1 LIGHT-RECEI VING DEVICE 5 TECHNI CAL FI ELD [0001] The present
invention relates to a substrate provided wth a light receiving

el enent, a sealing nenber and a |ight- receiving device conprising a
transparent cover. 10 BACKGROUND ART [0002] Since a |ight receiving
elenment is required to precisely capture incident light in a

i ght-receiving device, it 15 is needed to isolate thereof froman
external atnospheric air such as noi stdre air and the like. Here, a
transparent cover of a glass plate or the |ike is generally provided
above the light receiving element, and the |Iight receiving el ement
is isolated fromthe external atnospheric air by a manner descri bed
below. 20 [0003] Typically known nethods for protecting the |ight
receiving elenent fromthe exterior include a nethod for shielding
agai nst an external noisture BYCRT{RECRIVINGeDEVIflit receiving el ement
region with a resin and in addition include a nmethod for 25 shielding
agai nst an external noisture by surrounding a circunference of a
light receiving elenment region with a resin while a region above the
i ght receiving elenent region is 2 remained as in a hollow
struct ug e whddmauhy fedgbng thereof with a resin (Patent Literature 1
and 2). Here, an epoxy resin is

[0001]_ The present invention-relates to a substrate provided
with a light receiving element, a sealing member and a light-
receiving device comprising a transparent cover.

10

BACKGROUND ART

t0002] Since a light receiving element is reguired to
precisely capture incident light in a light—receiving device, it

15 is needed to isclate thereof from an external atmospheric air such
as moisture air and the like. Here, a transparent cover of a
glass plate or the like is generally provided above the light
receiving element, and the light receiving element is isolated
from the external atmospheric air by a manner described below.

20
[00Q3] Typically known methods for protecting the light
receiving element from the exterior include a method for shielding
against an external moisture by filling the light receiving
element region with a resin and in addition include a method for

25 shielding against an external moisture by surrounding a
circumference of a light receiving element region with a resin °

while a region above the light receiving element region is




enpl oyed for the above-described resin. [Patent Literature 1] 5

[ 0004] Japanese Lai d- Open Pat ent Publication No. 2004-31,939 [ Patent
Literature 2] [0005] Japanese Lai d-Open Patent Publication No.

2002- 329, 852 [0006] Docunent US2003/020076 A discloses a

i ght-receiving device wth a sealing nenber made of resin. Docunent
US2003/ 0051751 A 10 discl oses the use .pof norbornadi ene as a seal ant
for solar cells. Docunent JP-A-2004 7726 di scloses various olefin
resins. DI SCLOSURE OF THE | NVENTI ON 15 [ 0007] Nonet hel ess, in the

i ght receiving elenent having the structure that isolates the Iight
receiving elenment fromthe exterior by enploying an epoxy resin,
nmoi st ure mepaseRsphapnin keholiqyhstregairei wig-hehenitl iporthegros udhint dat
the epoxy resin na%%tabsorb noi sture. This nmay cause a haze in a

surface of'Phe (FPGREC 2O TRPEREING h@¥ éhentieTReftl FHOXD TESER e
degr adat | %nghgye% eb gl %ﬁ&ﬁé—‘éieggrirb%hi Qss:FN€ present invention has
e t he

been concel In view o oregoi ng situation, and an object of
t he presentratementtomdusetn] 25 provide a light-receiving device that
is hard to absorb water fromthe exterior and exhibits less tine

degr adat i d@0P4] theahégphiaid-epenviagpntabuln.icdtigr)008]208dedt 438y to t he
present invention, there is provided a |ight-receiving device as
reci ted i nfeFEMIite i FRet] advant ageous enmbodi nents are recited in

the dependgphsf!AL0Rsse Laid-open Patent Publication No. 2002-329,852
[0006] Document US2003/020076 A discloses a light-receiving device
with a sealing member made of resin. Document US2003/0051751 A
10 discloses the use of norbornadiene as a sealant for solar cells.

Document JP-A-2004 277726 discloses various olefin resins.
DISCLOSURE OF THE INVENTION

15 [0007] Nonetheless, in the light receiving element having the
structure that isolates the light receiving element from the
exterior by employing an epoxy reéin, moisture may seep in the
light receiving element portien such that the epoxy resin may
absorb molsture. This may cause a haze in a surface of the light

20 receiving element, leading to a time degradation in a light-

receiving ratio.

The present invention has been conceived in view of the
foregoing situaticn, and an object of the present invention is to
25 provide a light-receiving device that is hard to absorb water from
the exterlor and exhibits less time degradation in the light-

recelving ratio. .




5 [0009] Since the light receiving elenment of the present invention
enpl oys the sealing nmenber containing a cyclic olefin resin, which
exhi bits | ower hygroscopicity, water seeping in the |ight.receiving
el enent portion can be effectively inhibited. 10 This can provide a
i ght-receiving device with a reduced tine degradation in a

i ght-receiving ratio. BRI EF DESCRI PTI ON OF THE DRAW NGS 15 [ 00010]
The above and ot her objects, advantaged and features of the present
invention will be nore apparent fromthe following description taken
in conjunction with the acconpanyi ng drawi ngs as described bel ow. 20
[00011] Fig. 1 is a cross-sectional view of a |ight-receiving

device, in which a gap between a light receiving elenent and a
transparent cover nenber is with a sealing nenber. Fig. 2 is a
Cross-sect iwél Avecemliof o lthghtraseoei ivegtdeyi cherdaw pgoaidedl & ow
structure that enploys no adhesive agent. 25 Fig. 3 is a

Cross- sect}rlcﬂlilérr‘?ﬁeéwlﬁﬁ %?VFLFah’t& FeEErSA HQ ﬂlea\,ltﬂcg eEfPbeg alvRBFIRUS

structure that ern ys a%da S|v§hg Nt 19c1 iS a cross-sectiona
view of a THgRE™ rece|V|n devt cé Qﬁ\ﬁﬁ FEVE chip size
packagq5(CSP) structure haV|ng a hol | ow structure t hat enpl oys an

adhesi ve agent. 5 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [ 0012] A
|'i ght-recefaongy devi cdnoé theelpgiesenteivivgntlamenti bf the preseri bed as
follows in reference to exenplary inplenentations by
invention employs the sealing member containing a cyclic olefin
resin, which exhibits lower hygroscopicity, water seeping in the
light receiving element portion can be effectively inhibited.
10 This can provide a light-receiving device with a reduced time

degradation in a light-receiving ratio.
BRIEF DESCRIPTION OF THE DRAWINGS

15 [00010] The above and other objects, advantages and features
of the present invention will be more apparent from the following
description taken in conjunction with the accompanying drawings as

described below.

20 [00011)] Fig. 1 is a cross-sectional view of a light-receiving
device, in which a gap between a light receiving element and a
transparent cover member is with a sealing member,.

Fig. 2 is a cross-sectional view of a light-receiving device
having a hollow structure that employs no adhesive agent.

25 Fig. 3 is a cross-sectiocnal view of a light—receiviﬁg device
having a hollow structure that employs an adhesive agent.

Fig. 4 is & cross-sectional view of a light-receiving device




appl yi ng thereof to conplenentary netal -oxi de sem conduct or (CMOS)
10 i mage sensors having different types of configurations. In
addition to above, the light-receiving device of the present
invention is not limted thereto, and nmay include various

enbodi nents such as charge-coupl ed device (CCD) and the like, in
addition to a CM3S i mage sensor. A CMJS image sensor is formed on 15
a support, and includes a |light receiving elenment. A support 1is a
silicon wafer including a plurality of integrated circuits that
constitute other image sensors. [0013] 20 (FIRST EMBODI MENT) Fig. 1
is a diagram show ng a schematic structure of a |ight receiving

el enent acdordiafgrt betdlecpirsent padkedentlRP) Suoirtuke glvineceihell hoy
el enent includes a substrate 1, a _light receiving elenent 2 provided
on a surf SEEUBFHNEPRFEIPIAYS 21, 2N FYRsFFEENnt 25 cover 6 provi ded
above such surface, and a sealing nenber 5, which 1is provided to
fill a gap between the substrate 1 and the transparent cover 6 and
adopted for providing a seal for the light 5 receiving elenment 2
fromthe exterior thereof. The sealing nenber 5 is conposed of a
materi & GESTaMGIIENGOR GARREONGI@E THSIINVENTE®N | ght receiving el enent 2
on the support 1 is presented 5 by a two-dinensional array of pixel
sensors conposed of photoelectric regions 4 and m crol enses 3, and

S I o PRSP IRy ot R U S ) Ly
si zes described as follows in reference to exemplary implementations by
applying thereof to complementary metal-oxide semiconductor (CMOS)
10 1image sensors having different types of configurations. 1In
addition to above, the light-receiving device of the present
invention is not limited thereto, and may include various
enbodiments such as charge-coupled device (CCD} and the like, in
addition to a CMOS image sensor. A CMOS image sensor is formed on
15 a support, and includes a light receiving element. A support 1 is

a silicon wafer including a plurality of integrated circuits that

constitute other image sensors.

[0013]
20 (FIRST EMBODIMENT)

Fig. 1 is a diagram, showing a schematic structure of a
light receiving element according to the present embodiment. Such
light receiving element includes a substrate 1, a light receiving
element 2 provided on a surface of the substrate 1, a transparent

25 cover 6 provided above such surface, and a sealing member 5, which
is provided to fill a gap between the substrate 1 and the

transparent cover 6 and adopted for providing a seal for the light




and nunber of the pixel sensors, and the arrangenent thereof 10
ordinarily includes several hundreds to several thousands of pixel
sensors per one colum or one row. [0014] An arrangenent of

m crolenses 3 is forned on the photoelectric region 4. The

m crol enses 3 are arranged 15 correspondi ng to individual

photoel ectric regions 4, respectively. Concerning these mcrol enses
3, cylindrical optical l|enses can be #Pformed by, for exanple,
conparting a |layer conposed of a transparent resin (including a
photo resist) having a refractive index of 1.3 to 2.0 into
predeterm ned geonetries via a 20 photolithographic processes or the

ke, and thefeOR] 10eiNe LoRANRBALLN:bESE rgéftherh%eéeoa%hére%eﬁ

conpartnents via a thernal processing, rounding a corner t

utilizing & isucbaseedt enNsi aatanidilt bemLaohg Y nbheserhe Jdese

m crolenses 3 ordinarily have widths of about 2 to 6 pn, and heights
of about 1 to 2 pun. 25 These light receiving elenents are w apped up

by the sealing 5 so.as to_be in contact with and, enmbedded by
the sealing nerﬁlrg% N?qeéﬁélb%re&ﬁ{“e]&%\?ef’nﬁes SPPRRAtdedl o reRgRted

seal i ng; mefber . §,_ qﬁmeﬁ‘siérﬁ'itavéaﬁﬁgﬁ? }E{He‘iuggnéoﬁg Ecgr?pioisg . Jenver .5 from

above of such transparent co to reach tot recei vi ng

el enent. Thetseadddrd cnesdions5s CORt Al &S 12nbOS QI BeNEHieShdy SO that 5
advant ageous effects such as | ess absorbability of external

nmoi st ure, #lasgndetwenlivohaitd enstandad térgiburacienvi My dakge,reselttgion
manufacturlnag_S tablllty and the |i ke, can be obtained. The
nor bor nene™ s FAS MEF 95> BIS8E A & f OHAYSS ove CeERTTNEdgpY tthe sizes

and number of the pixel senscrs, and the arrangement thereof
10 ordinarily includes several hundreds to several thousands of pixel

SeNnsSQrs per one column or one row.

i0014]An arrangement of microlenses 3 is formed on the
photoelectric region 4. The microlenses 3 are arranged

15 corresponding to individual photoeiectric regions 4, respectively.
Concerning these microlenses 3, cylindrical optical lenses can be
formed by, for example, comparting a layer composed of a
transparent resin (including a photo resist) having a refractive
index of 1.3 to 2.0 into predetermined geomeiries via a

20 photolithographic processes or the like, and then melting the
transparent‘resin of the respective compartments via a thermal
processing, réunding a corner thereof by utilizing a surface
tension and then cooling thereof. These microlenses 3 ordinarily
have widths of about 2 to 6 pm, and heights of about 1 to 2 um.

25 These light receiving elements are wrapped up by the sealing
member 5 so as to be in contact with and embedded by the sealing

member 5. A transparent cover 6 is provided on the sealing member




seal ing nenber 5, or nmay be present locally in portions of the 10
sealing nenber 5. It is preferable that the norbornene resin is

enpl oyed as a mgj or constituent of the sealing nenber 5. [0015] Next,
a nmethod for manufacturing the above-described |ight- receiving
device will be described. On a sem conductor substrate 15 including
the Iight receiving el ement having mcrol enses 3 disposed
correspondi ng to each of the photo ac6%ptance regions forned thereon
and surface electrodes formed in regions except the regions having

m crol enses, a norbornene_resin having epoxy group and a resin
conposition containing a crosslinker are applied by 20 enploying a
Spi n coat &7. andliahe fhdsed tirhatie 8<608ld Rembdd M FrdmikbBes ,ofasuch
transparent cover is disposed on such coating film and then the
entire théresfrizenhesded fota reeppercate elight SOyl ee eCemengt.250
degree Cto join thereof. As such, the light-receiving device as
shown in Fig. 1 is obtained. 25 [0016]In an exanple not part of this
| nvention, an eRgX%el el nkRoe:Ol! EhGARY N OB dh ORI QY ed, Lol NE
above-descri bed seal I ng menber In place of a cyclic olefin resin

havi ng sepoxiyagt édus aEecs 8Bl adi fdser ghaavhpi B tvebr agltkygal ndex
between the light receiving elenment and the epoxy resin nmay causes a
pr obl em ofmoibbgicgléet yisitagiduatdcon o thkerdhherddeghting emeiivi fgptter
element is 5 Erotected so.as to he directly enbedded. in contact with

the epoxy ™PESITUIEDE tHEPH 1 HhABDI Ein &Fk‘?'e)éﬁei PRy RTRES- r &% vi ng
ratio of the light recetying elenent nay be ogeuried due .to a

deterioration _
sealing member 5, or may be present locally in portions of the

10 sealing member 5. It is preferable that the norbornene resin is

employed as a major constituent of the sealing member 5.

[0015] Next, a method for_manufacturing the above-described light-
receiving device will be described. On a semiconductor substrate

15 including the light receiving element having microlenses 3
disposed corresponding to each of the photo acceptance regions
formed thereon and surface electrodes formed in regions except the
regions having microlenses, a norbornene resin having epoxy group
and a resin composition containing a crossiinker are applied by

20 employing a spin coater and are dried to obtain a coating fiim.
Further, a transparent cover is disposed on such coating film, and
then the entire thereof is heated to a temperature of 50 degree C
te 230 degree C to jein thereof. As such, the light-receiving
device as shown in Fig. 1 is cbtained.

25
[0016] In an example not part of this invention, an epoxy resin is

often conventionally employed for the above-described sealing




of the epoxy resin on the light receiving el enent caused by a |ight
for a long-termuse. 10 In the present invention, a norbornene resin
havi ng epoxy group is enployed for the sealing nenber, so that the
above- described deterioration of the resin can be considerably
inhibited, and a suitable difference in the refractive index between
the 15 light receiving el enent and the epoxy resin can be ensured,

| eadi ng to achi eving a continuous sustai nnent of the focusing
ability. [0017] 20 (SECOND EMBODI MENT) Fig. 2 is a diagram show ng
a schematic structure of a light receiving el enent according to the
present enbodi nent. Such |ight receiving elenent includes a

Substral € renp@y |4 A pIECLLYI DGy Sl M2 ALONT A0A ANCABUEEEGE Gha

the substrate 1 and a 25 transparent cover 6 provi

surface thete0ér dAfsesdridegin eerastiteNPesedbefwanmBheriight
containing a norbornene resin is provided between the substrate 1
and t he treaespaiEnelenwdr agd thive eBoxs éabimgrayenderesbai srqplewi eed t o
surround the |ight receivingja elenent 2 in a position renmote fromthe

light recei®Ag QIURERT DIt fBPRSEhE TtibsPratend G the®
transpay eq&ro(‘teé,lrﬁéd %oa%‘? r%age adiéé%kig"&nB%ééaoqnf 85%‘%%5' ﬁla%hgﬁng ¥ty

si de t hereof. e sea ~menber I's conposed .
cont ai ni Ngre31A0r AIrAREE, eBidbleml BE SRBLENY TeIBer-2cEiNiGly eRsiAsra

spacer (dam) for formng

the light receiving element may be occurred due to a deterioration
of the epoxy resin on the light receiving element caused by a
iight for a long-term use.

10

In the present invention, a norbornene resin having epoxy

group is employed for the sealing member, so that the above-
described deteriocration of the resin can be considerably inhibited,
and a suitable difference in the refractive index between the

15 light recelving element and the epoxy resin can be ensured,

leading to achiéving a continuous sustainmert of the focusing

ability.

[0017]
20  (SECOND EMBODIMENT)

Fig. 2 is a diagram, showing a schematic structure of a
light receiving element according to the present embodiment. Such
light receiving element includes a substrate 1, a light receiving
element 2 provided on a surface of the substrate 1 and a

25 transparent cover 6 provided above the surface thereof. A sealing
member 5 composed of a material containing a norbornene resin is

provided between the substrate 1 and the transparent cover 6. The




a hollow structure between the transparent cover 6 and the |ight
receiving el enent 2. The sealing nmenber 5 may be joined to the 10
transparent cover 6 through the adhesive agent 7 as shown in Fig. 3.
The sealing nmenber 5 is conposed of a norbornene resin having epoxy
group, and nore preferably conposed of a photosensitive norbornene
resin having epoxy group. An addition of a photosensitivity provides
benefits such as an inproved mnrkabili%y, 15 hi gher | ocation accuracy
and higher uniformty in the dinmensional height. Further, the

seal ing nenber 5 containing the norbornene resin having epoxy group
is hard to absorb an external noisture, so that advantageous effects
such as prsedehig mgmsed GS$s Afrovi a6$ par etcaound e 16 pansReaeefingcover 6
can be obtained. 20 [0018] Next, a method for manufacturing the
above- desEAEBeR: i ghta peetieian ngnefeyifeem iibel lbghtdesesiiad. elgment 2,

hot osensi tive norbornepne  resin ¢ sition having epoxy group is
gppl i ed or?nph%?%nf%%rf Eiflbaftes&bg{'i(}ggge p?%\?fﬁ%}be% g‘f’l"‘%‘ué ﬁg‘?:%ﬁtseﬁses
3 by 25 ephoy) D8 -R: SPIBAOAUE cndndnbRelladl Sndifaled ARIOLIgd with a
hot plate to obtain a coating film An exposure to light 1s

conductted meMer FPAEt tARSsEOroff Qr Maigial deoRthbnihie aCoatdnagnéid Mesamd
then, is 9 heated to a tenperature of 50 degree C to 180 degree C
for several mnutes with a hot plate for accelerating a cross

i nking reaction. Next, dipping in devel oper is conducted for about
30 Seconds to  Hi%SBrrE% B Job e FBRT i Tne TRATEmbVAN( AEF dEFisd

a hollow structure between the transparent cover & and the light
receiving element 2. The sezling member 5 may be joined to the
10 transparent cover & through the adhesive agent 7 as shown in Fig.
3. The sealing member 5 is composed of a norbornene resin having
epoxy group, and more preferably composed of a photosensitive
norbornene resin having epoxy group. 2An addition of a
photosensitivity provides benefits such as an improved workability,
15 higher location accuracy and higher uniformity in the dimensional
height. Further, the sealing member 5 containing the norbornene
resin having epoxy group is hard to absorb an external moisture,
so that advantageous effects such as preventing a loss of
transparency in the transparent cover 6 can be obtained.
20
f0018] Next, a method for manufacturing the above-described light-
recelving device will be described. A photosensitive norbornene
resin composition having epoxy group is applied on the
_semiconductor substrate provided with the microlenses 3 by
25 employing a spin coater, and then, is heated and dried with a hot
- plate to obtain a ceoating film. An exposure to light is conducted

over portions for forming a dam in the coating f£ilm, and then, is




Further, a transparent cover is disposed on such coating film and
then the whole thereof is heated to a tenperature of 50 degree Cto
250 degree Cto join thereof. Alternatively, after heating the
coating filmto a tenperature of 50 degree C to 250 10 degree C, an
adhesi ve agent is applied on such coating film and a transparent
cover is disposed thereon, and joins thereof. As a result, a damis
formed so as to surround the |ight reciving elenent region, and
thus the light-receiving device of residue- free on the mcrol enses 3
is manufactured. 15 [0019] (TH RD EMBODI MENT) Fig. 3 and Fig. 4 are
di agrans, showi ng a schematic structure of a |ight receiving el enent

accordi ng ﬂé%ltreaetcpraeﬁgr%eraggrgrgpgbn@ébtreelz(i: %o 48§%\6§'e§ C for several
fa CMOS fe

cross-sectional view o I mge sensor, which has a wafer |eve
chi p size mackageri{tBSP) hat pueter&r thedlerating ypereds dinking reaction.

| i ght-receiving device shown in Fig. 3 and has a hollow structure of
t he preserfieytnvéiriiog. ipslevedasit ast ¢rduchd foscatbartng0 dearopds to
according to t?e pr esent egbodinent, t he sealing menber 5 is

di sposed sOSE9YD SUPPOIRRFCEMRCT PRt EEBTYA fG°EF¥ment 2 to join the
substraje 1 with the 10 transparent cover 6, and has a hol | ow
portion fornmed in the inner side thereof. An upper portion of the
seal i ng menber Buhamra &|@tansgeadi®t tyverand & ddoaB8 AT €0Eh COMEEnd S

provi ded on the surface thereof through an adhesive agent 7, as
required. ﬂiﬂ@,seggiuhgn the whole therecf is heated to a temperature of 50
degree C to 250 degree C to join thereof. Alternatively, after
heating the coating film to a temperature of 50 degree C to 250
10 degree C, an adhesive agent is applied on such coating film, and a
transparent cover is disposed thereon, and joins thereof. As a
result, a dam is formed so as to surround the light receiving
element region, and thus the light-receiwving device of residue-
free on the microlenses 3 is manufactured.
i5
[0019]
{THIRD EMBODIMENT}
Fig. 3 and Fig. 4 are diagrams, showing a schematic
structure of a light receiving element according to the present
20 embodiment. Fig. 4 shows a cross-sectional view of a CMOS image
senscr, which has a wafer level chip size package (CSP) structure
that is a type of a light-receiving device shown in Fig. 3 and has

2 hollow structure of the present invention.

25 [0020]In the light-receiving device according to the present
embodiment, the sealing member 5 is disposed so as to surround the

light receiving element 2 to join the substrate 1 with the




5 menber 5 is higher than the mcrolenses 3, and if the transparent
cover 6 is provided on the upper surface of the sealing nenber 5, an
air gap is forned between the mcrol enses 3 and the transparent

cover 6. Such sealing nmenber 5 has a height of about 5 to 40 pun and
a wdth of 100 to 1,000 pm Nonethel ess, a considerably 10 different
geonetry of the sealing nenber 5 may %ter natively be enployed
according to various types of factors such as a size of a pixel
sensor, a height of a mcrolens 3 and the Iike. [0021] After form ng
the sealing nmenber 5, a transparent cover 6 is 15 bonded thereto by
a heat. On this occasion, an adhesive agent 7 may be enpl oyed as
required. tAatdrenreos etdviengé adindshae aagenhtow/ posticappbined on tHee idpaer
surface of the sealing nenber 5. The adhesive agent 7 is selectively
appl i ed oFlfReheEaPt ng AReMRAT BOTHACR af sdeetr PHOnPeRGrpP dess§ &krf
the like, a trtanspar(gnt cover. 6 t20 is di sgosecg on t%% sea%aiccng menber
5, and t h&RCPHE YAdRES i ETAHERESTT i Vehr By BUPE TS RRr W SPF6t&ssi ng.
I'n the conhigilatheM@f ah NGinREES &Yfent ML Pélqalitrgg. seali DG, mRgber S5
having a predeterm ned height is provi ded to bond a wafer 10 Servi ng

as a sappakibdr ands HiydekranspanenticeoV@lses, 3 sGrdhat theC0OASiAkent
di stance between the 25 wafer 10 and the transparent cover 6 can be
provi ded, PEaHIhFStrovigdes|an &heigPren slyigemert thhepedfing Surefrelohdi ng

[ f bl di [ ' t
Bt ospher 87191 GaE SEoHITY AGRRCShd Erb 1 HE 10003 A PE: Fiararent

transpar enb,,€OVEr Sudis sBQDARA bAd NS HRPE nsufiace autt Berseal (g
menber 5, an interconnect is formed by enpl oying,

and a width of 100 to 1,000 um. Nonetheless, a considerably
10 different geometry of the sealing member 5 may alternatively be
employed according to various types of factors such as a size of a

pixel sensor, z height of a microlens 3 and the like.

[0021]After forming the sealing member 5, a transparent cover 6 is
15 bonded thereto by a heat. ©On this occasion, an adhesive agent 7
may be employed as required. A thermosetiing adhesive agent 7 is
applied on the upper surface of the sealing member 5. The
acdhesive agent 7 is seleclively applied on the sealing member 5
via a screen printing process and the like, a transparent cover 6
20 is disposed on the sealing member 5, and then the adhesive agent 7
is cured via a thermal processing. In the configuration of the
present invention, the sealing member 5 having a predetermined
height is provided to bond a wafer 10 serving as a support 1 and
the transparent cover"6, s0 that a constant distance between the
25 wafer 10 and the transparent cover 6 can be provided, leading to
facilitating an alignment thereof. Such bonding process is

preferebly conducted in a vacuum or in an inert gas atmosphere




5 for exanple, a nethod for formng an electric lead that is

enployed in a shell case-type CSP, and the forned interconnect is
diced into individual light receiving elenents, and then separated
into individual |ight-receiving devices, thereby obtaining the

| i ght-receiving device conposed of the CSP as shown in Fig. 4. 10 The
| i ght-receiving device shown in Fig. 4 enploys a glass substrate for
the transparent cover 6. In such CSP, Yleads 13 joined to the

el ectrode pads 11 extend to the back surface of the chip to achieve
formng interconnects in the back surface thereof, such that a space
for the interconnects can be considerably 15 reduced, as conpared

with a packpgeaf of; h-04dH RPqt g sepiconductor chip via a wire
bondi ng. Further, since enploying such nmethod achieves conducting

t he whol e nanufacturlng process fromformng the sem conductor
device to Fackaging t hereof under a wafer condition, leading to a
consi der ablOp2rblificerd therireaspardnigcetst bass Z@ndem atie wite Tt ferface

conventi on i ght -receivi evi ces. 0023 In addition, since a
di vi si on ﬁ% 5L‘? h%earlég?)é%ef#@g %‘I é‘ﬁe?ﬁ‘%ﬁ PRI di ctdedf P emphaying,

transpay ent, 8;\45{{&31' ¢S bandedathsr eba.d u’gggele@%ggé as%%%ir@h qf ;Lhe

Ilght-rece|V|ng evice, no stainis ¢ e surtace of the
| i ght receinglBgedli@menéhadur bagetthpe digp, Ngnd PHhRCESSnedt hefakynesstnsng
areliability. 12 [0024] The enbodi nents of the present invention
have been desdrined indsvigual i bivhd adnieinPeslerepts oasdorhanhesparated
nor bor nene, resln ﬁg oyed for the seallng?nenber of the present

i nvent i on WP 1BV HEYE 9P F ol SRS I OORE TS pbEC BN EElenHo’Ehepart

of this 'er%ﬂELfgbe1v1ng device composed of the CSP as shown in Fig. 4.

10 The light-receiving device shown in Fig. 4 employs a glass
substrate for the transparent cover 6. In such €8P, leads 13
joined to the electrode pads 1l extend to the back surface of the
chip to achieve forming interconnects in the back surface thereof,
such that a space for the interconnects can be considerably

15 reduced, as compared with a package for joining the semiéonductor
chip via a wire bonding. Further, since employing such method
achieves conducting the whole manufacturing process from forming
the semiconductor device to packaging thereof under a wafer
condition, leading to a considerably reduced manufacturing cost as

20 compared with the conventional light-receiving devices.

[0023] In addition, since a division into the respective elements

is conducted after the transparent cover is bonded theretc in the

manufacture of the light-receiving device, no stain is caused in
25 the surface of the light receiving element during the dicing

process, thereby ensuring & reliability.




5 will also be described as illustrative exanples. [0025]Cyclic

ol efin nmononers avail able in the present invention generally

i ncl udes: nonocyclic conpounds such as cycl ohexene, cyclooctene and
the Iike; and polycyclic conpounds such as 10 norbor nene,

nor bor nadi ene, di cycl opent adi ene, di hydro- dicycl opent adi ene,
tetracycl ododecen, tricycl opentadi ene di hydrotricycl opent adi ene,
tetracycl opent adi ene, di hydro- tetrac§%|opentadiene and the |ike.
Substitution products having functional group bound to these nononers
may alternatively be 15 enployed. [0026]Cyclic olefin resin
avai l abl e typically includes a polynmer of the above-described cyclic
ol ef i n noriooesisThel Bmadidinthod dfothalreeenan nayat lcabhevd eeyneidszal han
process includes a known 20 process such as random pol yneri zati on,

bl ock pol pReEFFFALROH oS - t eS0Ty pite dhe exap¥ppenstgy redigl ude

co) - pol yner . of naqrbarnene . type nonger, copol ymer of norbarnene
'E ypZa ﬁongr?@Pl%yneal g‘f’ﬁeﬁhet 9%%151%8?@%%%;&%9%3 | tRfELon will be

copol yner izii0g, Wit 850! gl dls tgﬁe; he Like, ﬁw,ﬂqreﬁefgiggeﬂl&rn@%&gs

of these copolyners. These cyclic 25 olefin resins may
manuf act uwedl isa koawscpObadaTeEl Zdahis@hat Re06fSH12and such

pol yneri zati on process typically includes an addition polynerization
process and a ring-opening polynerization 13 process. Wen a

nor bor nen i enpl oyed for the lin nber benefits  of
br ovi di ng WARET K0 B TRINAISEPPF G EL LB 19 1) “BUER- S achTiAY a
hi gher pr%ghém&goinélhﬁegatrﬁo%e 8g d eaﬁgﬁndgaa}ghagg WR18fe i1,

| i ght-recéiving device can be obtai ned.

cyclooctene and the like; and polycyclic compounds such as

10 norbornene, norbornadiene, dicyclopentadiene, dihydro-
dicyclopentadiene, tetracyclodedecen, tricyclopentadiene,
dihydrotricyclopentadiene, tetracyclopentadiene, dihydro-
tetracyclopentadiene and the like. Substitution products having
functional group bound to these monomers may alternatively be

15 employed.

[0026] Cyclic olefin resin available typically includes a polymer
of the above-described cyclic olefin monomers. In addition to
above, an available polymerization process includes a known

20 process such as random polymerization, block polymerization and
the like. Typical example may include (co)-polymer of norbornene
type monomer, copolymer of norbornene type monomer and other types
of monomers available for copolymerizing with o-olefins or the
like, and hydrogenated products of these copolymers. These cyclic

25 “olefin resins may be manufactured by a known polymerization
process, and such pelymerization process typically includes an

addition polymerization process and a ring-opening polymerization




5 [0027] Typi cal addition polymer of cyclic olefin resin may include:
(1) addition (co)-polymer of norbornene type nononer obtained by
addition (co)-polynerizing norbornene type nononer; (2) addition
copol ymer of norbornene type nononmer and et hyl ene or a-olefins; 10
and (3) addition copol yner of norbornene type nononer and

nonconj ugated diene, and in addition with other type of nononer as
required. These resins nay be obtained3with any of known

pol ymeri zati on processes. 15 [0028] Typi cal ring-opened pol ynmer of
cyclic olefin resin may includes: (4) ring-opened (co)-pol yner of
nor bornene type nononer, and in addition a resin of hydrogenated

product of,Sels (CQher %EMHPr{en%Sré&%UEEeQﬁ;(l%%(e& foirngﬁ@%%'%ﬂng

copol ymer "of norbornene type nononer and ethylfene or a-olefins, and
in additi aerberasdrefofs diydrogenatesh fmpduedd abnsttiui o) spabyiey as
required; and (6) a ring-opened copolyner of norbornene type nononer
and nonconjufjatecchdpeies or htlvar preticien ahdbencaiddirpion ia tesin of
hydr ogenat ed 25 product of _such %co -pol yner as required. These
resins nmay"PE-a {ﬁﬁﬁ Red™R& thoEny °6F e?ﬁﬂeyﬁ%?i%%aPPEﬁFﬁﬁdocesses.
[0029] A cyclic olefin resin preferably has reactive functional 14
groups. Specific exanples of such reactive functional groups

i ncl udes epDeY] PYEiR1S & tA5n Ob3NGEY | oetdher i @laepimndst handy keclude:

oxet ane group, carboxyl group, hydroxyl group, unsaturated bonds,
am no groufpllopddheion kee) -Bpdxyeryodupeitmrpand itypk andnpmpr eftemahéd by
addition (co)-polymerizing norbornene type monomer; (2) addition
copolymer of norbornene type moncmer and ethylene or o—oclefins;
1C and (3) addition copolymer of norbornene type monomer and
nonconjugated diene, and in addition with other type of monomer as

required. These resins may be obtained with any of known

polymerization processes.
15

f0028] Typical ring-opened polymer of cyclic olefin resin may
includes: (4) ring-opened (co)-polymer of norbornene type monomer,
and in addition a resin of hydrogenated product of such (co)-

20 polymer as required; (5) a ring-opened copolymer of norbornene type
monomer and ethylene or o—olefins, and in addition a resin of
hydrogenated product of such (co)-polymer as required; and (6) a
ring-opened copolymer of norbornene type monomer and nonconjugated
diene or other monomer and in addition a resin of hydrogenated

25" product of such {co)-polymer as required. Theéé ;esins may be
obtained with any of known polymerization processes.

[0028]1A cyclic olefin resin preferably has reactive functional




5 anong these groups. [0030]Wile the cyclic olefin resin having
epoxy group can generally be obtained by directly polynerizing
nononmer containing epoxy group in its nolecular, simlar polyner may
al so be obtained 10 via a manner for introducing epoxy group in
side-chain via a conversion reaction after the pol ynmerization.

Typi cal conversion reaction includes ?nomn manners such as: inducing
a grafting reaction of the above- deséri bed pol ymer with unsaturated
nononer contai ni ng epoxy group; inducing a reaction of reactive
functional 15 group site in the above-described polynmer with
conpounds havi ng epoxy group; inducing a direct epoxidation of the
above- descirbhed. pebyinEr baandigscaf Booh careanve quhbei dandgrdups

mol ecul ar by enpl oying epoxidation agents such as peroxy acid,

hydr oper oxXingéudsin greie 9rPiR esuch02$ GOITEdHe cabiel t9renp poidy ivke lofkea
cyclic olefin resin is obtained QY % goorgination ol ynmeri tign by
utilizi ng ARl e al SO 0r TR0 RadVEa* oo PY Ty FRET DA TER FoRES/
coor di nat i.Q8,H MBI b2 &k Ok J@TONGLo LN 888 LRE AR 1S LEbEAIRed Dy
pol ymeri zi ng nmononer 1n solution 257 N the presence of "a"transition
net al cat alpst {His€Quouds. GROVE et al ., Journal of Pol yner Science:
part B, Polynmer Physics, Vol. 37, pp. 3003-3010 (1999)). 15

[ 0032] Ni ckel and the platinumcatal ysts typically enployed netal

catal ysts i% hﬁw coordination polynerization are described in PCT
V097133, 198 ARUTHET WDGT301% FSTS il WOAR TRt JSTH GPnt he

generally be obtained by directly polymerizing monomer containing
epoxy group in its meolecular, similar polymer may also be cbtained

10 wvia a menner for introducing epoxy group in side-chain via a
conversion reaction after the polymerization. Typical conversion
reaction includes known manners such as: inducing a grafting
reaction of the above-described polymer with unsaturated monomer
containing epoxy group; inducing a reaction of reactive functional

15 group site in the above-described polymer with compounds having
epoxy group; inducing a direct epoxidation of the above-described
polymer having carbon-carbon double bond in molecular by employing
epoxidation agents such as peroxy acid, hydroperoxide, and the
like.

20
[0031] The addition polymer of a cyclic olefin resin is obtained by
a coordination polymerization by utilizing a metal catalyst, or a
radical polymerization. In the coordination polymerization among
these, the polymer is obtained by polymerizing monomer in solution

25 in the presence of a transitioﬁ metal catalyst (NiCOLE R. GROVE et
al., Journal of Polymer Science: part B, Polymer Physics, Vol. 37,

pp. 3003-3010 (1999)}.




5 coordi nation polynerization includes known netal catal ysts such

as: (toluene) bis (perfluoro phenyl) nickel; (nesilene) bis
(perfluorophenyl) nickel; (benzene) bis (perfluorophenyl) nickel;

bis (tetrahydro) bis (perfluorophenyl) nickel; bis (ethyl acetate)
bis (perfluorophenyl) nickel; bis (dioxane) bis (perfluorophenyl) 10
ni ckel and the like. [0033] Typi cal radical polynerization technol ogy
is described in Encycl opedia of Polyrter Science, John Wley & Sons,
13, 708(1988). Radical polynerization is generally induced by 15
reacting nononmer in solution with elevating a tenperature to 50
degree Cto 150 degree Cin the presence of a radical initiator.
Typical radical initiator includes: azobis (isobutyronitrile)

(AIBN); benzoyl peroxide; |auryl peroxide; azobis (iso

capt roni t rjdoep] nazehi snd it13@! BIHNinlhi &)alybt Hulyph cdmdr epeTedgetan 20
the like. [0034] The ring-opened polynmer of a cyclic olefin resinis
obt ai ned Walwtrfg-lep‘elrrﬁ vaO(C@JJ)aatpohy@ré-nrmzrn@tabnlmtiemb@d O BET
nor bor nene ége nmononmer_wWith a catalyst of titanium or_ tungsten

corrp]?und VI 72834 Rn i PﬁTn@OW@HV Al cOYRH Al W%Failzﬁ’??:wsﬁr ‘f%é’%leto
manu ac’oI urcg)O%dlléAﬂ%ln ?cglgumggl A )Oélp_lg (yln%lés ]gr{:!)%n eecnal nga g;%@g I ncgl

car bon-car or errent I oned ring-op

(co) - pol yrey: Vt@lu@a&elelé)r(gbﬁﬂ%rh)’ﬂ[é}@@ﬂ]aﬂi&@lprQlfe%iie@eg) hHeguired to
manuf acture a thernoplastic saturated norbornene resin. 5

[ 0035] Sui t aisirél potophenyDamniokelsol(pemers) bie (@boikbrdepikenwiédnickel;

pol yneri zation gsten1|ncludes f{drocarbons or aromatic solvents.
bis (tetrahydro) bis (perflucrcphenyl) nickel; bis (ethyl acetate)
bis {(perfiucrophenyl) nickel; bis (dioxane) bis (perfluorophenyl)

10 nickel and the like.

[0033] Typical radical polymerization technology is described in
Encyclopedia of Polymer Science, John Wiley & Sons, 13, 708(1988).
Radical polymerization is generally induced by

15 reacting monomer in solution with elevating a temperature to 50
degree C to 150 degree C in the presence of a radical initiator.
Typical radical initiator includes: azobis (isobutyronitrile)
(AIBN); benzoyl peroxide; lauryl peroxide; azobis (iso
captronitrile); azcbis (isoleronitrile); t-butyl hydroperoxide or

20 the like.

. [0034] The ring-opened polymer of a cyclic olefin resin is obtained
by: ring-opening (co)-polymerizing at least one or more norbornene
type monomer with a catalyst of titanium or tungsten compound via

25 a known ring opening (co)-polymerization process to manufacture a
ring-opening (co)-polymer; and then hydrogenating carbon-carbon

double bond in the aforementioned ring-opening (ceo)-polymer via an




Typi cal hydrocarbon sol vent includes pentane, hexane, heptane,

cycl ohexane or the like, although it is not imted thereto. Typical
aromati c sol vent includes benzene, toluene, xylene, 10 nesitylene or
the like, although it is not limted thereto. D ethyl ether,
tetrahydrofuran, ethyl acetate, esters, |actones, ketones, am des
may al so be enpl oyed. These sol vents, glone or a conbination

t hereof, may be enpl oyed as a polynerﬂ ation solvent. 15 [0036]

Mol ecul ar wei ght of the cyclic olefin resin nay be controlled by
adjusting a ratio of an initiator and a nonomer, or by adjusting a
pol yneri zation time. Wen the coordination polynerization.described
above is emrpioywdhyasogdingel@sedotsssUSs Rafueped N®. nbniet489,a

nol ecul ar wei ght can be controlled by 20 enploying a chain transfer
cat al yst . tharndrd st es asttuiaiashrporprande woeanpl es, a-ol efin such as

et hyl ene, propyl ene, 1-hexane, 1-decene, 4-nethyl -1-pentene and the
like is suitable for controlling nolecular weight. 25 [0037]1In the
present invention and exanpl es, weight-average nolecular weight is
10, 000- 500, 000, preferably 80,000-200,000, and nore preferably

100, 00G- 1250080sui\bghtoavRsAge tioh ecukahit Wei ghd abéve rescRendreasur ed
via a gel perneation chromatography (GPC) enpl oyi ng nor nal
pol ynor bomeé e (lizaplansys el iinct edest hydremrASTMorDSr@538c9491lvebts.
[ 0038] Specific exanples of al kyl group include nethyl, ethyl,
it eybe e

|
oropyl . | SaB 6By EYSRGRAEoR ey S REBEgre: BEEAS: AERRATe:

cyclohexane or the like, although it is not limited thereto.
Typical arcmatic soivent includes benzene, toluene, xylene,

10 mesitylene or the like, although it is not limited thereto.
Diethyl ether, tetrahydrofuran, ethyl acetate, esters, lactones,
ketones, amides may also be employed. These solvents, alone or a

combination thereof, may be employed as a polymerization solvent.

15 [0036] Molecular weight of the cyclic olefin resin may be
controlled by adjusting a ratio of an initiator and a monomer, or
by adjusting a polymerization fime. When the cocrdination
polymerization described above is employed, as disclosed in US
Patent No. 6,136,499, molecular weight can be controlled by

20 employing a chain transfer catalyst. In the present invention and
examples, o-olefin such as ethylene, propylene, l-hexane, l-decene,
4-methyl -l-pentene and the like is suitable for controlling

molecular weight.

25 [0037]In the present invention and examples, weight-average
molecular weight is 10,000-500,000, preferably 80,000-200,000, and

more preferably 100,000-~125,000. Weight-average molecular weight




decyl, dodecyl, cyclopentyl, cyclohexyl, cyclo octyl, or the like,
speci fic exanpl es of al kenyl group include vinyl, allyl, butynyl, 10
cycl ohexyl or the like, specific exanple of al kynyl group include

et hynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl or the liKke,
speci fic exanples of aryl group include phenyl, naphthyl,

ant hracenyl or the like, and specific group exanples of aralkyl

group include benzyl, phenethyl or thé/ike, although it is not 15
limted thereto. [0039] Concerning functional group having ester
group, functional group having ketone group and functional group
havi ng et her group, structures thereof is not particularly limted,

i f functigpgl bR Ondl=QuP NAS gr@elapeyxﬁeaqgéﬁrarﬂ%ﬁa% \rﬂuﬂg s A

functional group having glycid et her group Is prese

pr ef er abl esmgpegidg morﬁaﬂampugnccﬁbofcum i (anpl en@h@EE G0 Rt B Tlichg tE [N
group, structures thereof is not particularly limted, if functional
group has ®pdxyé~Yreup. 25 [0040] 18 X X (7) n R1 R2R3 [In
formula (7), Xis any of 0, CH2 and (CH2)2, and n is an integer

5 [0038]

Specific examples of alkyl group include methyl, ethyl,
propyl, iscopropyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, dodecyl, cyclopentyl, cyclohexyl, cyclo octyl, or the like,
specific examples of alkenyl group incliude vinyl, allyl, butynyl,

10 cyclohexyl or the like, specific example of alkynyl group include
ethynyl, l-propynyl, 2-propynyl, l-butynyl, 2-butynyl or the like,
specific examples of aryl group include phenyl, naphthyl,
anthracenyl or the like, and specific group examples of aralkyl
group include benzyl, phenethyl or the like, although it is not

15 limited thereto.

[0038] Concerning functional group having ester group, functional
group having ketone group and functional group having ether group,
structures thereof is not particularly.limited, if functional

20 group has the above-described group. While functional group
having glycidyl ether group is presented as a preferable specific
example of functional group containing epoxy group, structures
thereof is not particularly limited, if functional group has epoxy
group-

25

[0040]




nunber of 0 to 5. RL to R4 are respectively any of functional

sel ected from hydrogen, al kyl group, al kenyl group, al kynyl group,
allyl group, aryl group, aral kyl group, nonoval ent functional group

havi ng ester group, nonoval ent functional group having ketone group,

nonoval ent functional group having ether group and nonoval ent

functi onal
di fferent.

group havi ng epoxy group. to R4 10 may be the sane or
In formula (7), in RL to RA"of the whole repeated units,

at | east one or nore thereof is functional group having epoxy
group.] [0041] Typical cyclic olefin nononer enployed for
manufacturing _a 15 cyclic olefin resin includes, for exanple:

nononer haviy kyl group, such as 5-nethyl -2- norbornene, 5-ethyl
- 2- nor bor nen propyl -2-norbornene, 5-butyl -2-norbornene,
5-pentyl -2 Norbgrnene, 5-hexyl -2-norbornene, 5-heptyl

- 2- nor bor neneg octyl {7} 2- nor bor nene, 5-nonyl -2-norbornene, 5-decyl
- 2- nor bor nee &~ 20 the |ike, nononer having al kenyl group such as
5-allyl -2 wngrborhene, 5-nethylidene -2-norbornene, 5-ethylidene -2-
nor bor nen : |s--ropyI|dene - 2-nor bornene, 5-(2-propenyl) -2-

nor bor nene,’ Sggaqpﬁuenyl) - 2-nor bornene, 5-(1-nethyl -2-propenyl) 19

-2-norbornene, 5-(4-pentenyl) -2-norbornene, 5-(l-nethyl -3- butenyl)
- 2-nor bornene, 5-(5-hexenyl) -2-norbornene, 5-(1- nethyl - 4-pentenyl)
- 2-nor bor

d th
52 (5ot i Bstestesy D) T A fae. o Eat o Bl o S5 -4 JaRewy 1)
- 2- nor bor ReEer %f 67tcp%t enﬁ/ll ):o 1% apd %@B@@ﬁvei’%(%y pet Mctlonal

- 6- hept enyl ) -2-norbornene, 5-(1,2- dinethyl

5

10

15

20

hexenyl) -
group selected from hydrogen, alkyl group, alkenyl group, alkynyl

group, allyl group, aryl group, aralkyl group, monovalent
functional group having ester group, monovalent functional group
having ketone group, monovalent functional group having ether
group and monovalent functional éroup having epoxy group. R; to Ry
may be the same or different. In formula (7), in Ry to Ry of the
whole repeated units, at least one or more thereof is functional

group having epoxy group.]

[0041] Typical cyclic oclefin moncmer employved for manufacturing a
cyclic olefin resin includes, for example: monomer having alkyl
group, such as 5-methyl -2~ norbornene, 5-ethyl -2-norbornene, 5-
propyl -Z-norbornene, 5-butyl -Z-norbornene, 5-pentyl -2-
norbornene, 5S5-hexyl -Z2-norbornene, 5-heptyl -Z2-norbornene, 5-octyl
-2-norbornene, 5-nonyl -Z2-norbornene, 5-decyl -2-norbornene and
the like, monomer having alkenyl group such as 5-allyl -2-
norbornene, 5-methylidene -2-norbornene, 5-ethylidene -2-
norbornene, 5-iscopropylidene -2-norbornene, 5-(2-propenyl) -2-

norbornene, 5-{(3-butenyl) -Z-norbornene, 5-(l-methyl -Z2-propenyil)

5 group



2- nor bornene, 5-(5-ethyl -5-hexenyl) -2-norbornene, 5-(1, 2, 3-
trimethyl -4-pentenyl) -2-norbornene and the |ike, nononer having

al kynyl group such as 5-ethynyl -2-norbornene and 10 the I|i ke,
nononer havi ng al koxy silyl group such as dinethylbis ((5-norbornene
-2-yl) methoxy)) silane and the |ike, nmonomer having silyl group
such as 1,1, 3, 3,5,5- hexanethyl-1,5- dinmethylbis ((2-(5-norbornene
-2-yl) ethyl) trisiloxane) and the |il#e, nononmer having aryl group
such as 5-phenyl -2-norbornene, 5 15 naphthyl -2-norbornene,

5- pent af | uor ophenyl -2-norbornene and the |ike, nonomer having

aral kyl group such as 5-benzil -2-norbornene, 5-phenethyl

- 2-nor bor n@lgorﬁmql%ﬁgafgi{qtlﬁ&%%¥h) et %ggﬁorn%nep? %rﬁ% I uor ophenyl

5- (2- pent af | uor opheny! ‘ethyl) -2nor bor nene

propyl) - 2nnenbor rergcaidnthe, |5-Ke-hdmAQIEr- 22—Qoﬂajkln@ge,a|5(-q)lymédﬂyy|

group such as dinethyl bis ((5-norbornene -2- yl) nethoxy)) silane,

5- trinEthdk?@Pt@nYLz ﬁﬂﬁﬁbﬂn@ﬂ@ 5={3/i3- direibylstivputeliorBor nene,

5-(2-trinmet hox eth I -_ nor bor.nene, 2-triethoxy si]l
et §1yl ) -2 IH’&BB%’F‘?&%J’ 5 th r |3rrE?PE?f%éS}§| F%TWB%W%“EJZ 2t éor We”%f‘?éhyl

5-(4-trg m&%x@&ﬁ»ﬂﬂ z%o%ﬁomnlaor@enfhoét&wl) Mo@&ryen%‘at By 2 et her

- 2-nor bor nene an nonomer havin dr ox group, et
group, carkaxyl -9-Gupteny@st er-r@roupnerdGr ¥l on,I2 —08 DM hOL %Qﬁéﬁsb&' 0¥'
group such as 5 20 norbornene -2-nethanol and al kyl et her thereof,
acetic aci%:fnﬁer@r n@n@—EQhYﬁet-ﬁyhe@sWéﬂ -%rmepb@cme@eac&dl 2,3-
5- nor bor nene -2-ne ester, butanoic acid 5-norhbornene -2-nmethyl

ester, valteﬁlf“(e,ﬂé%]l d BPEI?'R?PPSE)} n@né‘orl%oﬁ?@flﬁy?nde&%r ik€aproi ¢ acid
5'r"”’b0f“€{5aom§rrH§ﬁE¥& alkynyl group such as 5-ethynyl -Z2-norbornene and

10 the like, menomer having alkoxy silyl group such as dimethylbis
( {5-norbornene -2-yl}) methoxy)) silane and the like, monomer
having silyl group such as 1,1,3,3,5,5- hexamethyl-1, 5~
dimethylbis ((2-(5-norbornene -2-yl) ethyl) trisiloxane) and the
like, monomer having aryl group such as 5-phenyl -2-norbornene, 5-

15 naphthyl -2-norbornene, 5-pentafluorophenyl -2-norbornene and the
like, monomer having aralkyl group such as 5-benzil -2-norbornene,
5-phenethyl -2-norbornene, 5-pentailuorophenyl methane -2-
norbornene, 5-(Z2-pentafluorophenyl ethyl) -2-norbornene, 5-(3-
pentafluorcphenyl propyl) -2-norbornene and the like, monomer

20  having alkexy silyl group such as dimethylbis ((5-norbornene -2-
y1l) methoxy)) silane, 5-trimethoxysilyl -2-norbornene, 5-tri
ethoxy silyl -2-norbornene, 5-(2-trimethoxysilyl ethyl) -2-
noxbornene, 5-(Z-triethoxy silyl ethyl) -2-norbornene, 5-(3-
trimethoxysiiylpropyl} -2-norbornene, 5-(4-trimethoxybutyl) -2-

25 norbornene, 5-trimethyl silylmethyl ether -2-norbornene and the
like, monomer having hydroxyl group, ether group, carboxyl group,

ester group, acryloyl group or methacryloyl group such as 5-




5 ester, caprylic acid 5-norbornene -2-nethyl ester, capric acid 5-
nor bornene -2-nethyl ester, lauric acid 5-norbornene -2-nethyl
ester, stearic acid 5-norbornene -2-nethyl ester, oleic acid 5-

nor bornene -2-nmethyl ester, linolenic acid 5-norbornene -2-nethyl
ester, 5-norbornene -2-carboxyl ate, 5-norbornene -2-carboxylic 10
acid nethyl ester, 5-norbornene -2-ca5QoxyIic acid ethyl ester, 5-
nor bornene -2-carboxylic acid t-butyl “éster, 5-norbornene -2-
carboxylic acid i-butyl ester, 5-norbornene -2-carboxylic acid
trinethylsilyl ester, 5-norbornene -2-carboxylic acid triethylsilyl
ester, 5-norbornene -2-carboxylic acid isobonyl 15 ester,

5- nor bor neneboe2etar B¢k hendcC iadd 221y de tharet hyteofst eceti- acar Ber nene
-2-nmet hyl -2-carboxylic acid nmethyl ester, cinnamic acid

5- norbornéﬁébqgﬁﬁ@tﬁ?meééfbﬁﬁtsrndﬂﬁéFﬁ%%baCQdﬁ%ﬁﬁ?b@ﬁﬁ?ﬁ ~Zaeborat e,
5- nor bor nen car bonat e gorbornene

D bt or eEREa A BRI B g SRR S Rt N AL BE TS e e 5y

5- nor bor neper 2Bty esh el ’esQ:gEt ap@ELY 1dc8 436 1rfd rBar D05 NERG 1
-2-ethyl ester, (meta) acrylic acid 5-norbornene -2-n- butyl ester

(et a) 5aCI‘eysl:Eﬁ, acpdybrdacbdriresebodeie pEBPEkhESte@ter, (diREE) aGHYEH C
acid 5-norbornene -2-iso butyl ester, (neta) acrylic acid

5- norborn@ﬁébo@ein%‘%ﬁl@ﬁwl e%?ttérr, et a)acder §T¢Q¥baéh<€tl62525n€rféwﬂaornene
- 2- hexyl

% g %2 ac cid 5-ngrbornene -2- stgr
(et ey acPFFE A5Fa S Ao BOr TERE e acyMoGeY brooshe T 98
mononer h@i\sm&r%%xyzgfre@ﬂgl Ség%er,ash%ohé&@ 28R RECROXhe le-rrsz%wlvll
-2-nor bornene] and the nononer conposed of tetracycl
ring such casef- rﬂahhbeMhahbCHQHcatEﬁxyiayél(B -norbornene -2-carboxylic

10 acid methyl ester, 5-norbornene —2-carboxylic acid ethyl ester, 5-
norbornene -2-carboxylic acid t-butyl ester, 5-norbornene -2-
carboxylic acid i-butyl ester, 5-norbornene -2-carboxylic acid
trimethylsilyl ester, 5-norbornene -2-carboxylic acid
triethyisilyl ester, 5-norbornesne -2-carboxylic acid isobonyl

15 ester, b-norbornene -2-carboxylic acid 2-hydroxyethyl ester, 5-
nerbornene -Z-methyl -2-carboxylic acid methyl ester, cinnamic
acid 5-norbornene -2-methyl ester, 5-norbornene -2-methylethyl
carponate, 5-norbornene -2-methyl n-butyl carbonate, 5-norbornene
-2-methyl t-butyl carbonate, 5-methoxy —-2-norbornene, (meta)

20 acrylic acid 5-norbornene -2-methyl ester, (meta) acrylic acid 5-
norbornene -2-ethyl ester, (meta) acrylic acid 5—norbornéne -2-n-—
butyl ester, (meta) acrylic acid 5-norbornene -2-n-propyl ester,
{meta) acrylic acid 5-norbornene -2-iso butyl ester, (meta)
acrylic acid 5-norbornene -2-isc propyl ester, (meta) acrylic acid

25 5-norbornene -2-hexyl ester, (meta) acrylic acid 5-norbornene -2-

octyl ester, (meta) acrylic acid 5-norbornene -2-decyl ester and

the like, monomer having epoxy group such as 5-[{2,3-epoxXypropoxy)




.12.5.1"10] dodec -3-ene, 8-ethoxycarbonyl tetracyclo

.12.5. 110] dodec -3-ene, 8-n- propylcarbonyl tetracyclo 5
.12'5.1"'10] dodec -3-ene, 8-i- propylcarbonyl tetracyclo
.12'5. 1" 10] dodec -3-ene, 8-n- butoxycarbonyl tetracyclo
.12,5.17,10] dodec -3-ene, 8-(2-nethyl propoxy) carbonyl
tetracyclo [4.4.0.12,5.1,10] dodec -3-ene, 8-(l-nethyl propoxy)
carbonyl tetracyclo [4.4.0.12.5.17. 10¥ldodec -3-ene, 8-t 10

but oxycarbonyl tetracyclo [4.4.0.12.5.1" 10] dodec -3-ene, 8-

cycl ohexyl oxycarbonyl tetracyclo [4.4.0.12'5.17.10] dodec - 3-ene,
8-(4 '- t- butylcycl ohexyl oxy) carbonyl tetracyclo

[4.4.0. 12" nthy1 10> -dofeG =R £NGa SrPNEREXYVGAT ROt BLAALLE! O
[4.4.0.12,5.17.10] dodec - 3-ene, 8-tetrahydrofurany|oxy carbonyl 15
tetracycl cdt4adydlit2rngl 'stOh -& Sdndgeancafdngl redtpdeopys anyl oxy
carbonyl tetracyglo [4.4.0.12.5.17,10] dodec -3-ene, 8-nethyl -8-
met hoxycar odyP - Y'et t dcy cleriqed -3 e 28 Sethipxyojrigpgé ctetasnelo 8- et hyl
- 8- et hoxycar honyl,, 4 et fiacyclo [4.4.0.12.5.1' 10] dpdec. -3-ene, 8-
oyl B AT SR ity £ rol o108 h o101 Uidfec - 3
20 ene,s 8-mELhyl 1281159 propoxycarbopy]_ tebratyelhon|fdeladgng 17, 10]
dodec -3-ene, 8-nethyl -8-n- butoxycarbonyl tetracyclo

[4.4.0.12' B..270 101°. do e cdoBce B er, MBERY lbut Sx{ArBBATY |t EORENY)
carbonyl tetracyclo {ﬁ.4.0.12'5.1'10] dodec -3-ene, 8-nethyl -8-(1-
met hyl proifofyy - Earbonyl dedacr adyriico P4(4rgthplmopgxy0]cagbert - 3- ene,
%:_Zéplo%) dodec

Ba s
ket ata
[eleololoNe]

25 B el b P LN LELLacuel oy (44,0, 12,5
[4.4.0.12' R dbdnOllotderio31 8N 0. 82 MBUIY 84 43 2nl, 22¢-
10 butoxycarbonyl tetracyclo [4.4.0.1%°,17'"] dodec -3-ene, 8-
cyclohexyl oxycarbonyl tetracyclo [4.4.0.1%°.17%] dodec -3-ene,
8-(4 '- t- butylecyclohexyloxy) carbonyl tetracyclo
[4.4.0.1%3°.17'% dodec -3-ene, 8-phenoxycarbonyl tetracyclo
[4.4.0.1%°,171% dodec -3-emne, 8-tetrahydrofuranyloxy carbonyl
15 tetracyclo [4.4.0.1%°.17'%1-3- dodecen, B-tetrahydropyranyloxy
carbonyl tetracyclo [4.4.0.125.1740] dodec -3-ene, 8-methyl -8-
methoxycarbonyl tetracyclo [4.4.0.1%°,1"%% dodec -3-ene, 8-methyl
-8-ethoxycarbonyl tetracyclo [4.4.0.1%°.171% dodec -3-ene, 8-
methyl -8-n- propoxycarbonyl tetracyclo [4.4.0.1%%.171%] dodec -3-
20 ene, 8-methyl -8-iso propoxycarbonyl tetracyclo [4.4.0.1%5,1710
dodec —-3-ene, B8-methyl -8-n- butoxycarbonyl tetracyclo
[4.4.0.1%%.171% dodec -3-ene, 8-methyl -8-(2-methyl propoxy)
carbonyl tetracyclo [4.4.0.1%%.171] dodec -3-ene, 8-methyl -8-(1-
methyl propoxy) carbonyl tetracyclo [4.4.0.1%5.171% dodec -3-ene,
25 8-methyl ~8-t- butoxycarbonyl tetracyclo [4.4.0.1%5.17%% dodec -
3-ene, 8-methyl -8-cyclohexyloxycarbonyl tetracyclo

[4.4.0.1%5.1"%] dodec -3-ene, 8-methyl -8-(4 '- t-




but yl cycl ohexyl oxy) carbonyl tetracyclo [4.4.0.12.5.1"'10] dodec - 3-
ene, 8-nethyl -8-phenoxycarbonyl tetracyclo [4.4.0.12*5.17,10] dodec
-3-ene, 8-nethyl -8-tetrahydrofuranyl oxycarbonyl tetracyclo
[4.4.0.12'5.17,10] dodec -3-ene, 8-nethyl -8 5

t et r ahydr opyr anyl oxycar bonyl tetracyclo [4.4.0.12.5.17,10]- 3-
dodecen, 8-nethyl -8-acetoxy tetracchQ [4.4.0.12.5.17.10] dodec - 3-
ene, 8,9- di (nethoxycarbonyl) tetracyclo [4.4.0.12'5.1""'10] dodec -
3-ene, 8,9- di (ethoxycarbonyl) tetracyclo [4.4.0.12'5.1"" 10] dodec
-3-ene, 8,9- di (n- propoxycarbonyl) tetracyclo [4.4.0.12,5 17, 10]
10 dodec -3-ene, 8,9- di (iso propoxy carbonyl) tetracyclo

[ 4. 4.0. 12't5t$T5ik0pheadesy) 3zabeny B, t@tratyqlo- [but.oxytarddhyldpdec -3-
tetracyclo [4.4.0.12.5.17' 10] dodec -3-ene, 8,9- di étas 2 10

but oxycar 58fy| § MeERY hcPcPbe iR YgaporplstatrargFleidded - U3 end | 8, drdedi
(cycl ohexyl,oxycarbonyl ), tetracycl 4.4.0.12'5..17. 10] .dodec, - 3-ene,
1578, o e e sP by Pt bl e E8E58I8)  Godec
- 3-ene, §u49a,6li12(t et rahydief usanyl oxycanbony) tetracyclo
[4.4.0.12,5.17,10]-3- dodecen, 8,9- di (tetrahydropyranyl oxy

car bonyl ) teetsmeyrobordrdldxPearPobyl’ tedadycldodecen,. 187 3”7 tlet3racycl o

[4.4.0.12'5.17,10] dodec -3-ene, tetracyclo &4.4.0.}?'5.}7.10] dodec
- 20 3- enélodgenr BoR§He akiaretgsyndeyrExticatyd -0 L4, 4'0. 1 Bodeq 7:310]

dodec - 3-ene -8-carbo |LC aci gﬁ t ¥Ite raE clg 2,5 7,10
440, 12551 716 Ctolee sl areor B LRGP Aty B 44 51 g0
17,11] dodege; ¥,@0€qi GeRBLIWHLBEEAOY eLOrd A cds 04l 2. B, £ 6] 1000866
-3-ene, 8- ethylidene tetracyclo [4.4.0.12,5.17,12] dodec - 3-ene,
8- et hyl i dertee2d, t8ebr atiyche PrbpéxPcd@cbyly tEirdydl dodeo.i32aie’and
the like. [0042]It is preferable that the cyclic olefin resin having
epoxy'lo dodec -3-ene, 8,9- di (isoc propoxy carbonyl) tetracyclo
[4.4.0.1%°,171%] dodec -3-ene, 8,9- di (n- butoxycarbonyl)
tetracyclo [4.4.0.1%%,17Y dodec -3-ene, 8,9- di (t-
butoxycarbonyl} tetracyclo [4.4.0.1L5.17Jﬂ] dodec —-3-ene, 8,9- di
(cyclohexyloxycarbonyl) tetracyclo [4.4.0.1L5.17A°] dodec -3-ene,
15 8,9~ di (phenoxyloxycarbonyl) tetracyclo [4.4.0.1%%.1"19] dodec -
3-ene, 8,9- di (tetrahydrofuranyloxycarbonyl) tetracyclo
(4.4.0.1%%.171°1-3- dodecen, 8,9- di (tetrahydropyranyloxy
carbonyl) tetracyclo [4.4.0.1%°,17197_3- dodecen, 8,9- tetracyclo
[4.4.0.1%%.171% dodec -3-ene, tetracyclo [4.4.0.1%%.17% dodec -
20 3-ene -8-carboxylic acid, 8-methyltetracyclo [4.4.0.1%3,1710
dodec -3-ene -8-carboxylic acid, 8-methyltetracyclo
[4.4.0.1%°.1"%] dodec -3-ene, 8-ethyl tetracyclo [4.4.0.1%*5, 171
dodec -3-ene, 8-methyltetracyclo [4.4.0.1%%.0%%] dodec ~3-ene, 8-
ethylidene tetracyclo [4.4.0.1%5.1"'?] dodec -3-ene, 8-ethylidene

25 tetracyclo [4.4.0.1L5.1110.0L6] dodec -3-ene and the like.

[0042] It is preferable that the cyclic olefin resin having epoxy




23 group enployed is an addition (co)-polynmer of norbornene type
nononer, generally represented by fornmula (8). [0043] X M(8) Xn
R5 Ry RBRg[In formula (8), Xis any of 0, CH2 and (CH2)2, n is an
integer nunber of 0 to 5 and mis an integer nunber of 10 to
10,000. Rl to R4 are respectively any of functional group selected
from hydrogen, al kyl group, alkenyl group, alkynyl group, allyl
group, 10 aryl group, aralkyl group, rf@noval ent functional group
having ester group, nonoval ent functional group having ketone group,
nonoval ent functional group having ether group and nonoval ent
functional group having epoxy group. Rl to R4 may be the sane or

di fferent.glnsf Qrelag (8) anl it RS, %om\%rmﬁln%rh&%e%egyﬁ@i ts,

15 at |l east one or fnore thereof 1s functional group having epoxy
group. ] [ Gx4éhPol yreesarlgpreseii-adedypyf oomillae (§9), (10) are
preferable for the cyclic olefin resin having epoxy group in view of
- film properties after the cure. Norbornene nononer having aral kyl 20

group is i %r ?uced to the polynmer as represented by formula (10) to
provi de an |ﬁ§ oved solubility to polar solvents such as

(8)

n

R
" R, R4

[In formula (8), X is any of O, CHp and (CHz)2, n is an integer
number of 0 to 5, and m is an integer number of 10 to 10,000. R;
to Ry are respectively any of functional group selected from
hydrogen, alkyl group, alkenyl group, alkynyl group, allyl group,

10 aryl group, aralkyl group, monovalent functional group having
ester group, monovalent functional group having ketone group,
monovalent functional group having ether group and monovalent
functional group having epoxy group. R; to R, may be the same or
different. In formula (8), in R; to Ry of the whole repeated units,

15 at least one or more therecf is functional group having epoxy
group. ]
[0044] Polymers represented by formulae (9), (10) are preferable
for the cyclic olefin resin having epoxy group in view of film
properties after the cure. Norbornene monomer having aralkyl

20 group is introduced to the polymer as represented by formula (10)
to provide an improved solubility to polar solvents such as

cyvclopentanone or heptancne, which are employed as solvents of




cycl opent anone or heptanone, which are enployed as solvents of 24
negative |liquid devel oper, providing a benefit of inproved

wor kability. [0045] '"HR6R7 O~O5 CH2 ~ [In formula (9), n and in
are integer nunber of 1 or larger. RL to R7 are respectively any of
functional group selected from hydrogen, alkyl group, alkenyl group,
al kynyl group, allyl group, aryl gro R ar al kyl group, nonoval ent
functional group having 10 ester groug, nonoval ent functional group
havi ng ket one group, nonoval ent functional group having ether group
and nonoval ent functional group having epoxy group. RL to R7 may be
the sane or different.] 15 [0046] 25 mn (100 R R R3 IR Rs R7 R8
Ry Rio 2 @dgaf{GH)pquild d&vdidPer, providing a benefit of improved

workability.
[0045]
m n
(9)
Rq R R
R 3 4 R7
2 C|;H2 Rs Rg
O
\ 0,

[In formula (9), n and m are integer number of 1 or larger.
R; to Ry are respectively any of functional group selected from
hydrogen, alkyl group, alkenyl group, alkynyl group, allyl group,
aryl group, aralkyl group, monovalent functional group having

10 ester group, monovalent functional group having ketone group,
monovalent functional group having ether group and monovalent
functional group having epoxy group. Ry to Ry may be the same or

different.]

15

[0046]




CH2 [In formula (10), n and mare integer nunber of 1 or |arger, and
p is an integer nunber of 0 to 5. RL to R13 are respectively any of
functional group selected from hydrogen, al kyl group, al kenyl 5
group, al kynyl group, allyl group, aryl group, aral kyl group,
nonoval ent functional group having ester group, nonoval ent
functional group having ketone group, nonoval ent functional group
havi ng et her group and nonoval ent functd onal group havi ng epoxy
group. R1L to R10 may be the sane or different.] 10 [0047] Pol yners
represented by fornula (11) are preferable for the cyclic olefin
resin having epoxy group in view of filmproperties after the cure.
By i ntroduci ng nononer having decyl group, a film exhibiting | ower
nodul us i s gel; and “by_i nt reduci Ny pr~ 15 having-

) ' i i&ture absorption,

phenyl et hyl g fa film g | o
hi gher chem £ si stance y gher pa 5| vent ﬁﬁLUbility IS
obtained. [0 6 mn (2 FH2 CH2 C [In fé la (11), 1, n

and mare | 0 P49] Cont ent of nonomer
havi ng epoXy my olipRen copdl Rger RORLRM ned, so that
cross-|inkages &M, formed by 4 Iﬁﬂposure to light and a suitable
crosslink density for enduring lagainst liquid

0
\CH2A

[In formula {(10), n and m are integer number of 1 or larger, and p
is an integer number of 0 to 5. Ry to Rip are respectively any of
functional group selected from hydrogen, alkyl group, alkenyl

5 group, alkynyl group, allyl group, aryl group, aralkyl group,
monovalent functicnal group having ester group, monovalent
functional group having ketone group, monovalent functional group
having ether group and monovalent functional group having epoxy
group. R; to Rjp may be the same or different.]

10
[0047] Polymers represented by formula (11) are preferable for the
cyclic olefin resin having epoxy group in view of film properties
after the cure. By introducing monomer having decyl group, a film
exhibiting lower modulus is obtained, and by introducing monomer

15 having phenylethyl group, a film exhibiting lower moisture
absorption, higher chemical resistance and higher polar solvent

solubility is obtained.

[0048]




devel oper is obtained. Avail able nononmer content having epoxy group
in polymer is 5 to 95 nol% preferably 20 to 80 nol% and nore
preferably 30 to 70 nol % Pol yner thus obtai ned exhibits 10 i nproved
mechani cal properties such as | ower noisture absorption (< 0.3
%w.), lower dielectric constant (< 2.6), lower dielectric |oss
(0.001), glass transition tenperature2é170 to 400 degree C) or the
| i ke. 15 [0050] The crosslinking agent“enpl oyed for creating
cross-linkages in a cyclic olefin resin having epoxy group is a
conpound generally known as a crosslinker, and for exanple, a curing
agent that exhibits the capability thereof by heating thereof, or a
photo reactive material may be pl oyed. 20 27 [0051] Typi cal curing

agent that “s_capdbl e of : Cros nlgdges in a cyclic olefin
resin havinu‘glzg/ group b i'hg in : "al i phatic pol yanine,
alicycle po ¥, aronmatf | yam ne i de, aghp anhydri de,

di car boxylic d, pol ypheng pol yam de agnhd the |Iike. Such curing
agent includes, |for exanple: aliphatic pol yam nes such as

di et hyl enetri ami ne,

hexamet hyl ene dicdhi ne, tri et h§Henet et rani né
N i ¢ pol yam nes such as

tetraet hyl enepegyamne and t
di am nocycl ohexgne, (4),
tricyclo[5, 2,1, @H cane, I3
ment hene di am ne, isophorone diam ne, N amhoethyl piperazine, bis
(4- am no- 3- net hyl cycl ohexyl ) methane, bis (M-am nocycl ohexyl)

nmet hane and the |ike; aromatic poly am nes

[In formula (11), 1, n and m are integer number of 1 or larger.]

[C049] Content of moncomer having epoxy group in copolymer may be

5 determined, so that cross-linkages are formed by an exposure to
light and a suitable crosslink density for enduring against liquid
developer is obtained. Available monomer content having epoxy
group in polymer is 5 to 95 mol%, preferably 20 to 80 mol%, and
more preferably 30 to 70 mel%. Polymer thus obtained sxhibits

10 improved mechanical properties such as lower moisture absorption
{< 0.3 swt.), lower dielectric constant (< 2.6), lower dielectric
loss (0.001), glass transition temperature (170 to 400 degree C)

or the like.

15 [0050] The crosslinking agent employed for creating cross-linkages
in a cyclic olefin resin having epoxy group is a compound
generally known as a crosslinker, and for example, a curing agent
that exhibits the capability thereof by heating thereof, or a
photo reactive material may be employed.

20




such as 4, 4'-di am nodi phenyl ether, 4,4'-diam nodi phenyl nethane,
a,a' - bis (4-am nophenyl)-1, 3-diisopropyl benzene, a,a' -bis (4 15

am nophenyl ) -1, 4-di i sopropyl benzene, 4,4'-di am nodi phenyl sul fone,
nmet aphenyl ene di am ne and the |ike; bisazides such as 4,4'- bisazide
benzal (4-nmethyl) cycl ohexanone, 4,4'-diazide chalcone, 2,6-bis

(4' -azi de benzal) cycl ohexanone, 2,6-bis (4'-azidebenzal) -4-nethyl
-cycl ohexanone, 4, 4'-diazide di phenyl Sl phon, 4,4' 20 diazide

di phenyl net hane, 2,2'- diazide stilbene and the |ike; acid

anhydri des such as phthalic anhydride, pyronellitic dianhydride,
benzophenone tetracarboxylic acid anhydride, nadic acid anhydri de,

1, 2- cycl ohgxanediciahoxyling agd:4 aRBydrd depadtRl 6 G _RRPYSY id8ss
nodi fi ed pol ypropyl ene, nalei c anhydri de-nodofied cyclic olefin 25
resin and ltimEapeéken di qanboxyldfdnaceds Baeihgaepbxmatroap agi Heating
phthalic acid, maleic acid, trinellitic acid, humc acid and the

| i ke; pol yipleérees ddekelds phbisling, mhicyate medvaminer easwlathovol ac 28
resin and tqg 0 m des., S on- 66, nyl on-61

T on- 11, TRVEREG15E R AN. S5 RTFSIEAB, TEERBRIHECNF Ao 1 mhersL,
pol yamgle,,aoby;gexanetdyl goe di.af ag Lerapithal ande, R Yrampie:
hexanmet hyl'ené 5 isophthalic am de and the |1ke. These conpouﬁﬁ% may
be enpl oyed ipakbite poayachias naidhoas Ofexdawetiofl dilr €iafinkhese conpounds
may be enployed. [0052] A photoacid generator nay be enpl oyed for the
phot o r eactiipenyliepeiatermiar, HeFhkheonatrproinsac ket yenbynspsnbuyitse
S:‘rglugy:ﬁd a-l;p:lethg m%&g?céldlc%gyfé apto grarﬁ){noe\él gl?c %I’SO farzlilngléy?'&eohgicanegoéy
(4}, 8 (9)-bis (aminomethyl) tricyclo[5,2,1,0%°%] decane, 1,3-

10 (diaminomethyl) cyclohexane, menthene diamine, isophorone diamine,
N-aminocethyl piperazine, bis (4-amino-3-methylcyclohexyl) methane,
bis (4-aminocyclchexyl} methane and the like; aromatic poly amines
such as 4,4'-diaminodiphenyl ether, 4,4'-diaminodiphenyl methane,
a,0'—- bis (4-aminophenyl)-1,3-diisopropyl benzene, o,a'-bis (4-

15 aminophenyl)-1,4-diisopropyl benzene, 4,4'-diaminodiphenyl sulfone,
metaphenylene diamine and the like; bisazides such as 4,4'-
bisazide benzal (4-methyl) cyclohexanone, 4,4'-diazide chalcons,
2,6-bis (4'-azide benzal) cyclohexanone, 2,6-bis (4'-azidebenzal)
—-4-methyl -cyclohexanone, 4,4'-diazide diphenylsulphon, 4,4'-

20 diazide diphenylmethane, 2,2'- diazide stilbene and the like; acid
anhydrides such as phthalic anhydride, pyromellitic dianhydride,
benzophenone tetracarboxylic acid anhydride, nadic acid anhydride,
1,2-cyclohexanedicarboxylic acid anhydride, maleic anhydride-
modified polypropylene, maleic anhydride-modofied cyclic olefin

25 resin and the like; dicarboxylic acids such as fumaric acid,

phthalic acid, maleic acid, trimellitic acid, humic acid and the

like; polyphenols such as phenolic novolac resin, creoscl novolac




provi des an inproved adhesiveness with a substrate by being cured
thereafter. Preferable photoacid generator includes oniumsalt,

hal ogenat ed conpounds, sul fates and m xtures thereof. For exanple 15
typi cal onium salt includes diazoniumsalt, amoniumsalt, iodonium
salt, sulfoniumsalt, phosphate, arsoniumsalt, oxonium salt or the
like. There is no limtation of countsé anion, as long as the
conpound i s capable of creating a counter anion wwth oniumsalt as
above descri bed. Wil e exanples of counter anion 20 include boric
acid, arsonium acid, phosphoric acid, antinmonic acid, sulfate,
carboxylic acid and chlorides thereof, it is not l[imted thereto.
Typi cal phletbacind genariator of oniumsalt includes

tri phenyl sul foniumtetrafl uoroborate, triphenyl sulfonium hexafluoro
borate, tPPPYERFFSUFYGNREMLIEORTr af INYEPB &frsenbtns, 195 nylon-11, nylon-

Ll phenyl syl onpum fot Lol Luorophasaiot e, hLl phonyl sul Lonum

tetraf | uorosulfate, 4-Pﬁlophehoxy Bt

tetrafl uopnabay ﬁ_iLer{'e‘ thEAPNERQX Yot NEMHS ULE OpindmAsgh Lyor o 29
antinonate, 4- thiophenoxy di phenyl sul foni um hexafl uor 0arsenate, 4-

t hi ophénoxygogphiplaethy | suildtomdiche el 1iaf. | uThazepbasplvatie, ma- bk hénblopb@&noxy
di phenyl sul foniumtrifluorosul fonate, 4-t- butyl phenyl

di phenyl s@fPo#i GnreRRIPaLE e rodbeYate, 1arg ofhthsgaep FenyPwics ez bes

sul f oni um_hexaf | uoroarsenate, 4-t- butyl phenyl diphenyl sul fonium
hexafluorgg%r?%%hate, 4-t- butyl phenyl di phenyl sul f oni um

hexaf | uor ophosphonate, 4-t- butyl phenyl diphenyl sulfoniumtri
fluorosul fonate, tris (4-methyl phenyl) sulfoniumtetrafl uoroborate,
tris (4-nmgobytphehytjacivl femnanvhexaf baosgabgenatos, the imhofd reactive

10 material. Any known photoacid generators may be employed. The
photoacid generator provides cross linkage of epoxy group and
provides an improved adhesiveness with a substrate by being cured
thereafter. Preferable photoacid generator includes onium salt,
halogenated compounds, sulfates and mixtures thereof. For example

15 typical onium salt includes diazonium salt, ammoniuvm salt,
iodonium salt, sulfonium salt, phosphate, arscnium salt, oxonium
salt or the like. There is no limitation of counter anion, as
long as the compound is capable of creating a counter anion with
onium salt as zbove described. While examples of counter anion

20 include boric acid, arscnium acid, phosphoric acid, antimonic acid,
sulfate, carboxylic acid and chlorides thereof, it is not limited
thereto. Typical photoacid generator of onium salt includes
triphenylsulfonium tetrafluorcborate, triphenyl sulfonium
hexafluoro borate, triphenylsulfonium tetrafluoro arsenate,

25 triphenylsulfonium tetrafluorophosphate, triphenylsulfonium
tetrafluorcsulfate, 4-thiophenoxy diphenylsulfonium

tetrafluorcborate, 4-thiophenoxy diphenylsulfonium hexafluoro




10 net hyl phenyl) sul foni um hexafl uoro phosphate, tris (4-

met hyl phenyl ) sul f oni um hexafl uorosul fonate, tris (4- nmethoxyphenyl)
sul foniumtetrafluoroborate, tris (4- nethylphenyl) sulfonium

hexaf | uoroanti nonate, tris (4- nethyl phenyl) sulfonium

hexaf | uor ophosphate, tris (4- methyl phenyl) sulfoniumtri 15
fluorosul fonate, triphenyliodoniumtetrafluoroborate, triphenyl

i odoni um hexaf | uoroanti nonate, tripherfyli odonium hexaf! uoroarsenate,
tri phenyl i odoni um hexaf | uorophosphonate, triphenyliodonium
trifluorosul fonate, 3, 3-dinitrodi phenyliodonium tetrafluoroborate,
3,3-dinitro di phenyliodonium 20 hexafl uoroanti nonate, 3,3-dinitro

di phenyl i cd@RinétatehexafdiepRaicienal ghendi Suitionh ik %t PREIRHA-0LQRUM
trifluorosul fonate, 4, 4-dinitrodi phenyliodoniumtetrafl uoroborate,
4, 4- di ni t rloditpharnghbey ghipbemievd fbuiomo tantd fionad eshodpdate, 4- thio

di ni t rodi phenyl i odoni um hexaf| uor oar senate, and 4,4 25

di ni t r odi PRERGTY SHBRFPUMSUAF P UBY 651F Fomate forateh 4may b véRptmiled

al one or i farmof mxture thereof. 30 0053 | e f

hot oac o Jener o Rl e i DS R e r ot P BoPrB P RiRL

2,4, 6-15 | suitebh oM BEQIRLAYLY rddna22] NEe-2p@ J1¥hengh GaBhényisulfonium
(trichloronethyl) triazine, a, Q a-tribrononethyl phenyl sulfone,
a, a- 2, 3, 5 exafbxafchhoimmapkene;-t2, Butiphefd, S dhdiydmmi dorb um

hydr oxyphenyl) -1,1,1, 3, 3, 3- hexafluoroxylene, 1,1,1- tris (3,5-

di br onp- 4-"¢f7aFeEPPRRTRACR2EE haité —aliel PR eRirle S1pkrEosul £qrgeB 44ty pi cal

S Oarn B B0LPa0 1 ISCL AL NIGNPEP K LhLLPRERANNLOBNA,
tris {4-methylphenyl) sulfonium hexafluorcarsenate, tris (4-

10  methylphenyl) sulfonium hexafluorc phosphate, tris (4-
methylphenyl) sulfonium hexafluorosulfonate, tris (4-
methoxyphenyl) sulfonium tetrafluoroborate, tris (4- methylphenyl)
sulfonium hexaflﬁoroantimonate, tris (4- methylphenyl) sulfonium
hexafluorophosphate, tris (4- methylphenyl) sulfonium tri

15 flucrosulfonate, triphenyliodonium. tetrafluoroborate, triphenyl
iodenium hexafluorocantimenate, triphenyliodeonium
hexafluoroarsenate, trniphenyliodonium hexafluorophosphonate,
triphenyliodonium trifluorosulfonate, 3,3-dinitrodiphenyliodonium
tetrafluoroborate, 3,3-dinitro diphenyliodonium

20 hexafluoroantimonate, 3,3-dinitro diphenylicdonium
hexafluoroarsenate, 3,3-dinitro diphenyliodonium
trifluorosulfonate, 4,4-dinitrodiphenyiiodonium tetrafluoroborate,
4, 4-dinitrodiphenyliodonium hexafluoro antimonate, 4,4-
dinitrodiphenyliodonium hexafluorcarsenate, and 4, 4-

25 dinitrodiphenyliocdonium trifluorosulfonate, which may be employed

alone or in a form of mixture thereof.




10 dinitr
ni t robenz
1,2,3- tr
sul fonyl o
the |ike,
phot oaci d
triflate,
di phenyl i

obenzyl tosylate, 2- nitrobenzyl nethyl sufonate, 2-

yl acetate, 9,10- dinethoxy anthracene -2 -sul fonate,

i s (nethanesul fonyl oxy) benzene, 1,2,3- tris (ethane

xXy) benzene, 1,2,3- tris (propanesul fonyl oxy) benzene or
though it is not limted thereto. 15 [0055] Preferable
generator includes 4,4'-di-.t- butyl phenyli odoni um

4,4 4"-tris (t- butylpheny?? sulfoniumtriflate,
odonium tetrakis (pentafluorophenyl) borate, triphenyl

sul f oni um di phenyl i odoniumtetrakis 20 (pentafl uorophenyl) borate,

4,4' -di-t

(4- met hyl

(pent af | udr8phily ERclusissat €t/ 2n8rhf Xitatesl aRErEs) P5lagiefdi igitstio

of the ph
fromO.
pol ymer,
[ 0056] The
sel ect éd

devi ce. When the assenbly process includes a devel oping and exposure

oper at i on$APrPmGd-narEOLHPYRRYS ) efflesy and gRotereesbeisd -material for

the cross

10

15

20

25

- butyl phenyl iodonium tetrakis (pentafluorophenyl) borate,
tris (t-bUulybpherayp)es fl plorsianeitl edarakpso(péatraid holopErenytgyptbor at e,

phenyl)-4 -(1-methylethyl) phenyl iodoniumtetrakis

t | d { ' he . t ti. ' i cal |
D HO200 JFTe Ry U R Tar oD 31 Pparie By iaebi! eferdy

andromd e opsef,er 8bby rekam Qrdxient) 2 pAar t3sbys, wehdhtomo-4-

crossl’inker of the present invention may be 5 appropriately

aydoe<hphgny) an, askenB| §- preeetbsribeylene,| L ghtl—r ecks vi3ng-

i nker. On the ot her hand,

[0054] Typical sulfonate—type photeacid generator includes 2-
nitrobenzyl tosylate, 2,6- dinitrobenzyl tosylate, 2,4-
dinitrobenzyl tosylate, 2- nitrobenzyl methyl sufonate, 2-
nitrobenzyl acetate, 9,10- dimethoxy anthracene -2 -sulfonate,
1,2,3- tris (methanesulfonyloxy) benzene, 1,2,3- tris (ethane
sulfonyloxy) benzene, 1,2,3- tris (propanesulfonyloxy) benzene or

the like, though it is ncot limited thereto.

[0055] Preferable photoacid generator includes 4,4'-di- -
butylphenyliodonium triflate, 4,4',4"-tris (t- butylphenyl)
sulfenium triflate, diphenyliodeonium tetrakis (pentafluorophenyl)
borate, triphenyl sulfonium diphényliodonium tetrakis
(pentafluorophenyl) borate, 4,4'-di-t- butylphenyl iodonium
tetrakis (pentafluorophenyl) borate, tris (t-butylphenyl)
sulfonium tetrakis (pentafluorophenyl) berate, (4-methylphenyl)-4
—(i-methylethyl) phenyl iodonium tetrakis (pentafluorophenyl)

borate and mixtures thereof.

Blending ratic of the photoacid generator in the present

invention is typically from 0.1 to 100 parts by weight for 100




when the assenbly process includes no devel opi ng or exposure 10
operation, either a curing agent or a photo reactive material may be
enpl oyed. [0057] A sensitizer may be enployed for the cyclic olefin
resin conposition as required, in order to enhance exposure
properties. 15 The sensitizer is capable of providing availability
of increased range of wave length that can activate a photoacid
generator, and can be added with a rafge of providing no direct

i nfluence on the <cross linking reaction of polymer. A photo
sensitizer is a conmpound, which exhibits a maxi num absorption
constant near that 20 of the enployed |Iight source and is capabl e of

ef fectivelpartproy ndi g 3 ahs Pohode ENBREYIR bRerNBE PaGic-d genewaidr .
Typi cal sensitizer for the photoacid generator includes polycyclic
aromat i ¢ ¢epeundyesgicth as ant hracene, pyrene, parylene and the

i ke. For exanple, 2- isopropyl-9H thioxanthene-9 -ene, 4 25

i sopropyl -9H thi oxant hene-9-one, 1- chloro-4- propoxy- thioxanthene,

phenot hi azi d m xtur.es the f may be included. | ending ratio
of the photaae HgeRerSrorer ot fE° dressht 1TUBR IO 1's 1 ypi cal |y

from 0.51 tag)g;gpﬁ%rt@y byel\é@izg@tacfcef%ilrgp Bl $sB¥mp WL eQf rbhe
n .

polynmer, a nore preferably from to 5 parts by weight. Wen the
| i ght sourldghtsrdeeiviongerivayeWwhet thasagsenrblpeprdoé36 irdihdes 4 - |ine
(365 nm, sensitizer is effective to activate 5 the photoacid

gener at or .9V6OBBI By 2AY FPRGS A S PRET &Y CRFoutt 16f nesrsaery Wcavekger, an

| mproved 8381 100, 63008 £ PULIad: TDEAGKE: SCRPHIL ARG, AN
when the assembly process includes no developing or exposure

10 operation, either a curing agent or a photo reactive material may

be employed.

[0057]A sensitizer may be employed for the cyclic olefin resin
composition as required, in order to enhance exposure properties.

15 The sensitizer is capable of providing availability of increased
range of wave length that can activate a photoacid generator, and
can be added with a range of providing no direct influence on the
cross linking reaction of polymer. A photo sensitizer is a
compound, which exhibits a maximum absorption constant near that

20 of the employed light scurce and is capable of effeétively
providing an absorbed energy to the photoacid generator. Typical
sensitizer for the photoacid generator includes polycyclic
aromatic compcunds such as anthracene, pyrene, parylene and the
like. For example, 2- isopropyl-S8H- thioxanthene-9 -ene, 4-

25 isopropyl-9%H- thioxanthene-9-one, 1- chloro-4- propoxy-
thioxanthene, phenothiazine and mixtures thereof may be included.

Blending ratio of the photoacid generator in the present invention




di ffusing to an unexposed portion during a photochem cal reaction. 10
Typi cal acid scavenger includes pyridine, lutidine, phenothiazine,
and secondary and tertiary am nes such as tri-n-propyl am ne,
triethylam ne and the like, though it is not limted thereto.
Blending ratio of the acid scavenger is typically from0.01 to 0.05
parts by weight for 100 parts by weighy of the polymer. 15 [0059]In a
resin conposition containing a cyclic olefin resin and a photoacid
generator having epoxy group, additives such as a |eveling agent, an
antioxidant, a fire retardant agent, a 20 plasticizer, a silane
coupling agent and the |ike my be added, as required. [0060] These
conponent $satwwidesdplired ¢+i dosbl wemts thy feighta fovallill shreormdi ti on
for using. Avail abl e solvents include non- 25 reactive solvents and

reactive YBIYENEE, thH@OLWEEoARY dI0KE] EPISSERBRETPHNEtE GRS 48 TES bY

carrier for. y it] d- ar r vable in_the coating
o cure prosfy’ s 2L P LoRRe PO Rond RERY Sebi vt oy SR
exhi bi ti nq4as G@ypatidbi hity Webhn@ ,CUEheili-agei rbbGRe 8o addedaid
the resin conposition. Typical non- reactive solvent includes

hydr ocar behs @Emdoacohgeneragorpounds. Exanpl es t hereof include

hydr ocar bon sol vent of al kane or 5 cycl oal kane such as pent ane,
hexane, heptane, cycl ohexane, decahydronaphthal ene and the |i ke,

j[ hough it ébﬁSelﬂcgy la!dnﬁ'ln%ge gi s&ﬁ%‘é?‘t Bnou%\éag% al%l gc:% Osrr%%l?]r(i:gcelsrql Xr? ni}ﬂ%)rﬁ{]eq

i ncl ude benzerie,” toluene, Xylene, nesitylené and the 1i'ke. ethy

et her, tetkadydiehUtaNbe provided. The acid scavenger absorbs an acid
diffusing to an unexposed portion during a photochemical reaction.

10 Typical acid scavenger includes pyridine, lutidine, phenothiazine,

and secondary and tertiary amines such as tri-n-propyl amine,
triethylamine and the like, though it is not limited thereto.
Blending ratio of the acid scavenger is typically from 0.01 to

0.05 parts by weight for 100 parts by weight of the polymer.

15

[0052]In a resin composition containing a cyclic olefin resin and
a photoacid generator having epoxy group, additives such as a
leveling agent, an antioxidant, a fire retardant agent, a

20 plasticizer, a silane coupling ageni and the like may be added, as

required.

[0060] These components are dissolved in a solvent to form a
varnish condition for using. Available solvents include non-

25 reactive solvents and reactive solvents, and the non-reactive
solvent functions as a carrier for polymers and additives, and are

removable in the coating or cure process. The reactive solvent




ani sol e, acetate, ester, lactone, ketone or am de are also useful. 10
Avai | abl e reactive solvents include cycl oether conmpound such as

cycl ohexene oxi de or a-pinene oxide, aromatic cycl oether such as

[ met hyl ene bis (4, 1- phenyl ene oxy nethylene)] bis oxirane and the
i ke, alicyclic vinyl ether conpound such as 1, 4-cycl ohexane

di met hanol divinyl ether and the |ike, 2 and aronatic conmpound such 15
as bis (4-vinyl phenyl) nethane and thg i ke, which nmay be enpl oyed
alone or in a formof mxture thereof. Preferable conpounds are

mesi tyl ene and decahydr onapht hal ene, and these are optinum for
applying resins on a substrate of such as silicon, silicon oxide,
silicon nitmdldess sieki-tdre oxynp taxhdeitioly antbripaeibikey 20H Q06d4iRgsi n
solid content in the resin conposition enploying in the present

i nventi on 3%n&botitich 19 ®gedydn tharrerdn corsfsecadty, Tybicalsnaout 30

to 55 %m. refer b bout 35 to 45 9% . Solution
V|Osc05| ty #?Cgb"? c?ogg %dneglé%nayéﬁ) x ?)n?)raélfje?ra‘?ﬁ‘}a?lio%@?ﬁu%c?sooo cP.

[0062] A r%!aﬁp?%%keéﬁrlnmdé)% qbtal.ned Qaiv%hm% am&&é"gra 34

cyclic norbornene resin having epoxy group and a photoaci d

gener atsor ,cyands Bddist sadaldsypantsoky efxana, Seittiahé 7 &fycl ie:aeied
scavenger, a leveling agent, an antioxidant, a fire retardant agent,
a pl asti cieerhydrgizphhaleoaptichFhageiie ahtoudbe it il nas 1&icequired.
Next, a prqcess for r a _sem conduct or _device of the_  present
vent Lon WIFEEC By GUBLITHEUSLRRELE BIAES ohonboerente Lolubie,

xylene, mesitylene and the like. Diethyl ether, tetrahydrofuran,
anisole, acetate, ester, lactone, ketone or amide are also useful.

10 Available reactive solvents include cycloether compound such as
cyclohexene oxide or a-pinene oxide, aromatic cycloether such as
[methylene bis (4,1- phenylene oxy methylene)] bis oxirane and the
like, alicyclic vinyl ether compound such as. 1,4-cyclohexane
dimethanol divinyl ether and the like, and aromatic compound such

15 as bis (4—vinylphenyl) methane and the like, which may be employed
alone or in a form of mixture thereof. Preferable compounds are
mesitylene and decahydronaphthalene, and these are optimum for
applying resins on a substrate of such as silicon, silicon oxide,
silicon nitride, silicon oxynitride, of and the like.

20
[0061]Resin solid content in the resin composition employing in
the present invention is about 5 to 60 %wt. Further, preferably,
it is about 30 to 55 %wt., and more preferably, it is about 35 to
45 %wt. Solution viscosity is 10 to 25,000 cP, and more

25 preferably 100 to 3,000 cP.

[0062] A resin composition may be obtained by simply mixing a




resin conposition is coated on a suitable support of, for exanple, 10
a silicon wafer, a ceramc, an alum num substrate or the |iKke.

Typi cal application process includes a spin-coating process

enpl oying a spinner, a spray-coating process enploying a spraying
coater, a dipping process, a printing process, a roll coating

process or the |like. Next, a pre-bakipgpg process is conducted at 15 90
to 140 degree Cto dry the coated film and then, a chemcal ray is
irradiated to a desired pattern geonetry. Available chem cal ray

i ncludes x-ray, electron beam ultra-violet ray, visible ray or the
| i ke, and those having a wave |ength of 200 to 700 nm are

pr ef er abl €Ycdr F@GB‘?&‘]HeSGbg%?ﬂeh@H}lgt ep%e SERPO SULed tocRemEal ray, a

bake process_ |s cond ct tign lets rate of reaction of
opoxy cr oSEReTAEr g RereeBathy o SRV Ror ST un=r eSS0 to 200

degree C, scRi&f E:abé he%gzlﬂg %%Qnge%egn&oxéagn{mr erPreferalh90 to
130 25 degree ] Next’, ani rradi at ed portions are renoved by

di ssol vi nggent - a—piast10123f, 35sitdrer ectpMinbhagerteued apiengisolagt i on to
obtain a relief pattern. Typical devel oper includes

hydr oc&r b&gaebmcai ni ng sol vents including al kane and cycl oal kane
such as pentane, hexane, heptane, cyclohexane and the |ike, and
aromat i ¢ hydrocarbon-containing 5 sol vents such as tol uene,

mesi tyl ene, xyheng, MesickYLenerapreddi®ng!d kemi ESHLREEy deBhPENES LRLCH

as |inonene, dipentene, pinene,
present invention will be described. First of all, a norbornene

resin composition is coated on a suitable support of, for example,

i0 a silicon wafer, a ceramic, an aluminum substrate or the like.
Typical application process includes a spin-ceating process
employing a spinner, & spray-coating process employing a spraying
coater, a dipping process, a printing process, a roll coating
process or the like. WNext, a pre-baking process is conducted at

15 90 to 140 degree C to dry the coated film, and then, a chemical
ray is irradiated to a desired pattern geometry. Available
chemical ray includes x-ray, electron beam, ultra-violet ray,
visible ray oxr the like, and those having a wave length of 200 to
700 nm are preferable.

20
[0063] Subsequently to the exposure to chemical ray, a bake process
is conducted. Such cperation lets rate of reaction of epoxy cross
linking increase. Typical baking condition is 50 to 200 degree C,
preferably 80 to 150 degree C, and more preferably 20 to 130

25 degree C,.

[0064]Wext, unirradiated portions are removed by dissolving




ment hane and the |ike, and ketones such as cycl opent anone,

cycl ohexanone, 2 -heptanone and the |ike may be enpl oyed, and an
organi ¢ solvent containing a suitable anmount of surfactants 10 added
therein nmay be preferably enpl oyed. [0065] Avail abl e devel opi ng
processes include manners utilizing spraying, paddling, dipping,
ultrasonic wave and the |ike. Next, the relief pattern forned by the
devel opi ng process is rinsed. An 15 alcohol is enployed for a rinse
solution. Next, a heat treatnment process is conducted at 50 to 200
degree C to renove the devel oper and the rinse solution, and
further, cross-1linking of epoxy group is conpleted to obtain a

fini shed paterecn wikat a cdaveexhity kslbeidnete ddt@ined re@$ésStaReexrn .20

[ 0066] Furt her, the adhesive agent enployed in the present invention
i s preferadbPpcebrifsyséert 18Flides hydyemarhpr-aopoginimgspalveningt is in
liquid state a%.an %gbient te erg#ure and a curin agent, and

pr ef er abl y"EGHPEIDS 98D 208 SXG 020K 1SHER 33 PFRIATEA) Po%enen Peptane;
conmponent Si] i fi . ra: fi el is Lk

powder hajﬁﬁgogéﬁggnh%%ﬁ?%c?£mﬁighét%%ﬁg 1%1§§r§%%&%%]8§ #g¥§ he
epoxy residviesptoyrdhi fs thheupiasasbityean] i:0N.ehs, IMd¥i t £Tbn6 andl Cche
liquid at an anbient tenperature, and if it is not liquid at an

anbi ent t ehiger at Trthes ol tegnengss sadhli ad dambrenenediieahtioe, kieadéng
with silica filler. The dgitiona sol vent causes a generation of

voi ds, m%ﬁ?tﬁén%oﬁndpmﬁf@ﬁ B A4S KPHOeEd s atsh‘éy%lcﬂa?ggﬁlf’é’nﬁrength 5

and the t'E%EHELe§§HEEE9ti\UhE¥t§Hon%h§n&”Hh§dl{QE:%E&age employed, and

an organic solvent containing a suitable amount of surfactants

10 added therein may be preferably employed.

[0065] Available developing processes include manners utilizing
spraying, paddling, dipping, ultrasonic wave and the like. Next,
the relief pattern formed by the developing process is rinsed. BAn

15 alcohol is employed for a rinse solution. Next, a heat treatment
process is conducted at 50 to 200 degree C to remove the developer
and the rinse SOIution, and further, cross-linking of epoxy group
is completed to obtain a finished pattern that can exhibits better
thermal resistance.

20
[0066] Further, the adhesive agent empioyed in the present
invention is preferably composed of silica filler and epoxy resin
that is in liquid state at an ambient temperature énd a curing
agent, and preferably contains 1 to 10 %wt. of silica filler {(A)

25 in the component and such silica filler is ultra fine particle
silica powder having a mean particle diameter of 2 to 500 nm.

Here, the epoxy resin employed in the present invention is limited




[ 0067] Typi cal epoxy resins includes, for exanple, bisphenol A

bi sphenol F, a conmpound in liquid state at an anbient tenperature 10
such as pol yglycidyl ether obtained by a reaction of novolac phenol
wi t h epi chl orohydrin, vinylcycl ohexene di oxide, dicyclopentadi ene
di oxi de, and alicyclic epoxy such as alicyclic diepoxy-azipate, or
one of these may be enployed or two oggnore of these may be

enpl oyed, though it is not limted thereto. Further, 15 a standard
epoxy resin such as n-butyl glycidyl ether, versatic acid glycidyl
ester, styrene oxi de, phenyl gl ycidyl ether, cresyl glycidyl ether,
but Iphenyl ycidyl ether and the |like nmay also be enployed. 20
[0068] For *©h glfw:du ﬁ@ adgéﬁ?l@%p%watﬁr%@nsrb%éﬁt 15 megnti@Hd at an
S|nultaneou u e t.ent und su as
di cyandi af St & p ecraa O&F’% S 50& YR8 1 élee‘g %Ir)fgf:elflé éng it
is prefer %@Eﬁ éﬂl%gnfﬂ'lgrb' Sﬂ@lQeQ@élltEo%i @o@@e%ﬂ%e@f %eh@ra?’t(}or{%f
in the adhesive agent. The anount of |ower than 5 provides
excessi velwpilionwehibh endinng mpedatibls akehireguias étlﬂe adnmsﬁfre GdteBhgth
adhesive strength, and the amount of larger than 30 %M. provides
excessive 2afoti tbﬁﬂmﬂeﬁ@n%ctﬁyatbﬁl the oyyedvnterial .. ... ... 37
epoxy group, leading to remaining unreacted phenolic hydroxyl group
in the cured product, and thus these are not preferable. [0069] The
silica filler enployed in the present invention 5 preferably conposed
of ultra fine particle silica powder having a nean particle dianeter
of 2 to 5000siNTedrbaiapedyi fredihe athiesieype for example, bisphenol A,

@hepol

bisphenol F, a compound in liquid state at an ambient temperature
10 such as polyglycidyl ether obtained by a reaction of novelac
phencl with epichlorohydrin, wvinylcyclohexene dioxide,
dicyclopentadiene dioxide, and alicyclic¢ epoxy such as alicyclic
diepoxy-azipate, or one of these may be employed or two or more of
these may be employed, though it is not limited thereto. Further,
15 a standard epoxy resin such as n-butyl glycidyl ether, wversatic
acid glycidyl ester, styrene oxide, phenylglycidyl ether, cresyl
glycidyl ether, butylphenyl glycidyl ether and the like may also

be employed.

20 [0068] For the curing agent employed in the present invention, a
simultaneous use of bisphenol F and a latent amine compound such
as dicyandiamide, adipic acid hydrazide and the like is preferable,
it is preferable to contain bisphencol F with an amount of 2 to
30 %wt. in the adhesive agent. The amount of lower than 2 %wt.

25 provides excessively lower blending quantity, leading to an
insufficient adhesive strength, and the amount of larger than

30 %wt. provides excessive amount of phenolic hydroxyl group over




agents at 1 to 10 %w. The anmobunt of the whole silica filler in the
adhesive agent of larger than 1 %M. elimnates problens in the
application such as a dripping of a paste, and the anmount of 10 | ower
than 10 %v . inproves the workability, which is otherw se
deteriorated by a plugging of a mask for screen printing or the

| i ke. Further, additives such as a cur accel erator, a
flexibility-applying agent, a pignent,”a dye, an antifoam ng agent
and the |like may be enployed as required in the adhesive agent 15
enpl oyed in the present invention. The manufacturing nmethod of the
present invention includes, for exanple, pre-mxing respective
conponent sepdkgearhupy Léwtieafl tdyrepaphing ngréaduelphieencal t efydr-exy0bt ai n
a paste, and defoaming thereof in a vacuum and the like. 20
EXAVPLES [O0PO] Thehsr eeeast Produtivi ard hdsi thasst peg ingé eyeepblele wi | |
be nore specifically described by showi ng exanpl es hereinafter.
"Exanpl e 1>> 25 (Manufacture of a cyclic olefin resin conposition)

[0071] An %@Pl ary iTﬂB' ﬁﬁ;&%a£iﬂ%rogrpﬁlo§(g?0:'_ry r{gé ﬁ&s@ﬁ;ﬁ:{erévgﬁ‘E?on

decyl - 2- norbornene (hereinatter sinply erred to as

nor bor reengdnetebab iy 2000 2ROXY PIIARAXYInaTBERY d1e2s i NEbpse e having a
(hereinafter sinply referred to as "gl yci dyl net hyl et her

nor bor nenetgan=pFRizdej dlanessemied. t& M0 nyl asatesd destiwerehdsived f or
18 hours at 60 degree C and at_0.1 Torr. Thereafter, thefgl ass |

devi ces ar%gana&??éTnguigwa. The amount of the whole silica filler in

the adhesive agent of larger than 1 %wt. eliminates problems in
the application such as a dripping of a paste, and the amount of

10  lower than 10 %wt. improves the workability, which is otherwise
deteriorated by a plugging of a mask for screen printing or the
like. Further, additives such as a cure accelerator, a
flexibility-applying agent, a pigment, a dye, an antifoaming agent
and the like may be employed as required in the adhesive agent

15 employed in the present invention. The manufacturing method of
the present invention includes, for example, pre-mixing respective
compenents, kneading thereof by employing a triple roller to

obtain a paste, and defoaming thereof in a vacuum, and the like.

20 EXAMPLES

[0070] The present invention and illustrative examples will be more
specifically described by showing examples hereinafter.
«Example 1»

25 (Manufacture of a cyclic olefin resin composition)

[0071] An exemplary implementation of a copolymer (A-1) of 5-




gl ove box, and were equi pped in the glove box. Ethyl acetate (917

g), cyclohexane (917 g), decyl norbornene (192 g, 0.82 nol) and 10

gl ycidyl nethyl ether norbornene (62 g, 0.35 nol) were added to a
reaction flask. The reaction flask was taken out fromthe glove box,
and dried nitrogen gas was introduced therein. Internediate product
was degassed by flow ng nitrogen gas through a solution thereof for
30 mnutes. In the glove box, 9.36 g (19.5 mml) of a 15 ni ckel

catal yst, nanely bis(toluene) bis(perfluoro) phenyl nickel was
dissolved in 15 m of toluene, and was poured in a 25m syringe, and
then was taken out fromthe gl ove box, and was added in the reaction
flask. |t 9gagl st p@@@ralﬁmzo(k@ég%wterf @irmpBYhé%ﬁesfre@otq iefi eavhe
reaction. |In next,,. ol eracetic_ac 20 (97

hdded ¢ hePBTRoRtRE" fad st 14 Ea P uBFraoRbt), TEStdn o (T S5E T Fiting was
stopped, % Was $ePArAaLSey | MR Redalels ! %léﬁ%etﬁyf%ltﬁspt layer.
After the water |ayer was separated, one liter of distilled water

was addednoaharnsas" st r70geh fier p2&saritadt es. A water | ayer was
separated, and was elim nated. Washing was 25 conducted with one
liter &f distilled water for three tinmes. Thereafter, polyner was
added i nto net a, sedi nent vas colbected b %)flltratlon

and it was suff @?ﬁfﬁ/ SR VR E 7369 {Rft &P, DUNG thet? d8ITSH Ced™d n
the vacuung. 4ffar, the grying..., pﬁr}a@/@%s%e%‘lée o @%aqls%@n@d \e@SMN

obt ai ned. Ml ecul ar wei ght of obt al ned pol yner
=115, 366, gbvedbx0)08hd artde Mu:iPphedt2ndbhe @l|oyﬂﬁﬁoxconpﬂﬁ&nhc&lyaﬂd- NVR

was: 70 nol % of decyl™ 5 norbornene, and 30 nol % of epoxy norbornene.

g), cyclohexane (917 g}, decyl norbornene (192 g, 0.82 mol) and

10 glycidyl methyl ether norbornene (62 g, 0.35 mol) were added to a
reaction flask. The reaction flask was taken out from the glove
box, and dried nitrogen gas was introduced therein. Intermediate
product was degassed by flowing nitrogen gas through a solution
thereof for 30 minutes. In the glove box, 9.36 g (19.5 mmol) of a

15 nickel catalyst, namely kis{tocluene)} bis(perfluorc) phenyl nickel
was dissolved in 15 ml of toluene, and was poured in a 25ml
syringe, and then was taken out from the glove box, and was added
in the reaction flask. It was stirred at 20 degree C for 5 hours
to finish the reaction. In next, a solution of peracetic acid

20 (975 mmol) was added therein, and was stirred for 18 hours. When
the stirring was stopped, it was separated into a water layer and
a solvent layer. After the water layer was separated, one liter
of distilled water was added, and was stirred for 20 minutes. A
water layer was separated, and was eliminated. Washing was

25 conducted with one liter of distilled water for three times.
Thereafter, polymer was added into methancl, and a sediment was

collected by & filtration, and it was sufficiently washed with




[ 0072] 228g of the resin synthesized as above-descri bed was dissol ved
in 342 g of decahydronapht hal ene, and then 4- nethyl phenyl-4 - (1-
nmet hyl et hyl ) phenyl iodoniumtetrakis 10 (pentafl uorophenyl) borate)
(0.2757 g, 2.71 x 10-4 nol), 1- chloro- 4- propoxy -9H thioxanthone
(0.826 g, 2.71 x 10-4 rnol), phenothiazine (0.054 g, 2.71 x 10-4
nol ), and 3,5-di(t-butyl)-4- hydroxy droci nnamate (0.1378 g, 2.60 x
10-4 nol) were added thereto and dissol ved, and then, it was
filtered with a 0.2 pm 15 filter made of a fluorine resin to obtain a
cyclic olefin resin conposition. (Manufacture of an adhesive agent)
[0073] 20 Utra fine silica powder having nean particle dianmeter of
about 12 mwate3, 0g) aneh diagl yciddybinettreraohinal NBtkdyy the r@sahiypn of

bi sphenol F and epi chl orohydrin (wei ght per epoxy equival ent: 180,
liquid at RRAYARDIENELR eng@iatdir’) %[ 9Bs0chyainsds pitsderuiay 58@9@9 ofand
di cyandi am_de élno 8) ¥Fre combi ned, and wer.e kneaded wth a 25
triple r ol 1% CY R I6E AR TG (5t VY MEsT R §§§'e MnSué?'rqunsﬁ‘Fddtl ng

resin paste, gasdakoansd - . 4astum ¢ha H"%@L T2 ol |

mnutes to obtaln an adhesive agent acture o?

| i ght - rreceiotbagnadayi 68 30[ ﬁi@f%‘”of@p@qﬁ@.ﬂhﬁ&ﬂﬁﬂ@t or subst rat e
including the light receiving 5 elenent having mcrol enses di sposed
corresponding to each of the 1light receiving regions formed thereon

and Surfac[%ogéiagEggog%sthe resin synthesized as above-described was

dissolved in 342 g of decahydronaphthalene, and then 4-
methylphenyl-4 — (I- methylethyl) phenyl iodonium tetrakis

10 (pentafluorophenyl) borate) (0.2757 g, 2.71 x 107™® mol), 1- chloro-
4- propoxy -9H- thioxanthone (0.826 g, 2.71 x 107! mol),
phenothiazine (0.054 g, 2.71 % 10™ mol), and 3,5-di(t-butyl)-4-
hydroxy hydrocinnamate (0.1378 g, 2.60 x 107" mol) were added
thereto and dissolved, and then, it was filtered with a 0.2 um

15 filter made of a fluorine resin to obtain a cyclic olefin resin

compositicon,

{(Manufacture of an adhesive agent)

[0073]

20 Ultra fine silica powder having mean particle diameter of
about 12 nm (3.0g) and diglycidyl ether obtained by a reaction of
bisphenol F and epichlorohydrin (weight per epoxy eguivalent: 180,
liquid at an ambient temperature) (91.0 g), bisphenol F (5.0 g)
and dicyandiamide (1.0 g) were combined, and were kneaded with a

25 triple roller to obtain an insulating resin paste. Such
insulating resin paste was defoamed in a vacuum chamber at 2 mmig

for 30 minutes to obtain an adhesive agent.




formed in regions except the regions having mcrol enses, the
above-descri bed cyclic olefin resin conposition was applied by
enpl oying a spin coater, and then was dried with a hot plate at 10
110 degree C for 5 minutes to obtain a coating filmhaving a film
t hi ckness of about 40 pm An exposure was conducted for portions for
form ng danms over such coating filmthpough a reticle wth a

br oadband st epper exposure machi ne (comrercially available from
ULTRATEC Co., Ltd.) at 1,500 ml/cnR. Thereafter, it was heated 15
with a hot plate at 90 degree C for 4 mnutes, for accelerating a
cross linking reaction of the exposed portion. [0075] Next, it was
di pped in linonene for 30 seconds to dissolve and renove the

unexposed portion, and then, a rinse with .20 isopropanol was
conducted(BSPW%ﬁtEE%éﬁaé.Eﬂgmﬁr?%?dﬁPg ams“tere forned in |ocations
renote fragpyhe 1ight receiving elements so as to surround the |ight
receiving elenents, and it was confirnmed that no residue was found
on the m crol emxn aFsstitenduahsokubsinate nindqlatii ®f nhdel fghtnaédGRiNas
observed in the remained pattern, and 25 found to have an i nproved

adhesi venedsme bhEiieveropiargeprdcpesed criseexmdény & each mf whs
conduct ed .at %60 deﬁree C for %0 q%f Fes to_conplete the cross
i nki ng r GaEET gRCTRE GBIt Uite THBRHT ST LT 417 GFR50Eh AFBPT m vas
0.2 % Next,,mihe rapoyerdeserd hed,adResiye ragent MesoAhRkked.an the
formed dans via a screen printing process, and then, the glass 5
subst r at e absvéet&pasaskD Ryt dagsin acein | dgpvas: ivandic tpdl bdd 90
degree C for 60 mnutes to adhere the glass substrate with the
employing a spin coater, and then was dried with a hot plate at
10 110 degree C for 5 minutes to obtain a coating film having a film
thickness of about 40 um. An exposure was conducted for portions
for forming dams over such coating film through a reticie with a
breadband stepper exposure machine (commercially available from
ULTRATEC Co., Ltd.) at 1,500 mJ/cm’. Thereafter, it was heated

15 with a hot plate at 90 degree C for 4 minutes, for accelerating a

cross linking reaction of the exposed portion.

[0075] Next, it was dipped in limonene for 30 seconds to dissolve
and remove the unexposed portion, and then, a rinse with

20 isopropanol was conducted for 20 seconds. 2As a result, dams were
formed in locations remote from the light receiving elements sc as
to surround the light receiving elements, and it was confirmed
that no residue was found on the microlens. Further, absolutely
no pattern delamination was observed in the remained pattern, and

25 found to have an improved adhesiveness in the developing piocess.
Thereafter, a curing was conducted at 160 degree C for 60 minutes

to complete the cross linking reaction. The moisture absorption




danms. Next, interconnects were forned by enpl oying a nmethod for 10
formng an electric lead that is enployed in a shell case-type CSP,
and were diced into individual light receiving elenents to obtain
the light-receiving device. It was confirned that the obtained

| i ght-receiving device exhibited no obstacle in operating as the

| i ght-receiving device. 15 [0076] <<§§anple 2>> Simlar process as
exanpl e 1 except that decyl norbornen (129 g, 0.55 nol), glycidyl
nmet hyl et her norbornene (177 g, 0.30 20 nol) and phenet hyl

nor bornene (29.7 g, 0.15 nol) were enployed, in place of enploying
decyl norbornene (192 g, 0.82 nol) and glycidyl nmethyl ether

nor bor nene f 6dcly,cu@ed5ciTal yaofo.exanpl e 1, was conducted to obtain a
terpolymer (A-2) of decyl norbornene/glycidyl methyl ether

nor bor nene/ phenet hyl norbornene = 25 55/30/15. A polynerization and a

reprecipitation_were conducte to collect a polyner of an anount
after drying of '¥69 §"%\i é’lva_‘gefcﬁ)"lf’e%dgﬁiﬁvfr aﬂéli%i;l‘ﬂaE FPliRe YbttdFned

pol ymer by:GRCywWeke My 3 ézreeﬁﬁﬁg@ﬁgﬁ%@@%&&%%@@ :la?s:f:;' o

Pol ymer conponent by H NVR was: nor rnen%,

of epoxy nabbhermenesaditbpotdd BH Unefddakengtditi ngorROEBRNELed at 100
Qperations simlar as in exanple 1 were conducted to obtain the
| i ght - r ecetiegicag @deirced minupes tooadhaneethe ldess hmbsbratmedth the

dams.

Next, interconnects were formed by employing a method for
10 forming an electric lead that is employed in a shell case—type CSP,
and were diced into individual light receiving elements to obtain
the light-receiving device. It was confirmed that the obtained
light-receiving device exhibited no obstacle in operating as the
light-receiving device.
15
[0076]
«Example 2»
Similar process as example 1 except that decyl norbornene
{128 g, 0.55 mol), glycidyl methyl ether norb;rnene (177 g, 0.30
20 mol) and phenethyl norbornene (29.7 g, 0.15 mol) were employed, in
place of employing decyl norbornene (192 g, 0.82 mol) and glycidyl
methyl ether norbornene (62 g, 0.35 mol) of example 1, was
conducted to obtain a terpolymer (A-2) of decyl

norbornene/glycidyl methyl ether norbornene/phenethyl norbornene

25 55/30/15. A polymerization and a reprecipitation were conducted
to collect a polymer of an amount after drying of 308 g (yield

92 %). Molecular weights of the obtained polymer by GPC were Mw




| i ght-receiving device exhibited no obstacle in operating as the

|'i ght-receiving device. 10 <<Exanple 3>> [0077] The synthesis and the
bl endi ng processes sane as in the fornmer exanple were conducted to
obtain a cyclic olefin resin conposition. 15 (Manufacture of a

| i ght-receiving device) [0078] On a sem conductor substrate including
the light receiving elenment having nygrol enses di sposed
corresponding to each of the light receiving regions fornmed thereon
and surface electrodes forned in regions except the regions having

m crol enses, 20 the above-described cyclic olefin resin conposition
was coated b enploying a spin coater, and then was dried wth a hot
pl ate at 6@1%‘3%@[}’1% Ech g@? Bdnitri(fres £ o3 obPalyrer comansgtfhy MrNdki ng

afilm thick ut 40 An expos s conducted for
orti ons. PET ToRRTh naReY o Re P b e ot PRYE (41 BPORT SuE R e e ¢

wth a 251@p&@gbg@dgﬁgggggfIﬁéggﬁgﬁg machi ne (comrercially avail abl e
from ULTRATEC Co. d.)"at 1,500 ml/cnR. Thereafter, it was heated

with a hot plate at 90 degree C for 4 mnutes, for acceleratlng a 43

cross linking reaction of the exposed portion. [0079] Next, it was

di pped>in | i nor@sgatsns3gineloonds @DEdEQEHi&ewean@on@ané theobtain

unexposed g ?p and then arinse with soproFanoI was conduct ed
&8fias e g

for 20 se ASTSCHILOP 1 VRSRE Wiy B2S fC(S’PﬁeH“eldn BT dt o HERDt e
fromthe hLi; gm ﬁ%@%ﬂ&%@i@%@hfﬁb@%daﬁo FRe S QUG48 L4 A 1he

receiving elenments, and it was confirnmed
light-receiving device.

10 «Example 3»
[0077] The synthesis and the blending processes same as in
the former example were conducted to obtain a cyclic olefin resin

composition.

15 (Manufacture of a light-receiving device)
[0078] On a semiconductor substrate including the light
receiving element having microlenses disposed corresponding to
each of the light receiving regions formed therson and surface
electrodes formed in regions except the regions having microlenses,

20  the above-described cyclic olefin resin composition was coated by
employing a spin coater, and then was dried with a hot plate at
110 degree C for 5 minutes to obtain a coating film having a film
thickness of about 40 pm. An exposure was conducted for portions
for forming dams over such coating film through a reticie with a

25 Dbroadband stepper exposure machine (commercially available from
ULTRATEC Co., Ltd.} at 1,500 mJ/cn?. Thereafter, 1t was heated

with a hot plate at 90 degree C for 4 minutes, for accelerating a




that no residue was found on the mcrol enses. Further, absolutely no
pattern del am nati on was observed in the renai ned pattern, and 10
found to have an inproved adhesiveness in the devel opi ng process.
Next, a gl ass substrate is disposed on the forned dans, and a curing
was conducted at 160 degree C for 30 minutes while pressuring at 80
kPa to have the gl ass substrate adhere with the sem conductor
substrate. The noi sture absorption of ¥luch cured 15 filmwas 0.2 %
Next, interconnects were fornmed by enploying a nethod for form ng an
electric lead that is enployed in a shell case-type CSP, and were
diced into individual light receiving elenents to obtain the

|'i ght - r ecetntisegliitRingereddrivAso @nti saededtdtatibne obt ai ned

| i ght-receiving device exhibited no obstacle in 20 operating as the

| i ght-receiving device. <<Exanple 4>> [0080] The syntheS|s and the

bl endi n es_same as 5 the fornmer exa e were conduct ed
to Ob![ a?np;O%ggiﬁ?’ét’olléf‘i’?is ,dégp%c? o P F ot T éﬁngiq\‘?&ﬁﬁfﬁ%tddf’éc’]o‘fe a

i ght - recejy @gm&?ewtﬁs)m{e ng'%]d Q123 SEMGONGIGE O SUst iy i ncl udi ng

the light recelving el enment having m'crol enses di spose

cor r espondi sigrbpandAaahs adfontiherghebe 1d ghtor@cei Xk ng deegi ®NSahorred
thereon and 5 surface el ectrodes fornmed in regi ons except the regions
having mita@kdnbed ocehorabsvectdedcrn bde Y@t ceotiefing elgients so as
conposition was coated by e yin in coater, and then was
dried with-%SUhBIV 4F8 Jaltghinge%ég’ﬁg% RERET AP daF FEBLEH a

coati ng f'éﬂgt no residue was found on the microlenses. Further, absolutely

no pattern delamination was observed in the remained pattern, and

10 found to have an improved adhesiveness in the developing process.
Next, a glass substrate i1s disposed on the formed dams, and a
curing was conducted at 160 degree C for 30 minutes while
pressuring at 80 kPa to have the glass substrate adhere with the
semiconductor substrate. The moisture absorption of such cured

15 film was 0.2 %. Next, interconnects were formed by employing a
method for forming an electric lead that is employed in a shell
case—type CSP, and were diced into individual light receiving
elements to obtain the light-receiving device. It was confirmed
that the obtained light-receiving device exhibited no obstacle in

20 operating as the Light-receiving device.

«Example 4»
[0080] The synthesis and the blending processes same as in
25 the former example were conducted to obtain a cyclic olefin resin

composition.




having a fil mthickness of about 10 pm 10 [0082] Next, a gl ass
substrate is disposed on the coating film and a curing was
conducted at 160 degree C for 30 mnutes while pressuring at 80 kPa
to have the glass substrate adhere with the sem conductor substrate.
The noi sture absorption of such 15 cured filmwas 0.2 % Next,

i nterconnects were fornmed by enployipg a nethod for form ng an
electric lead that is enployed in a shell case-type CSP, and were
diced into individual light receiving elenments to obtain the

i ght-receiving device. It was confirmed that the obtained

l'i ght-receiving device exhibited no 20 obstacle in operating as the
li ght - r ecMFPHG TP . 2] DOBST vhFd & ipaelsiEedi ment s of

above- des d the present tion _has been descri

pr esent ﬁvgg)ﬁ on i s&ﬁoa[ SFerﬁotng L5 SHBSHALE, BT abd ‘21 g;ih%hni/al‘l ous
confi gur atr'e@@?vl%ligeefén%%t' H&Hx‘@eﬁlcx%%n%@% osetdh%oné%‘%)@H&lﬂgmﬁgnt' on
i ncludes the foll'owi ng configurations. 1] [008

| i ght - r eceiavh ngr deulmtbhmghtsremmnﬁgecbgabns Boreed ﬂﬁeﬁtdblﬁ:tam’d
substrate including at |east one light receiving elenent; a dam
surroufRdi R§TERe Pilghtradesetarmeg b éﬁéh@nqoreesvem@h@nreqﬂ@es having

senlconducaor iybstrq%F an a hesuég agﬁqﬁ a%a%‘prOVJded on % t he
dam and & FFAEISEP ent Sc BVt 5oV Hed fe®Htfi@st Vet gem s -agRr
wher ei n t ha sdathieRchHAgs1 &, R RORSNE b8SI) BAY I I8neROXYri 84 QURRANd a
phot oaci d generator.” [2
hot plate at 110 degree C for 5 minutes to obtain a coating film
having a film thickness of about 10 um.
10
[0082] Next, a glass substrate is disposed on the coating
film, and a curing was conducted at 160 degree C for 30 minutes
while pressuring at 80 kPa to have the glass substrate adhere with
the semiconductor substrate. The moisture absorption of such
15 cured film was 0.2 %. ©Next, interconnects were formed by
empleying a method for forming an electric lead that is employed
in a shell case-type CSP, and were diced into individual light
receiving elements to obtain the light-receiving device. It was

confirmed that the obtained light-receiving device exhibited no

20 obstacle in operating as the light-receiving device.

[0083]While the embodiments of above-described the present
invention has been described, the present invention is not limited

25 as described above, and various configurations are also included.
For example, the present invention includes the following

configurations.




[ 0085] The light-receiving device as set forth in [1], 10 wherein

t he norbornene resin is a polynorbornene resin. [3] [0086] The

| ight-receiving device as set forth in [1] or [2], wherein the

nor bornene resin which has epoxy group has repeated wunit presented
by formula (1). 15 [0087] X {~S R R2 R3 Ra [In fornula (1), X is any
of 0, CH2 and (CH2)2, n is an integer ,.nunber of 0 to 5. Rl to R4 may
be respectively any of functional gr&ﬁbs sel ected from hydrogen,

al kyl group, al kenyl group, al kynyl 20 group, allyl group, aryl

group, aral kyl group, functional group having ester group,

functional group having ketone group, nonovalent functional group
havi ng et hier] [p®4lp and norfovabetireteivingnabidnalthgt oly) bawtbirgdepoxy
group. Rl to R4 may be different in repeated nononers, while at

| east one drEeRbFEdREPRFRPRPE e foattdisgait dreeap mﬂh@%g@xylwup

anong R1L ta R4 cont ned epeat ed, uni ts 4 0088]
The i ot -Siementy a, Sl tut G the S i Sapnlo Rk e R,
nor bor nen [LQUP, L tieder ed on
e

5 the dam; and a transparent cover provided on the adhesive agent
layer, wherein the dam includes a norbonene resin having epoxy
group and a photoacid generator.

(2]
[0085] The light-receiving device as set forth in [11],

10 wherein the norbornene resin is a polynorbornene resin.
[3]
[0086] The light-receiving device as set forth in [i] or [2],
wherein the norbornene resin which has epoxy group has repeated
unit presented by formula (1).

15 [0087]

x 1)

n

R
TR, Ry P4

[In formula (1), X is any of O, CH; and (CHz)2, n is an integer
number of 0 to 5. R; to R: may be respectively any of functional
groups selected from hydrogen, alkyl group, alkenyl group, alkynyl

20 group, allyl group, aryl group, aralkyl group, functional group
having ester group, functional group having ketone group,

monovalent functicnal group having ether group and monovalent




gRBR} (2) (3) CHR RS Rst.72 0010 CH2 [In fornmulae (2) and (3),
Rl to R7 may be respectively any of functional groups selected from
hydrogen, al kyl group, al kenyl group, alkynyl group, allyl group,
aryl group, aral kyl group, functional group having ester group,
functional group having 15 ketone group and nonoval ent functi onal
group having ether group. Rl to R7 mgy be different in repeated
nononers.] [5] [0090] The |ight-receiving device as set forth in [1]
to [4], wherein the norbornene resin having epoxy group includes
repeated 20 units presented by fornulae (4), (5) and (6). [0091] 47
(4) (5) (6) RRRZ RBRERERTRE Ry RO CH ( CH2) n OO/ CH2 [In
formul ae ERCtYWPlagEPupeaving sPefy ighPeyer Rauith&r M5 be tdgferemy) ipo

o.M beshesperiivslaany ol Lincleng scoup seleairen
aryl grougungfaldeY! g8 MReviNehb BN 3h-ofs AR nhaY B ©SLELt LA P the
whole repeated units.]
5 [4]
[0088] The light-receiving device as set forth in [1] to [3].
wherein the norbornene resin having epoxy group includes repeated

units presented by formulae (2) and feormula (3).

[0089]

(2} (3)

'Rs Rg N7

10

[In formulae {2} and (3), Ry to R; may be respectively any of
functional groups selected from hydrogen, alkyl group, alkenyl
group, alkynyl group, allyl group, aryl group, aralkyl group,
functional group having ester group, functional group having
15 ketone group and monovalent functicnal groﬁp having ether group.
R1 to Ry may be different in repeated monomers.]
[3]
[0090] The light-receiving device as set forth in [1] to [4],
wherein the norbornene resin having epoxy group includes repeated
20 units presented by formulae (4), (5) and {6).

[0091]




functional group having ketone group and nonoval ent functional group
havi ng ether group. Rl to Rio may be different in repeated

nononers.] [6] 10 [0092] The light-receiving device as set forth in
[1] to [5], wherein the sem conductor substrate described in [1] is
silicon, and the light receiving elenent includes the CMOS i mage
sensor apparatus having mcrol enses di_sposed therein. [7] 15 [0093]
The light-receiving device as set fortH in [1] to [6], wherein a

hei ght of the damis higher than the height of a m crol ens. [8] 20
[0094] The light-receiving device as set forth in [1] to [7],

wherein the adhesive agent constituting the aforenentioned 48

adhesi ve agent |ayer is conposed a filler an .epoxy
resin that Mssligyid at an anbi et cpperature (B) ap ng agent
(O. [9] 5 The l'ight-recej devi ce as set in [8],
wherein 1 ta Wt . l'ica f| ¢A) i s,d.ncl udeg e 6
af orenenti on eS|ve %knt 0096] e |ight ei vi ng (8)
device as Re in [8] or

R R, 3 el Re R Rs Re R0

CH, (CHy)

[In formulae {(4), (5) and (6), n is an integer number of 0 to 5.
R1 to Ryp may be respectively any of functional group selected from
hydrogen, alkyl group, alkenyl group, alkynyl group, allyl group,
5 aryl group, aralkyl group, functional group having ester group,
functiconal group having ketone group and monovalent functional
group having ether group. Ry to Ryjp may be different in repeated
monomers. ]
[6]
i0 [00292] The light-receiving device as set forth in [1] to [51,
wherein the semiconductor substrate described in [1] is silicon,
and the light receiving element includes the CMOS image sensor

apparatus having microlenses disposed therein.

[7]

15
[0023] The light-receiving device as set forth in [1] to [6],
wherein a height of the dam is higher than the height of a
microlens,
(8]

20 [0094] The light-receiving device as set forth in [1] to [7],

wherein the adhesive agent constituting the aforementioned




10 wherein nean particle dianmeter of the silica filler in the

af orenenti oned adhesive agent (A) is 2 to 500 nm 49 CLAIMS 1. A

| i ght-receiving device, conprising: 5 a substrate (1); a light
receiving elenent (2) provided on a surface of said substrate; a
transparent cover (6) provided above said surface of said substrate;
and 10 a sealing nenber (5) for provigdgng a seal for said |light
receiving elenent froman exterior, said sealing nenber being at

| east provided in a circunference of said |ight receiving el ement

bet ween said substrate and said transparent cover, characterized in
that said sealing nenber-contains a 15 norbornene resin. 2. The

| i ght - r ecE&PPHE SI@IFEe lagesets FEFRIFEANOEIHLATE, TiMheF el 3RiPOEBal i ng
menber is provided to surround_said.light receivin element. in a
bost o1 on Faaet e R ot ST Hnet rtbarb P bR ERine Ton g S

l'i ght - receig¢hpgidevice as set forth in claim1, wherein said sealing
menber is provided to fill a gap between said substrate and said
transparemntlcover. 25 4. The light-receiving device as set forth in
claiml1l, wherein said sealing nmenber is a bridged conmpound of said
nor bor Rend %f88l n  haV¥hnd iepbxyegivipy device as set forth in (8],

wherein 1 to 10 %wt. of silica filler (A) is included in the

aforementioned adhesive agent.

[10]

[0026] The light-receiving device as set forth in [8] or [9],
10 wherein mean particle diameter of the silica filler in the

aforementioned adhesive agent (A) is 2 to 500 nm.




50 5. The light-receiving device as set forth in claim4, wherein
sai d norbornene resin having epoxy group has repeated unit 5
presented by fornmula (1): X {~~ R2ZR3 Ra|[ln formula (1), X is any
of 0, CH2 and (CH2)2, and n is an integer nunber of 0 to 5. Rl to R4
are respectively any of functional group selected from hydrogen,

al kyl group, al kenyl group, al kynyl 10 group, allyl group, aryl
group, aral kyl group, nonoval ent funct? onal group having ester
group, nonoval ent functional group having ketone group, nonoval ent
functional group having ether group and nonoval ent functional group
havi ng epoxy group. R1L to R4 may be the same or different. In Rl to
R4 of the whole repeated 15 units incfomzula (1), at |east one or
nore thereof is functional group having epoxy group.] 6. The

i ght-receiving device as set forth in claim4, wherein said

nor bornene resin having epoxy group has repeated units 20 presented
by formula (2) and fornula (3), respectively. 51 (2) (3) R R2 CH2

RS R6 R7 ]? O OA _\L%l-réceiving device, comprising:

5 a substrate (1);
a light receiving element (2) provided on a surface of said
substrate;
a transparent cover (6) provided above said surface of said
substrate; and
10 a sealing member (5) for providing a seal for said light
receiving element from an exterior, said sealing member being at
least provided in a circumference of said light receiving element
between said substrate and said transparent cover,
characterized in that said sealing member.contains a

15 norbornene resin.

2. The light-receiving device as set forth in ¢laim 1, wherein
said sealing member is provided to surround said light receiving

element in a position remote from said light receiving element.

20
3. The light-receiving device as set forth in c¢laim 1, wherein
said sealing member is provided to fill a gap between said
substrate and said transparent cover.

25 4. The light-receiving device as set forth in claim 1, wherein

said sealing member is a bridged compound of said norbornene resin

having epoxy group.




[In formulae (2) and (3), RL to R7 are respectively any of :
functional group selected from hydrogen, al kyl group, al kenyl group,
al kynyl group, allyl group, aryl group, aralkyl group, 5 nonoval ent
functional group having ester group, nonoval ent functional group
havi ng ket one group, nonoval ent functional group having ether group
and nonoval ent functional group havingsepoxy group. Rl to R7 may be
the same or different.] 10 7. The light-receiving device as set forth
in claim4, wherein said norbornene resin having epoxy group has
repeated unit presented by fornulae (4), (5) and (6): (4) (5) (6)
RLR2 RBRA R R RT R Ry Ro H2 (CH2) 0 CLOH2 [In formulae (4),
(5) and (6), nis an integer nunber of O to 5. 15 Rl to R10 are
respectively any of functional group selected from52 hydrogen,

al kyl group, al kenyl group, al kynyl group, allyl group, aryl group,

ar al kyl g5oup, %”Qa@t@%céﬂf%‘g‘ & cegggl'!a%thﬁgfﬁg :Lneéfa Eﬂl gl‘ QIH‘!%’.I’.‘EJ.H

nonoval ent function group havi ng ketone group, nonova

f unct i onalsa@d Qiepbbavdrg ret e haginy Rpakd qmnpv&)e@mtepéaﬁeldnaﬁi@nal group
havi ng epoxy group. Rl to R7 may be the sane or different.] 8. The

| i ght - Peceirgsengedelny doraglsetl)forth in claim 1, wherein a thickness
of said sealing nenber is thicker than a protrusion

{1)

n

. .
TR, Ry R4

[In formula (1), X is any of O, CH; and (CHz)2, and n is an integer
number of 0 to 5. R; to Ry are respectively any of functional
group selected from hydrogen, alkyl group, alkenyl group, alkynyl

10 group, allyl group, aryl group, aralkyl group, monovalent
functicnal group having ester group, monovalent functional group
having ketone group, monovalent functional group having ether
group and monovalent functional group having epoxy group. R to Ry
may be the same or different. 1In R; to Ry of the whole repeated

15 units in formula (1), at least one or more thereof is functional

group having epoxy group.]

6. The light-receiving device as set forth in claim 4, wherein
said norbornene resin having epoxy group has repeated units

20 presented by formula (2) and formula (3), respectively.




10 height of said light receiving elenent fromthe substrate. 9. The
| ight-receiving device as set forth in claim1, wherein said sealing
menber and said transparent cover are joined through an adhesive
agent layer (7). 15 10. The light-receiving device as set forth in
claim9, wherein said adhesive agent layer is formed by curing the
adhesi ve agent conposed of silica fild,er and epoxy resin that is in
liquid state at an anbient tenperature and curing agent. 20 11. The
| i ght-receiving device as set forth in claim10, wherein said
adhesive agent includes 1 to 10 % . of said silica filler. 12.- The
| i ght-receiving device as set forth in claim 10, wherein 25 nean
particle diameter \of said silica filler is 2,to 500 nm

(2) (3)

Rs Rg R7

[In formulae (2) and {3), R; to R; are respectively any of
functional group selected from hydrogen, alkyl group, alkenyl
group, alkynyl group, allyl group, aryl group, aralkyl group,

5 monovalent functional group having ester group, monovalent
functional group having ketone group, monovalent functional group
having ether group and monovalent functional group having epoxy

group. R; to Ry may be the same or different.]

10 7. The light-receiving device as set forth in claim 4, wherein
said norbornene resin having epoxy group has repeated unit

presented by formulae (4), (5) and {6):

(4) (8) / (6)

[In formulae (4), (5) and (6), n is an integer number of 0 to 5.

15 Ri to Ry are respectively any of functional group selected from




10

15

20

25

o2

hydrogen, alkyl group, alkenyl group, alkynyl group, allyl group,
aryl group, aralkyl group, monovalent functional group having
ester group, monovalent functional group having ketone group,
monovalent functional group having ether group and monovalent
functional group having epoxy group. R; to R; may be the same or

different.]

B. The light-receiving device as set forth in claim 1, wherein
a thickness of said sealing member is thicker than a protrusiocn

height of said light receiving element from the substrate.

9. The light-receiving device as set forth in claim 1, wherein
said sealing member and said transparent cover are joined through

an adhesive agent layer (7).

10. The light-receiving device as set forth in claim 2, wherein
said adhesive agent layer is formed by curing the adhesive agent
compesed of silica filler and epoxy resin that is in liquid state

at an ambient temperature and curing agent.

11. The light-receiving device as set forth in claim 10, wherein

said adhesive agent includes 1 to 10 %wt. of said silica filler.

12. The light-receiving device as set forth in claim 10, wherein

mean particle diameter of said silica filler is 2 to 500 nm.




