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I nvention The present invention relates to. a sem conductor device gnéj {65
met hod of manufacturing the same. Mire specifically, it relates {g AUL 20
sem conductor device including an intralayer lens which is suitably used in
solid i mage pickup 15 devices such as CCDs (charge-coupl ed devices) and
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light receiving sensitivity, as well as reduction in size and cost. As the
si ze reduction and the pixel nunber increase

5

E BACKGROUND CF 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 copilers,
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



progress in the solid i mge pickup device, the size of pixels installed in
the solid i nmage pickup device becones smaller. 5 This decreases the |ight
receiving sensitivity, which is a fundanmental performnce, and nag @@ﬁi&gly
cause difficulty in clear imging under a certain light level. To ﬁ th
such a. problem was adopted a technique of formng a mcrolens of an
organi c polyner material on a 10 color filter to increase the |ight

recei ving ffg}g@ }%g%ﬁ@%@@g;g%}tgf,@é d}gu@s 'rge%gtiéﬂfifﬂ %gfg;atﬁegt@m eve a

sati sfactor see Japanese Unexam ne
Publ i cati on No. HEI 1992) - . Accor.di_ngl at ique of formng a
lens within al ayé'seghéﬁ%étruréag?gog ,a%i&)stg-ecgf}?%ldniuhlﬁgaélqagﬁrqaénes 15 )
di sposed bet ween a.colgr fil.ter and a.l.ight receiving part belo t he col or
filter, ha®TB8ERSAIEHERE THILHBARG PUHIUPIECYIRE, thcreFend PRI que. Fig.
1 shows a schematic sectional view of a single pixel (unit cell) of a CCD
sol i d i mgénptakag dedheesoHd Uargs RickuPpievicaPecomes Hpallaens (see
Japanese Unexam ned Patent Publication No. HEl 11 (1999)-40787). Figs. 2(a)
to 2(e)5 iMhistdececaseetheplighdfrecawingdoisitivityactnidhgstde prior art
intralayer lens of Fig. 1. First, as shown in Fig. 2(a), a sem conductor
substrate f@damendabjmotfedmanceonantimayapdssildly cagsiereddfiopyiin es to 2
0 4 AUG 2005 forma light receiving part 2, a read-out gate 3, a CCD
transfer 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



channel (transfer part) 4 and a channel stopper 5. Then, a transfer

el ectrode 7 of a predetermned pattern is formed on the surface with the
intervention of an insulating film6 and a 5 light shield film9 (Zvlﬁ{g @
the transfer electrode 7 is formed wth the intervention of an int'e a{g r
insulating film8. The light shield film9 is patterned to have an opening
positioned above the light receiving part 2. Then, referring to Fig. 2(b),

a filmfor glgprrrnmé [ighle '&qv}&Q g&@z@sa 3 BRSGU( oL @ BhosRNeS) kigAkE. 9! ass)

filmor a formed by plaS D’ (chem cal vapor deposition) Is provided

0T LML N R T3

the surface. ening frim . I'"layer 26" for
Lormng an L aLalexetcLene, Hokaring a biahorel active e (o s
ayer 16 aRBepRRE BT ITHL H1E RB LS B0 Ak O6rA A 106Gt PO &t Al GyEid g 11,
followed by reflowi ng at about 160C. Then, referring to Fig. 2(e), the lens
shape of t ’@hfpﬁb‘ﬂ@kg§11§1? Arovsringrdreiraasiey elrclirese fatefommedayer 16 by
dry etching to formthe intralayer lens 11. 25 Thereafter, a second
flatteni ngwWidhethedntaoveshounp! 8ndndealsayodssulating film 8. The
light shield film 9 is patterned 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 1607C.
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)



covering the intralayer lens 11 is fornmed to flatten the surface. Then, a
color filter 13, a protective film21l4 and a mcrolens 15, which are not

- shown, are formed in sequence. Thereby, the CCD solid inmage pickup device
shown in Fig. 1 is obtained. 5 In the above-described step of transfehdbaih
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

nto the |Efehanthe ibtral AN Slchs OPNRI A0 e ck@ndhdis it on a hot

plate for 10 trafls mation-until Tts surface tension and interface energy
of equi 1 okt 4 POREITREY el b SRl B LR e e TR e to ¢
Fesi st contPIBEIMAT: T80H ot S5F dOSHAPR Fe OHLErRe. | TR Areck i 111 cul
| ens- shapdiCTRSPRd THAGE RiSKLR Q9Gea THPEa 100 tobt Abrd PTG r al Ayer
| enses _of uniform shape due to nonuniformty in |lens shape of the resist 20
and vaPi ation in dfchiapbpeed estribesr stopiutansiarrEng|tha t ed et chi ng
selectivity between the resist and the intralayer Ilens material |ayer, the
choi ce of imsteldydsléess|hyridryde tclsing/MRY ngF titeH eird/BKE N iedest Esege
ci rcunst ances, the present invention 25 provides a sem conductor device
conpri si ngnaskoveoweaterl, ajer foldowing problems are caused.
First, upon forming the resist into the lens shape, the
resist is generally heated to about 160°C on a hot plate for
10 transformation until its suriace tension and interface energy
with respect to the underlying intralayer lens material layer
reach a state of equilibrium. If gaps between adjacent
patterned resists are filled to connect the resists upon fusing
under heating, the transformation of the resist continues until
15 a stable shape is obtained. This makes difficult to obtain a
predetermined lens shape.
| 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



0 4 AUG 2005 of a transparent material disposed on a substrate, a
projection fornmed on the overcoat |ayer, a convex intralayer |ens of an
inorganic material formed to include the projection as a core and a
transparent filmwth a flat top surface formed on the 5 convex [atAUl 28er
| ens. Further, the present invention provides a nethod of manufacturing a
sem conduct or device conprising the steps of: formng an overcoat |ayer of

a transpar ri ty: ; siti.n i n,fi ormng a
o of ect | orfloh ¥ RS SRS B AT b Past B R PR B s TR Pl
col umar rojection; depositi n_inorganic .material _on _the:.surface of
the subst FRE8- 1 Gt B8 GPERCTRB 1B OF lt TR EHcH TRATY PR NSavbATal i ncl udes
the projection as a core.to formda con\r‘/ﬁx ig{ﬁerlg?/.er lens; and formng a
t r anspar ed:OF BRRIG PR IETIA {05 A1 5O JBCFUdE e tHOIFREIOR &fef FRFR. These
and ot her objects of the present application wil| beconme nore readily
appar ent f&iina heagepareed @B@c?‘ilblﬂi%@afgwﬁrﬁ%’éf@éiengqlf@ﬁd PBWERGr, it
shoul d_be understood that the detailed description and specific exanples,
whi | e Pndiceatvay iRorpieafesy keses embodi ment s of the invention, are given by way
of illustration only, since various changes and nodifications wthin the
spirit and scope dfutthes,ndentpresent inbection pappadesta twethodeokkilled in
the art fromthis detailed description. 25 BRI EF DESCRI PTI ON OF THE
DRAW NGS 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
10 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
15 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
20 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.

25 BRIEF DESCRIPTION OF THE DRAWINGS
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2005 Fig. 1is a schematic sectional view corresponding to a
single pixel of a solid inmage pickup device including a prior art
intralayer lens; Figs. 2(a) to 2(e) are views illustrating the stedh46M52@5

ing the solid imge pickup device including the prior art

l ens; Figs. 3(a) to 3(f) are views illustrating the steps of

ing a solid inmage pickup device according to the present
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. DESCRI PTI. ON OF THE PREFERRED EMBCDI MENTS The substrate used in
the present!iTAVRKET 0RSs not particularly linited as long as it is

used for_formn sem conduct or devi ces. . For exanpl e,

sem conduct or substrates made of SiC, SiGe, GaAs and Al GaAs may be used.
Anong Hhemnangfa¢iaoringuble rsnlediignpgefpickile. devive supkidiate they be doped
with n- or p-type inpurities. Further, one or nore n- or p-type well
f ormed t hepeior. art intralayer lens;
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Figs. 3(a) to 3(f) are views illustrating the steps of
manufacturing a solid image pickup device according to the
present invention;

Fig. 4 is a schematic sectional view corresponding to a
single pixel of the solid image pickup device according to the
present invention; and

Figs. 5(a) and 5(b) are diagrams illustrating the
process of forming the intralayer lens by plasma CVD
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
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. |

The substrate may be provided with a light receiving

may be



25 The substrate may be provided with a light receiving 6 0 4 AUG 2005 or
emtting part. Exanples of the |ight receiving or emtting part include

| ight receiving elenments used in so-called solid imge pickup dev'quWSﬂ&h
as CCD and CMOS i mage sensors, CMDs, charge injection devices, big I !

i mge sensors, 5 photoconductive filminmge sensors, stacked-type CCDs and
infrared i nage sensors, as well as all of those used as the light receiving

or emtting part. i.n various device e . l.ight emtting devigces such as
Vi ght en t BFrgmdt UBEsPARY | inﬁ%mEféasneﬁé@i gt e Y L e oo i qui d
crystal panels. 1Q The light receiving or emtting part, |n particular as
the |ight P&d&iGlydsabginBgCeypngaticmeeta lﬂ)ﬁeﬁidﬁcFPGﬁal}ieSdEOijorned on
the surface of the sem conductor substrate. In this case, the size, shape,
nunber andiingdag Pigkeghesvieas issichfasnCED apdnGMEES ilApage tSEN /S, f or med
on the surface of the 15 sem conductor substrate may suitably be sel ected
dependi ng GMDQsechergorimjnceicof ddwicent dipetiasémagmdigstsorsdevice. In the
case where plural light receiving or emtting parts are forned, adjacent

| i ght r@ceiptot@o@nduttivienfilpaiins gayensars, atavkicabltg penCe€lMalanél about 2
to 10 pm 20 The light receiving or emtting part may be formed by a known
net hod, foinfeaidR] emdd semPorst ald arellsinglinoMslosef osedabythe light

phot ol i t hography and etching to have an opening in a desired region.
receiving or emitting part in various devices, e.g., light
emitting devices such as light emitting diodes and light
transmission control devices such as liquid crystal panels.

10 The light receiving or emitting part, in particular as
the light receiving part, may typically be a pn junction diode
formed on the surface of the semiconductor substrate. In this
case, the size, shape, number and impurity concentration of a
p- or n-type impurity layer formed on the surface of the

15 semiconductor substrate may sui‘tably 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 yum.

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



On the substrate surface, may be fornmed in addition 25 to the |ight
receiving or emtting part, a region containing high 7 0 4 AUG 2005
concentration p- or n-type inpurities which functions as a CCD trangfefy6 2005
channel, a charge transfer region, an isolation region, a contact region, a
channel stopper region and the i ke. Furt her, other sem conductor devices
and circuits nmay be 5 fornmed in conbination. On the substrate, filnms having

vari ous 1 ungti s a0 alls. L0 1fyslodh es L AURC AL TRMibLLAYETa T I m o e

speci fical I'y,” suc are ‘an-ifnsd ectrode

interl ayer U in | f the

i nsul atiyngdf(?ﬁ t%}%ﬁgeare zgl@sr} ‘%Cgeh g%}t" ?%‘hg(f)ll aBor? %‘?%%5[6(88 nm t hi ck
formed by CVD, a as E ﬁgtetra et hox ilane) fi.lmfor gt;l CVD, an
136 Cow FERiRe R fottaf fopei Pmé Shames| A QRPEISESrLPEDLNEaSE | m  an
NSG fil m (none-doped silicate gl film, an SOG (spin on 15 gl ass) f|Im
formed by $piHhedatdthFmngmicen 166 hideviiges 3 ClFGPﬁ’é%j BIYRD, which are

of a single-layer or nultilayer structure. The transfer electrode may be
made of5 péoymredial ¢embigiatiendn or tungsten silicide. The light shield
filmmy be made of tungsten silicide or TIW 20 On the substrate on which
t he above-descri be®nddrpondrstsabay filbeemapnigorarigus dumeckioas may coat
| ayer of a transparent naterial is formed. The overcoat |ayer also has a
be formed as a single-layer or multilayer film. More
specifically, such films are an insulating film, a transfer
elecfrode, an interlayer insulating film and a light shield film.

10 Examples of the insulating film include a silicon oxide film of
about 10 to 1,000 nm thick formed by CVD, a plasma TEOS
(tetra-ethoxy silane) film formed by CVD, an LTO (low
temperature oxide) film, an HTO (high temperature oxide) film,
an NSG film (none-doped silicate glass) film, an SOG (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



function of flattening the substrate surface. Accordingly, there is no
particular limtation to the thickness and material 25 of the overcoat |ayer
as long as it carries out the function and 8 0 4 AUG 2005 has
transparency. For exanple, a filmforned by reflowing (e.g., a BP@@AUGIN%
and a filmfornmed by plasma CVD nmay be used. On the overcoat | ayer,
projections are forned. The 5 intralayer lens of the present invention is

formed after th ration of t jecli L L Lntral ayer
| ens mat g}'ellsé}tr %ﬂsg%erggivcé’r'cogtorl g’g%ﬁ{%e’aé ggg%eft%)érn?n&%g%} tﬁgglg)t‘?g}h” such t hat
the material is i t.ed .ar ound ch. projection whic nctiops as a core
to have ar‘eaﬁ‘nﬁsﬁgﬁi t‘gﬂ‘ér?gglaf@ﬁ@h&% .Egﬁ%ysﬁqﬁ%ﬁ epfeﬂirﬁﬁyaggyer lens is
controlled by the shape of the projection, the deposit thickness of the
intral ayerusqci?ns material and the deposition conditions. In the case where
the deposition conditions are optimally selected and the deposition speed
is set equal in eRmythfi pEereeat lguss, meieehors adpdesmednt rhhgyer | enses
are filled to connect the |l enses. Even if the deposition is continued
furthed, théeralayea byres ofl dres ggesamtnai vamiiont e foems & ladper; thespectivel y.
Therefore, according to the present invention, there is no need of
mai nt ai ni figrgdthengapshbep rejerc tidres ity ddmysEtihgrsedntnbiagre2leasl ows easy
m niaturization of the sem conductor device. The projection is preferably
formed abengtédtig®dn tthe overcoat layer at a predetermined position
such that the material is deposited around each projection
which functions as a core to have an almost hemispherical
10 shape. The size of the intralayer lens is controlled by the
shape of the projection, the deposit thickness of the intralayer
lens material and the deposition conditions. In the case
where the deposition conditions are optimally selected and the
deposition speed is set equal in every direction, gaps between
15 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



center of the light receiving or emtting part. The size, height, shape and
material of the projection are not particularly limted and may be sel ected
dependi ng on the pixel nunber of 25 the sem conductor device. For exahih @405
the projection may be 9 0 4 AUG 2005 in the shape of a columm, prism
truncated cone, truncated pyram d, hem sphere, sem oval and the |ike having
the size of about 0. 1 to1 X0. 1to 1 pmwdth (or about 0.01 to 1 pnR)

d h f | _fo
par 1 cul ar 1y ionetabs %&%ﬁ%lﬁgﬁ%ﬂpﬁgﬁﬁ; B b8l RoRt ohiThERRed, 52

enerally used in, the nanufacture af t duct or. deV| ces
MIMSOARIR R R L a%ﬁapaﬁ{fmée@efg iing LG S18E The
sem conduct or devi ce &'SI | i con such as pol yst al I ine silicon

monocr yst aRPote Qi Litéoh 70 Qnd Ehdr BRO SIS |(@6r@1?9u6t0n@r1 £k ¢oRdlict or s:
transparent conductive films of ITO ZnO and SnQ2; nmetals or alloys such

as al um nuandepheighplodtapomt &i4 ¥er4 pnnc, Mategliahddr Ahecprojecefipact ory
nmetals or alloys such as tungsten, tantalum titanium nolybdenumand TiW
silicides of dteparnetdis]y dimhitdd grod yeengenptanchli msyt &tei ngefli bss descri bed
above. If the projection material is translucent as the ITOfilm it is

preferabl elbegausét isc ddat gynerilly adsdd dht the man biaatked dfF thehe
projection and | oss of light reception or em ssion beconmes al nost

negli gi bl esefhiRofid iBtd O e NG B HL eia@h9té | @B nyYcROehdgeriSisngl e- | ayer
or multilayer structure.
generally used for an electrode of the semiconductor device
(silicon such as polycrystalline silicon, monocrystalline silicon
10 and amorphous silicon or other semiconductors; transparent
conductive films of ITO, ZnO and SnO2; metals or alloys such
as aluminum, copper, platinum, silver, zinc, Al-Si and Al-Cu;
refractory metals or alloys such as tungsten, tantalum,
titanium, molybdenum and TiW; silicides of these metals; and
15 polycides) 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

10



The projections are preferably |located at the center of pixels. Usually one
projection is situated in each of the pixels. Cenerally the pixels are each
square or hexagonal as seen in plan and adjoin each other to forman array.
25 A sem conductor device according to the present 10 0 4 AUG 20056 005
invention is provided with a convex intralayer |ens of an inorganic na%erial
formed to include the projection as a core. The intralayer lens is suitably
made of an _inorganic natenial ichis translu?ent t.o visible rays and/ or
infrared r&y$DEOReSePTRY G Wik FUERRY €& ThiT: '%gefﬂﬁpstﬂtaﬁhterial shows
the transmttance of the visible rays or the infrared rays of about 50% or
more. Exanpiodgagricspatesiahiermgd fadnsdede: g Jectidp&idd o9 ¢ he

t hi ckness, silicon oxide, silicon nitride, silicon oxide nitride and a

| ani nat e Jfhe Hatralayekiers isfsuHably madalodyen inorgamidersttamake
materials may suitably be adjusted depending on the size and the height of
t he proj eavhorh isFomresdamgdret, tohesibleckagssand /aboutfrarddtmays.pm The

intral ayer lens preferably has a convex shape corresponding to the

pr oj ecti orH di s pbeénlg aaveslalowest sidreifidd thanttére afatddallighhdweeges vi ng or
emtting part. The convex shape corresponding to the projection signifies

that the tratisthatahdeens thRt eididlie fidyy deresd iefkoed Paysnéf Aot f ace of
the substrate provided with the projections rises up to the convex shape
due to thesey stanesed! ERERPPES OWEL a material include, though it
depends on the thickness, silicon oxide, silicon nitride, silicon
oxide nitride 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 dLie 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



20 Adj acent intral ayer | enses may be connected by controlling the interval
between the projections and the thickness of the intralayer |ens material
film as long as each intralayer Iens nmaintains the convex shape de&i Vﬁﬁ%
fromthe projection. To formthe projections, first, a thin film fide Wi) ng
25 the projections is forned on the entire surface of the substrate. 11 0 4
AUG 2005 The above-described materials may suitably be used as the thin

filmfor formng the ,projections, The thin film. referably.fornmed on the
entire surfBEEAPVERACSEEGL cRAteHATS FReod G0 RoPR HISERES thiS film i's
suitably selected fromthose 5 known in.the arf, such as. sputtering, various
CVD et hod ms&’gﬁl 46T HOgIRINE Sh&ESBEPLE RN Sat rr%]él é?lirb?Hngé§ure CVD and

pl asma CVD, spin coating, vacuum vapor deposition and EB nethod. Then, the
proj ect i onBrefesatdy nied mbgdreRoiih§nitiee stiifaceioihthe swastrate. onMacon t he
predeterm ned regions. This 10 renoval may be performed by a known net hod
such as pieitblod hogfaphy ngndhet idhimilsois atitabdy pyalpeted dme nh e s
desired shape. Then, on the entire surface of the substrate provided with
t he pr @j eckhoman ihhehé rirtasaygdr abesputréngalvafrib s CVRiepeshbeld. The
above-described materials may be used as 15 the intralayer |lens materi al
film Thissfichmngmediecd @rpmsbdiyre & RDOWMTmBE PO red GPreds (srfeuTeDi agdor CVD.

Thus, the convex intralayer |lens corresponding to the projection is
formed.  plasma CVD, spin coating, vacuum vapor deposition and EB
method. Then, the projections are formed by removing the
! thin film to leave it only on the predetermined regions. This
10 removal may be performed by a known method such as
photolithography and etching so that the projections have a
desired shape. Then, on the entire surface of the substrate
provided With the projections, the intralayer lens material film
is deposited. The above-described materials may be used as
15 the intralayer lens material film. This film may be formed by
a known method 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



On the intralayer lens, a transparent filmwith a flat 20 top surface is
formed. Any material may be used as the transparent filmas long as it
protects the intralayer Iens from mechanical failure and has transl ucency
to visible rays and/or infrared rays. In particular, it is pref@r &b pmat
the transparent filmhas a refractive index smaller than that of the 25
intralayer lens. Mre specifically, the refractive index of the 12 0 4 AUG

2005 transparent film.js smalley than that of .the intralayer, | ens by about
5 5% or  or SPARSPAER RpHLR. I PrRBHE he Nt Mt o LR et T2 RY 1T ARG SADY
perfluorocarbon filmmy be used as the transparent film 5 Further, a

i crol ens ARPWeSf G REIDGA € helF of reraparlenta fiueRineepalRINIRE J&S1Bmount  of
incident or emtted light can be gathered. Material for the mcrolens is
not parti cilar laynd ianvpeetl omb adwzen Knlowmmiay bkeuaed aaythee used. For
exanpl e, transparent resins such as polystyrene 10 and novol ac resin may be
used. It isrgnepereed fihat a center |ine of the microlens vertical to the
substrate is collinear with that of the underlying convex intralayer |ens.

A colorsfilter |aygurnerbe ghiEpeietsainaa peefiatraed sadth@osition between
the transparent. filmand the mcrolens. The 15 color filter layer allows

FIEYLS TS eI genseoEy deThencaniicfer ShuseLanoRCAIOn. e % o
desired cOL@iitPdd light can be gathered. Material for the microlens is
not particularly limited and those known in the art may be
used. For example, transparent resins such as polystyrene
10 and novolac resin may be used. It is preferred that a center
line of the microlens vertical to the substrate is collinear with
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



agent (pignent, dye) onto the transparent film followed by |ight exposure
and devel opnent. The color filter layer nay be 20 provided with a protective
filmfornmed thereon. Hereinafter, an enbodi nent of the present invention is
detailed with reference to the figures. The foll ow ng explanation |4s w@ﬁ\sn
of the steps of manufacturing a CCD solid inmage pickup device. Mat erial
and devi ces appear in the 25 follow ng description are substantially the
sanme as those 13 0 4 AUG 2005 generally used in the manufacture of the

sen conducgeh egaviyt eseanth hencendetdhtedrexdt enatdeaniddedeetots onmitted wth
exceptions to particul ar cases. The manufacture process is described bel ow

step by St@gwéef' arid hé’ﬁcé'&é’ﬁdéﬂ Rixpladiond BEFESONIBeh REegUpst ate 31

is subjected to 1on inplantation of reqwredlnpurltlesto forma |ight

recei ving QSEEp?f né t%eggrﬂ‘éhlﬁggﬁﬁ 2 1%L mhk c‘% r%h}?f]&ﬁé %géa”Sfer

part) 34 an annel a trans ecfro of a
predet er m ttern .i s 1 onthe surface vmththelnterventlon of
an insul at Pﬁ? (ﬁ]%%loé gpﬂ) dceﬁ‘li eld film39 covering the transfer

el ectr e37|sfo%rred W|th helnt r}{ n of an interlayer |nsugat|ng
film3® The Iight éﬁ?@%ﬁﬁh%‘@gﬂ} §at (8 n8dS E B AR GPToBERSHE2 EBove t he
| i ght recel ving part 32. 15 Then, referring to Fig. 3(b), a.filmfornmed by
refl owi ng 33uksh SabigcEEEa i9misRP R RIa HPRophas Wby I dshR Ucbessto

form a light receiving part 32, ‘a read-out gate 33, a CCD
transfer channel (ltransfer 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.
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provided on the light shield film39 to forman overcoat |ayer 40. Further,
a thin nmetal film41l of Al for formng wiring on the periphery of the solid
i mge pickup device is deposited to 20 0.4 pmthick by sputtering gngéﬂﬁ§ a
photoresist 42 is applied to the entire surface. Subsequently, £ 10
photoresist 42 on the thin netal filmis subjected to photolithography such
that it is left only at predeterm ned positions with a predeterm ned si ze,

t her eby 231R fggje@er%ggﬂxi%% gg%ih P hEf itﬁg {Jgg)t%g%gimsah?hi fgn4l. 140

4 AUG 200 predetermn positions er oresist is left to
and a region

serve as the etchi K.is a region for. form the witing.

above the Sleirfjﬁta?églgi g?%@lrb%ll{laégb%ai = N0k f%f?%,rm]\ﬂﬁé ea‘gérlﬁlaﬁterned at
the sane ting. 5 Then, .usi ng thle sk 43 formed of  the pho%ore ist, the
thin metaPHq AFFELGRARRYE B CallBRGWF GYHE PRECARCHR tHoF1geNe) t he thin
metal film bel ow the mask 43. Then, the photoresist used as the nmask is

removed byvhidhens petHIdieddr By, sameatimering is formed on the surface of
the 10 sem conductor substrate, though it is not shown in the figures. As
shown $n Fig. 3(dffhenpusjingt tlon mases 48 enedee ithedpbioteresistpr ovi ded
above the light receiving part. The projection 44 has a colummar shape
havi ng a dhangtier métdl filpmis Teenovadebya ket weeateaohg geopedgientos 3.0
pm 15 Then, a silicon nitride filmis deposited to 0.6 pm
leave the thin metal film below the mask 43. Then, the
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 um.
15 Then, a silicon nitride film is deposited to 0.6 nm
thick on the entire surface of the substrate heated at 400°C
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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thick on the entire surface of the substrate heated at 400C wusing a m xture
gas of nonosilane (SiH4), amonia (NH4) and nitrogen (N2) in a vessel
wherein gas pressure is naintained at 600 Pa by plasma CVD. Theregé, %r& (}she
nmetal wiring, an 20 overcoat |layer is formed and at the sane tine, UG 20
intralayer lens 45 including the projection 44 as a core is forned above
the light receiving part as shown in Fig. 3(e). The overcoat |ayer nay be

made of anyerﬂ%%g?%n@sdlen 24 Z%exp'i&t@%ésti‘%erﬁ?ﬁ#ﬂekf@aﬂesﬁbﬁ@p devi ce

from mechani cal ure and transl ucency to si bl e rays and/ or

infrared r |t 2 mbodi ment, the intral ayer |ens has
a hem sphe‘rsl.ly%czilln%Frfulalgieé ae\]/t?ﬁQOﬂaﬁyaﬁée?p? W about 1.2 pm Thereafter, as

shown in Fig. 3(f) atr arent, film.46.. of 0 _pm thick fluoric
resin) having a ref Eq%ﬁefhagxslgog%llp%‘ hgf‘p ﬁaf]a(ﬂs?ﬁgéflﬁgf’lﬁi r lens
is forned to(% gb\/er tEI}é i ntral er l ens rﬁ ﬁnd t he sur.face thercg IS
fl attened. °fhen HHe ]t‘iI?/éerges QT ot B Gvb?sp%rrgéﬁaﬁl&ﬁelﬁ’t °Bf green,
red and blue, respectivel are ap lied, exposed to light and devel oped,
fol | owedl bypatlearthag 1R bosdde dat TEdAyegUcas bh f aymg? {tReC PRDR She hogr aphy
techni que generally used in the sem conductor process. Thereby, a color
filter 47 ilstobtasiarelens &P and ddleosuriacethereof Heriasansdg aCR9N resin
(e.g., Optomer SS-1151 manufactured by JSR) is applied to 0.6 pm thick to
form a protregd tree fricsis 48 canttatihengad ripgrsleshpigmdsts of green, red
and blue, respectively, are applied, exposed to light and |
i developed, followed by patterning into desired configuration by
10 the photolithography technique generally used in the
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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15 formed by a known nethod (e.g., see the above-cited Japanese Unexam ned
Pat ent Publication No. HElI 4 (1992)-12568). Thereby, a CCD solid i mge

pi ckup device shown in Fig. 4 is obtained. The anount of incident U'I i@@to
bl ocked by the projection above the light receiving part is about f %@f
the 20 total incident Iight anbunt. Fig. 4 shows an exanple of a CCD i nage
pi ckup device wherein the formation of the mcrolens is conpleted.

Ref erence nuneral s 45 and 44_indi cate the intralayer |lens.an t

rof ect s on ReIEECREE: RuAEras R §iddi et ans i L L L AriR SBEhAL s ect 1y
related to.the present invention are.omtted. 16 O AUG 2005 Reference
nuneral 50185agH PleSUPhEeyEnt- | | ?ﬁéﬁbéﬁaﬁg‘etrh%g(ﬁéef:ﬁé’é ckup devi ce.
The light gathering effect of the intralayer |ens 45 jnproved the

sensi tivit yntrplayeatlers ¢S prgarowsidh Y hgnse B vHyebdi agpittsl P1%oust rati ng t he
step of 5 formng the intralayer |lens by plasma CVD. In these figures,
reference nuneral Bigsi §haf iaésri/ﬁ{@)(m@rdé)&gr&mﬂ,lﬁzraﬁelg phej stn ohs, 53
the intralayer lens material filmand 54 the intralayer |enses. Progress of
t he deposi forming thhe inntaklyretent dng plasena & VD .| mih3thesddsgutrded by
lines. Fig. 5(a) is a plan 10 view of the intralayer |enses viewed from

above and Féfere?(d® nismeza$exl isipalificsemid akercahenayidie 32 naeA- A of Fig.
5(a). Upon plasma CVD for formng the intralayer | enses, gas nolecules are
sol i di fiedphyj&heBhealss adet iRfrdlayderesid mPaterial film and 54 the
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).
Upcn 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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the solid surface if the optinum conditions are selected. 15 Accordingly,
even if the deposition is further continued after the gaps between adj acent
intral ayer lenses are filled to connect the | enses, each intral ayer L ns
can maintain the lens shape. Therefore, there is no need of mai nil A ﬁ&m5he
gaps between the adjacent intralayer |enses. 20 The above-descri bed

enbodi nent is described in connection with the CCD solid i mge pickup

devi ce. Ho iJ1" I ; ' i dth
evice ‘@.‘r};%aﬁ;?ﬁ é)cf;{u}?? 'r%]}blﬁ fi¥%sls,' &le dﬁfpéél‘ﬁd)rﬁ G350k nldeept g an €

nmet hod of e sane are so applicable to other solid image
pickup deviiepa MG 1% ACRsel.d &g chURAIEESOZS, AR LA oryota
Bnd ¢ he QegBuFaTEH Bonth E Bl b PGt 15t 6 b e T E et FAPFal ayer | ens. of
devi ce. 5 ARSERTSkE Shos APy RIS GRICORE tGRs: ReHgih SCT REVIFRL ral ayer
| ens are adjusted to optim ze the device characteristics. The intral ayer
| ens of ot helgscaskad ahosat tbs shapchandnthadacers hemgth@iutheg the sane are
not limted to the 10 above-descri bed enbodi nent and vari ous arrangenents
can be donetuklkayaut letepare adjhisbed ttoeoppimize dhet devigesent i nvention.
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
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As apparent fromthe above, the intralayer lens of the present invention is
formed to include the projection as a core. 15 Therefore, |oss of |ight
recepti on caused by naintaining the caps between the intral ayer | enses does
not increase even if the device is mniaturized. Thus, the intral(ay®alls highs
of the present invention is excellent for mniaturization. Further, since
the nmetal wiring and the projections are forned at the 20 sane tine and the
overcoat |lagyer and the infralayer lens are . formed at the sane tinme by CVD,
opeci a1 &t G [ BET Al HolST dHATPER ARk Ha® RGRA SEHem TRACH 8BS Sar e
simplified, Further, according to the present \invention, the thickness of
the intralldy@rePenthedosynideegtbyrange M thogncadeatilight He YhapBES: t he
projection, the deposition thickness 18 0 4 AUG 2005 of the intral ayer

| ens mat erlikdt apdthaefagapoi¢ngeh ebbletindnslagteleny, cand¢ @sjsidtedgt h range
of the incident light is widened. That is, the focus |length of the

i ntral ayertol &rbe ci@ndbkevadj wisttteich the widesiarege .| evidhe wéfolmen t he wi de range.
Therefore, 5 inprovenent in sensitivity is achieved in the solid imge

pi ckupsdevhgesowdmeart Duseditiviey lisshehsevddiihhtie dolid Henagequi d crystal

di spl ay devices, optinumcharacteristics are obtained by w dely adjusting
the shape Fpghiheidaess derdlihoé uhitecéntdigkayer FligbBer19n Otife AUG 2005

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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What is clainmed is: 1. A sem conductor device conprising an overcoat
of a transparent material disposed on a substrate, a projection 5 formed on
the overcoat |ayer, a convex intralayer |lens of an inorganic nmaterjal égz) d
to include the projection as a core and a transparent fiIm\Mtt1eD4AQ @gg
surface formed on the convex intralayer lens. 10 2. A sem conductor

accordi ng
recei ving

of the lig

accordi ng

to claiml1l, wherein the substrate is provided with a |ight

to claim1, wherein the transparent filmhas a refractive

smal l er than that of the convex intralayer lens. 4. A sem conductor
to claim1, wherein 20 a mcrolens js disposed on the transparent
film 5. Alseni condu®eBHCABFHEI AV Hih§OrBPEIHNG 2D QReFePat 18YEBI or

filter layer is disposed at a predeterm ned position between the

accordi ng

t ranspar enef £ tnaspareRat materiedsdism say

| ayer

devi ce

i.tt] ri ..and the projection is disposed above the center
ﬁ{hggneltcsell:(/}’?ir{g%gr it ng part. 15 3. A sem conductor device

i ndex
devi ce

@1y apsjabztoste 6a Pre@atidnduct or

device according to claim4, wherein the mcrolens is nade of a transparent

resin. 57. farseatlconditt ovetevatdayecoradcng viex thtiateyerwieerseoh al t he

projection is in the shape of a colum.

10

15

20

25

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.

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.

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

a microlens is disposed on the transparent film.
S. 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.
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8. A sem conductor device according to claim1, wherein the projections are
| 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 manufacturi rijt 4UG 2005
sem conductor device conprising the steps of: form ng an overcoat | ayer of
a transparent material on a substrate; depositing a thin filmfor 15
formng a projection on the overcoat |ayer; leaving the thin film to forma
proj ection; depositing an igolrrcgani ¢ material on the surface (ﬁ t he
substrat e &rovi ded® FETRIGPRABICLERLS it sAEROTAHRS tonelatar ¢t M §TdPudes t he
projection as a core to forma convex interlayer lens; and formng a

t ranspar enthe miar@le Asast made oy a0 remsRakehreddl convex i ntral ayer |ens.
21

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.
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