| Nl NNEEM 1* 59159* TITLE OF THE | NVENTI ON | MAG NG APPARATUS HAVI NG
(PHOTOSENSOR AND MANUFACTURI NG METHOD OF THE SAME BACKGROUND OF- FHE -
] NVENTI ON 5The present invention relates to an inaging app s havi ng a
phot osensor and a nmanufacturing nethod of the sane. ’m%ﬂf-j mm’m’ Jpn.
Pat. Appin. KOKAI Publication No. 2010-56292, a glass plat ens
%s mounted 10on the | ower surface of a phof osensor vi a-a-franegisdshaped
spacer. In this case, the photosensor conprises a sem conductor substrate.
A light receiving portion is prow ded in the center of the upper surface of

t he sem conductor substrate. g@ﬂgcbfoqu@anlviN@rI yi ded 15in the
peripheral part of the upper surface of the sem conductor substrate to be

connected to tRepldomRt APRR&IAHRY RAIMINEBHOTOSENSORMANNAN UG BuPNQyi ded
on the | ower surface of the sem conductor substrate. For, for exanple, a
CMOS, 20t he wi mpngidp g iTsiress@ntial to extract a signal as a voltage. One
end of the wiring line is connected to the connection pad via a piercing
el ectrode provided wi thin a tsrCKeRehob comhTieh IvENDVOMed in the
peri pheral part of the sem conductor substrate. An

5 The present invention relates to an imaging

apparatus having a photosensor and a manufacturing
method of the same.
According to Jpn. Pat. Appln. KOKAI Publication
No. 2010—56292, a glass plate having a lens is mounted
10 on the lower surface of a photosensor via a frame-
shaped spacer. 1In this case, the photosensor comprises
a semiconductor substrate. A light receiving portion
is provided in the center of the upper surface of the
semiconductor substrate. A connection pad is provided
15 in the peripheral part of the upper surface of the
semiconductor substrate to be connected to the light
receiving portion.
A wiring line is provided on the lower surface of
the semiconductor substrate. For, for example, a CMOS,
20 the wiring line is essential to extract a signal as a
voltage. One end of the wiring line is connected to
the connection pad via a piercing electrode provided
within a through-hole which is provided in the
peripheral part of the semiconductor substrate. An
25 insulating film is provided on the lower surface of the
semiconductor substrate except for a land of the wiring

line. The land of the wiring line is exposed through
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25 insulating filmis provided on the | ower surface of the sem conductor
«<substrate except for a land of the wiring line. The land of the wiring |ine
Is exposed through 1111111 1111 21111! 121111 0111 O4H HII 11l *0)01:02* an
opening provided in the insulating film A solder ball is provided on the

| ower surface of the land of the wiring |ine exposed through the opening
provided in the insulating film 5According to Jpn. Pat. Appin. KOKAl
Publ i cati on No. 2010-56292, a sem conductor wafer greater in thickness than
a sem conductor substrate of an imagi ng apparatus as a finished product is

first prepared. .l nobhiaccassy i ot secaldng o ian s prauided. in the

10center of the up ace of "an i magi ng "appar at®us for'mati on regi on of

the sem conductgn 1SYRSHEBLE @ QNG nahiich,a conectd fF Raf 115, qy ded to
be connected to the light receiving portion. Furthernore, a glass plate

having the sangnsi %€rasglatife SePocRAMUG QL Mie JpENRY HEJBRERS in
provided on its |lower surface is nmounted on the sem conductor wafer via a
| atti ce- shapedtspacesulihengowennsi de of the sem conductor wafer is then
ground to reduce the thickness of the sem conductor wafer. A through-hole
20i s theh formed i nAckergemigpher alprpariatwi tARm rt.heKQirelyi hgp lajpper iatus
formation region of the sem conductor wafer. Awiring line and a piercing
el ectrode are NRenZP38Pme&28r /1t Re SO nsinaitade waff stthe re@ficdoriduct or  waf er

i ncluding the inside of the through-hole by . ,
thickness than a semiconductor substrate of an imaging

apparatus as a finished product is first prepared. In
this case, a light receiving portion is provided in the
10 center of the upper surface of an imaging apparatus
formation region of the semiconductor substrate, around
which a connection pad is provided to be connected to
the light receiving portion.
Furthermore, a glass plate having the same size as
15 the semiconductor wafer and having lenses provided on
its lower surface is mounted on the semiconductor wafer
via a lattice-shaped spacer. The lower side of the
semiconductor wafer is then ground to reduce the
thickness of the semiconductor wafer. A through-hole
20 is ther formed in the peripheral part within the
imaging apparatus formation region of the semiconductor
wafer. A wiring line and a piercing electrode are then
formed on the lower surface of the semiconductor wafer
including the inside of the through-hole by
25 electroiytic plating.
An insulating film having an opening is then

formed on the lower side of the semiconductor wafer. A



25el ectrolytic plating. An insulating film having an opening is then forned
ion the | ower side of the sem conductor wafer. A solder ball is then forned
on the lower surface of a land of the wiring |ine exposed through the
opening of the insulating film The sem conductor wafer, the lattice-shaped
spacer, and a glass plate having the 5same size as the sem conductor wafer
are then cut to obtain inmagi ng apparat uses In the neantine, the
probl em of the above-nentioned conventional nethod of manuf acturi ng t he

i magi ng apparatus is that the nunber of steps in the 10process of formng

t he t hrough-hol e.in the . per.i ral part within the imgi ng apparatus
formation regi 67 GFt ke ? erﬁS(F:) cﬁ?ctf%rr“\ﬁéif &t itrs}]er &Oﬂq]?/g:i‘vgfgarcg%t(??r—%r
exanpl e, the pr SS A4 nel u t he -f.ormatj on o resist_ filmon the |ower
surface of thelggﬁiéghgﬁfigﬁﬁﬁa egfjfétﬁg%ﬁﬁrnﬁhﬁﬁF%ﬁ Eﬂ?(?eﬁﬁ%ﬁﬁl?%the

resist film thecfornghien of 4he, t hrﬁ%@@-&@f@ﬂéﬁeﬁ va%?ecroanf’% or waf er

by etching that uses the resist filmas a nask, h tdching of the

resist film Mpureevek-sbefrre dhe st epRf Ordndingthe mwenside of the
20sem conductor wafer to reduce the thickness of the sem conductor wafer,

the gl ass pl at eahavisiget e sae sivecasiddie s e tondued amaafart has to be
di sposed on
obtain imaging apparatuses.

In the meantime, the problem of the above-
mentioned conventional method of manufacturing the
imaging apparatus 1is that the number of steps in the

10 process of forming the through-hole in the peripheral
part within the imaging apparatus formation region of
the semiconductor wafer is relatively great. For
example, the process includes the formation of a resist
film on the lower surface of the semiconductor wafer,

15 the formation of an opening in the resist film, the
formation of the through-hole in the semiconductor
wafer by etching that uses the resist film as a mask,
and the 'detaching of the resist film. Moreover, before
the step of grinding the lower side of the

20 semiconductor wafer tc reduce the thickness of the
semiconductor wafer, the glass plate having the same
size as the semiconductor wafer has to be disposed on
the semiconductor wafer for reinforcement. This
disadvantageously restricts a fabrication .process.

25 it is therefore an object of the present invention
to provide an imaging apparatus and a manufacturing

method of the same tha: enable a reducition in the



the sem conductor wafer for reinforcenent. This disadvantageously restricts
a fabrication .process. 25It is therefore an object of the present
invention to provide an imagi ng apparatus and a manufacturing nethod of the
sane that enable a reduction in the 4 nunber of steps and al so enables a
fabrication process to be less restricted. BRI EF SUMVARY OF THE | NVENTI ON
Accordi ng to one aspect of the present jn&ﬁntion, S5there is provided an

i magi ng apparatus conprising a lens unit ich light enters from one
surface thereof, and a photosensor provided on the other surface of the

lens uni t, t he phaLosensqn Gamrieing A semcanductar, subsiate phich the

light exiting fromthe |ens unit 10enters om one surface t and a
phot oel ectric gonyersi-en dew:.cg 4ng a connection pad which are provided on
the other surface of the sem conductor substrate. According to another

aspect of the present 15i nveptkensuihere obs pHevirgednanonmagi ng appar at us
According to one aspect of the present invention,
5 there is provided an imaging apparatus comprising a
lens unit which light enfers from one surface thereof,
and a photosensor provided on the other surface of the
lens unit, the photosensor comprising a semiconductor
substrate which the light exiting from the lens unit
10 enters from one surface therecf, and a photoelectric
conversion device and a connection pad which are
provided on the other surface of the semiconductor
- substrate.
According to another aspect of the present
15 invention, there is provided an imaging apparatus
manufacturing method according to the invention
comprising disposing a lens unit on the other surface
of a semiconductor wafer of a photosensor, a
photoelectric conversion device region and a connection
20 pad being provided on one surface of the semiconductor
wafer.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
25 illustrate embodiments of the invention, and together
with the general description given above and the

detailed description of the embodiments given below,



manuf acturi ng nethod according to the invention conprising disposing a |ens
wunit,on the other surface of a sem conductor wafer of a photosensor, a
phot oel ectric conversion device region and a connection 20pad bei ng
provi ded on one surface of the sem conductor wafer. BRI EF DESCRI PTI ON OF
THE SEVERAL VI EWs OF THE DRAW NG The acconpanyi ng draw ngs, which
are incorporated in and constitute a part ©f the specification,
25i | lustrate enbodi ments of the invention, and together with the general
description given above and the detail ed description of the enbodi nents
given below, = serug Lo explalin the e ALeS oy Uhe. [venti o, FIG
1 is a sectional view of an i magi ng apparatus according to a first
enbodi ment of the pregent; inventdan;; HRIGy %l H& é@%é@ﬁl}g VieMs Pf t @ part
of an initially prepared assenbly in one exanple of a nmethod of
manuf act uri ng thedrBaging ARPariatds SiKMindhtFldE the i ew&it a step
followng view of a step following view of a step follow ng view of a step
foll owi ng vi ewiofvemtsicep follow ng view of a step following view of a step
foll owi ng view of an inmaging

5 FIG. 2 is a sectional view of a part of an

initially prepared assembly in one example of a method
of manufacturing the imaging apparatus shown in FIG. 1;

FIG. 3 is a sectional view of a step following

FIG. 2;
10 FIG. 4 is a sectional view of a step following
FIG. 3;

FIG. 5 1s a sectional view of a step following

FIG. 4;

FIG. 6 1s a sectional view of a step following

15 FIG. 5;

FIG. 7 is a sectional view of a step following

FIG. 6;

FIG. 8 is a sectional view of a step following

FIG. 7;
20 FIG. 9 1s a sectional view of a step following
FIG. 8;

FIG. 10 is a sectional view of ar imaging
apparatus according to another example of the first
embodiment of the present invention;

25 FIG. 11 is a sectional view of an imaging
apparatus according to a second embodiment of the

present invention; and



apparatus according to another exanple of the first enbodi nent of the
present invention; 25FIG 11 is a sectional view of an inmagi ng apparatus
according to a second enbodi nent of the present invention; and FI G
12 is a sectional view of an imagi ng apparatus accordi ng to anot her exanpl e
of the second enbodi nent of the present invention.

‘DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5(Fifst_Enbodiment) FIG 1 shows a
sectional view of an imagi ng apparatus according to a first enbodi nent of
this invention. This imagi ng apparatus conprises a photosensor 1. The

phot osensor 1 conprises a-10sem conductor, subgtrate 2 it}@%/%ir}g%a square
: r

pl anar shape. The semi conductor substrate 27 s nade of xanpl e,

si licon, or galldum-arsenide Wi ch d.s a@ﬁo%%@?%n%q@ CANAUE! are ddyg] udi ng
gallium (Ga) and arsenic (As). A photoelectric conversion device region 3

including 15el eeRids ne¥eh &S ~& L halge coupRled-dey ce (CCD), a photodi ode,
and a phototransistor is provided in the center of the | ower surface of the

sem conduct or substrat e fETCaETERGHESOR PO gRdedOf INVIONT B@npl e, an
al um num based netal are provided in the peripheral 20part of the |ower
surface 6f the sem canduat Gmbodiment)
FIG. 1 shows a sectional view of an imaging
apparatus according to a first embodiment of this
invention. This imaging apparatus comprises a
photosensor 1. The photosensor 1 comprises a
10 semiconductor substrate 2 having a square planar shape.
The semiconductor substrate 2 is made of, for example,
silicon, or gallium arsenide which is a compound
semiconductor including gallium (Ga) and arsenic (As).
A photoelectric conversion device region 3 including
15 elements such as a charge coupled device (CCD), a
photodiode, and z phototransistor is provided in the
center of the lower surface of the semiconductor
substrate 2. Connection pads 4 made of, for example,
arn aluminum-based metal are provided in the peripheral
20 part oI the lower surface of the semiconductor
substrate 2 so that the connection pads 4 are connected
to the photoelectric conversion device region 3.
A passivaticn film {(insulating film) 5 made of,

for example, silicon oxide or silicon nitride is

N
84

‘provided on the _ower surface of the semiconductor
substrate 2 except for the peripheral part of the

semiconductor substrate 2 and the centers of =he



substrate 2 so that the connection pads 4 are connected to the

+photoel ectric conversion device region 3. A passivation film (insulating
film 5 made of, for exanple, silicon oxide or silicon nitride is

25. provided on the |l ower surface of the sem conductor substrate 2 except
for the peripheral part of the sem conductor substrate 2 and the centers of
the 7 connection pads 2. The center of_t connection pad 4 is exposed

t hrough an opening 6 provided in the passivation filmb5. A protective film
(insulating film 7 nmade of, for exanple, a polyimde resin is 5provided on

the | ower Surf%%%n%?é\;g%ﬁ ?%%%‘ vati g fidms,, A %Rf’eh”ic%n%ét% rop\(%éj?ﬂei na

part of the protecti that corresponds to e opening

passivation filim 3. WekiiNGHARGS el ded ,Jy they lioner, surface 100of
the protective film7. Each of the wiring ITnes 9 has a two-1ayer structure

including a foyadativam ikt &i lhayer 10 pMytehdis,drede nof 1 f0r fxarpl e, copper
and which is provided on the |ower surface of the protective film?7, and an
upper netal |ayenmll whizele ic¥, for example, a polyimide resin is
5 provided on the lower surface of the passivation film
5. An opening 8 is provided in a part of the
protective film 7 that corresponds to the opening 6 of
the passivation film 5.
Wiring lines 9 are provided on the lower surface

10 of the protective film 7. .Each of the wiring lines 9
has a two-layer structure including a foundation metal.
layer 10 which 1s made of, for example, copper and
which 1s provided on the lower surface of the
protective film 7, and an upper metal layer 11 which is

15 made of copper and which is provided on the lower
surface of the foundation metal layer 1C. One end of
the wiring line 9 is connected to the connection pad 4
via the openings 6 and 8 in the passivation film 5 and
the protective £film 7.

20 A columnar electrode (external connection
electrode) :2Z2 made of copper is provided on the lower
surface of a land of the wiring line 9. A sealing film
13 made of an epoxy resin containing a siiica filler is
provided around the columnar electrode 12 on the lower

25 surface of the peripheral part of the semiconductor
substrate 2 and on the lower surface of the protective

film 7 including the wiring line 9. Here, the columnar



15nmade of copper and which is provided on the | ower surface of the
Jfoundation netal |ayer 10. One end of the wiring line 9 is connected to the
connection pad 4 via the openings 6 and 8 in the passivation film5 and the
protective film7. 20A columar el ectrode (external connection el ectrode)
12 made of copper is provided on the |ower surface of a land of the wiring
tine 9. A sealing film 13 nmade of an epoxy,resin containing a silica filler
is provided around the columar el ectrode 12 on the | ower 25surface of the
peri pheral part of the sem conductor substrate 2 and on the |ower surface

of the protectiive film7.i,ncluding.the wiring.line 9. Here, the columar 8
el ectrode 12 iEKSFégpggd1§olfh§fﬁ%%§%QMﬂ% %uﬁfégg tQ¥%§ﬁgﬁ%§] Sush with or

s 1 to 2im degressed tramihe,ouen suid acq of, the aealdnad idm.d3. As

descri bed above, the photosensor 1 conprises he "sem uctor substrate
2, the photoel eglr ¢ eenwensen deviee rLQ10M3.£ilike jconnection pad 4, the
A S .

passivation filmb5, the protective film7, the wiring line 9 having the
two- | ayer structure ashelesdimngddhedowdationpimiadedayrer: dbnahdh dde upper

metal layer 11, 10 the columar electrode 12, and the sealing film13. A
sol der ball 1l4tihe provicded uan orhe ubewara tsurd,ach eofphideed@armiar el ectr ode
12 of the photosensor 1. A visible light transmtting plate (visible
| i ght transnit cionyeration aleyvize havileg 8,sduer eqirardr ghape ¥6i shef fi xed
to the upper surface of the sem conductor
passivation film 5, the protective film 7, the wiring
line 9 having the two-layer structure including the
foundation metal layer 10 and the upper metal layer 11,
10 the columnar electrode 12, and the sealing film 13. A
solder ball 14 is provided on the lower surface of the
columnar electrode 12 of the photosensor 1.
A visible light transmitting plate (visible light
transmitting material) 21 having a square planar shape
15 is affixed to the upper surface of the semiconductor
substrate 2 of the photosensor 1 via a square frame-
"shaped adhesive layer 22. The visible light
transmitting plate 21 functions as an infrared cut
filter, and is an infrared reflecting type or an
20 infrared absorbing type. The planar size of the
visible light transmitting plate 21 is slightly smaller
the planar size of the semiconductor substrate 2 of the
photosensor 1.
For the visible light transmitting plate 21, any
25 material that transmits visible light can be used, such

as glass, a methacrylic resin, a fluorene resin, a

cycloolefin polymer, an epoxy resin, polyethylene,



substrate 2 of the photosensor 1 via a square frane-shaped adhesive |ayer
«22. The visible light transmtting plate 21 functions as an infrared cut
filter, and is an infrared reflecting type or an 20i nfrared absorbing type.
The planar size of the visible light transmtting plate 21:is slightly
smal | er the planar size of the sem conductor substrate 2 of the photosensor
1. For the visible light transmtting platg 21, any 25material that
transmts visible light can be used, such as glass, a nethacrylic resin, a
fluorene resin, a cycloolefin polymer, an epoxy resin, polyethylene,

pol ystyrene, an AS resin, palyethyl ene terebhthal.ate, .a vinylidene chloride
resin, polycarﬁgﬁ'ng or 4 Ffé%$?ﬁ%§ﬂaﬁufé?r%%%%%eggI?ﬁﬁ?éﬁ%qaté}%%‘a

br ovi ded on the,,ypRel,Sur Lage, AluSLhe ul Sibl el Juansid 1 ing plate 21.

The lens unit 23 i's provi Wi a lens ichis sposed wthin a

frame- shaped | engdalnder-e24rakove the photoel ectric conversion device
region 3 of the photosensor 1. The | ower surface of the | ens hol der 24 of

the lens unit 23 10irs 1affd xed ¢ @3 hes perdphesalopaiiie afpdde sppeicswsf ace
of the visible light transmtting plate 21 via a frane-shaped adhesive

| ayer 265 As i nchiecatied oy arirgoms trardnGttlind ipghiteertler s THomdre wiide of
the lens unit 23 provided on the other surface of the sem conductor
23 1s provided with a lens 25 which is disposed within
a frame-shaped lens holder 24 above the photoelectric
~ conversion device region 3 of the photosensor 1. The
lower surface of the lens holder 24 of the lens unit 23
10 is affixed to the peripheral part of the upper surface
of the visible light transmitting plate 21 via a frame-
shaped adhesive layer 26. As indicated by arrows in
FIG. 1, light enters from the side of the lens uni: 23
provided on the other surface of the semiconductor
15 substrate 2. The light which has passed through the
lens 25 1is collected in the photoelectric conversion
device region 3, and transmitted to the wiring line 9.
Here, the lens 25 well transmits infrared rays,
and the photoelectric conversion device region 3 has a
20 high infrared sensitivity. Therefore, the sensitivity
of the photosensor 1 is mainly dependent on the visible
light transmitting plate 21 which cuts infrared rays
and which is located before the photoelectric
conversion device region 3. Both the infrared
25 reflectance factor and the infrared absorption factor
of the visible light transmitting plate 21 are 90% or

more. Thus, the infrared transmission factor of the



15 substrate 2. The |ight which has passed through the lens 25 is collected
«in the photoel ectric conversion device region 3, and transmtted to the
wring line 9. Here, the lens 25 well transmts infrared rays, and

t he photoel ectric conversion device region 3 has a 20high infrared
sensitivity. Therefore, the sensitivity of the photosensor 1 is mainly
‘dependent on the visible light transmtting plate 21 which cuts infrared
rays and which is |ocated before the photoel ectric conversion device region
3. Both the infrared 25 reflectance factor and the infrared absorption

factor of the viisiiphe hiig: toransmitdding; piate 24 are 9% mye. Thus,
the infrared transm ssion factor of the - 10 - visible light transmtting
plate 21 is 10%her viieS®lelhe grtSiddan driigiti g arisytd td NG jd cat eurdids isdrso
functions to protect the photoelectric conversion device region 3. The
wavel engt h of itnf rarcee: atay ec ythdipw alefdtecitd arorberr salsordsviore corgisgponds to
el ectromagneti c waves having a frequency of about 0.7 p.mto 1000 jim The
wavel engt h of \Ai-si Bihe Magietl ancddsmif tied dpracherasissidite By gefiacism tting
pl ate 21 corresponds to el ectromagneti c waves having a frequency of about

380 10t 0°780 nMf 2PSOrM{GWN it FSEPIE Ff° & IRttHsdiasnsfarfuf#ct’f i ng this

i magi ng apparatus .is described. First, as shown in Fl , an senbly is
prepared. In t 'aéflél@s@nﬁlﬁﬁ,qua?WotOdila@&Urti @&oﬁr\?értsq &Sﬁo@g\”ﬂbe région 3, a

e 6 havi ng 4 T8 TA)E SR FUCLIYE 1Tt a8 T ouhacTort oA b 10
and an upper mitig:'hltl a&%rns_].(gi,ttain%olﬁrg{aer 2l eccgdgrcgisgjolrg%s q{)}g a sealing film 13
are formed on th ower surface of a sem conduct or substrate in a wafer
state (herei nafdheict@fRigRd 10 \@ves having a frequency of about 380

10 to 780 nm.

Now, one example of a method of manufacturing this
imaging apparatus is described. First, as shown in
FIG. 2, an assembly 1s prepared. In this assembly, a
photoeiectric conversion device region 3, a connection

15 pad 4, a passivation film 5, a protective film 7, a
wiring line 9 having a two-layer structure including a
foundation.metal layer 10 and an upper metal layer 11,
a columnar electrode 12, and a sealing film 13 are
formed on the lower surface of a semiconductor

20 substrate in a wafer state (hereinafter referred to as
a semiconductor wafer 31).

One example of a method of manufacturing this
prepared assembly is briefly described. First, the
photoelectric conversiorn device region 3, the

25 connection pad 4, the passivation film 5, and the

protective film 7 are formed under the semiconductor

wafer 31. A foundation metal layer (10) is then formed



a sem conductor wafer 31). One exanple of a nmethod of manufacturing
+this. prepared assenbly is briefly described. First, the photoelectric
conversion device region 3, the 25connection pad 4, the passivation filmb5,
and the protective film7.are fornmed under the sem conductor wafer 31. A
foundation nmetal |layer (10) is then formed on the entire | ower surface by
el ectroless plating. The upper netal |ayef;11_and the columar el ectrode 12
are then forned by electrolytic plating using the foundation netal |ayer
(10) as a plating current path. 5The foundation netal layer (10) ina

region other tBﬁ”tthe‘r‘RH‘%r '%'%R«%'r ayer cjel a/f tﬂé%’%ﬁo%’é%‘ée%ll?%ﬁtgcm ng that

uses the upper netal |ayer as a nask eby formng the wring line 9

having the tWDThQYpr%ErH@E%ﬁe1%@%&“@&“%h@h%ﬁé“88¥ﬂﬂﬁ¥}'@ﬂéﬂtﬂé&@”lﬂo and
10t he upper netal layer 11. A sealing film13 is then fornmed, around the

col umar el ect wedeth2n oRrthe bowensuriace iQf ptlmlsf@m&qm@uezw waf er 31
around the protective film?7 and on the | ower surface of the protective

film7 includi figuhhe tiomn mgtlilng a9erTha®, Hat ke gireepareduassenblpatshown in
FIG 2 is obtained. In this case, no piercing electrode has to be
formed i A the Semi Conddettdonwakerl31ayErer(@fidr én tthe smumveotdfe rsttéps: can be
smal l er than when the piercing electrode is forned in the sem conductor
waf er 31. 20Hef8¢ tRECrhiEkrdsdagrrt Rd senmtdemducmsvasater e3Ehsisn

that uses the upper metal layer 11 as a mask, thereby
forming the wiring line 9 having the two-layer
structure including the foundation metal layer 10 and

10 the upper metal layer 11. A sealing film 13 is then
formed, around the columnar electrode 12, on the lower
surface of the semiconductor wafer 31 around the
protective film 7 and on the lower surface of the
protective film 7 including the wiring 1line 9. Thus,

15 the prepared assembly shown in FIG. 2 is obtained.

In this case, no piercing electrode has to be
formed in the semiconductor wafer 31. Therefore, the
number of steps can be smaller than when the piercing
electrode is formed in the semiconductor wafer 31.

20 Here, the thickness of the semiconductor wafer 31 shown
in FIG. 2 1is greater than the thickness of the
semiconductor substrate 2 shown in FIG. 1. In FIG. 2,
zores indicated_by the sign 32 are dicing streets.

As shown in FIG. 3, a solder ball 14 is then

25 formed on the lower surface of the columnar electrode
12. In order to form the solder ball 14, first, a

solder paste 1is applied to or a solder ball is mounted



in FIG 2 is greater than the thickness of the sem conductor substrate 2
shown in FIG 1. In FIG 2, zones indicated by the sign 32 are dicing
Streets. As shown in FIG 3, a solder ball 14 is then 25forned on the | ower
surface of the columar electrode 12. In order to formthe solder ball 14,
first, a solder paste is applied to or a solder ball is nounted - 12 - on
‘the lower surface of the columar electroge 12. Further, reflowis carried
out to formthe solder ball 14 on the |l ower surface of the col umar

el ectrode 12. As shown in FIG 4, a protective tape 33 is then 5prepared.

This protective tape %éwE@CEHQ?éc@no%lEE@Vk%h%%h%%rEQ%C%Q%@%?@ZSt!Cking
agent |ayer 35 provided on the upper surface of a base material film 34.

The uncured stigki-pg agentribayes 33 refi heurr elegbirve thape c3ddrs rfifli xed to
the lower surface of 10the sealing film 13 including the solder ball 14. In

this case, theiuhicekress 1elvetrtheusttiaeki R agentcdlayern r3% liestgroeat @r2 .t han t he
hei ght of the solder ball 14. Therefore, in this condition, the sol der bal

14 is conpl etely cower ethonirt Hrt HEGst idgKiang ragertt ilvay era35.3 31545 WSown in
FIG 5, a chuck 36 is then prepared.

5 prepared. This protective tape 33 includes an
ultraviolet-curing uncured sticking agent layer 35
provided on the upper surface of a base material film
34. The uncured sticking agent layer 35 of the
protective tape 33 is affixed to the lower surface oi

10 the sealing film 13 including the solder ball 14. In
this case, the thickness of the sticking agent layer 35
is greater than the height of the solder ball 14.
Therefore, in this condition, the solder ball 14 is
completely covered with the sticking agent layer 35.

15 As shown in FIG. 5, a chuck 36 is then prepared.
The chuck 36 is connected to a vacuum source such as an
unshown vacuum pump, and sucks and thus sticks and
holds a component placed on the chuck 36. The lower
surface of the protective tape 33 is then placed on and

20 thus stuck and held by the chuck 36. The lower side of
the semiconductor wafer 31 is then properly ground
using a grindstone (not shown) to reduce the thickness
of the semiconductor wafer 31. 1In this condition, the
sealing film 13 is formed on the lower side of the

25 semiconductor wafer 31, and the protective tape 33 is
affixed to the lower side of the sealing fiim 13.

Moreover, the lower surface of the protective tape 33



The chuck 36 is connected to a vacuum source such as an unshown vacuum
v punp, and sucks and thus sticks and holds a conponent placed on the chuck
.36. The | ower surface of the protective tape 33 is then placed on and

20t hus stuck and held by the chuck 36. The | ower side of the sem conductor
wafer 31 is then properly ground using a grindstone (not shown) to reduce
‘the thickness of the sem conductor wafer 31. In this condition, the sealing
film13 is fornmed on the l.ower side of the 25sem conductor wafer 31, and
the protective tape 33 is affixed to the |ower side of the sealing film 13.

Moreover, the 'i%"‘%ﬁgéw ﬁ%%%&dt Bfr?/ RRQt eGtiyeskape 33 5 1 k3 s ;S stuck and
T es it I

hel d by the chuck 3 I's ma possi bl'e to prevent the sem conduct or

wafer 31 from easishywakpi pgeguan ikhet Rentbiakness 0, tdae. samreepduct or
wafer 31 is reduced. In this case, no 5glass plate for reinforcenent is

used. Accordingkyi1§ Lakpieat teanprgcess ¢ancheckess esia i ct ed. As
showmn in FIG 6, a visible light transmtting plate. 21 having a square

pl anar shape i seafitiox@dctvirawa fgauarne ikr ageuskaped Tadhesisvedsayeno22, to
the center of 10a region which has a square planar shape and which is
surrounded by vhesdi pilpgestreetred2fomcehentpper usedf.acécgfontdiagly, a

sem conductor wafer 31. Now, when the protective tape 33 is not affixed to
the | ower sidefebrikacdeal PHGCRiSEMCE? &8d L@sen rastatiaitschi ckness of the
15sem conductor wafer 31 and the sealing film13 is equal to or |ess than
350 t.o 300 jim theARSHOHG dPodrC of° 1t fe dePdEnduddr M BT 349 gr eat

and the affiXi%qa%%-quhgbikglg EE g&et% g%g%t%%%%eph%}%f%%gé%, via a

.square frame-shaped adhesive layer 22, to the center of

10 a region which has a square planar shape and which is
surrounded by the dicing street 32 on the upper surface
of the semiconductor wafer 31. ©Now, when the
protective tape 33 is not affixed to the lower side of
the sealing film 13 and when a total thickness of the

15 semiconductor wafer 31 and the sealing film 13 is equal
to or less than 350 to 300 um, the warping amount of
the semiconductor wafer 31 is great, and the affixing
of the visible light transmitting plate 21 1is
difficult. 1In cortrast, according to this embodiment,

20 the protective tape 33 is affixed to the lower side of
the sealing film 13, and the lower surface of the
protective tape 33 is stuck and held by the chuck 36.
Thus, even when a total thickness of the semiconductor
wafer 31 and the sealing film 13 is equal to or less

25 than 350 to 300 um, the warping amount of the
semiconductor wafer 31 1is not greag, ard the affixing

of the visible light transmitting plate 21 is not



difficult. In contrast, according to this enbodi nent, 20the protective tape

+33 i.s affixed to the |ower side of the sealing film 13, and the | ower
.surface of the protective tape 33 is stuck and held by the chuck 36. Thus,
even when a total thickness of the sem conductor wafer 31 and the sealing
film13 is equal to or less 25than 350 to 300 p.m the warping anmount of

‘'t he sem conductor wafer 31 is not great, ﬁqd the affixing of the visible
light transnmitting plate 21 is not - 14 = difficult. The |ower surface of
the protective tape 33 is then unstuck and unheld by the chuck 36, and the
protective tapg. %% S reaned fromthe chuck 36. 5Further, as shown in FIG
7, alens unit 2 i's prepared The lens unit 23 is prOV|ded wth a lens 25

within a frame- shepegfl ans, ol ders fa%xeéj tgcﬁﬁe?ots&g ake 636t he; | .ens hol der

24 of the lens unit 23 i's then “af peri pher al Tt of” the upper
10surface of theecvi shhledd ghly @RI ty nhPlalR kB and the

protective tape 33 1is removed from the chuck 36.

5 Further, as shown in FIG. 7, a i1ens unit 23 is
prepared. The lens unit 23 is provided With a lens 25
within a frame-shaped lens holder 24. The lower
surface of the lens holder 24 of the lens unit 23 is
then affixed to the peripheral part of the upper

10 surface of the visible light transmitting plate 21 via
a frame-shaped adhesive layer 26.

Ultraviolet rays are then applied from the lower
side of the protective tape 33 to cure the uncured
sticking agent layer 35 so that the protective tape 33

15 can be detached. When the protective tape 33 is
detached from the lower surface of the sealing film 13
including the solder ball 14, the lower surface of the
sealing film 13 including the solder ball 14 is exposed
as shown in FIG. 8. As shown in FIG. 9, the

20 semiconductor wafer 31 and the sealing film 13 are then
diced along the dicing streets 32, thereby obtaining
the imaging apparatuses shown in FIG. 1.

The imaging apparatus thus obtained has a rear
irradiation type structure which light enters from the

25 other side of the semiconductor substrate 2 provided
with the lens unit 23 as indicated by the arrows

showing the direction of the incident light.



a frame-shaped adhesive | ayer 26. Utraviolet rays are then applied
Jfromthe [ ower side of the protective tape 33 to cure the uncured sticking
agent layer 35 so that the protective tape 33 15can be detached. \Wen the
protective tape 33 is detached fromthe | ower surface of the sealing film
13 including the solder ball 14, the | ower surface of the sealing film 13
rncluding the solder bail 14 is exposed assshown in FIG 8. As shown in
FIG 9, the 20sem conductor wafer 31 and the sealing film 13 are then diced
along the dicing streets 32, thereby obtaining the inmgi ng apparatuses

shown in FIG %herefore,ﬂe%ei %Qii?gn%pﬂﬁl;??x;t:’J?ats@é% cﬁlﬁtr%iu%d thas @ Jear

irradiation type structure which I'ight e fromthe 25o0ther side of the

sem conduct or sygbstrat gagsRiovinded W thdt ha digne unighe23 as dnditcated by
the arrows show ng the direction o? the incident light. - 15 Therefore,
the incident |pghtepassesd Rheugkniike nlders «25,su@xd passes tdwougtert he
visible light transmtting plate 21 and the sem conductor substrate 2, and
t hen reaches theaphetoehecphiot cedreersicoradderdrea aregieon ¢ relgidrhi3. way,
there is no wiring |ine between the | ens and the photosensor, and the | ens
and t he phot osénsthiar @atyhertéfgee ist nectirddha d ive fredxiarat & teo leach ot her
which allows even oblique light to easily arrive. In this case, as the
wiring line 9 ard the esrasssgnscr, and the lens and the photosensor

are therefore structured to be proximate to each other,
which allows even obliique light to easily arrive. In
this case, as the wiring line 9 and the columnar

10 electrode 12 provided on one surface of the
semiconductor substrate 2 are located lower than the
photoelectric conversion device region 3, light 1is not
blocked by the wiring line 9 and the columnar electrode
12, and efficiency can be increased. Therefore, there

15 is no problem even if the wiring line 9 and the
columnar electrode 12 are formed to overlap the
photoelectric conversion device region 3 when viewed in
plan. The semiconductor substrate 2 is small in
thickness and therefore easily warps. However, in the

20 structure having the columnar electrode 12, the sealing
film 13 has a great thickness, so that the warping of
the semiconductor substrate 2 can be inhibited.

In the conditionr shown in FIG. 2, each photosensor

formation region may be electrically tested. When

25 there is a photosensor formation region judged to be
defective, the visible light transmitting piate 21 and

the lens unit 23 may not be installed in the



10el ectrode 12 provided on one surface of the sem conductor substrate 2 are
.l ocated | ower than the photoelectric conversion device region 3, light is
.not bl ocked by the wiring line 9 and the columar el ectrode 12, and
efficiency can be increased. Therefore, there 15is no problemeven if the
wiring line 9 and the columar electrode 12 are fornmed to overlap the
phot oel ectric conversion device region_3 en_viewed in plan. The

sem conductor substrate 2 is small in thickness and therefore easily warps.
However, in the 20structure having the columar electrode 12, the sealing

film 13 has a Al ehh!sg%'%{‘:fgima%%o%h%}e#jﬁ "ﬁ‘fd%& RLI. hedesieé@tcig{‘eg%%?r each

substrate 2 ca e | nni e condition shown I n

photosensor for/al iQnJLdiormay, ke el ectyically tested,; Mem Zathere is a
phot osensor formation region judged to be defective, the visible |ight

transmtting plaf emdlancdhe ieRs it 23 may not be installed in the -
16 - photosensor formation region judged to be defective in the steps shown

in FIG 6 and FIG 7%ltHuwgmaldrenws: foiban 1igproveneEni i el sl a though t he
visible light transmtting plate 21 5is affixed to and the lens unit 23 is
attached5to thes affixed to and the lens unit 23 is attached to the

other surface of the semiconductor wafer 31 according

to the present embodiment, the visible light

transmitting plate 21 and the lens unit 23 that are

divided into parts may be attached to and formed on the

10 semiconductor substrate 2 after diced. Moreover,
although the visible light transmitting plate 21 is
provided between the semiconductor substrate 2 of the
photosensor 1 and the lens unit 23 according to the
present embodiment, for example, a lens 25 eguipped

15 with an infrared cut filter that only transmits 10% of
infrared rays or less can be used to create a thin
structure which is not provided with the visibie light
transmitting plate 21 as shown in FIG. 10.

(Second Embodiment)

20 FIG. 11 shows a sectional view of an imaging
apparatus according to a second embodiment of this
invention. This imaging apparatus also has a rear
irradiation type Strﬁcture which light enters from the
direction indicated by arrows. This imaging apparatus

25 is different from the imaging apparatus shown in FIG. 1
in that a phqtosensor 1 does not have a columnar

electrode 12. In this case, an opening :13a for



ot her surface of the sem conductor wafer 31 according to the present

«enbodi ment, the visible light transmtting plate 21 and the lens unit 23
that are divided into parts nay be attached to and forned on the

10sem conductor substrate 2 after diced. Mreover, although the visible
light transmtting plate 21 is provided between the sem conductor substrate
2 of the pho:osensor 1 and the lens unit %z according to the present

enbodi ment, for exanple, a lens 25 equipped 15with an infrared cut filter
that only transmts 10% of infrared rays or |less can be used to create a

thin structure which, i.s not provided.w th the visible |light transmtting
plate 21 as shgﬁﬁnfﬁtﬁpé.alﬁpl€§§bgﬁﬂﬁ%&go&thnﬁfQ%NﬁQ§ééﬁP ows a

sectional wiewcol,an.lgR0LNA ARRAA! U ACGANDIA0 110, A Sacond qubodiment of

this invention. i'S i magi ng apparatus al so ha rear irra |onr}ype

structure whi choligltr entens stHomitihe & rectian ddicated By arroms, s Thi s
i magi ng apparatus 25is different fromthe i naging apparatus shown in FIG 1
in that a phot esensar-ihgdees,enot. have a columar electrode 12..1-1 this
case, an opening 13a for - 17 - connecting a solder ball 14 to a | and
(externab connecti oThel ectalade) foflra M miang dd mead® it forged imide part of a
sealing film 13 corresponding to the land of the wiring line 9. 5The
sealing film 13esay be pade lofera yeeliyitn dés in the first embodiment,

a visible light transmitting plate 21 is provided

between a semiconductor substrate 2 of the photosensor

1 and & lens unit 23 in the present embodiment.

10 However, for example, a lens 25 equipped with an
infrared cut filter that only transmits 10% of infrared
rays or less can be used to create a thin structure
which is not provided with the visible light
transmitting plate 21 as shown in FIG. 12.

15 Wnile the embodiments of this invention have been
described above, this invention is not limited thereto,
and includes the scope of the invention defined by the
claims and their equivalents. The invention defined by
the initial claims of the present application is

20 additicnally noted below.

(Additional note)

An imaging apparatus, as sét forth in claim 1,
comprises a lens unit which light enters from one
surface thereof, and a photosensor provided on the

25 other surface of the lers unit, the photosensor

comprising a semiconductor substrate which the light

exiting from the lens unit enters from one surface



-

resin or a solder resist. As in the first enbodinent, a visible |ight
transmtting plate 21 is provi ded between a sem conductor substrate 2 of
the photosensor 1 and a lens unit 23 in the present enbodi nent. 10However,
for exanple, a lens 25 equipped with an infrared cut filter that only
transmts 10% of infrared rays or |l ess can be used to create a thin
structure which is not provided with the Yh:igle light transmtting plate
21 as shown in FIG 12. 15Wile the enbodiments of this invention have been
descri bed above, this invention is not limted thereto, and includes the

scope of the inyention defjned by the clainms and their equivalents, The
i nvention defiﬁé&rﬁﬁ%fhSW%ﬂ%ﬁ?&P%8F§Fﬁ§I8 tﬁ%?%%ﬁiﬁ%% %ﬁiﬁqﬁxﬁq%n?is

20addi ti onal |y pgred el ow,  Addichi anal oLl JmgiNg. JpaALus, B set

forth in claim conprises a lens unit ght enters fromone surface

thereof, and a,phetesensal-dNQw:ded spp dhe 250t her surface of the |ens
unit, the photosensor conprising a sem conductor substrate which the Iight

exiting fromthe | enseuninta gHEHIaremNe SEFEGR to B aid hereof ,sand a
phot oel ectric conversion device and a connection pad which are provided on
the othep surfdcetaf ihhelsdm @onducttork rsuhsigrdtses a visible light
transmitting material having a visible light
transmission factor of 90% or more and having an
infrared transmission factor cf 10% or less between the
semiconductor substrate and the lens unit.

10 In the imaging apparatus according to claim 2, as
set forth in claim 3, the visible light transmitting
material includes one of materials selected from the
group consisting of glass, a methacrylic resin, a
fluorene resin, & cycloolefin polymer, an epoxy resin,

15 polyethylene, polystyrene, an AS resin, polyethylene
terephthalate, a vinylidene chloride resin,
polycarbonate, and a light-blocking ceramic.

In the imaging apparatus according to claim 1, as
set forth in claim 4, the photosensor comprises an

20 insulating film provided on the other surface of the
semiconductor substrate, a wiring line provided on the
lower surface of the insulating film to be connected to
the connection pad, a columnar electrode provided under
a land of the wiring line, and a sealing film provided

25 around the columnar electrode under the wiring line and

under the insulating film.

Ir the imaging apparatus according to claim 4, as



The i magi ng apparatus according to claim1l, as set 5forth in claim2,
further conprises a visible light transmtting naterial having a visible
light transm ssion factor of 90% or nore and having an infrared

transm ssion factor of 10% or | ess between the sem conductor substrate and
the lens unit. 10In the imagi ng apparatus according to claim2, as set
‘forth in claim3, the visible light transgigtting material includes one of
materials selected fromthe group consisting of glass, a nethacrylic resin,
a fluorene resin, a cycloolefin polyner, an epoxy resin, 15pol yethyl ene,

pol ystyrene, anAS fesin, [pehyethyl ene darenhihalate 4 jimdd depechl ori de
an& a |1 gnht nthe i :

resin, polycarbonate, I -Bl ocking ceranic. magi ng

appar at us accor@ingfiQneldi M1Lctd$ el ff UHD did «ds@ifB. the photosensor
conprises an 20insulating filmprovided on the other surface of the

sem conduct or subst r@at &hed Wading ldgpes R dedothe dowera surf aces of the
insulating filmto be connected to the connection pad, a columar el ectrode
provi ded under satl dadtof ihhelwim g Ithwe phand serseal idwgnd+bilsagpraovi ded
25around the columar el ectrode under the wiring |ine and under the
insul ati hg fil mnsiud atthed dadmgrappateat us ddeorcdineg tsoagiemof, @
semiconductor substrate, a wiring line which is
provided on the lower surface of the insulating film to
be connected to the connection pad and which includes a
land as an external connection electrode, and a sealing
10 film provided in a region under the insulating film
including the wiring line except for the land of the
wiring line.

In the imaging apparatus according to claim 6, as

set forth in claim 7, a solder ball is provided under
15 the land of the wiring line of the photosensor.

In the imaging apparatus according to claim 1, as
set forth in claim 8, a lens constituting the lens unit
is equipped with an infrared cut filter that only
transmits 10% of infrared rays or lesé.

20 An imaging apparatus manufacturing method, as set
forth in claim 9, comprises disposing a lens unit on
the other surface of a semiconductor wafer of a
photecsensor, a photoelectric conversion device region
and a connection pad being provided on one surface of
25 the semiconductor wafer.
In the imaging apparatus manufacturing method

according to claim 9, as set forth in claim 10, a



- 19 - set forth in claim5, a solder ball is provided under the col umar
. el ectrode of the photosensor. I'n the imagi ng apparatus according to
.claim1, as set forth in claim®6, the photosensor conprises an 5insulating
filmprovided on the other surface of the sem conductor substrate, a wiring
line which is provided on the |ower surface of the insulating filmto be
‘connected to the connection pad and whichopncLudes a | and as an external
connection el ectrode, and a sealing 10 filmprovided in a region under the
instilating filmincluding the wiring Iine except for the |and of the

wiring line visiph@ hAGATRGLAGHARRALA! uhRGEANdIAG ke & AlimiG s set
forth in claim?7, a solder i's proviided under 15the’land of the wiring

line of the phqtl@mnw:ansmlssmhn ke oM@ Y sapRamlries AACC diitg toy claim
1, as set forth in claim8, a lens constituting the lens unit is equipped

mnth an infraredfeutret ktrafhstrhats ionl ¥ atcrcans mift 9 020%rofl s riar ed avayk: Dr

| ess. 20An i nmagi ng apparatus manufacturing nethod, as set forth in claim?9,
conpri ses di spositngea ltérs seniit ool uche rotshiers tsardkacedoft e Semiscamduct or

waf er of a photosensor, a photoel ectric conversion device region and a
connecti &n pad bei ng}”prté\ﬁ d&d I3m Jo P PR tatte e sttt Siard dsidict or waf er .

In the imagi ng appar atus manuf act uring net hod accordln%_to cIa|n19 as set
forth in C|aln@f§or§1ng to claim 10, as set forth in aim 11,

visible light transmitting material includes one of
materials selected from the group consisting of glass,
a methacrylic resin, a fiuorene resin, a cycloolefin
10 polymer, an epoxy resin, polyethylene, polystyrene, an
AS resin, polyethylene terephthalate, a vinylidene
chloride resin, polycarbonate, and a light-blocking
ceramic.
In the imaging apparatus manufacturing methoa
15 according to claim 9, as set forth in claim 12, an
external connection electrode connected to the
connection pad is formed, and the semiconductor wafer
is diced to obtain imaging apparatuses.
The imaging apparatus manufacturing method
20 according to claim 1C, as set forth in claim 13,
further comprises forming a solder ball under the
externa: connection electrode before disposing the
visible light transmitting material.

The imaging apparatus manufacturing method

N
(@2

according to claim 13, as set forth in claim 14,
further comprises grinding the upper side of the

semiconductor wafer after forming the solder balil.



- 20 - visible light transmtting material having a visible |ight

+transm ssion factor of 90% or nore and having an infrared transm ssion
factor of 10% or less is provided between the sem conductor substrate and
the lens unit. In the inmagi ng apparatus manufacturing net hod
according to claim 10, as set forth in claim1l, the visible Iight
transmtting material includes one of naterials selected fromthe group
consisting of glass, a nethacrylic resin, a fluorene resin, a cycloolefin
pol ymer, an epoxy resin, polyethylene, polystyrene, an AS resin,

pol yet hyl ene tereph%@glq%%@f%dna 'Jﬂ%@%%‘HQ%HE&%%JE¥HdLmé¥%y ar bonate, and
1 C 'nth

a |ight-blocking ceram c. e 1 magl ng appar at'us nmanufacturing

met hod accordi g teq¢hal M9.c183 S8l f At Rdh (Al 12,c 180 nextser nal
connection el ectrode connected to the connection pad is formed, and the

sem conduct or wafehelrs @hged sk@ @btraixA nigMBgigi® taRRaArA US®S to the The

i magi ng appar atus manufacturing nmethod according to claim 10, as set forth
in claim 13, fuhibkenfcamerissasiefrobaiing of Soledetentaldndunderr twief eaxt er na
connection el ectrode before disposing the visible light transmtting

materi al 5 beTheel magdinng nap paratups emamifcgc tafr ithg rernhogdracsdradi ng to
claim 13, as set forth in claim 14, further conprises grinding the upper

si de of the semiadendadtter wWafrevingf ttéve fsorlfiary dend sairdedeigidhing the - The
i magi ng appar atus manufacturing nethod according to claim 14, as set forth
in claim 15, fBFOREFTAFFpHedEs EfFitx iCRFPL Prct égﬁ VeJap@itto the side of
the sol der ball of the sem conductor wafer befongggriﬂgiqg Egﬁagfper si de
of the seniconductor FA%ETS GG HHe oYt Ba 19 dh achi ng the
protective tape after disposi,ng t | ens unit . In the . i ng

appar at us rranufagcctotfrdilr?g? sr%é)t hcol(fq‘éncg%r’diansg Steor{ o Oaritn}% 12} Cgsalsmet1 eg’grgﬁ hinclaim

16, a 109 ring,Jife g s provided on dhe Jiovsre susface, afeddie dnsulating fil m

to be connected to thé’conneptlon pa ummar el ectrode as t he external
- connection el egty:0de tii$ Preavirded, wadels i dand; of, the widdhgdide pand a

sealing filmis provided around the col umar 15el ectrode under the
insulating film idoh#hiag 41k trode as the external connection
electrode is provided under a land of the wiring line,
and a sealing film is provided around the columnar
15 electrode under the insulating film including the
wiring line.
In the imaging apparatus manufacturing method
according to ciaim 12, as set forth in claim 17, a
wiring line is provided on the lower surface of the
20 insulating film to be connected to the connection pad
and includes a land as the external connection
electrode, and a sealing film is provided in a region
under the insulating film including the wiring line
except for a land of the wiring line.
25 In the imaging apparatus manufacturing method
according to claim 9, as set forth in claim 18, a lens

constituting the lens unit is eguipped with an infrared



wiring line. In the imagi ng apparatus manufacturing nethod according
«to claim 12, as set forth in claim17, a wiring line is provided on the
lower surface of the 20insulating filmto be connected to the connection
pad and includes a | and as the external connection el-ectrode, and a sealing
filmis provided in a region under the insulating filmincluding the wiring
1ine except for a land of the wiring | Lne,,25L.n the inmagi ng apparatus
manuf act uri ng met hod according to claim9, as set forth in claim18, a |lens
constituting the lens unit is equipped with an infrared - 22 - cut filter
that only transil s JGof A IANGA SARPILS OFF: of infldbddedymaling
appar at us manufacturing nethod according to claim 10, as set forth in claim
19, each 5photgsensor formation region is electrically tested, and when
there is a photosensor formation region judged to be defective, the visible
light transmtting nafefalimed ddiedenss ud tnader fotudispasechoa the
phot osensor formation region judged to be defective. 10Additi onal
advant ages and amediddicat itensMiinl readid ysaccioritto irhoskaiskild ,eccaaht he
art. Therefore, the invention in its broader aspects is not |imted to the
speci fi c 5det ai Ipg cetreds emeyprre sferiratt vver erdpidi et s Ishownt cenldL estttied her ei n.
Accordi ngly, various _

ard when there is a photosensor formation region judged

to be defective, the visible light transmitting
material and the lens unit are not dispcsed in the
photosensor formation region judged to be defective.

10 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various

15 modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



15nodi fications may be made w thout departing fromthe spirit or scope of
.the .general inventive concept as defined by the appended clains and their
equivalents. - 23 - WHAT IS CLAIMED | S: 1. An inmagi ng apparat us
conpri si ng: a lens unit which Iight enters fromone surface thereof;
and 5a photosensor provided on the other surface of the lens unit, the
‘phot osensor conprising a seniconductor_suggtrgte whi ch the light exiting
fromthe lens unit enters fromone surfacé thereof, and a photoelectric
conversion device and a connection pad which are 10provi ded on the other
surface of the sem conductor sub .- Jhe i magi ng apparat us
according to claim1, further coﬁ’%]{}ieltsﬁsg %L]HD%’?%I%% ight transmtting

mat eri al having a vi;si ble Li 2} t ] SSI M. 15 90% or nore and
. . 15! Ol il aa'bgiﬂrs N &f& :
havi ng an infrared transm ssi ﬁngc r 6%h§0°oo J$%§§§%etmeen_the
sem conduct or subst ratieand,fihe Jiens Widht enters Frob&ddreging &pparat us
according to claim2, wherein the visible light transmtting nateri al
20i ncl udes one tofe fERtrer izalss sel ected fromthe group
5 a photosensor provided on the other surface of the
lens unit, the photosensor comprising a semiconductor
substrate which the light exiting from the lens unit

enters from one surface thereof, and a photoelectric

conversion device and a connection pad which are

10 provided on the other surface of the semiconductor
substrate.
2. The imaging apparatus according to claim 1,

further comprising a visible light transmitting
material having a visible light transmission factor of
15 90% or more and having an infrared transmission factor
of 10% or less between the semiconductpr substrate and
the lens unit.
3. The imaging apparatus according to claim 2,
wherein the visible light transmitting material
20 includes oﬁe of materials selected from the group
consisting of glass, a methacrylic resin, a fliuorene
resin, a cycloolefin peclymer, an epoxy resin,
pclyethylene, polystyrene, an AS resin, polyethylene
terephthalate, a vinylidene chloride resin,
25 polycarbonate, and a light-blocking ceramic.
4. The imaging apperatus according to claim 1,

wherein the photosensor comprises an insulating film



consisting of glass, a nethacrylic resin, a fluorene resin, a cycloolefin
pol ynmer, an epoxy resin, polyethylene, polystyrene, an AS resin,

.pol yet hyl ene terephthal ate, a vinylidene chloride resin, 25polycarbonate,
and a |ight-blocking ceramc. 4. The imagi ng apparatus according to
claim1l, wherein the photosensor conprises an insulating film - 24 -

‘provi ded on the other surface of the sgniﬁgndgctor substrate, a wiring |line
provi ded on the | ower surface of the insufdting filmto be connected to the
connection pad, a columar el ectrode provided under a 5land of the wiring
line, and a sealing filmprovid around the col umar el ectyode under the
wiring line an@rﬁﬁggﬁdtﬁg!Q%§m4§ﬂ%ﬁ;ﬁﬁﬁﬂﬁce ot the SeB.C Cfﬁﬁbing
apparat us according Laccl al mit; dphaneln 3 SAlfer halld § povidad dinder the
col umar 10el ectrode of t he phot osensor . 6. The i'magi ng apparat us
according 1o Clal b sehenei] dhe NRPLOS GRS QLGRS e Apd nsul ating film

‘provided on the other surface of the sem conductor substrate, a wiring |line
which is provi dedrerttibe lRwer a12surifaes @fi dhe ddesWatiing d iddad:o be
connected to the connection pad and which includes a | and as an external
connecti 6n el edtmode,f ame & iseald ndrfd,| mrer evisded iiny & inegigaowinder t he
insulating filmincluding the wiring |ine except for the land of the wiring
|l ine. 207. The anwagichd hap parlatus: racderadimgia airclead mhe, wihemgy i iaes alrger

ball is provided under the |and of the wiring line of the photosensor.

8. The i magi ng uvasisar athgs iasedediimg tfg lel-aim 1, wherein a lens constituting

the lens unit is equi pped . , , ,
5. The imaging apparatus according to claim 4,

wherein a solder ball is provided under the columnar

10 electrode of the photosensor.

6. The imaging apparatus according to claim 1,
wherein the photosensor comprises an insulating film
provided on the other surface of the semiconductor
substrate, a wiring line which is provided on the lower

15 surface of the insulating film to be connected to the
connection pad and which includes a land as an external
connection electrode, and a sealing film provided in a
region under the insulating film including the wiring
line except for the land of the wiring line.

20 7. The imaging apparatus according to claim 6,
wherein a solder ball is provided under the land of the
wiring line of the photosensor.

8. The imaging apparatus according tc ciaim 1,
wherein a lens constituting the lens unit is equipped

25 with an infrared cut filter that only transmits 10% of
infrared rays or less.

9. An imaging apparatus manufacturing method



25w th an infrared cut filter that only transmts 10% of infrared rays or

| ess. 9. An inmaging apparatus manufacturing nethod - 25 -

.conpri sing: di sposing a lens unit on the other surface of a

sem conduct or wafer of a photosensor, a photoel ectric conversion device
region and a connection pad being 5provi ded on one surface of the

'sem conduct or wafer. 10. The inagi pg apparatus manufacturing method
according to claim9, wherein a visible light transm'tting material having
a visible light transm ssion factor of 90% or nore and having an 10i nfrared
transm ssion factor .af 1Q%or less is provided between the semn conductor
substrate and the [ens unit. 11. The i magi ng apparatus manufacturing

met hod according to GlydBily aersl ndihe o il &ddghtsdransmd£ing
material includes one of materials 15sel ected fromthe group consisting of

gl ass, a nethagkwiicent@Sitdhr &afd40rENe BYtbsah W] aolBfdtdb pRlErc an
epoxy resin, polyethylene, polystyrene, an AS resin, polyethylene
t er epht hal at e, canviemgliiothe e vdldeoriedg oresiny Ppaloraardianrat eyadame ing
| i ght - bl ocki ng 20ceram c
5 provided on one surface of the semiconductor wafer.

10. The imaging apparatus manufacturing method
according to claim 9, wherein a visible light
transmitting material having a visible light
transmission factor of 90% or more and having an

10 infrared transmission factor of 10% or less is provided
between the semiconductor substrate and the lens unit.

11. The imaging apparatus manufacturing method
according to claim 10, wherein the visible light
transmitting matefial includes one of materials

15 selected from the group consisting of glass, a
methacrylic resin, a fluorene resin, a cycloolefin
polymer, an epoxy resin, polyethylene, polystyrene, an
AS resin, polyethylene terephthalate, a vinylidene
chloride resin, polycarbonate, and a light-blocking

20 ceramic.

12. The imaging apparatus manufacturing method
according tc claim 9, wherein an external connection
electrode connected tc the connection pad is formed,
and the semiconductor wafer is diced to obtain imaging

25 appraratuses.

13. The imaging apparatus manufacturing method

according to claim 10, further comprising forming a



12. The i magi ng apparatus manufacturing nethod according to claim9,
wher.ei n an external connection eleCrode connected to the connection pad is
forned, and the sem conductor wafer is diced to obtain inaging

25appar at uses. 13. The i nmagi ng apparatus manufacturing net hod
according to claim 10, further conprising formng a - 26 - sol der bal
under the external connection el ectrode before disposing the visible |ight
transmtting material. 14. The i maging apparatus nanufacturing

met hod 5according to claim 13, further conprising grinding the upper side

'magi g appar afis TnGradr U175 Ao Sadbr H g s G iR T her |
conpri sing affixi a_l r tive to t. i the sol der ball of
the sem conductb)érf%\%aef gﬁ%ﬁ%&?gr@nd’i&%‘%}t e lul etf t%leadie OF 1 rggoserri conduct or

waf er after forjpnRg;t.he sol der ball, and detaching the protective tape
after disposing the lens unit. 1516. The inmagi ng apparatus nmanufacturing

met hod according to iof ai mH2,ihene) skt ol atdmegrddd ue i:5g provheled on the
ot her surface of the sem conductor substrate, a wiring line is provided on

the | oweb surf aceafdihke donsilladtd NG ,f idundie beegnnectred dxiddieng the
20connection pad, a columar el ectrode as the external
upper side of the semiconductor wafer after forming the
solder ball.
15. The imaging apparatus manufacturing method
according to claim 14, further comprising affixing a

10 protective tape to the side of the solder ball of the
semiconductor wafer before grinding the upper side of
the semiconductor wafer after forming the solder ball,
and detaching the protective tape after disposing the
lens unit.

15 16. The imaging apparatus manufacturing method
according to claim 12, wherein an insulating film is
provided on the other surface of the semiconductof
substrate, a wiring line is provided on the lower
surface of the irsulating fiim tTo be connected to the

20 connection pad, a columnar electrode as the external
connection electrode is provided under a land of the
wiring line, and a sealing film is provided around the

columnar electrode under the insulating film including

the wiring line.

N
Ul

17. The imaging apparatus manufacturing method
according to claim 12, wherein an insulating film is

=

provided on the other surface of the semiconductor



connection electrode is provided under a |land of the wiring line, and a
sealing filmis provided around the columar el ectrode under the insulating
filmincluding the wiring line. 2517. The inagi ng apparatus manufacturing
met hod according to claim 12, wherein an insulating filmis provided on the
ot her surface of the sem conductor - 27 - substrate, a wiring line is
provi ded on the | ower surface of the insulbating filmto be connected to the
connection pad and includes a | and as the external connection el ectrode,
and a sealing filmis provided in a region under the insulating film

including the wti i.ne_e for. a l.and of .the wring I, ne, 18.
The i magi ng apggﬁéggékﬁanﬁfgg?ﬁ%ﬁnglﬁgtﬁ&dF§€86P§Fn§“t& C $Q%%f wherein a

lens constitutingeLhe Io?n%h%n:ﬂnlfsi}ﬁa% WigPRad M th an cio’?nfnreacrtee‘liigccl&r drd ter

that 10only transmts 10% o ared rays or |ess. he 1 magi ng

appar at us nmanutaghetitignmphRod naceerdiRg st @ aladidma10.c nehengidygach
phot osensor formation region is electrically tested, and when there is a

phot osensor foegahicen ibegeorcitudged tode badefiect itvam tihe pHsiilley lirght
transmtting material and the lens unit are not disposed in the photosensor
formati ob regi enregdgedundelye tief écisiMeting film including the wiring

line except for a land of the wiring line.

18. The imaging apparatus manufacturing method
according to claim 9, wherein a lens constituting the
lens unit is equipped with an infrared cut filter that

10 only transmits 10% of infrared rays or less.

19. The imaging apparatus manufacturing method
according to claim 10, wherein each photosensor
formation region is electrically tested, and when there
is a photosensor formation region judged to be

15 defective, the visible light transmitting material and

the lens unit are not disposed in the photosensor

formation region judged to be defective.



