustrates only a pixel of the device. The 4 August 2005
-17 display device has pixels arranged in the formof a matrix on a
transparent substrate 201 typically nmade of glass. Each pixel is divided

in an r &gl : 5 j ) | Pianispafantned in
the 0SSPy oS A IR AR QAR A, B O e PaiTe 201
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vis-a-vis relative to each other. It is also referred to a |liqui %@(irystal
cel | . 2Rdtand haxon-openatgitte28Red panekPXdr is frrmed 4n theopen sgdon el i s
formed at the side of the glass substrate 201, while the other el ectrode,

or thgpnaesdjfied! RCERRE¢ gt Xhrosgh aheeshissirate 2PposMaresspatificnbly2abe 1t is
also referred to as opposite electrode. The liquid crystal. cell operates
as
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Feal surtace si ass substrate 2 nd emts [ight to the
ol cot piarrade 210, L9 anatiradanaed anr aviiniint Snsalid BER, HLisdifel
t he opposite electrode 219 is covered by a different orientatjon_film 218.
On theeferteat thandquid cnystal icehh. t Noteithabr omepfithe electrodgs: ke ths et
~ electrode 210, is formed at the side 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




described liquid crystal cell is fornmed in the non-open region 222. As
shown in FIG 4, the thin filmtransistor has a bottom St ture and
a polycrystalline sem conductor thin film 204P typica||3§%§8§:%p§
polysilicon is formed on the netal -nmade gate el ectrode 202 with a gate
insulating film 2030 interposed betyeen them The polycrystalline

sem conductor thin film 204P 4 August 2005 -18 is covered by an interlayer
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el ectrode 205S and rain’el ectr 05D are fo d on it. The el ectrodes

205S, 5D are, covered a pl | ZI Ll m 20 i gani c
trans pé?’é‘ﬁf: ar"é's"f1 ROPF?%FPJH%"‘S‘? gﬂ§$l %Cﬂg 4@?%6%‘3[%‘?%295?92 gg@? (ﬁrelﬁég S'Elf ace of
the gl ass substrate 201 and, at the same time, operates aimpéﬁéeﬁt film
for tHé tHha aectirdes 2058 o0 RTareTeRv erisdviy deplanasizing fi dhab¥e 210
is fornmed in the planarizing film 209 and electrically connected to the
thin finhde dfforgahid @anJparehy resin fifm! Mhedplanarizlieg filogd202GAinaribes et e
insulating film 2030, the interlayer insulating film 207N and the
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filmtransi stor TFET.in the non- ion 222. Ln other I first
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upper and |ower sides. On the other hand, a second film structurg_ ext ends
f r om tisdotmedtinfthe plananizing Bland09 endredeetricalbiheonpesieddg the thipdilpha | s
| ocated adjacently relative to the non-open region 222. In the )
transistor TFT by way of the drain electrode 205D. The gate insulating film
2030, the interlayer insulating film 207N and the planarizing 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




I nstance of FIG 4, the second filmstructure conprises only the

pl anari zi ng f|Im209 which is | ocated between the |iqui el l
formed on the pixel electrode 210 and the gl ass substra%&%'%{ﬂ%osc
instance of FIG 4, all the unnecessary filmis renmoved fromthe open
region 221 and only the planarizing _fd.l m209 of organic resin is directly
formed on the glass substrate 201. If the planarizing film209 is made of 4
Augus 219 . | S r racfichQv1diffegnd does
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Ther ef or e, u neces reflecti 0 the interface d eto
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refractive i ndexes fromthe open regl on 221 as nuch as possible, the

mul t i lreflectiont ecterseabeng the eoieefdce odu¢ npr diféercnect efire activenitidedt or  of

t he panel. Then, because of elimnation of interference effect, variances

among g, Myofjéiﬁbﬁlfg”’“l‘a srﬂﬂﬁvﬁin@eﬂlffe&dﬁ'rbfﬁ%@iv'e)’mde@(fdseﬁ‘bnﬂlﬂh@ gbhe panel

can al'so Be m nim zed. Furthernore, since he non-open region 222 and the
open ion 1 _can b [e kiLNg
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conventional panufacturing net ho% FIG .5 a Cross seét l.onal ..vi ew of a
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circuit section 22 is shown in FIG 5 in addition to the pixel array
sect i interfereacdereffertf acatinheee anrargt thedi papducte can be minimized.

~ Additionally, reflection of the panel can also be minimized. Furthermore, since
the non-open region 222 and the oben 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
#lso 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




parts corresponding to those of the first enbodi nent of the present
invention illustrated in FIG 2 are denoted respectively ugt(?bogame
.reference synbols. As shown in FIG 5, the display device I's divided into
a pixel array section 21 where pixels PXL are integrally fornmed and a
peri pheral drive circuit section 22.1t will be appreciated that FIG 4
shows ‘a pixel PXL forned in the pixel array section 21 in enlarged
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21 are ormed on an I nsulating substrate-1 and incl ude
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wires 6 are formed on the surface of the |atter by neans of ﬁy{)fz\tterni ng
oper atinterlayircinsiitadéng filme 10 owdrwiresyo arpfemaed pnfle surfagesof dleTends to
both the drive circuit section and the pixel array section. A colour

fil te'bgq’ﬁc%'il@ of Phaglerniig operatiie Miioadrenctadie doveeed byrd ptanarizinge
upper Substrate 2. The upper and | ower substrates 1, 2 are bonded to each
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col our tenperature of the open region 221 of each pixel PXL of the, pixel
ar r ay upperi rbseate)2.r ity upger and lower substrates 1, 2 are bonded to each
éther by means of a sealing material 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
gs 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
insulﬁting 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




the filnms showing different refractive indexes therefrom except the
planarizing film5. However, it is difficult for the pl adanignstBPo6i I m5 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 I n other words, the surface of the planarizing film5 my show a

remar kabl e step between the drive circuit section 22 and the pixel array

secti gy k5 inhRY 8fi9kiréuiPse8liém of uneven gap can occur in a peripheral
part gp tjﬁ-empane? 1partlrcul arly when the gap spacers 11 distributed in the

pi xel arra ction 21 ride on the pl R4 4 - gm5in
the drive )c(:lliffu tl%é'ctsf:%?‘p%glcec}%gsl gegﬁgéh]érrvg |c0£\k%§)s%t[ts<2ad£?%%aﬁ%%\?lhgw of a
part of the second enbodi ment of display device ,accor&j ng,to Ehe

i nvenenabodimeshofidisplay«lewise acgpebingniaothe myeatipne svhigh dissgluf the i g 5
for reference. In order to facilitate understanding, the parts

cor r egoblimabf thet desieedilushratatbin (IG.15 fiot rafepchden Hi ardestafacititalst ed
respecCtively by the sane reference synbols. As clearly showmn in FIG 6,

1 m R gt e e d e et e 0 section 22
the potofenalet FEparele Byl St Blertheti Aot “AY AARLRRYER PP L7
e pan KB 6 th suelace ol plasbriongaimis versd 1o mAke Qo drimpe
interlayer insulating film10 into
.- 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.




consideration, so that the planarizing filmb5 may show a uniform surface
over the entire area of the substrate 1. If, for mstanceAu'gbanganarl Zi ng
film5 is forned 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 showi ng a t#4nsni ssion factor of 25 % so that the

planarizinaafllmS may be renoved by etchﬂg fromthe surface thereof only
in the dri VGi%? Lﬁﬂlth@%ScWQﬁPnWWt%aPéE ewvies alsodhowm for
background of the present invention will be br| ef I y descri bed again by

~ ref er mefigrence AN compeising a pibs ofisabsratdss30hj 302 coba fiorntubstratband
g nvention 4 August 2005 -22 FIG 7 is a cross sectional view of a part of

di spl gy @%@%2 e ;&reachea &”ﬁﬁtlﬁﬁngéHH%hﬁhM %gpasé pathtin

substrat es ront substrate an rear su r at'e, ﬁded to

oo Hhemt ok éﬂaypgﬁ' ot dlentgonft Ruiancs sue |as|a;ﬁswf§g@?ﬁ#€1ya§'rer§q3ﬁe gap.

Pi xel's are arranged in the forn1of a matrix in the device and adapted to
ref | edreldiigithegan. k Pigelstarer anranged fin dhe fount af @ miatrixbacthe devige mdont
surface side. The reflecting region of the device conprises el ectrodes 310,

322, fada tesefieti Mghy sorikideitrfrom dhie srtittqiatace site baER to the ftomui d
crystal layer 303 sandwi ched between the el ectrodes 310, 322 and a

oIS, Tl AT g e s e oo enne
formed respectively on the pair of substrates 301, 302, the liquid crystal layer
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 polanzmg| 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




A potarizingi |layer 340 and a quarter-wave plate 309 are formed on the
outer surface of the substrate 301. A colour filter CF fgr .
coloured layer 350 is arranged on the inner surface of ?ﬁ@ﬁgﬁgépsate 301.
A black matrix BMis formed also on the inner surface of the substrate 301
so as to divide the colour filter gﬁ_into small units that correspond to
so many pixels. An opposite electrode 310 is fornmed on the surface of the

col our. filter and t t he a trl t g‘r&m pond to
the pill#d, Crﬂﬁt'ﬁghﬁﬁ %ﬁ?bnﬂ’f’l%]ﬁ%%l’ﬁ ?’E tﬁ%r%‘%t%t efgpposie%f%&g{fe?tir ode
310. The liquid _crystal layer 303 is arranged qn the orjentgtion tilm 307
and adaprniatios Ehen313, M@és@@@&féﬁ‘?%ﬁﬁmé §r 9yentation I’i’eﬁ“ é)gtfilter ate
302 is arranged bel ow the 4 August 2005 -23 liquid crystal |ayer 303. The

sur f ageomlf substratds3Oht o Mizents thevhgeid byrystal dayemt®13 dypically 3052 whi ch
cooperates with the orientation film307 of the front substrate 301 to

or | Nty drfifodih AL cHoRS U Phe HMEHGR Taf P38 ¥rragRd diRleraRBloalerlaiont | on.

The r ection layer I S arranged under the orientation film 315 and

desi gned operate. as pj xel electraodes., The refl [ I r ks. nmade
of moddm PS AT Aesighnd (hapermit rarateLaieiad gy TRE BRseBbRIaYSPR08, Sl
and designed to operate as pixel electrodes. Thin fi I{]r%t ransi,st oré 308 are

f or meds beadmof meetal £ilz formgdfan theundulatedi surkacs piithe Planatizing 88 have a

bottom gate structure, which is a nultilayer structure realized by
sequentidaind dekpmebt@opatealsasitkebdteAtbden Titin filns traatsistgrs B0Mae7 and a

sem conductor thin

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




film318. The sem conductor thin film318 is typically mde of
polycrystalline silicon and protected from above by a shq&ggg;ﬁ% in a
channel region that matches the gate el ectrode 316. Each o hin film
- transistors 308 having such a bottomgate structure is covered by an
interlayer insulating film320. Thea4nterlayer insulating film 320 has a
pair of contact holes and a source electrode 321 and a drain el ectrode 322

are el ia°§il%n>él%@f(§%§éﬁda#§)giée¢ﬁ) MY Soufdd dMebfrddRi 2pr 308 by way of the

respect i vé coftact h ectrodes 321 and 322 are typically forned

by patterni an al ym num fi. The drai,n__el.eciro 2.1 dto
t he above d@g@} ﬁg?g? ﬁgéﬂlhgh|T358P8§8§}’Pﬁ{hg?fa%ﬂ€v$‘§f ngﬂ:agn a‘é/l%r 308
is electrically connected to the drain el ectrode 322 hy way of the contact
hol e FvRdoslyefiormedhen therplanarizing ifilm 4 that ﬂwraéﬁéﬁt\ﬁ)%@l’iyl%% 24
hand, a signal voltage is applied to the source electrode 321. Wth the

above ¢iganid hedid edtecilieoBubynateli30) 4 Ordbrceo innphaivat tlomisibdlity ovliond y
formed on the planarizing film314 that is produced by applying organic

resin r%fg%}%tgﬁggﬁ’ﬁ?zﬁ(%gv&gzkﬁ%ﬂrﬁ% u Lt @t&?ﬁs"f‘&ilﬁhhﬁﬁ’ctﬁﬁn

' reflecte owever, ~Known manufacturin s for manufacturing
Tvo onyah & HRIAN 95T ieg 410 RATBRaIELY 4 praRleat iy uoBh eyl Bkbtelr o
process in order to randomy formundul ations. The third enbodi nent of the
pr eserwo organiciplanagzingsfilmdayers aced to bhisybje@pdmapeXpasHEe PTSEFFct ure -
" S:htgl\g/n orldrf]:r to randomly form 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 contact holes CON where the organic planarizing film 5 is completely

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




-understanding, only the | ower substrate 1 of the display

FIG 8. The present invention also provides a nethod of manufacturing a
di spl ay device having such a structure. In order to facih@&gh&zmos

vice I's shown
in FIG 8. Aplanarizing film5 is forned on the substrate 1. Undul ati ons.
12 for reflection filmand. a contact-2fitole CON are forned in the
pl anarizing film5. Photolithography and etching are used along with a

mask Nokfiingoindiiatidis Ddiskaforaesl b3 widgthaatforsrcmatetial SONshdwing ot her
wor ds, the photosensitive planarizing filmb5 is subjected to an exposure

proce | t ' ' || .l jf£kness
ot ot (5RO Y et dorhPlCHE ) oty BTN Wi cHial 92 e
corresponding ., to the contact holes CON wher he ni c,pl anarj zi film
5 s &%ﬁﬁr gands, afilya layere th@a@?mﬂ%%ﬁyﬁ Sarid U G e SRplstel0o o
and the parts for 4 August 2005 -25 form ng undulations 12 are forned by
usi ng ligtastiel dine materiahb25refooniedyonaherbaseningtérial $aefdheanaslbo My and” a
conpletely light shielding material 52. In other words, a filmlayer of

the hapfith oRR ﬂﬁhﬁgbﬁien'i}itaiyﬂpbbﬁblefmt fodeuntalationd A2t asdicondacty
material 52 are forned onh the base material 50 of the nask M Wth this

2 angIEds é'iim;ggalgfcﬁgégg!r e%é%l%%q;ﬁg(ﬁgw&l ¥ %%E%@?F fozg%gfﬁ}ﬂ Vi34 f%'%l es 51

si mul taneousl'y. ap se rays o avi ng-a

as.g rays or h rays s preferably used. for the p ose of
the W pmgﬁﬂ &uqhdaﬁ.gdxM&twohsra&aﬂSé%fm%@b %Péd‘f%etaedgﬂfd’él%&&% ng

- wavel ength suc

~light in

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




t he exposure process. Mdire mld undul ati ons can be produced by heating the
organic planarizing film5 for a re-flow process. Wth theagbauepggscri bed
.met hod, the process of producing undulations 12 that normally requires a
nunber of processing steps is greatly sinplified so that a display device
according to the invention can be nerdif actured at reduced cost. Wile
typical bottomgate type transistors are used in the above description,

the prsgefioh tihavw{;&wfbﬁnta»kiﬁg ar@aananhirebemng heell oa ealiting eectior skatt
i nvention can be applied equally to the use of other top gate type

transi.stors,,.a-S ;t.nansi S| i [ e [ITE FIG 9
e7a SRR afeldp RN OBV E BB b L el R vl g YAl And 1
appl yi ng. the present_inventjon. As _shown in I:I G 9, .the cellular ﬁhone
term Weflispéay section thakcan displpydnfesmaien telating at keasiyiorhe Anfgaten
integral parts thereof an operating 4 August 2005 -26 section that is used
for nernthea cadl.| Murer apetifically, ¢hel ceHulal phoges taminal t dewicei 400sed f or
a tel ephone conversation after making a call -or receiving a call and a

di spl %ﬁnﬁﬁgwan Lafdn AR 391 R ralid ﬁ%ﬁ&ﬁﬁ&éi@ﬁlﬂe@bgg:ohg adleckPast43Dahde

operatio or the ca More specifically, the | ul ar phone term nal

rever delapsaiily 455 wiBRe il PBsiatlon Koy ek LAPAMEUALAETIFH & G (g
|di031js ;ﬁé;]ggrngg&i@gﬁ I5a Y 'I$heectrie(():giv4§543ghgorrn%?iesie\éearl 1403112ds(i)%gﬁ£::ir “and 3he
- 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




transmtter 433 conprises a mcrophone. The display section 435 of the

cel lul'ar phone term nal device 400 conprises a display i %ﬁﬁprding to
the invention. The cellular phone termnal device 400 cgﬁMgﬁgk ay

t el ephone direction information including personal nanmes and tel ephone
nunbers on the display section 435. £f- desired, it may be so designed that
it can display the received e-mails on the display section 435. FIG 10 is
a sch e§sipg seRefd Y0 ¥bAWTisHs Acdminh e cationl ictin, arsoutnel priocabsiagyi ce
reali Zzed by applying the present invention. Referring to FlI 10, the

portah | nf o | t ) nal V| ) o} reqzt ure
reali zée"?tfé’g”fé%ﬁﬁ%ﬁﬂd&grﬂﬁpﬁr gnf{@fgg{:ﬁgﬁ ?@%e?‘zgfgi ﬂg‘?ggéﬂ ofr$ﬁ511
that is used, for, inputting instructiqgns, processi ng,. section 510.that is
used fRSTTQMBHLE HARIC| oS 8%. %&’Jé%di nEﬁPoC?IP%PféégFIBHs haf, tyRicallyp| ay
section S20 that can display processed information. The 4 August 2005 27

pr ocessimprisesta QP dbntrolsrihese fancoionsnic atliown the dnfamatios depminal
processing section, a control section and a nenory section that are

- necessflyicé Olo pgg&ﬂft@ gk bﬁﬁcgghf)ﬁec'[ééi”sopf a8 Fp¥rsohhP @omip@lersefdiri on

that typically nprises a controls these functions to allow the
I nformation term nal deyice tQ . s. tele e ¢ nal
conputsgpdlubg} Ic%%’ﬁ’d}lgg? ?@E‘ggvﬁodnﬁﬁﬁi{?@@cé%ﬂ‘u n{?@%{} [ Rggﬁﬁ g‘?ﬂ@?ﬁ%@r sonal

conput er s .
o and/or 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




and/or controlling personal information. Any of the above functions can be
sel ected by operating the operating section 511. The pro% ssiqg%ﬁgction 510
.generates inmage i nformati on according to the processing g%pgfi it
perfornms. The display section 520 di splays the. inmage information
generated by the information procesggng section 510. The display section
520 may be a col our display device, a reflection type display device or a
di spl i favin Hub Ly i i i i ueveaPphyidigl t he

or cce P SAERIAY: NAIAGhafly, I PERSRIE I bR e ey e o

i nvention, it iS now sible,to forma hot osensi t i . j rizing
1 m MRt el B Pl Chgke by URNEREERG PR AGERELE B A
pattern for transmitting varied quantity of light in as mask to be
used fangasipplamarizing flgmton m@mpra)hmaf/dng&pcqsﬁm|se§tamn- ﬂﬁﬁxtbpmr for RGB
pi xel s to inprove the transm ssion factor and the col our 4 August 2005 -28
repr oqugs ok pwssiblelitd ip2epateyundilatiponsasid bostace hioley of e refilectivavtypegap and
hence the quantity of the displayed i mage by reducing the filmthickness of
the i o . o e O o v,
Furthgﬁgﬁggfd@¥?§?2h§%§?g%%§¥%1g’?gﬂgggggggﬁﬁﬁgﬁféyygﬁ?bgﬁglgg%?ﬁc?ﬁﬂoles

of a reflegtion %%ag .disg%ay device in a sane step to reduce the nunber of
st eps BHfdAHRABUEREUIREPAFY  nanuf act uri ng cost.




4 August 2005 -29 CLAIMS 1. A display device having a panel structure
formed by a pair of substrates bonded to each other with gQqpgespser m ned
gap separating themand an electrooptic substance held in the gap between
the pair of substrates; a set of thin filmtransistors, a planarizing film
covering said thin film transistors and a set of pixel electrodes arranged
on the planarizing filmbeing forned on one of the substrates, or the
former substrate; an opposite el ecthode being fornmed vis-a-vis the set of

pi xel el ectrodes on the other substrate, or the second substrate; and the
planarizing filmof the display deyvihggsdei ng made of a photosensitive
material and fornmed to show a varying thickness in the first substrate by

nmeans of an e [ Lif ' | our e
aaei gned 5t ne BRpLEy YAREE AV & Surtl HFUEHnd FaENBY 69, £BRFBLG
show a;t hi ckness ,t hat varies accordi ng t t.he wavel engt h of .t he di spl ay
col oﬁugsé@%‘a%g&nf%aggﬁchfmﬁﬁé Vﬁﬁ;{@@%ﬁg&%@ég@ sefprating themyaner di ng to
claiml1l, wherein sajd first substrate has thereon a pixel array section
f or medn Blegtreoptis substanse hedd dn{ha gap betwean the paigiaft substrases;dr i vi ng t he
pi xel el ectrodes and a drive circuit section formed by thin film
transi st ors stbofdhirifiign timspstsed, @plaarbdapi fim eonverdeg dald dnar filng film
is formed so as to extend fromthe pixel array
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 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.




section to the péri pheral drive circuit section and show a thickness

~differentiated between the pixel
section. 4 August 2005
said planarizing filmhas a region where
vary so as to produce undul ations on the
are nmade of reflective filmand arranged

undul ations. 4. A nethod of manufacturing
structure forned by a pair of subsgpates
predeterm ned gap separating them and an

-30 3. The device

array section and the dyi i it
AL

erein
is made to
el ectrodes

according to cl

t he thickness thereof
surface and the pixel
in the regi on show ng
a di splay device having ai
bonded to each other with a
el ectrooptic substance held in

panel

For mng o ser 1 AeRIR gsording KEBLE 17 varlelh, B Bhyaritd i s 3 "Ll o

thin filmtransistors and a set of pixel

el ectrodes arranged on the

pl anaicigiomgvhierethe thinkamess thereof i madst tesyamy se ke té grodnces ubdutatians and

form ng
ot heron shstirfate andrthe

an opposite electrode vis-a-vis the set of pixel . .
ixebeftrotien sire ahgde odirdflstepe #ind andiarehriidd

el ectrodes on the

planarizing filmincluding: an application step of applying a

hot ial the first
PhOL Oeip Itélgh‘hzn gpgﬁélpgzlln%ﬁ@nbﬁ@ Irs

subj ecti ng

substrat e;
I'Tmto an exposure

an exposure step of
process using a varied

~planar disfribgtl00q O Iﬁg&?ttalc&}/rir?é ae(iclgf))l%l)]rr(?e\lrilc r}llta;vir(f‘gn gi 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




4 August 2005 -31 a processing step of processing the planarizing filmso
as to make it show a thickness varied according to the Ql%ggtﬂjogtri buti on
of quantity of exposure light, by etching the surface of the exposed
planarizing film wherein different display colours are assigned to the

pi xel el ectrodes and the thickness of the parts of said planarizing film
corresponding to the pixel electrodes are nade to vary according to the
wavel engt hs of the display colours3gssigned to the respective pixel

el ectrodes. 5. The nethod according to claim4, wherein light is irradi ated

onto the | anarizing filmby way .of mask show ng.a varied pl anat

di stri but i sPtorestingnaisset phofeiBe the Plahatigbe Alnsta s © ek ot hod
according to claim4, wherein the planarizing filmis nmade to sense |ight
for ashrwirauthigknsssst vamed jasconding o stheeplansy, distribytian of quanitity of nasks,
in order to irradiate light to the planarizing filmwth a predeterm ned
quanté}tposﬁredightgb%f etchietiesinddce ofahdigxpdsed Planhatibingi@nei n a single

mask provided wth a filter having predeterm ned parts adapted to

quant | 11 s ARG oo RRR, Solity's o Bitio®d g pitfE Bicirafes
accor di to claim?7, wherein a pattern adapted to diffract |ight may be
used am;r %h@,ethiqkn@ssof the partsxpbsai@ pasprizing film corresponding to the
pixel electrodes are made to vary according to the wavelengths of the display
colours assigned to thé 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.




4 August 2005 -32 9. The nethod according to claim7, wherein a filter
made of two or nore than two |ight shielding substances, U?@ ggﬁﬂsfferent
light transmission factors is used in the exposure step. met hod
according to claim7, wherein a mask provided with a filter showing a

i ght transm ssion factor between 1 %and 50 % is used in the exposure
step. 11. The nethod according to claim4, wherein a pixel array section
conprising pixel electrodes and thin filmtransistors for driving the

pi xel electrodes and a drive circuiB2section conprising thin film
transistors for driving the pixel array section are formed on one of said

array section T Pfhi%%iﬁ%%hébﬁagt%k{?@ 7, TR R R Aae WS i
ci 1 CURDTE L08R S0 Haht ShisIdin St DaEEeaY 05 GRS || AIRGFenvmASSIeD] on

havi ng surface undulations with a varied thickness is forned in said
pl anafacmmgsMsbmlnrthetdmospmetepel ectrodes are made of reflective film and
arranged in the region having surface undul ations. 13. A cellular phone

oL ) RIS AR Chisr6AL{ G 4 gl oRded et on

filter showing a light transmission factor between 1 % and 50 % is used in the
¢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 allow ng tel ephone conversation to take place after
4 August 2005 -33 nmaking a call or receiving a call and4qm%iu§p%®g section
for displaying information relating at |least to the operation for the
call; said display section having a panel structure fornmed by a pair of
substrates bonded to each other with a predeterm ned gap separating them
and an electro optic substance held in the gap between the pair of
substrates; a set of thin filmtranggstors, a planarizing filmcovering
said thin film transistors and a set of pixel electrodes arranged on the

pl anat..zi- [ bei F d one jof the substrates, or,.t f.or mer
subs'?lﬁ1 gtyel;ﬂgain %)%gog)irﬁgz C&F‘Z@ﬂf@d@%eﬁﬁ& @orﬁéﬁfﬁw SELHATL f?‘héh%hfaydflgpi xel
el ect_.r%des .on the other substrate, or, the second substrate; and the

pl anaitormgtion relating pé lﬁﬁféﬂpéiledmﬁré'@oﬂeﬁoﬁéhmél;of a phot osensi tive
material and formed to show a varying thickness in the first substrate by
neans of saidegdmpayesectoonskavingeaepandl fstarenre dicrphed olopasr afe
assigned to the pixel electrodes and the planarizing filmis fornmed to

shownsitbstitex Beaded hateachl diper 3igR adbrRdetditnind ¥&Y SbFnGiheOfheniand sp! ay

col our assigned to each of the pixel” electrodes” "14.” The devi ce accordi ng
L2 181 e PSS A SRR BT Bl =
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
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




transistors for driving the pixel electrodes and a drive circuit section
formed by thin filmtransistors for driving the pixel a@gﬁyugggb'on, and 4
August 2005 -34 said planarizing filmis forned so as to exte romthe
pi xel array section to the peripheral drive circuit section and show a
thickness differentiated between the pixel array section and the drive
circuit section. 15. The device according to claim13, wherein said
planarizing filmhas a region where the thickness thereof is nade to vary
so as to produce undulations on thg4surface and the pixel electrodes are
made of reflective film and arranged in the regi on show ng undul ati ons.

16. A por ! 3l HiheroRi r%?ﬂrﬁ%rﬂ) 08y 01 QRIS eRGhy A ORBEGY Ay Secti on

to be used I npu Instructions, a proce53|ng Sec ed for
processm |nf rratlon acc to |n.struct|on a dISp y section for
di spl &9‘3%81 §sé’&fmh 8 drgwitgseptigp hoWadi Hyicknsasel
structure forrred by a pair of substrat es bonded to each other with a

pr edetiéferentateshbetepen the pixelramapsdctian adthe dopeidreuibseation. hel d i n
the gap between the pair of substrates; a set of thin filmtransistors, a

pl anar i zi s f IThe dewieé iadBofding tbhﬂanﬁlﬂaﬂwhé@iﬁlsai@;aﬁaﬁa}%ﬁ Sffm HasPi xe!

el ectrodes arranged on the planarizing fil m bei ng or med one of the
\S“ug Staar 3%?(?%0‘%8{8 Otfh Fﬁl&k%%bgzﬂ%%ggg ahdde 'taevzeulrye %o %getobeplrrc]) ufc%r med
undulations on the surface and the pixel electrodes are made of reflective film
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




on the other substrate, or the second substrate; and the planarizing film
of the display device being made of a photosensitive mateq |kt Apg fornmed
to show a varying thickness in the first substrate by neans ™ August 2005
-35 of an exposure process, wherein different display colours are assigned
to the pixel electrodes and the planarizing filmis fornmed to show a

t hi ckness that varies according to the wavel ength of the display col our
assigned to each of the pixel elecgkodes. 17. The device according to
claim 16, wherein said first substrate has thereon a pixel array section
for | |.ectrodes and thin film transistors for driving the
pixgﬁﬁg eg%p§a§%¥§ﬁﬁ§§§ﬁrive circuit section formed by thin film
transistors for driving the pixel array section, and said planarizing film
i s forned veergin differergndisplayncoloairgiarelassigrey tosthet picrel teded¢thedemr i pher al
drive circuit section and show a thickness differentiated between the

pi xelaml they pEeriizAng dileh §$ €othéd @oGhoww !atth&ﬁ@ﬁes@rthail&ari&%c@em according

to claim 16, wherein said planarizing filmhas a region where the
j lions on the
|
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surface and t xel e S are na m and arranged
inth regi on show ng undul ati ons. 4 August 2005
electrades.

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
section 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.




36 ABSTRACT An active matrix type display device is realized by integrally
formng pixel electrodes and sw tching thin'filn1transi§yQ@§t e di spl ay
device has a panel structure formed by a pair of substrate ?fs, (2)
~bonded to each other wth a predeterm ned gap separating themand a liquid
crystal layer (3) held. in the gap'%%tmeen the pair of substrates. A set

of thin filmtransistors (4), a | anari zing film (5) covering said thin
filmtransistors and a set of piABSTBALTrodes arranged on the planarizing
film(5) are formed on one of the substrates (1), whereas an opposite

- electrode is fornmed vis-a-vis the set of pixel electrodes on the other
substrate (2). The planarizing film(5) of the display device is made of a

hot it} i al . . t ‘ : . >
photosens I ANARLE ThikiR it A%y QorleNrcallo BY RLSIIR folrbind e
pl anari,zi il m(5) i xe have

fi hat, correspo to the l..el ect rode a
t hi ckrmgfgleﬁtm%e%aé sptGhing ip Mﬁ&aw@m&-@a&ﬁ&&]% dsvichhas & spl ay

col our assigned to each of the pixel electrodes.
panel structure formed by a pair of substrates (1), (2) bonded to each other

‘with a predetermined gap separating them and a liquid crystal layer (3) held in
tﬁe gap between the pair of substrates. A set of thin film transistors (4), a
planarizing. film (5) covering said thin film transistors and a set of pixel
electrodes arranged on the planarizing film (5) are formed on one of the
- substrates (1), whereas an opposite electrode is formed vis-a-vis the set of
pixel electrodes on the other substrate (2). The planarizing film (5) of the

display device is made of a photosensitive material and formed to show a

varying thickness in the first substrate (1) by means of an exposure process.
The parts of the planarizing film (5) that correspond to the pixel electrodes

have a thickness that is made to vary according to the wavelength of the

display colour assigned to each of the pixel electrodes.




