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BACKGROUND OF THE INVENTION
10 1. Field of the Invention
The present invention relates to a semiconductor
device and a method of manufacturing the same. More
specifically, it relates to a semiconductor device including an
intralayer lens which is suitably used in solid image pickup
15 devices such as CCDs (charge-coupled devices) and liquid
crystal display devices, and a method of manufacturing the
same.
2. Description of Related Art
Solid image pickup devices of CCD or MOS (metal
20 oxide semiconductor) type have been used in various
applications such as digital cameras, video cameras, cellular
phones equipped with cameras, scanners, digital copiers,
facsimiles and the like. As the application becomes wider,
there are increasing demands for higher performance and

25 function such as increase in pixel number and improvement in



As the size reduction and the pixel number increase progress in the solid
I mage pickup device, the size of pixels installed in the solid inmage pickup
devi ce becones smaller. 5 This decreases the light receiving sensitivity,
which is a fundanental performance, and may possibly cause difficulty in
clear imaging under a certain light level. To deal with such a problem was
adopted a technique of formng a mcrolens of an organic polyner materi al

on a 10 col gigiit rkekiviag 86hsAIRiItyNad el deeedvichibs eASsidevahy. chonever,
this is no Ionger sufficlent to achieve a satisfactory effect (for exanple,

see Japanese Unexam,s{ge@hg’ag&@tr&}@&h@,@lt Loty NRe ﬁ@el%&ﬁ?@@? 1AéPE83e

Accordingly, a technique of formng a lens within a [ayered structure, 4
i ght recel M sr ber et i angR ?ﬁﬁ%ﬁ@% e %dz%‘){’%&’: s of and @

nbi
ggct: (r)]ﬁ;: OCllgv%E%%l%laelsr?1r¥§[ Ce%%llqéetrﬁ%% i 1115) ‘fljce %%%\)&Igef % i mage pi ckup

devi ce i i.ng.a 20 a intral.a ens ese Unexam ned
Pat ent bI i gﬁcf\%a %Eflflgﬁ}éﬁceiﬁ%%)serﬁléé’ % A8 illustrate
an exanpl e qf a, net hod.of nuf acturi ng, the pri or, intr | ens of
B0 P durtdenta TerlBrianes Ahd siay Reshibe Cas%%[ailgfgué@ i) o

subj ected to_ion  inplantatign of required |npur|t|es to 2
clear imaging under a certain light level.

To deal with such a problem, was adopted a technique
of forming a microlens of an organic polymer material on a
10 color filter to increase the light receiving sensitivity. However,
this is no longer sufficient to achieve a satisfactory effect (for
example, see Japanese Unexamined Patent Publication No. HEI
4 (1992)-12568). Accordingly, a technique of forming a lens
within a layered structure, i.e., a so-called intralayer lens
15 disposed between a color filter and a light receiving part below
the color filter, has been adopted in combination with the
microlens technique.
Fig. 1 shows a schematic sectional view of a single
pixel (unit cell) of a CCD solid image pickup device including a
20 prior art intralayer lens (see Japanese Unexamined Patent
Publication No. HEI 11 (1999)-40787). Figs. 2(a) to 2(e)
illustrate an example of a method of manufacturing the prior
art intralayer lens of Fig. 1.
First, as shown in Fig. 2(a), a semiconductor substrate

25 1 is subjected to ion implantation of required impurities to



forhya light receiving part 2, a read-out gate 3, a CCD transfer channel
(transfer part) 4 and a channel stopper 5. Then, a transfer electrode 7 of
a predeterm ned pattern is fornmed on the surface with the intervention of
an insulating film6 and a 5 light shield film9 covering the transfer
electrode 7 is formed with the intervention of an interlayer insulating
film8. The light shield film9 is patterned to have an openi ng positioned

above the |ifghin Lehghti MEdIMg DarthBNa r@d@Idsungalte & d- CUD)traasfetr m
formed by reflowi ng 10 such as” a BPSG (boro-phosphosilicate glass) filmor

a filmformed dynBl 36 P SehGM cald Aesladieposisppar 8.5 A dgd on the
light shield film9'to form@a first flattening fil O to flatten the

surfce. O kBRSLE e lbaldeni B bl nd oo s Bk P LoAR I PER1S
I Sl i e et T
R 21| 2er 101808 LS pede Lo e 2% s ol aggepi e, il aver
2(e) e, Lens,Shape oL Lk, Ploloresiat 1. 1s Aratelerrod oo eyl ens

Thereafter, a second flattening | ayer 12 (not shown) .
light shield film 9 is pattérned to have an opening positioned

above the light receiving part 2.
Then, referring to Fig. 2(b), a film formed by reflowing
10 such as a BPSG (boro-phosphosilicate glass) film or a film
formed by plasma CVD (chemical vapor deposition) is provided
on the light shield film 9 to form a first flattening film 10 to
flatten the surface.
On the first flattening film 10, a material layer 16 for
15 forming an intralayer lens 11 having a high refractive index
(e.g., a silicon nitride film) is formed by plasma CVD as shown
in Fig. 2(c).
Then, as shown in Fig. 2(d), a photoresist 17 is
applied onto the lens material layer 16 and patterned into the
20 shape of a desired intralayer lens 11, followed by reflowing at
about 160%C.
Then, referring to Fig. 2(e), the lens shape of the
photoresist 17 is transferred to the lens material layer 16 by
dry etching to form the intralayer lens 11.

25 Thereafter, a second flattening layer 12 (not shown)



.

3 covering the intralayer lens 11 is forned to flatten the surface. Then,
a color filter 13, a protective film14 and a microl ens 15, which are not
shown, are forned in sequence. Thereby, the CCD solid i mage pickup device
shown in Fig. 1 is obtained. 5 In the above-described step of transferring
the intralayer lens by dry etching using the | ens-shaped resist as a nask,
however, the follow ng problens are caused. First, upon form ng the resist

into the | ergvehape thiehthfrRgherilengener sl Forhedt el fitabottie Xo0Eaen. a hot
plate for 10 transformation until its surface tension and interface ener gy

Wi th respectrydh t hecstpderilodrneai i Labayefiveeiin b esha! a AY&olepachsa state
of equilibrium 1f gaps between adjacent patterned resists are filled to
connect. the Jiealips.cURBR ik AY HUIRI AEA 1 Qe (g ANTHOLE ool the

resi st continues unti shape 1S o Thi's "'makes fficult

to obtain a d rym I ape. . Se y .dry .etching using the
| ens- shaped Oﬁég g{aﬁéisugl%%gsﬁ?al{ﬁgi @g‘c’ﬁ(% %gﬁé‘{n tlglogbg'aii/nl%t ‘ﬁgk?ﬁﬁ%‘l ayer

| enses of uniform shape due to nonuniformty ip. |lens.shape qof the resist 20
and vari&tion in et il G0ove-dESErHTd HePaab e RS IHEMERRSd ot chi ng
selectivity between the resist and the intralayer leng nmaterial |ayer, the
choi ce of mAREFRIAVETIENS 7t 66Y BOMNRESE§1 qﬁwmﬁi@mﬁor&sl%%ea

ci rcunst ances, the present jnvention 25 prqvides a sem cqonductor device
conpri si ng &Raske ‘Q?VFﬁ’yE]FCAfOH%’F’”bg tﬂrgrﬁgﬁa?%ﬁtren%%‘éﬂeg} di sposed on a
substrate, a projection formed on the overcoat |ayer, a convex intral ayer
|l ens of an inorgani Fingleppan formiastthg resideintioetpe dpast sbapgs thecor e
and a transparent filmwth a flat top surface formed on the 5 convex

i ntral ayer [reatst fugeneraliphbeptedein aborend 6ECpooyadest plase Hod of

manuf acturi ng a sem conduct or device conprising the steps of: formng an
over coalll ayeansfommtt aovs pan tihti t seherfeake tmsiosubsid anegrfdeposnergyy a t hin
filmfor formng a projection on the 10 overcoat |ayer; leaving the thin
filmto formiahcedspear tenbjeeaniderlylepaaittdlay anldnwigatedatdbhgeral on the
surface of the substrate provided wth the projection such that the
material ingkdddsatdtateref eqliiibragmd COf galpd betweancadygeehnt erl ayer

| ens; and formng a transparent filmwith a flat top 15 surface on the
intral ayer kpnserdbgse s186s eirkefillel e6ichihedthenpbrReests aRfdh Galdiag Wil |
beconme nore readily apparent fromthe detail ed description given

ner ef naf ter 4y HOMP YRatihk, S DOIO¥RARYiBkoRs Hbatedae st abkRc doser [ ption

and specific exanpl es, e 1 ndicating 20 preferred enbodi nents of the

| nventi o8, ar g OhNeBnOY Y oBlalhLUSt Phi Ol AREX a /TSR Y bBYSIFlANTES and

nmodi fications wthin the spirit and scope e rnvention w econe

appar ent top&@ﬂ%‘?e?ﬁf.ihleﬁdléﬁqs tsti‘xea;%.t fromthis detail ed description.

Second, upon dry etching using the lens-shaped resist
as a mask, it is difficult to obtain the intralayer lenses of
uniform shape due to nonuniformity in lens shape of the resist

20 and variation in etching speed. Further, because of the
limited etching selectivity between the resist and the intralayer
lens material layer, the choice of materials is limited.
SUMMARY OF THE INVENTION

Under these circumstances, the present invention

25 provides a semiconductor device comprising an overcoat layer



25 BRI EF DESCRI PTION OF THE DRAWNGS 5 Fig. 1 is a schematic sectional
view corresponding to a single pixel of a solid inmge pickup device

including a

illustrating the steps of 5 manufacturing the solid i nmage pickup device

I ncluding t

prior art intralayer lens; Figs. 2(a) to 2(e) are views

he prior art intralayer lens; Figs. 3(a) to 3(f) are views

illustrating the steps of manufacturing a solid image pickup device
accordi ng teftherphepentnitnvettiridl dighdidd oh iaSsabsthet@t hpagettial
ng to a single pixel of the solid inage pickup device accordi ng

to the presegiriddent t98;0R 1 da 0y & 3 X mt@ﬁg\@}%mﬁ&f k] ustrating

correspondi

t he process
t he present

as it is ge
sem conduct
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15
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25

of formng the intral ayer '| ens by plasna

e present invention iIs not parti-cul

convex intralayer lens.

Further, the present invention provides a method of
manufacturing a semiconductor device comprising the steps of:
forming an overcoat layer of a transparent material on a
substrate; depositing a thin film for forming a projection on the
overcoat layer; leaving the thin film to form a columnar
projection; depositing an inorganic material on the surface of
the substrate provided with the projection such that the
material includes the projection as a core to form a convex
interlayer lens; and forming a transparent film with a flat top
surface on the intralayer lens.

These and other objects of the present application will
become more readily apparent from the detailed description
given hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS
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20 éqbstrates made of silicon and gernmani um and conpound sem conduct or
Substrates made of SIC, Site, GaAs and Al GaAs may be used. Anong them a
silicon substrate is preferable. The substrate nmay be doped with n- or
p-type inpurities. Further, one or nore n- or p-type well may be forned
therein. 25 The substrate may be provided with a light receiving 6 or
emtting part. Exanples of the |ight receiving or emtting part include
light receiving el efggt 9 usedstResatial $estisnhil dikwagerpéchondideyitees such
as CCD and CMOS i mage sensors, CMDs, charge injection devices, bipolar

i mge Sensolg§n ghe Fﬁl%?%‘?@‘é‘éﬂid’@n{dé iAROD 880N %ncﬁﬁéﬁlfgcir bYRSr §ebs and
infrared i mage sensors, as well as all of those used as the |ight receiving

or emtting; L VRl Qus devices, e.g., light emtting devices such as
i ght em ttilﬁgfédlldageés and |ight transmnission control devices such as |iquid

crystal panels. 10 'ﬁl} S,I iﬁ%ﬁﬂtﬁ%@é)\@ v?%vggqﬁﬁ}é-ﬁ}gtgr?étghei D¢ ircul ar as

the Iight receiving part, y typically a pn jun n drode fornmed on

hunber chd FABAH Ay TBOHEeNT e DReBen Tr iR IOy Aty ThEr ¢ or mod

on the surface of the 15 seniiondpctor substrate may suitably be sel ected

dependi ng o®TRE P& AT AAES §fPhe i nt ended semi conductor device. In the

case where plural light receivi or emitting parts, are forned, j acent
10

d

light receiving or &ngBtidig) partld) /& Waves dlusitrabng thecitens 8? about 2
to 10 um 20 The light receiving or emtting part, may be forned by a known
met hod, for TBREMIBRELUrEME iavpPhist deg@s DiRgPadaride ReFREAIDY to the
phot ol i t hography and etching to have an opening in a desired region. On the
substrat e sgrescat mwemdohorned in addition 25 to the light receiving or
emtting part, a region containing high 7 concentration p- or n-type
i mpuriti@s which fuligi dnss assah€Bnticassfteonehanawl coarespogdingdoséer
region, an isolation region, a contact region, a channel stopper region and
the |ike. Fwihgte pigehef thensotindimtage gecvkapsdanitecaccordsngey tiee 5 f or med
i n combi nati on.

present invention; and

Figs. 5(a) and 5(b) are diagrams illustrating the
process of forming the intralayer lens by plasma CVD
15 according to the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The substrate used in the present invention is not
particularly limited as long as it is generally used for forming
semiconductor devices. For example, semiconductor
20 substrates made of silicon and germanium and compound

semiconductor substrates made of SiC, SiGe, GaAs and AlGaAs

may be used. Among them, a silicon substrate is preferable.

The substrate may be doped with n- or p-type impurities.

Further, one or more n- or p-type well may be formed therein.

25 The substrate may be provided with a light receiving



On the substrate, films having various functions may be forned as a
single-layer or multilayer film Mre specifically, such filns are an
iinsulating film a transfer electrode, an interlayer insulating filmand a
light shield film 10 Exanples of the insulating filminclude a silicon
oxide filmof about 10 to 1,000 nmthick formed by CVD, a plasma TECS
(tetra-ethoxy silane) filmformed by CVD, an LTO (low tenperature oxide)
film an HTQr &hgbtingnperal URxanigiels 6f ke laghNyeckivind senemdanagd
silicate glass) film an SOG (spin on 15 glass) filmformed by spin coating

and a silicynmitdd1dRld lightf psd@EdiRy G¥BeMbd ehsedl enOfo2a3idWisildyer or
mul tilayer Structure. The transfer el ectrode nay be made of polycrystalline

silicon or Tii_#%é %C&Uﬁt Ei'g@g%%ér@%dﬂ ot Cﬁ}?%ﬁdf@%@ﬁn%%e%sgfsf ungst en

silicide or strate on t he ove-descri bed

conponent s WA g’egﬂ_ﬁ?ggi i\‘i/lg@Uc%rf Fﬂre@'?ges agélgﬁfilc%%aéﬁ%gﬁsgg a transparent

material is torned. ovércoat layer als as a ron of’ flattening
the subsgrate surface. cordingly, there i rticul ar~ kg tatjon to

t he thi céne??l%%ocfoﬁ%\&é?ﬁgvle g‘g}no?mt%‘r% %5%?8%% g?%g%Fdé B r%éié’rsg igl?dcar ries
out the functi.on anpd 8 has transpare .. For _gex le, a.filmfaor by
et | owt ng. (ahgrar apagq SRS oRRd 45 PialhiioR ol HiOBF AAHEd Abehey BBt usad.
On the overcoat,layer, projections are forned., The 5 10 15 20 intral ayer

| ens of the PFESERE Pﬁ\%ﬂﬂ#%ﬂgiI%aftoi?ré’(fréPPérd?ﬁlé:Q‘%ren&i t he

proj ections by depositing an intral ayer |ens, material on _the overcoat |ayer
at a predet &fithEag sHRVICESsdcRk A hight geritbing dapdes afagdighéd around each
projection which functions as a _core to have an al nost hem spherical shape.
The size of traBsmmssapayepntrHsdesicesnsreh ag hguidcrsisdpe rAnelse
projection, the deposit thickness of the intralayer |lens material and the
deposi t £dn condi ti ofhe lighthee esivéngher emitéinge pegits ionpaviididan@s are
optimally sel ected and the deposition speed is set equal in every

di rection, d¢ghesliphtwesrind)@qenrtt, imbyalygpieallyebses @mgufridtied dimdsonnect
the lenses. Even if the deposition is continued further, the intral ayer

| enses can ifatrniel o bRrel susfaskape theespradtomeyctofhenbborate. achontthiag to
the present invention, there is no need of nmintaining the gaps between the

intral ayer lcereeshevizd) sthhpes rAasibdl Bhadl WnipAatitpredi cdivera3edth cemguct or
device. The projection is preferably fornmed above al nost the center of the

L e PO B KD Layd ok bbb ieeso et er i o
15 semiconductor substrate may suitably be selected depending
on the performance of the intended semiconductor device.
In the case where plural light receiving or emitting
parts are formed, adjacent light receiving or emitting parts may
have a suitable interval of about 2 to 10 pm.
20 The light receiving or emitting part may be formed by
a known method, for example, ion implantation using a mask
formed by photolithography and etching to have an opening in
a desired region.

On the substrate surface, may be formed in addition

25 to the light receiving or emitting part, a region containing high



limted and may be sel ected dependi ng on the pixel nunber of 25 the

sem conduct or device. For exanple, the projection may be 9 in the shape
of a colum, prism truncated cone, truncated pyram d, hem sphere, sen ova
and the |like having the size of about 0.1 to 1 X0.1to 1 umwdth (or
about 0.01 to 1 pnmt) and a height of about 0.4 to 4 um Material for the
projection 5 is not particularly limted and any naterial nay be used as

long as it Ic%n%efrItIr@tH%‘ﬁi—aI)I"}h-l@%@ i et ieBMWAB hufieh &fiohikeagedri conduct or
devi ces. For exanple, conductive materials generally used for an el ectrode

I
of the seni ¢QIAuEL A AEVELENRI! CONAPUEN AR AT HEIShaldd B8 BltibEON.

monocrystal Iine silicon anor photis silicon o other sem conductors;

transparent conductiy TO, n ; I I such as
al um num C5S§é9r,1’ SI %?FE%I%WS IovrIe’r Q % %gflae,&%@%%nrdp%foéﬁ;a%%? I‘aeglII%F y
metals or all]o such.,as tungsten, tantalu titani um .nol ybdepum and Ti W
silicides OI:ILIIIIBSC& Isse ﬁo?glb%tlofc&ﬁggesaﬁﬁl ﬁ%@%? rIéaP’i frs descri bed
above. | tEe rojection material is translucent as the ITOfilm it is
preferabPe %E‘g]t?sdelri’r&qr&é’ﬁfl PPRnmitted light is not blocked by the

projection and | oss of |ight receptign or em ssion becopes al nost
negligible. The fil A the ?Bblﬁtﬁ@&t»h“gh&r&obéﬁfﬂlsW%Fé?uﬁoﬂfﬁ‘&@oélssP?‘@Y e-l ayer
or multilayer structure. The {)roj ections are preferably |ocated at the
center of pibeefarmeduasiq sengleriayesaromyukilgnaratibe. i nMih of the pixels.
Cenerally the pixels are each square or hexagonal as seen in plan and

adj oi n each spreleficadlyf, swecharfilnsagre 2m msehbogdiitrera degnsécmccording to
the present 10 invention is provided with a convex intral ayer |ens of an
i nor gani ¢ meiectiralded, onmed teoldysr imisutdtengr ijmcandnadisght cdrield Thien.
intralayer lens is suitably made of an inorganic material which is

t ransl utent Bxamipdebl&f tlayinandboing filnaiadlndgsa shlideneoxbde dgnm refns| ucent
signifies that the material shows the transmttance of the visible rays or

the infraredbays 10f t@lQOD G oY othial forrsdnpl eSVY, ayslasingaelEBO S
i nclude, though it depends on the thickness, silicon oxide, silicon

nitride, si I(t&@a-@maﬁ};rgiléhspfaﬂdfarm m3t evab, themrdhigkness of the 10
intral ayer I'ens nade of these materials nay suitably be adjusted dependi ng

on the sizeiapthehag el gRidof filAE RAOITS i(Alkh kM BXARNBhF: dxliGef Hlekness is
about 0.4 to 41im The intralayer |lens preferably has a convex shape
correspondi ng, NS ENGIA G §5E L 0 8h SRR PR FiTRStard RO G (spin on

15 glass) film formed by spin coating and a silicon nitride film
formed by CVD, which are of a single-layer or multilayer
structure. The transfer electrode may be made of
polycrystalline silicon or tungsten silicide. The light shield
film may be made of tungsten silicide or TiW.

20 On the substrate on which the above-described
components have been optionally formed, an overcoat layer of a
transparent material is formed. The overcoat layer also has a
function of flattening the substrate surface. Accordingly,

there is no particular limitation to the thickness and material

25 of the overcoat layer as long as it carries out the function and



15 center of the light receiving or emtting part. The convex shape
corresponding to the projection signifies that the intralayer |lens nmateri al
filmdeposited on the entire surface of the substrate provided with the
projections rises up to the convex shape due to the existence of the
projections. 20 Adjacent intralayer |enses may be connected by controlling
the interval between the projections and the thickness of the intral ayer

l'ens materigad itf@hs%&rbﬁ@g aSFS@Q%’kd ?51@' ayfllm ESSmBRI B adTsowggconvex
shape derived fromthe projection. ormthe projections, first., a thin

fil mfor forging Phede ALY SAEAY 11'n§ fB?fﬂ’l?ﬂbﬁQgﬁQ@nﬁi‘U\?B B4 ge of the

substrate. ove- d scri be mat er sultably be as the
thin filmf rmng the projections. The thin filmis preferably fornmed
on the entire surface of the substrate. The nethod for form ng the thin
filmis suitably selda suc puttering,

t.ed known i.n the ar
various CVD net hods er ﬁlagvgé‘ﬂé%gza%ée’sgﬂ?bewSaqrrﬁ)g% sure CVD
and pl as CVI pi n coa vacuum or 03|t on and thod Then,
the bros Bot TBRAGBET Strn o e BEE3PRS PGSR o doFr %YE%T?& oni'y on
t he predet erm ned . regi ons. Thi,s 10 renov may .be perforned by known
met hod such f@EMAE0BI 9% Fr%@rl%tr&iﬁcélrﬂf‘%lbé’haﬁﬁo%tlﬂgaﬁntH’étrgﬁ%}’é’étFEﬁs have a
desired shape. Then, on_the entire_surface of the substrate provided with
the proj ect TBACTIEhOD (leaPE§EGO IRy Hapdra ArediatarnEngshposidan The
above-described materials may be used as 15 the intral ayer |lens materi al
film This BUoh fhaptidd srateripy ia deresitedt aveusdenaal BpRICCsiomg or CVD.

Thus, the convex intralayer |ens corresponding to the projection is forned.
On the int r avlayody Msedjons tasmasparent favenan talmo s hemGnhpricsal f ace is
formed. Any material nmay be used as the transparent filmas long as it
prot ect 30t hehape.al s siznoffthomnbaiayiecdlerfsaid eoataadedabyttiens! ucency
to visible rays and/or infrared rays. In particular, it is preferred that

the transpasénipd of ihaprajéstfioacttheede pdext shidkeess et Hdhah todlatyleg 25
intral ayer lens. Mdire specifically, the refractive index of the 12

transparent 1éhknistesil 406 tHariddwditiin drditidabaydh teescdye about 5 %
or nore. For exanple, a fluorine-containing resin filmand a

per fl uor ocarperd ith® aByoReignedoAdifiba st éﬁé‘%ﬁ%iﬁfﬁllff'sje"fhcﬁed Qrdrthker, a
m crol ens may be forned on the transparent fil'm Thereby, |arger anount of
I ncident or geposition speed is set equal in every direction, gaps between
156 adjacent intralayer lenses are filled to connect the lenses.
Even if the deposition is continued further, the intralayer
lenses can maintain the lens shape, respectively. Therefore,
according to the present invention, there is no need of
maintaining the gaps between the intralayer lenses, which
20 allows easy miniaturization of the semiconductor device.
The projection is preferably formed above almost the
center of the light receiving or emitting part. The size, height,
shape and material of the projection are not particularly

limited and may be selected depending on the pixel number of

25 the semiconductor device. For example, the projection may be



emtted light can be gathered. Material for the mcrolens is not
particularly limted and those known in the art may be used. For exanpl e,
transparent resins such as polystyrene and novolac resin may be used. It is
preferred that a center line of the mcrolens vertical to the substrate is
collinear with that of the underlying convex intralayer |ens. A color
filter layer may be di sposed at a predeterm ned 15 20 position between the

transparent jfidye anh e %b};?%gp@h Ip}h@mcodrelrnéa{ﬂefde&oh%ye&u@id&w providing

a sem conductor device ready col’or operation. the color filter

| ayer is fog)sf?%éjl;gg% efﬁ{g%@ﬁﬂ{@}eﬁ’sﬁwgﬁéf‘grﬁd @H@tl‘?késﬁé%iﬁé’%ﬁ ﬁ%é&?o

desired col prgnment’, dye) onto the transparen oflomed

by 1ight d t.,Th I ' i ded

wth o prot SENEOF LI Forieg e boRE™ SRR, BEOUY IR IR 157 he
t i t s 2 t.ail ith f to. the fi . T

ol T owi ng_ oR8ihAaeoRT S1gt DT He S Euhs oAl syl TR DIEEHomb i d

i mage pigckup device. Mterials and, devices appear. in the foll opi ng
descri pthon 8P RESEIERIREIY PR ZRA 40K AOSETia! MgrRs HISH #bd in the
manuf acture_of the sem cgonductor deyices and hence detail ed explanation
thereof is &ANBtaY iklgR és@a&;&qqﬁ@?i@b% iR i meaapdactpge r?grﬁ]ﬁeact ure
process is described bel ow step by step. 5 First, as shown in Fig. 3(a), a
seni conduct 6F BigsstductoBdevicesh| dtae§XempPkh ¢opHantiie @matﬁrlagaui red
inmpurities to forma light receiving part 32, a read-out gate 33, a CCD
transfer chgemeralky assdefopan plegtrade af tharsrmisongdp@tozsievicen, a
transfer electrode 37 of a predeterm ned pattern is 10 fornmed on the
surface wit fsilheon shslvers pody of y strallimseubdi¢owg, fnbmodéyatallnmée isghitoshi el d
film39 covering the transfer electrode 37 is formed with the intervention
of an ihderbaybrmmosphatingilicdbm Bothbe ddamgitosteltdrsj kra38pasepat t er ned
to have an openi ng above the light receiving part 32. 15 Then, referring to
Fig. 3(b), aondumfioenitinkyof EFOQWENO suehSaDR BRIGIEiIdmbtiboya §ukk f or med
by plasma CVD is provided on the light shield film39 to form an overcoat
llayer 40. FuaistARimiadl kopped, pidtihdinokiRkrf inktorAT-89 aMd ixigcen the
peri phery of the solid inmage pickup device is deposited to 20 0.4 umthick
by sputteri E‘Gfxaélﬁotrgeﬁe%al?@@roéﬁéwtsf}@h' Ss applg ol orddv@1enhi re surface.
Subsequently, the photoresist 42 on the thin metal filmis subjected to
phot ol | thogk sl SHC bl dthuls d2Airaap! wifkiREedst{dUNB RAS] LpnS i th
ereby 25 o mas

a predeternined size, t taining a 3for patterhing the
thin mejal fp'ollg'bi/ﬁﬁs) and insulating films described above. If the

projection material is translucent as the ITO film, it is

preferable because incident or emitted light is not blocked by

the projection and loss of light reception or emission becomes

almost negligible. The films for forming the projection may
20 have a single-layer or multilayer structure.

The projections are preferably located at the center of
pixels. Usually one projection is situated in each of the pixels.
Generally the pixels are each square or hexagonal as seen in
plan and adjoin each other to form an array.

25 A semiconductor device according to the present
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14  The predeterm ned positions where the photoresist is left to serve as
the etching mask is a region for formng the wiring and a regi on above the
light receiving part shown in Fig. 3(c), which are patterned at the sane
time. 5 Then, using the mask 43 forned of the photoresist, the thin netal
filmis renoved by a known etching technique to |leave the thin netal film
bel ow t he mask 43. Then, the photoresist used as the mask is renoved by a

known et hodnvERRIGRYs PRIGIdEM KWibH 4 T rBfdBn OfhlblRerséfaee 0f the 10 15
20 25 sem conductor substrate, though it is not shown in the figures. As

shown in_Fi g o86dhic anbiteheq ot dd @ ideRIAIShET PR aed 8 goyi ded

above the light~receiving part. The projection col umar shape
havi ng a di . . e n. j i is 3.0
s L e
entire surface. gf .t he_substrate heat.ed at 400C usin m_xt ure_gas of
nonosi | ane i Wj'j ,Igrz}ﬁﬁ@rﬁqgcfﬁ&mt)o gﬂs&%ﬂ?trraégeﬁn@@r ?‘?Far&r\??s%‘(smmr ei n gas
pressure_is i ntained at 600 Pa_ b . as C\VD,, Thereby, .on the t al
Wiring, Bn URiToRE ey ERnRlurSRASIERHAc A HaTt Ra B AL P Al SROM 1A ayer
| ens 45 including the projection 44 as a core is formed above_the |ight
recei vi ng paFenginidkansci ¢f Bng.visikle raye va@?%d&tfr@%/‘grraﬁ‘éyo%ét}%bte of any
material as long as it protects the solid i mage pickup device from .
mechani cal P4 %ue e raABC hadxpBEHlesceh sy alb ayma tsreak sl wdhey Brongty Hr ed
rays. In this 15  enbodinent, the intralayer |ens has a hem spheri cal
shape havi nglepah@perethef thisdcss,2siligan Prddeafsibiconasittiden silicping.
3(f), a transparent film46 of 1.0 1.1mthick (e.g., fluoric resin) having
a refractivexiddexitride and a laminate of them. Thickness of the
10 intralayer lens made of these materials may suitably be
adjusted depending on the size and the height of the projection.
For example, the thickness is about 0.4 to 4 pm.
The intralayer lens preferably has a convex shape
corresponding to the projection disposed above almost the
15 center of the light receiving or emitting part. The convex
shape corresponding to the projection signifies that the
intralayer lens material film deposited on the entire surface of
the substrate provided with the projections rises up to the
convex shape due to the existence of the projections.
20 Adjacent intralayer lenses may be connected by controlling the
interval between the projections and the thickness of the
intralayer lens material film, as long as each intralayer lens
maintains the convex shape derived from the projection.

To form the projections, first, a thin film for forming

25 the projections is formed on the entire surface of the substrate.

11



5 smaller than that of the intralayer lens is forned to cover the
intralayer lens 45 and the surface thereof is flattened. Then, negative
resi sts containing dispersed pignents of green, red and bl ue, respectively,
are applied, exposed to |light and devel oped, followed by patterning into
desired configuration by 10 the photolithography techni que generally used
in the sem conductor process. Thereby, a color filter 47 is obtained. On
the col or fitHe&mnbbhe-drecivsed thage ¥l mgskni{£hbly: bebodris $hel 151
manuf actured by JSR) is applied to 0.6 Izmthick to forma protective film

48 and then taifi gl AASTHENiSgthd oF f¥nd. knpwe {withedr{ s9., see the
above-cited Japanese Unexam ned Patent Publication No. HEl 4 (1992)-12568).
Ther eby, a L, | [N i £€ 1Rl L g. i tai . The
anount of |ﬁégﬁ%b& gﬂt %bldggﬁle%}p%ﬁ@ﬁfe:@pr 0] ggtei(gfnﬁg osvlgb%ﬁgqigigh?ﬁg
receiving p i u %, ef i.nej L ght «aFl g. 4
shows an exgﬁrr%l:lléag?%g %jlﬁln%glep?%&Sﬁgg\?%?eufv%?rlgﬁgl?kggﬁgrrﬁa@ilegtr?ng t he

1], RESOR B e PLSLEN BTG e SN

i ntral ay I"'ens ™ an pr oj ect1 on, ely.

which are 25 nqt directly .related t e present invention ar itted. 16
ot of ence nottaasbeaighel PEESSEs SonBh FRES BT rY i BB VIhaAT Y ciup
devi ce. The Iight Egrinqpeffect of the intralaéfr | ens 45 iaﬁégved t he
sensitivity B§Sapd BPUECOAUBE oy AGHA T BRPIF & TP AJANR 31 rating
the step of 5 formng the intralayer |ens by plasma CVD. In these figures,
ref erence ndReiapds1 ERgh: fiesPraegiensoate faye@ed by re¢@qyiBgedis ons, 53
the intralayer lens material filmand 54 the intralayer |enses. Progress of
t he deposi t itbinofilmnhto leayalihpstlyl eRsthmrsedgtermimesBregiogescr ke by
lines. Fig. 5(a) is a plan 10 view of the ~intralayer |enses viewed from
above ah@ Firgmoya) may e periormieds byva tkikewrnaeidrahsusmesa- A of Fig.
5(a). Upon plasma CVD for formng the intral ayer | enses, gas nol ecul es are
solidified phatudnilegramaytdnn dtchdegoso tthert thhe psoljedtismwsf heaeid t he
optimum conditions are selected. 15 Accordingly, even if the deposition is
further contdesieddafli®pet heTlgans drethve esn tide acenfadend f ahayenbkerses ar e
filled to connect the | enses, each intralayer |lens can maintain the | ens

shape. Ther gfronvedetingigh ithenpraeedi ®f s Mehotiai tRalgy éhec 98na abetsdefilhhe
adj acent intral ayer | enses. 20 The above-descri bed enbodi nent is described

in connecti @8 JépdsitBE. CCPheOhb8ve l@dSc AbekUh ARt &R niRpayeisddas
intral ayer | ens of the present invention and the nethod of manufacturing

the sangsar gnal S0rapPRYELARhE ftethar fisQl. | dTHIBUSIAI SIHP bECHIGEEdSHIEN as
MOS solid i nmage pickup devices 25 and liquid crystal di'splay devices. Even
in such casesyniPnlhethod such as sputtering or CVD. Thus, the

convex intralayer lens corresponding to the projection is

formed.

On the intralayer lens, a transparent film with a flat
20 top surface is formed. Any material may be used as the

transparent film as long as it protects the intralayer lens from

mechanical failure and has translucency to visible rays and/or

infrared rays. In particular, it is preferred that the

transparent film has a refractive index smaller than that of the

25 intralayer lens. More specifically, the refractive index of the

12



shape of the projections, the deposition thickness of the intralayer |ens
material filmand the deposition conditions are adjusted to obtain the
intral ayer I ens of a desired shape. Accordingly, by applying the present
invention to each device 5 described above, the shape and the focus |l ength
of the intralayer lens are adjusted to optim ze the device characteristics.
The intralayer lens of the present invention and the nethod of

manufacturi mgahagg%@ﬁ% BIB i@&rﬂ%l'lfé% QfarPthAe o]iot}?@_(?ﬁ@féjl%é@ri Rets ggpodi ment

and various arrangenments can be done w thout departing fromthe spirit of
t he present i par e . Lhe intr yer .l ens of
t he present alh{]bﬁmsi 2%0%%% gfghedp?%) ele:]c| Egg’ taﬁ}ga\gﬁé?égﬁ%ﬁg%gh% g%srléf 15
Therefore, l.gss of ;|1 ecept i C i.nt ak nj he gaps between
the intral af;{eifgIaeﬁnds@s%%%gémnrgﬁzair%c%r%gggﬁg—{}g& LF? LF%%& %e%?%é is mniaturized.

Thus, the ir,EtraI %é%r Ignf of the present invention is excellent for

m ni at uri zatt BASPRIER et Msi nce the nmetal wiring and the projections are

f ormed ﬁ% t he 20 sagje t'Hre and t he_ over coat Igryer and th%&i ntral ayer |ens
are forn®d at the sin¥ ke H{NIEYBIERPIRAY PEAOTIREH & 4PE not required and
t he manufacturing steps._ are si rrplifie?l. Further, accordi 'Q%a’EO t he present

i nvention, tHeNeRPERAESEIB: thBEFabYalaygsr pERsUNd QljRSid N HYTsuitably 25
sel ecting the shape of the projection, the deposition thickness 18 of the
intral ayer lanstadtleghhicagnda Bathepedi t iMatesiadi laroHse mieiadpis tshe focus
| ength range of the incident |light is widened. That is, the focus |ength of
t he i ntral apsrt pensiccdarbeliadjtest st thasddsnewm invidie airt ihaythe wi de
range. Therefore, 5 inprovenent in sensitivity is achieved in the solid

i mge pi ckumsiel.i c&oro¢xampleysramspareit s¢iess sBult herpolystyhmenki qui d
crystal display devices, optinmum characteristics are obtained by w dely

adj usti hg t berdhhapelandrddie froopdd esgdh oft iherefitraldyhatieosntdd  Wiat
is clained is: 1. A sem conductor device conprising an overcoat |ayer of a

transparent lived ofi e dhizposedsarerdicalbsd thkesubsprofeetd iconlincherweth on the
overcoat |ayer, a convex intralayer |ens of an
that of the underlying convex intralayer lens.
A color filter layer may be disposed at a predetermined
position between the transparent film and the microlens. The
15 color filter layer allows providing a semiconductor device ready
for full color operation. The color filter layer is formed by, for
example, applying a photoresist containing a desired coloring
agent (pigment, dye) onto the transparent film, followed by
light exposure and development. The color filter layer may be
20 provided with a protective film formed thereon.
Hereinafter, an embodiment of the present invention is
detailed with reference to the figures. The following
explanation is given of the steps of manufacturing a CCD solid

image pickup device. Materials and devices appear in the

25 following description are substantially the same as those

13



i norganic material formed to include the projection as a core and a
transparent filmwth a flat top surface forned on the convex intral ayer

|l ens. 10 2. A sem conductor device according to claim 1, wherein the
substrate is provided with a light receiving or emtting part and the
projection is disposed above the center of the light receiving or emtting
part. 15 3. A sem conductor device according to claim1l, wherein the

transpar ent i JRNRS 1 & L[ h At H?ahﬁ@'&ét@f@' |f€t'het bamichaid@Etdhe convex
i ntral ayer I ens. 4. A sem conductor devi ce accor ing to claim1, wherein 20

a mcrol ens 4 'e?ngéé%%?& Scé r2:‘r:‘ettar l%@c“? ter (%r'i“th%re%f S 49 kAtndevi ce

according to clarm ere| n ayer | sposed at a

br edet er i ned. posid o axoﬁ%raug?ecgg (ANSPREENt L hLmL R e Jhgro ens. 29

20 6. A s€ eV| ce accor n the m crol ens

I s made of tra re 7. ,A_sem conduct or device according to
claim1l, V\/n n%gﬁh%&& 0] 8?”8}4 §t§:p| n the shape of a col um.

5 First, as shown in Fig. 3(a), a semiconductor substrate
31 is subjected to ion implantation of required impurities to
form a light receiving part 32, a read-out gate 33, a CCD
transfer channel (transfer part) 34 and a channel stopper 35.
Then, a transfer electrode 37 of a predetermined pattern is

10 formed on the surface with the intervention of an insulating
film 36 and a light shield film 39 covering the transfer
electrode 37 is formed with the intervention of an interlayer
insulating film 38. The light shield film 39 is patterned to
have an opening above the light receiving part 32.

15 Then, referring to Fig. 3(b), a film formed by reflowing
such as a BPSG film or a film formed by plasma CVD is
provided on the light shield film 39 to form an overcoat layer
40. Further, a thin metal film 41 of Al for forming wiring on
the periphery of the solid image pickup device is deposited to

20 0.4 pm thick by sputtering and then a photoresist 42 is
applied to the entire surface.

Subsequently, the photoresist 42 on the thin metal
film is subjected to photolithography such that it is left only at
predetermined positions with a predetermined size, thereby

25 obtaining a mask 43 for patterning the thin metal film 41.

14



8. A sem conductor device according to claim1, wherein the projections are
|l ocated at the center of pixels arranged in array and the pixels each have
the shape of a square or a 10 hexagon. 9. A nethod of nanufacturing a

sem conductor device conprising the steps of: formng an overcoat |ayer of
a transparent material on a substrate; depositing a thin filmfor 15

form ng a projection on the overcoat layer; leaving the thin filmto forma
proj ecti on; ﬂ?fpgﬁlgwerﬂerﬁﬂrﬂe@;%men@ww 1108 ghstSiscesakst be
substrate provided with the projection such that the material includes the
proj ection C (o] | I =Y SN8; - 103 a

t ranspar ent %%ir?%%ﬁﬁ%ae¢ al?f%&%%%éu%%%!)gnﬁ{rht cohr\l/ th}e];]g{lg%rzg%er | ens.
21 . A5. A@®. A AF. A3% AL. AE Fﬁ’/g@lr:l iAﬁ.Fé}g' 3(c),

9. A(L. AGF. A _n?‘%%ggér@oé?' qg‘feéh?éﬁigpﬁt recelving part

igfgg?gg} g:ﬁ:&i@g%ﬂﬁg}cai cai %%Lﬁ?aé %a cg]tlcl:ﬁ_}ecca] cal] ca] ca] ca] ca] ca] ca] ca] ca]
Y% & WNS id Z

2] cal cal 8] ol 5] callGifibal Shp Bt Ea EatS Iy BI9S G BAAAE5]Xob] ob] oa]
cal] ca] ca] ca] ca] ca] ca] ca] cia{ cal ca] ca] ca] ca] call{ca] cal] ca].ca] ca].ca] ca] ca] ca] ca
] caU] ca] ca] ¢BEcHrirpmetal film 1s removed by a known €tching technique to

@ h"$e&&&&' ) E* M+, , , --<->-A-D- G 1<1~11152} xsni d Z% ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cajeayedlcatletn capeal élé]rbél]eégyvcéf}l@épéé}?c }3ea] EHe@a] e ca] ca] ca] cal
52: 2k34568

photoresist used as the mask is removed by a known method.
Thereby, metal wiring is formed on the surface of the

10 semiconductor substrate, though it is not shown in the figures.
As shown in Fig. 3(d), a projection 44 of a predetermined size
is provided above the light receiving part. The projection 44
has a columnar shape having a diameter of 0.1 pm. The
interval between each projection is 3.0 pum.

15 Then, a silicon nitride film is deposited to 0.6 pm
thick on the entire surface of the substrate heated at 400C
using a mixture gas of monosilane (SiH4), ammonia (NH4) and
nitrogen (N2) in a vessel wherein gas pressure is maintained at
600 Pa by plasma CVD., Thereby, on the metal wiring, an

20 overcoat layer is formed and at the same time, an intralayer
lens 45 including the projection 44 as a core is formed above
the light receiving part as shown in Fig. 3(e}). The overcoat
layer may be made of any material as long as it protects the
solid image pickup device from mechanical failure and has

25 translucency to visible rays and/or infrared rays. In this
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8<9: h====8@\BCCVDXD] DDDDEFUFXF[ FH;

H>H&l } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! & , | 5JgKLMNOOCOPVPPPPPPPQ) Rf RTTUWK
Y4Z: Zd[\] "} xsnid_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] cal

" ~aj bdseyef wg} ggghGhhhhi Wiii,jHjjj)kYk\kbkkk}xsnid Z]]ca]ca]ca]ca]ca]ca]c

a} Ca]I Ei’:l] IC?} ;eiilzlllbahmﬂdrad,ctai@aﬂmaa]l@@]e@al]ems] balsca)lcedmisbt@iri@d c ahegleca) caj ca) ¢
aj ca' .

nmXnmmmoohi WhdviinigHhj diade¥ké Kl kdd g nild2Zhhea] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca

7TEH 8109 () - 109 Hereb@Vr (ds K&y £) P FE0Y& () -£APY&sbhrent film 46
(10% 1 & ()-Mbri K-sy, YIO%&' ()-s*10% ()-(10%& ()-S& 10%& ()-L$ 10%& () -

F"109&' () - hi : : ; e
Z10%&' () - s@ﬁée]f ShPEgRIc (8 g0 dE ST PR R RSt E88RF. Mok () - oF1
0% ()-3y.s oy i i K- K, 04k 98 (:)-4
) S S TR TR L tocor e
i K-K, & 10%. () -$"10%& ()-,@ 109%&. {)-_ "109%& () -, 109& ()-109%&,()-L0%& ()-/ D
T e K ATOR R st B Lo U o el et et O
109 ()-& 10% () -, 109%& ()- CiKl 4109 ()9 .!110% & ()~
Tov & () - SLOFGRORES 16965 () cBhipnping LaPeovd (yiegnents df grln, red
Yi K-K, 10% & ()-,10% & ()-- .10% & ()-10% & () -, 410%.& ()- %.8& () -
16% & (;)-%/g&%@- i]@?l?lf%ogfoe )p(e)c_tégql(irg%(r)@ %gpol%d(,)e}’cpoge/cai&co( lighlltlgr{ad& O-.y
(10% & () -, &10% & ().-$! 10% & ()-! MLO% & () -, 10% & () - & WNPi K- K&=s10Q% & () -y
8L! 10% & () Segedopeds followed by patterning into desired configuration by
10% & ()-S210% & ()-&010% & ()-3."10% & () - PQRSLf }[ 9&=! ~" 109%& ()-g!y"10% | &
' () - g! ntQoukhe)phokokithogpprhy) techgigia aanarally yser in e x} ASH=&=!
semiconductor process. Thereby, a color filter 47 is obtained.
On the color filter 47, thermosetting acryl resin (e.g.,
Optomer SS-1151 manufactured by JSR) is applied to 0.6 pm
thick to form a protective film 48 and then a microlens 49 is
15 formed by a known method (e.g., see the above-cited Japanese
Unexamined Patent Publication No. HEI 4 (1992)-12568).
Thereby, a CCD solid image pickup device shown in Fig. 4 is
obtained. The amount of incident light blocked by the
projection above the light receiving part is about 1.5 % of the
20 total incident light amount.
Fig. 4 shows an example of a CCD image pickup device
wherein the formation of the microlens is completed.
Reference numerals 45 and 44 indicate the intralayer lens and

the projection, respectively. In Fig. 4, components which are

25 not directly related to the present invention are omitted.
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10t 10t 10t&= 10% & ()-y84"10% & ()-ss610% & ()-!t ("109%& ()-!tw
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=110 @, énﬁ%@\y& (% r% ST ‘@é ve ftﬂQ%%r(%ﬁ?m}% 2o dut 1'5994 10%8S& () -

100 10" 10

10" &= 10% & ()-f 8" 1%%%§‘ (5) (a) Q%Qf/%‘%bg areyd@é)r/ﬁﬁ‘g {l u&ratﬁnélt%é&s@p Rt

tf" 109 ()-&&& ' ()

1071k 1951 ) A0 )2 AT 008 L1 985S KB () Y AR, 0 10

10" &>510% & ().-  0#10% & 0#10% &L! 10% L1109 () -t 10%
y& ()> S1O% & Lherd COCTRYY f&?(%/l SLG00% %fg)t)he 916%%‘?}‘&% iﬁﬂﬁé € |_1(()<)>/ & ()-

, F10% & 100 10 A-D- G 1<1~11dE 10% 410% & 10% 010% &
10% & ()() I REVPNES 1996 10§ IR ErEs 8 79829@52%@9@%@@ féléé& é(‘%}ﬁel&Fs 10%

&0- intralayer lenses. Progress of the deposition of the intralayer
lens material film 53 is described by lines. Fig. 5(a) is a plan

10 view of the-intralayer lenses viewed from above and Fig. 5(b) is
a sectional view taken along the line A-A’ of Fig. 5(a).

Upon plasma CVD for forming the intralayer lenses,
gas molecules are solidified by chemical reaction to deposit on
the solid surface if the optimum conditions are selected.

15 Accordingly, even if the deposition is further continued after
the gaps between adjacent intralayer lenses are filled to
connect the lenses, each intralayer lens can maintain the lens
shape. Therefore, there is no need of maintaining the gaps
between the adjacent intralayer lenses.

20 The above-described embodiment is described in
connection with the CCD solid image pickup device. However,
the intralayer lens of the present invention and the method of
manufacturing the same are also applicable to other solid

image pickup devices such as MOS solid image pickup devices

25 and liquid crystal display devices. Even in such cases, the
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(401 Kt i g s
Accordingly, by applying the present invention to each device
5 described above, the shape and the focus length of the
intralayer lens are adjusted to optimize the device
characteristics.
The intralayer lens of the present invention and the
method of manufacturing the same are not limited to the
10 above-described embodiment and various arrangements can be
done without departing from the spirit of the present
invention.
As apparent from the above, the intralayer lens of the
present invention is formed to include the projection as a core.
15 Therefore, loss of light reception caused by maintaining the
gaps between the intralayer lenses does not increase even if
the device is miniaturized. Thus, the intralayer lens of the
present invention is excellent for miniaturization. Further,
since the metal wiring and the projections are formed at the
20 same time and the overcoat layer and the intralayer lens are
formed at the same time by CVD, special facilities are not
required and the manufacturing steps are simplified.
Further, according to the present invention, the

thickness of the intralayer lens is adjusted by suitably

25 selecting the shape of the projection, the deposition thickness

18



10% & ()-f2 10% & ()- 8 10% & ()-'0

10% & ()- 153" KgKNLL| M A<mb@ & 109& ()--"10% & ()-9'y"10% - & ()- 9! 10% h& () -
:1al 109 ()-: 9Fm 10% & () -: | MVNNNNNNG}r g\ =! F10% & ()-3 10t 10t 10t=

10% & ()-f2"10% & ()- !~vf2"109& ()-
!&!10%&'()--OOODVPPPdEg\zlzlo%&'()-,10%&'()-,10%&'()-

10% & ()-S10% & () - 910% & () - PPPPPQ) RIEQ\ =! &$nL0% & () -

109% & () - 9810%1& (x)ltzlal ?f"é‘r&e@s &$1Q9%61 & Qa)rrdePﬁegdéf)bkmgﬁTa_JﬁaWons' &Z" 10%
ug () -: 182" 10%pp& 100 10 > 10(V&

?Szv&lég/&f ’(j% S 10%%291(‘J Wé\fé%% &r?? %&gﬁé% ﬁé%m?gn]tof{%ﬁt(l)s widened.
To% & () oAtooh 1% () SPROFLIssReT Ssdna i eraubyVotare 1okt s et 100,
a1 TR0 Takh ootk (S ikt Taget” Thérfore,
5 improvement in sensitivity is achieved in the solid image
pickup devices of various unit cell sizes. Further, in the
liquid crystal display devices, optimum characteristics are
obtained by widely adjusting the shape and the focus length of

the intralayer lens.
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of a transparent material disposed on a substrate, a projection
5 formed on the overcoat layer, a convex intralayer lens of an
inorganic material formed to include the projection as a core
and a transparent film with a flat top surface formed on the

convex intralayer lens.

10 2. A semiconductor device according to claim 1, wherein
the substrate is provided with a light receiving or emitting part
and the projection is disposed above the center of the light

receiving or emitting part.

15 3. A semiconductor device according to claim 1, wherein
the transparent film has a refractive index smaller than that of

the convex intralayer lens.

4. A semiconductor device according to claim 1, wherein

20 a microlens is disposed on the transparent film.

5. A semiconductor device according to claim 4, wherein
a color filter layer is disposed at a predetermined position
between the transparent film and the microlens.

25
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7. A semiconductor device according to claim 1, wherein

5 the projection is in the shape of a column.

8. A semiconductor device according to claim 1, wherein
the projections are located at the center of pixels arranged in
array and the pixels each have the shape of a square or a

10 hexagon.

9. A method of manufacturing a semiconductor device
comprising the steps of: forming an overcoat layer of a
transparent material on a substrate; depositing a thin film for
15 forming a projection on the overcoat layer; leaving the thin film
to form a projection; depositing an inorganic material on the
surface of the substrate provided with the projection such that
the material includes the projection as a core to form a convex
interlayer lens; and forming a transparent film with a flat top

20 surface on the convex intralayer lens.

21



