DESCRI PTI ON SUBSTRATE FOR MOUNTI NG AN OPTI CAL ELEMENT, OPTICAL CIRCU T
SUBSTRATE, AND SUBSTRATE ON WHI CH AN OPTI CAL ELEMENT IS MOUNTED Techni cal
Field [0001] The present invention relates to a substrate for nounting an
optical elenment, an optical circuit substrate, and a substrate on which an .
optical elenment is nounted. Background Art [0002] In recent years, there
have been even greater demands for increased mniaturization and increased
performance in electronic instruments. Anong these, in order to deal with

increasing signal speeds, i nvesthggtm Rgve been nade into increasing the
speed of signal transm ssion pat «9 n el ectronic instrunment by

connecting together electronic conponents by neans of optical signals. In
connections which are nade using optical signals, a mxed optical -

el ectrical substrate is used on which are provided both optical wiring and -
el ectri cal SUBSTRATERFARMOUNIINGAN GPTICYL ELEMENT,(QRTICAL QIRCEHTI de that is
formed by a core portion and a cl adding portion, and an optical signal is

transmitted SYBSTRATE! ANDSUBSIRATEONOWHIIOHANDPSICADBIEMENT 8 € portion of
the optical waveguide. [0003] I In an electronic instrunent which is

provided with this type of opticahd | cal substrate, an effective
structure is one in which electronic conponents are nounted on

Technical Field
(0001]
The present invention relates to a substrate for mounting an optical element, an

optical circuit substrate, and a substrate on which an optical element is mounted.

Background Art
[0002]

In recent years, there have been even greater demands for increased
miniatirization and increased performance in electronic instruments. Among these, in
order to deal with increasing signal speeds, investigations have been made into
increasing the speed of signal transmission paths inside an electronic instrument by
connecting together electronic components by means of optical signals. In connections
which are made using optical signals, a mixed optical — electrical substrate is used on
which are provided both optical wiring and electrical wiring, and the optical wiring has
an optical waveguide that is formed by a core portion and a cladding portion, and an
optical signal is transmitted as a result of light being propagated along the core portion of
the optical waveguide.

{0003]



the substrate, and input signals of these el ectronic conponents are
converted into optical signals using an optical elenent, and are then
propagat ed over an optical waveguide. At the destination of these optical
signals, they are restored to the formof electrical output signals using
anot her optical elenent, and are connected to another el ectronic conponent.
Conventional ly, advances have been made towards integration with rigid
substrates such as optical wavegui des being forned in a rigid substrate. For

exanple, an opt.i ARYG! ' n I unt,ed on the
cubstrate. et dbeh Pesfordf Bty 85 BT BENIBR Wi BTRER S bufebadiarT.
substrate qQn whi chﬂth= opti.cal, el'emi'qri]%eind el ectronic corrponegt are

mount ed, FIPSEHE ADEHLCHVE SERCTIGAS SRFIR K godranig comppreals 259 WORREEAR wiring is
formed, via electrical wiring that goes through the substrate and connects
bet ween t thesubstnatef enddaput Gignals of thssegpg:wsniarcempomugm eotverjedrintarapticsl an

optical waveguide that is forned in the substrate, and pass fromthe optical |
wavegui desighdly asiegharroptioal-ebearent) ahd are theh)peopagadd aver ahopticalivaveaideo Atl i ght |
receiving or emtting portion of an optical element (see, for exanple,

Pat ent domer&emn?ﬁan of TRUE BBtical &ig%%s,ﬂieg‘éﬁfé&@reﬂg&ﬁ\e% o e??cn‘ié%% gre limts

on the degree o m ni at uti zat r exanpl Imts of thinnfng. ;
Mor eover, .due to a dj C et wee the |ight receivi ar emtting portion
of the- optietals behelimeliit SR dEneil e s ennd o ARERAIRAOSE Voequl e’ thi s
has an effect on the efficiency of the optical input fromthe

| i ght - eni (9MPRRE®ortion to the core portion, and problens arise in j
characteristics such as optical propagation |oss and the |ike. Furthernore, !
i ncreased posi tCanventipnaldy; advances have been madn towardgintegration withgigid enitti ng
portion of an optical elenent and the core portion 2 of the optical

wavegui degibstritersiich 8SoptidalswdveguitdsbeingTormsdddh a 2igid substfate. For example,

<

an optical element and an electronic component are mounted on the substrate.
Electrical signals are propagated from the surface of the substrate on which the optical
element and electronic component are mounted, to the surface on the opposite side on
which electrical wiring is formed, via electrical wiring that goes through the substrate
and connects between these surfaces, Optiéal signals are propagated by means of an
optical waveguide that is formed in the substrate, and pass from the optical waveguide
through a non-conductive layer and are transmitted to a light receiving or emitting
portion of an optical element (see, for example, Patent documnent 1).

However, in a structure such as this, there are limits on the degree of
miniaturization, for example, limits of thinning. Moreover, due to a distance between
the light receiving or emitting portion of the optical element and the core portion of the
optical waveguide, this has an effect on the efficiency of the optical input from the
light-emitting portion to the core portion, and problems arise in characteristics such as
optical propagation loss and the like. Furthermore, increased positioning accuracy

between the light receiving or emitting portion of an optical element and the core portion



Pat ent docunent 1: Japanese Unexam ned Patent Application, First Application
No. 2002-182049 Discl osure of the Invention Problens to be Sol ved by the

I nvention [0004] The present invention provides a substrate on which an
optical elenment can be nounted that nmakes it possible to reduce opti cal
propagation | oss, and provides an optical elenment nounted optical circuit
substrate and a substrate for nounting an optical elenent that have
superior positioning accuracy when an optical elenent is being nounted

t her eon. %p ns for Solving the Problem J0005] The above descri bed probl ens
are sol ve tg‘iﬂmﬁél‘g%ﬂlﬂ% dequired 10,30lvs problems s @Pﬁ%‘fF""el ement of the present
I nvention according to (1) through (9) below, the optical «circuit substrate
of the present invention according to (10) through (17) below, and the
substrate on which an optical elenent is nounted of the present invention

accor di ngP4tent doduient hr Japugiese( itk ainirled WatehtlApphicatitns FirstiApplicdtiondont i ng an
optical elenent that is fornmed so as to include an optical circuit

substr at es, j_]](gbmf formed by an optical wavegui de |ayer having a core
portion and cladding portions, and an electrical circuit substrate on which
Is 3 provided a nmounting portion that is used for nmounting an opti cal
elenment, and in which an optical elenent is nounted on the electrical
circuit supstrate_via the optical circuit substrate, wherein the optical

circuit shisclosuse ef the Inyeationed with a receptor structure in
Problems to be Solved by the Invention

[0004]
The present invention provides a substrate on which an optical element can be
mounted that makes it possible to reduce optical propagation loss, and provides an
optical element mounted optical circuit substrate and a substrate for mounting an optical
element that have superior positioning accuracy when an optical element is being

mounted thereon.

Means for Solving the Problem
[0005]

The above described problems are solved by the substrate for mounting an
optical element of the present invention according to (1) through (9) below, the optical
circuit substrate of the present invention according to (10} through (17) below, and the
substrate on which. an optical element is mounted of the present invention according to
(18) through (29) below.

(1) A substrate for mounting an optical element that is formed so as to
include an optical circuit substrate which is formed by an optical waveguide layer having

a core portion and cladding portions, and an electrical circuit substrate on which is



order to achieve electrical conduction between an el ectrode of the optical
el enrent and an electrode of the electrical circuit substrate, (2) The
substrate for nounting an optical elenent according to (1), wherein the
receptor structure includes a conductive portion inside the receptor
structure that is wused to forma netal bond between the el ectrode of the
optical elenent and the electrode of the electrical circuit substrate. (3)
The substrate for nmounting an optical elenent according to (2), wherein the
conducti ve r{ion includes ¢onductive post that, i.s provi.ded, op a bottom
ort1on oRfoRdRks BwHaRogon R SOt inmtCirbRE n ot o Sm a0 R, o1
structure. (4) The substrate for nounting an optical elenent,6 according to
(3) wher eanrppticyielempntiisanqupted onshe electrical gizenitsubaiste vimthe optical circuit
optical -el ement -nounting surface of the optical <circuit substrate. (5) The
subst r at esubstrateywheteimthe apticaptirouit/suldtrateds proxided mithagedepton styuoture imf (1)
through (4), wherein the optical circuit substrate has a conductive circuit

on the ofHéraahchievéeEetrial dondedtion beowediin Slodfdde 3F thelopficalelemicht¥ddan opti cal
el ement according to any one of (1) through (5), wherein the optical

circuit S&%Q?Bﬁhggﬁg@ﬁ%?ﬁgﬁigﬁd}bﬁﬂ&i rcuit that is connected to the

conducti ve po on a cé where it is bonded with the electrical'

circuit substrz e. ( The supstrate for r&gﬂgﬁin an optic Lae enent

according to a é') one L5 subgtzate tof mayating &) op et fqce tf’z » WRETEHYj t

substrate has a conductjive circuit on the 4 optical-el enent-nounting side

surface, thnteceptensiagturd inclugesracdonductive portion métﬂ@srecmor stpeturedhat é§ r cui t

substrate and is netal -bonded to the el ectrode of the electrical circuit
used to form a metal bond between the electrode of the optical element and the electrode

of the electrical circuit substrate.

(3) The substrate for mounting an optical element according to (2), wherein
the conductive portion includes a conductive post that is provided on a bottom portion on
the electrical circuit substrate side inside the receptor structure.

C)) The substrate for mounting an optical element according to (3) wherein
the conductive post protrudes beyond the optical-element-mounting surface of the optical
circuit substrate.

5 The substrate for mounting an optical clement according to any one of
(1) through (4), wherein the optical circuit substrate has a conductive circuit on the
optical waveguide layer.

(6) The substrate for mounting an optical element according to any one of
(1) through (5), wherein the optical circuit substrate has a conductive circuit that is
connected to the conductive post on a bonding surface where it is bonded with the
electrical circuit substrate.

N The substrate for mounting an optical element according to any one of

(1) through (6), wherein the optical circuit substrate has 2 conductive circuit on the



substrate on the conductive circuit. (8) The substrate for nounting an
optical elenent according to any one of (1) through (7), wherein the
optical circuit substrate has an optical path changing portion in the core
portion that bends the optical path of the core portion towards a |ight
receiving and emtting portion of the optical elenent. (9) The substrate for
nmounti ng an optical elenment according to any one of (1) through (8),
wherein the substrate on which an optical elenment is nounted has a
structure in ich two aof the electrical circuit substrates afe joined in a
bri dge stPP}FPﬂ,‘T{‘lﬁme‘BVn‘E%%E)‘H? eﬁ*ac&iapéaicfm‘ﬁ%%&mg URSNCUtes IRt i cal circuit
substrate for nounting an optical elenment is nounted that is fornmed so as
t o i ncl udeptisal cirsuit substrateapd istmesalshonded to thieleatrode of the gleetrisgl cinquidpt i cal
wavegui de | ayer having a core portion and cl addi ng portions, and an

el ect ri cabubgirdte uh the condrtivetireuitn whi ch i s provided a nounting portion that
I's used for nounting an optical elenent, and in which an optical elenent is

mount ed on t he @) ect rhe lbsfrase &t choubtfi bl tatélémerk BScoRBA¢ KAy GhE ¢

substrate, wherein the optical circ strate is provided"™mth a

recept or I ra | kder hi &V ri . i en an :
el ect rodeﬁéiﬂﬂﬁ% Obﬁrhcgﬁg?&gPM&T‘%@&ﬁgﬁ}a&%#%@%%ﬂngﬂggﬁﬁg@m circuit
substrate, (11) The optigcal, circyit substrate according tq (10), wherein the
recept or i QP@OPﬁ'@Fg?PéE WBFP&G&%“?E“WNPWMH?F%@&S trecept or |
structure that is used to forma netal bond between the el ectrode of the |
optical eteseiving and emitting portion ofsheoptical ¢lemend ectrical circuit substrate. (12) !
The optical circuit substrate according to (11), wherein the conductive 5
portion includgg)a cQhelsubisitse farafduntingin dystical elethelt decording tocink @fe pOrti on on

the el ectrical
(1) through (8), wherein the substrate on which an optical element is mounted has a
structure in which two of the electrical circuit substrates are joined in a bridge structure
by the optical circuit substrate.

(10)  An optical eircuit substrate for mounting an optical element is mounted
that is formed so as to include an optical circuit substrate which is formed by an optical
waveguide layer having a core portion and cladding portions, and an electrical circuit
substrate on which is provided a mounting portion that is used for mounting an optical
element, and in which an optical element is mounted on the electrical circuit substrate via
the optical circuit substrate, wherein the optical circuit substrate is provided with a
receptor structure in order to achieve electrical conduction between an electrode of the
optical element and an electrode of the electrical circuit substrate.

(11)  The optical circuit substrate according to (10), wherein the receptor
structure includes a conductive portion inside the receptor structure that is used to form a
metal bond between the electrode of the optical element and the electrode of the

electrical circuit substrate.

(12)  The optical circuit substrate according to (11), wherein the conductive



circuit substrate side inside the receptor structure. (13) The opti cal
circuit substrate according to (12), wherein the conductive post protrudes
beyond t he optical -el enment-nounting surface of the optical circuit
substrate. (14) The optical circuit substrate according to any one of (10)
t hrough (13), wherein the optical circuit substrate has a conductive
circuit on the optical waveguide |ayer. (15) The optical circuit substrate
according to any one of (12) through (14), wherein the optical circuit

substrate ﬁgﬁﬁnﬂn&%ﬂ%ﬁdﬁeﬁﬁ potthht i Brvided off @BBE6Hh BertioR oh MR elé@iiglict i ve post

of the conductive portion i1nside the receptor struCture on a bondi ng
surface where, I 4.l  t rical circuit substrate. (16) The
opti cal cicF(Q,‘ﬁ}Hutbgthag%gﬁgﬁgﬂﬁ%(f%%ﬂcﬁ%'y one of (10) through (15),
wherein the optical circuit substrate has g, con tive ciyfcuit on the

opti cal - el ement (ﬁgunt Q’PB‘FQG“E‘HH"S\‘}EW %ﬁ?ﬂ‘%ﬂlgéﬁzthjc‘f’]i“‘x?@“&ﬁ PPV at
penetrates the optical circuit substrate and is netal -bonded to the

el ect r ode po#t prétmudes beyond theloptical-element-motnting surfaasrof theoptiosl girewit ve circuit in
order to achieve electrical conductivity with the electrical circuit

substr at e.sukstrdde. The optical circuit substrate according to any one of (10)
through (16), wherein the optical circuit substrate has an optical path

changi ng portiopgn t‘lgﬁloﬁagﬁ?ciraﬂfﬁi)&&tém& H3ng Bif: GR10)iRoupl1B),0f L he

core portion towafds recel ving and mtting portion e opti cal

el eront . iR S H e R B AR 12 1
opti cal Wz?;/yeegui de layer 6

(15)  The optical circuit substrate according to any one of (12) through (14),
wherein the optical circuit substrate has a conductive circuit that is connected to the
conductive post of the conductive portion inside the receptor structure on a bonding
surface where it is bonded with the electrical circuit substrate.

(16)  The optical circuit substrate according to any one of (10) through (15),
wherein the optical circuit substrate has a conductive circuit on the
optical-element-mounting side surface, and a conductive portion that penetrates the
optical circuit substrate and is metal-bonded to the electrade of the electrical circuit
substrate on the conductive circuit in order to achieve electrical conductivity with the
electrical circuit substrate.

(17)  The optical circuit substrate according to any one of (10) through (16),
wherein the optical circuit substrate has an optical path changing portion in the core
portion that bends the optical path of the core portion towards a light receiving and
emitting portion of the optical element.

(18) A substrate on which an optical element is mounted that is formed so as

to include an optical circuit substrate which is formed by an optical waveguide layer



having a core portion and cladding portions, and an electrical circuit
substrate on which is provided a nounting portion that is used for nmounting
an optical elenent, and in which an optical elenment is nounted on the ;
el ectrical circuit substrate via the optical circuit substrate, wherein the -
optical circuit substrate has an optical elenment nounted thereon and is
provided with a receptor structure having a conductive portion that conducts
electricity between an el ectrode of the optical elenent and an el ectrode of

Lhe el ect g ol bitioh i DB foryhnd RIS SRLR ol lutigy OPL | co

el enent is acco ereln, | e receptor structure,

the el ecttode ,of, t he tical ment .and the el ectrad of the electrical
Giroui ¢ sOHEDYIReb Boutiepamiondhs iy B masbfing o cicfetemely sl By §h%E
receptor structure. (20) The substrate on which an optical elenent is

nmount ed a&e 8ptinahejement ismpunted on the plectyjeel cireyit substrate Kigdhe opiisalpirctiton i n t he
receptor structure is formed by a projection portion which is provided on

t he el ect suhtratef whanein thmtoptiedl cirbwitwmubstraté Res)an Tipticad elertentmeunted therealh an optical
el enent is nounted according to any one of (18) through (20), wherein the |

conduct i venPRipkdvidedivith SR cépteiaRh@ireHaving a¢bRductive parfioEMatcdndsctd © include a |
conductive post that is provided on the bottom portion on the electrical '

opt i oal  oPRRE bk ARRE 8P bbdtel Hofen iedn IRROTHBPEBIERRR, 57, 1 "

wherein, ip the conductive portion in the receptor structure, the i
conduct i vEXPBLTIbSFRSh i s protrudi ng beyond the optical - el ement - nount i ng
surface of the optical circuit substrate is netal-bonded to the el ectrode

of the optical @Pkmelhe substsate omwhichisstoptiead elsmentis meunted eprordiag to(l8hent i s
nount ed according to any one of (18) through (22), wherein the conductive
portion i whelein, irethe picoptosstrusture, K elestrode of the optical element and the electrode .
of the electrical circuit substrate are metal-bonded by a conductive portion inside the !
receptor structure.
(20)  The substrate on which an optical element is mounted according to (18)
or (19), wherein the conductive portion in the receptor structure is formed by a projection
portion which is provided on the electrode of the optical element.
(21)  The substrate on which an optical element is mounted according to any
one of (18) through (20), wherein the conductive portion in the receptor structure is
formed so as to include a conductive post that is provided on the bottom portion on the
- electrical circuit side inside the receptor structure,
(22)  The substrate on which an optical element is mounted according to any
one of (18) through (21), wherein, in the conductive portion in the receptor structure, the
conductive post which is protruding beyond the optical-element-mounting surface of the
optical circuit substrate is metal-bonded to the electrode of the optical element.

(23)  The substrate on which an optical element is mounted according to any

one of (18) through (22), wherein the conductive portion in the receptor structure is



7 formed by the projection portion which is provided on the electrode of the
optical elenent and the conductive post. (24) The substrate on which an
optical elenment is nmounted according to any one of (18) through (23),
wherein the optical circuit substrate has a conductive circuit on the
optical waveguide layer. (25) The substrate on which an optical elenent is
nount ed according to any one of (18) through (24), wherein the optical
circuit substrate has a conductive circuit that is connected to the

conductiv f [ i i cture on a
bondi ng sgof&g%éy\a}?@&‘ggﬁtﬁgﬁgugér?%g‘ﬁ%m?#ﬁgﬂg%g?%ggﬁf@%P@Eﬁr substrate.
(26) The substra on i,ch an optical elenent is nounted according to any
one of (18¥mepLand e qodyctivmestein the optical circuit substrate has a
conductive circuit on the optical-el ement-nmounting side surface, and a
conductive port{2éh t Tae syhstrate onmwdhichcancoptiogd element isimegnted aceonding toranyand i s
nmet al - bonded to the el ectrode of the electrical circuit substrate on the

conduct i vencoff(¢8) throug? 28), Wierdnithe optitat cidcuivdnbstiatelms apbhditivetivmiton i s
nount ed according to any one of (18) through (26), wherein the optical

circuit syRsiptied wvabésnidNayept i cal path changing portion in the core portion
t hat bends m optigg;lll pa"?%J of the core portion towards a |ight receiving

opti cal ol omentrb  maksihas Bh Wl BHER pershEh moified sERKIRE AP, 7Y "
St r ot ur 6 OB 0L RRROuER (4 WheEeie e SPhsal Sl - BHTeEe 183 BSDRLEHES BFl o1 ned 1 n a
bridge structure by the optical circuit substrate. (29) The substrate on
whi ch an hat iscannested tathe conduative postioftbe eondiieiiye portionyn the receptor structure
on 2 bonding surface where it is bonded with the electrical circuit substrate.
(26)  The substrate on which an optical element is mounted according to any
one of (18) through (25), wherein the optical circuit substrate has a conductive circuit on
the optical-element-mounting side surface, and a conductive portion that penetrates the
optical circuit substrate and is metal-bonded to the electrode of the electrical circuit
substrate on the conductive circuit.
(27)  The substrate on which an optical element is mounted according to any
one of (18) through (26), wherein the optical circuit substrate has an optical path
changing portion in the core portion that bends the optical path of the core portion
towards a light receiving and emitting portion of the optical element,
(28)  The substrate op which an optical element is mounted according to any
one of (18) through (27), wherein the substrate on which an optical element is mounted
has a structure in which two of the electrical circuit substrates are joined in a bridge
structure by the optical circuit substrate.

(29)  The substrate on which an optical element is mounted according to any

one of (18) through (28), wherein the substrate on which an optical element is mounted is



one of (18) through (28), wherein the substrate on which an optical el enent
Is nmounted is 8 obtained by positioning the optical -el enent-nounti ng
portion of the electrical circuit substrate relative to the receptor
structure portion of the optical circuit substrate, by nounting the optical
el ement on the optical circuit substrate, and by netal bonding them
together via the conductive portion inside the receptor structure. Effects
of the Invention [0006] According to the present invention, a substrate on

uhi chan aBlaiegloy béiisithg he optil Blcfintiihdihg Potlbn BRI RMHAFANLACY and that

makes it possi tore 0SS I n optical "propagati on 1's obtai ned.

h L ch i cal ' . f th
mvent ?ohfsﬁzs%%%%%lﬁﬁiﬁr%%& ’ﬁ@‘i{:%é’h&{%ﬂé’?h%m%”r‘ @%@T%ﬁ&*ﬁf b?emf ting
v egul do MAHHEnE heigBcH S Ber ek SRACE Gy SHUHTS A1y e DABEOG BB o 1 o

reduction in thickness. According to the present invention, a substrate for
mount i ng Adogether viaahe coindwative portionl insidedhe recepitorstrueturet substrate on whi ch an
optical elenment is nounted are obtained in which it is easy to nount the
optical elenment and superiorly accurate to position in nounting the optical
elenment. In the substrate for nounting an optical elenent of the present

i nventi On’Eﬁe@ﬁo?ﬂ%iIﬁ@ehﬁ ircuit substrate and the electrical circuit
substrate are 1 ndiVvi ug+ly prepared, and because it is sufficient if they

have a poré& where it is possible for the optical elenent to be nounted,
and becaus[ Is sufficient for the electrical circuit substrate to be
provided with at | egst an optical-el ement-nounti it Is possible

to achi eve a reHGearding tq the present inyankion, p suhstrals ony b&@;&&a&ii@ﬁg}emeag@i gni ng
flexibility of devices.
mounted having high mounting accuracy and that makes it possible to reduce loss in
optical propagation is obtained. Because the substrate on which an optical element is
mounted of the present invention has a short distance between the light receiving or
emitting portion of the optical element and the core portion of the optical waveguide, it is
possible to efficiently transmit light and to obtain a reduction in thickness.

According to the present invention, a substrate for mounting an optical element
and an optical circuit substrate on which an optical ¢lement is mounted are obtained in
which it is easy to mount the optical element and superiorly accurate to position in
mounting the optical element. In the substrate for mounting an optical element of the
present invention, the optical circuit substrate and the electrical circuit substrate are
individually prepared, and because it is sufficient if they have a portion where it is
possible for the optical element to be mounted, and because it is sufficient for the
electrical circuit substrate to be provided with at least an optical-element-mounting
portion, it is possible to achieve a reduction in size and to increase the degree of

designing flexibility of devices.

The above described and any additional objects, operations and effects of the



The above descri bed and any additional objects, operations and effects of
the 9 present invention are obvious to one skilled in the an fromthe

drawi ngs and fromthe description of the enbodi ments of the present :
i nvention. Brief description of the drawings (0007] (FIGI Al FIG | Ais a

cross-sectional view used to illustrate an optical waveguide |ayer in an
exanple of a first-optical circuit substrate (d). [FIG1B] FIGI Bis a
cross-sectional view used to illustrate an exanple of an optical path

changi ng portion of the optical circuit substrate showmn in FIGI A [FIG 2]

FIG 2 i s prefehPinberiiaf aketstviouy teone skNed irPthe latt fioht b draWingdhi @on Bt h  changing
portion and a light transm ssion direction in an optical wavegui de | ayer.

FI G 3A : ' Se ' I s d to illustrat t t
anor o 4 Senitncl 18 EROIRIGH WMRGHBIRE] [} "I Toui t substrate

(&). [FIG3B] FIG3B is a cross-sectional view used to illustrate a step of ;
formng a conductive post after the step shown in FIG3A [FIG 3C] FIG 3C :
is a cross-sectional view used to illustrate a step of formng a conductive
circuit oPuefrdesoription efthe Bowingsn FI G 3B. (FIG 4A) FIG 4A is a cross-secti onal
view used to illustrate a step to adhere a netal plate in an exanple of a
third optf00ar] circuit substrate (03). (FIG 4B] FIG 4B is a cross-sectional
view used to illustrate a step of form ng a conductive post after the step

;5 IhIO\t,J\Qt Ir gt 2 ! S g@g{)d g?ﬁgm“%%‘%é%% ﬁ%ag: ?i&ﬁ?cf@ﬁ%l?dﬁ?}tetaéirﬁt eS g? e:)Os hown in
FI'G 4B. waveguide layer in an example of a first optical circuit substrate (G1).
[FIG. 1B] FIG. 1B is a cross-sectional view used to illustrate an example of an
optical path changing portion of the optical circuit substrate shown in FIG 1A,
[FIG. 2] FIG. 2 is a cross-sectional view used to illustrate an optical path
changing portion and a light transmission direction in an optical waveguide ayer.
[FIG. 3A] FIG. 3A is a cross-sectional view used to illustrate a step to adhere
metal plate in an example of 2 second optical circuit substrate (G2).
[FIG. 3B] FIG 3B is a cross-sectional view used to illustrate a step of forming a
conductive post after the step shown in FIG 3A.
[FI1G 3C] FIG. 3C is a cross-sectional view used to illustrate a step of forming a
conductive circuit after the step shown in FIG. 3B.
[FIG. 4A] FIG. 4A i8 a cross-sectional view used to illustrate a step to adhere a
metal plate in an example of a third optical circuit substrate (G3).
[FIG. 4B] FIG. 4B is a cross-sectional view used to illustrate a step of forming a
conductive post after the step shown in FIG. 4A.
[FIG. 4C] FIG 4C is a cross-sectional view used to illustrate a step of forming a

conductive circuit after the step shown in FIG. 4B.

[FIG 5A] FIG. 5A is a cross-sectional view used to illustrate a step to adhere a

10



[FIG5A] FIG SAis a cross-sectional viewused to illustrate a step to
adhere a 10 netal plate in an exanple of a fourth optical circuit substrate.
(04). [FIG 5B] FIG5B is a cross-sectional view used to illustrate a step

of formng a conductive post after the step shown in FIG 5A [FIG5C FIG .
SCis a cross-sectional viewused to illustrate a step of formng a gold
plating layer after the step shown in FIG SB. [FIG6A] FIG 6Ais a
cross-sectional view used to illustrate a step to forma conductive circuit

in an exanple.of .an el ectri I rGUiqd . [ IG6B) FIG6B is a
Cross-se n?'ﬂﬁp&fw%&f@& ‘%%%ﬁ"?‘h%&%@ﬁﬁg‘ibégg‘g@‘grm ng a gold plating

| ayer after th? Is;tbgg shown .in FIG 6A'qq$ FI G GQ FI G 6Cis a_cross-sectional
view used to illF LFIG. ABds aprogssep vgwared 1adllustratee sfepofioniegd the step
shown in FIG 613, [FIG7A] FIG7A is a cross-sectional view used to

i | | ust r at eonductivp post afterthestemshownin FIGiSAst aspect of the substrate on which
an optical elenent is nounted (@), [FIG 7B] FIG 7B is a cross-sectional

view used to i I[F1(SCPFIG SCi80erossdettidral viewtised dolifustrateQiitepotiforaligg®@nt
according to the first aspect. [FIG7C] FIG7Cis a typical view used to

Il lustrat ‘éﬂb;ﬁﬁn t4rcal el enment is nounted according to
the fi rstg"gB@g@faf’%{%‘%ﬁ@? [ ﬁg' 5tB):ipi cal viewused to illustrate a
vari ant exanpl egi ' an_adhesi ve lLayer is pnovided accqerding to the
Frrst aspect NEIESHAFTG saTEn PR Selboal Belused AR BOBIRET, | Dot rac e
an optical element ,in a second_ aspect of the substrate on which an optical
el ement | eendustive clcyitinyn example ofyn gleatrieabeirelitsubitiates - sect i onal view used to

illustrate an optical circuit
[FIG 6B] FIG. 6B is a cross-sectionel view used to illustrate a step of forming a

gold plating layer after the step shown in FIG 6A.

[FIG 6C] FIG. 6C is a cross-sectional view used to illustrate a step of forming an
adhesive layer after the step shown in FIG. 6B,

[FIG 7A] FIG. 7A is a cross-sectional view used to illustrate an optical element
in a first aspect of the substrate on which an optical element is mounted (G1).

[FIG, 7B] FIG 7B is a cross-sectional view used to illustrate a substrate for
mounting an optical element according to the first aspect.

[FIG 7C] FIG. 7C is a typical view used to illustrate a substrate on which an
optical element is mounted according to the first aspect.

[FIG. 7D] FIG. 7D is a typical view used to iliustrate a variant example in which
an adhesive layer is provided according to the first aspect.

[FIG 8A] FIG. 8A is a cross-sectional view used to illustrate an optical element
in a second aspect of the substrate on which an optical element is mounted (G2).

[FIG. 8B] FIG. 8B is a cross-sectional view used to illustrate an optical circuit
substrate and an electrical circuit substrate according to the second aspect,

[FIG 8C] FIG. 8C is a cross-sectional view used to illustrate a substrate for
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substrate and an el ectrical
[FIGSC] FIG 8Cis a cross-sectional
substrate for 11 nmounting an optical elenent according to the second

view used to illustrate a substrate on
optical elenment is nounted according to the second aspect.

aspect,

aspect.
whi ch an

[FIG8D] FIG8Dis a typical

9A] FIG9A is a cross-sectional view used to illustrate an optical

in a third aspect of the substrate on which an optical elenent is nounted
(03), [FIGY9 FIG 9B i,s a cromec@i onal ,view used to illustrate an
10 the pecPpd APESYy cui ¢ substrate according to

the third aspect. &FI G 9C] FIGO9Cis a cross-sectional view used to

Bl EIG 8D is artypical vigw asedsp dllustrate @|substate cacwtdeliathg to t he
third aspect. [FIG9D] FIG9D is a typical view used to illustrate a
subst r at eoptigal\wiement 3mounfediacairding cvhesecond aspectt ed according to the third
[FIG 10A] FIGI OAis a cross-sectional view used to illustrate an

el ene p;grd 9A Fgcp yA?A;? %z%&%&ti&fal Vib® useR inRirae G og{gﬁ BleRgniopt i cal

onal vi ew used

opti cal

illustrate a s(P&k

aspect,
opti cal
el enent

cross-secti onal
el enent accor di

typi cal

Jnownng an optica] flement acco

i'S nou
to ill ust,

substrat elﬁgh‘@gf%ﬁ’%gt"r @%ﬁ%ﬁ%&ﬁvﬂuij@z@@%ﬁ@@%&g@}o%:gfegt(% a! sf:iar cuit | |
(G R0 emecplonl i e v e &9 opoa et " 1%

cross-sectional view used to illustrate a substrate on which an optical
el enent iwbstrataanddnaisctical cinguit subistrate feaording toshethird afpecc. 11] FIG 11 is a

vi ew showi ng anot her aspect of a substrate on

ed ( ) 10B] FIG 10B I1s a cross-s

el ement i s noufFIGI9C] FIG. 9C is a cross-sectional view used to illustrate a substrate for

mounting an optical element according to the third aspect.

[F1G. 9D] FIG. 9D is a typical view used to illustrate a substrate on which an
optical element is mounted according to the third aspect.

[FIG. 10A] FIG: 10Ais a cross-sectional view used to illustrate an optical
element in a fourth aspect of the substrate on which an optical element is mounted (G4).

[FIG 10B) FIG. 10B is a cross-sectional view used to illustrate an optical circuit
substrate and an electrical circuit substrate according to the fourth aspect.

[FIG. 10C] FIG. 10C is a cross-sectional view used to illustrate a substrate for
mounting en optical element according to the fourth aspect.

{FIG. 10D] FIG 10D is a cross-sectional view used to illustrate a substrate on
which an optical element is mounted according to the fourth aspect.

[FI1G. 11] FIG. 11 is a typical view showing another aspect of a substrate on
which an optical element is mounted.

[FIG 12A] FIG. 12A is a plen view showing an example of an optical element.

[FIG. 12B] FIG. 12B is a side view of the optical element shown in FIG 12A.

[FIG. 12C] FIG. 12C is a left side view of the optical element shown in FIG 12A.,

12

circuit substrate according to the second
view used to illustrate a
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[FIG 12A] FIG 12A is a plan view show ng an exanple of an optical elenent.
[FIG 12B] FIG 12B is a side view of the optical elenent shown in FIG 12A
[FIG 12C] FIG 12Cis a left side view of the optical element shown in FIG
12A. 12 [FIG 12D] FIG 12D is a plan vi ew show ng anot her exanple of an
optical elenment. Description of the Reference Nunerals [0008] 10 Opti cal
wavegui de |l ayer 11 Core layer 12a, 12b d adding | ayer 13 Through hole for a
receptor structure 14 Optical path changing portion 15 Optical circuit
substrate (01) 31 Metal plate 32 Conductive post 33 Conductive circuit 34
ol d plating layer 35 Optical circuit substrate (02) 41 Metal plate 42
Conducti ve post 43 Conductive circuit 44a, 44b CGold plating | ayer 45
Optical circui {Fi&uRRYEGe12058)a plan view showing another example of an optical

element.

Description of the Reference Numerals
[0008]

10 Optical waveguide layer

11 Core layer

12a, 12b Cladding layer

13 Through hole for a receptor structure
14 Optical path changing portion
15 Optical circuit substrate (G1)
31 Metal plate

32 Conductive post

33 Conductive circuit

34 Gold plating layer

3s Optical circuit substrate (G2)
41 Metal plate

42 Conductive post

43 Conductive circuit

44a, 44b Gold plating layer

45 Optical circuit substrate (G3)
46 Conductive post

47a, 470 Gold plating layer

13



46 Conductive post 47a, 47b CGold plating |ayer 13 48 Optical circuit
substrate (04) 50 Electrical circuit substrate 50' Electrical circuit
substrate having a gold plating |ayer on an optical elenment nounted portion:
(land) 50" Electrical circuit substrate having an adhesive |layer 51 Core
substrate 52 Aperture portion 53 Conductive circuit 54 Gold plating |ayer
55 Adhesive | ayer 60 Optical elenent 60" Optical elenent having a |ight
emtting point 60" Optical element having a |ight receiving point 61,61
Met al projection portion 6la Metal projection portion on a signal wre

connect i of8 el eCptiosl@irchif Subbledte{G4)r oj ecti on portion on a ground connection
el ectrode 61c Metal projection portion for position fixing 62 Light

recei vi ngdg em tgid Qi traeostrate for nounting an optical elenment (01)
64 Substré)te on \ﬁhﬁ%c an Sgl%?s. cal element is nmounted (GS) 65 Substrate for

mounting P ° ptﬂlé:c%-kcaf cl:ilec'ﬁﬁ gttxbsﬂr%?e)having a gold plating layer on an optical element
mounted portion (land)
50"  Electrical circuit substrate having an adhesive layer
51 Core substrate
52 Aperture portion
53 Conductive circuit
54 Gold plating layer
55 Adhesive layer
60 Optical element
60’ Optical element having a light emitting point
60"  Optical element having a light receiving point
61,61 Metal projection portion
6la  Metal projection portion on a signal wire connection electrode
61b  Metal projection portion on a ground connection electrode
6lc  Metal projection portion for position fixing
62 Light receiving/ emitting point
63 Substrate for mounting an optical element (G1)
64 Substrate on which an optical element is mounted (G1)
65 Substrate for mounting an optical element (G2)
66 Substrate on which an optical element is mounted (G2)
67 Substrate for mounting an optical element (G3)

68 Substrate on which an optical element is mounted (G3)

14



66 Substrate on which an optical elenent is nounted (02) 67 Substrate for
nmounti ng an optical elenent (G3) 68 Substrate on which an optical elenent is
nounted (G3) 14 69 Substrate for nmounting an optical elenent () 70
Substrate on which an optical elenment is nmounted (04) Best Enbodi ments for
Carrying Qut the Invention [0009] Wth reference nade to the draw ngs, the
optical circuit substrate, substrate for nounting an optical elenent, and
substrate on which an optical elenent is nounted of the present invention
will now be described in detail. It should be noted that, in the present

speci fi catéhon, Shisstraeifon thountiag umbpticahelehenti(G4pn optical el enent is nmounted
refers to an object fornmed by assenbling together an optical elenent, an

optical cimcui t gausRale’on vhichAdAtbpibal @leffeht fsaftlunfeli(Gy) t substrate. The term
"substrate for nmounting an optical elenent’ refers to an object fornmed by

assenbling together an optical circuit substrate and an electrical circuit
substrate. The receptor structure in the present invention is a structure

t hat i ncl yde t hyough_ hql es, fqr nting an optical elenent that are
provi ded &?“}r@%‘ﬂ ?f%&%ms%“sﬂﬁgww& and in which the through holes
el ectrically connect the optical elenent and the electrical circuit by

means of #0089 ectrical conductor. Mreover, the through holes can also be
used as positioning portions for the light receiving or emtting portions of

the optical el @ihefefence nbde toakiedrawings,ake atichlgreaiphibstite Wabstane fde. Exanples |
of an optical elenment in the present invention include a |light receiving
el ement  angrng SptiRAl dldrhedd 5l SR fHhte on which an optical element is mounted of
the present invention will now be described in detail.
It should be noted that, in the present specification, the term ‘substrate on which
an optical element is mounted’ refers to an object formed by assembling together an
optical element, an optical circuit substrate, and an electrical circuit substrate. The term
‘substrate for mounting an optical element’ refers to an object formed by assembling
together an optical circuit substrate and an electrical circuit substrate,
The receptor structure in the present invention is a structure that includes
through holes for mounting an optical element that are provided on an optical circuit
substrate, and in which the through holes electrically connect the optical element and the
electrical circuit by means of an electrical conductor. Moreover, the through holes can
also be used as positioning portions for the light receiving or emitting portions of the
optical element and the core portion of the optical waveguide.
Examples of an optical element in the present invention include a light receiving
element and a light emitting element.
[0010}

The optical circuit substrate of the present invention is formed by an optical

waveguide layer having a core portion and cladding portions, and is provided with a

15



[ 0010] The optical circuit substrate of the present invention is forned by
an optical waveguide |ayer having a core portion and cl addi ng portions, and
is provided with a 1s receptor structure or with through holes for a
receptor structure that make it possible to achieve electrical conduction
bet ween an el ectrode of the optical elenent and an electrode of the
electrical circuit substrate when an optical elenent is nounted on an

opti cal -el ement -nounting portion of the electrical circuit substrate. It is
al so possible for the optical circuit substrate to have conductive posts or
the |ike tdeeptbestrkmeionigith thitugh Roles for b reepRt Sticture thahmkkd inposeiblatbr | cal

circuit or the electrical circuit and the optlcal circuit substrate so as

to achi evﬁﬁﬁé\fé%lechfcﬁf coﬁgﬁh%oﬁhht% ﬁHl@&fde ﬁé&f@lﬁmeﬁ Q@&H Firstly,

el enents that make u ptlca CII‘CUI'[ ate according to the

present venti o n he t.he e | ayer', the
* ¢l addi ng%’&%eg the e?%&xé%%{u ‘éﬁ‘bsﬁ &ﬂ@?‘%’@i g‘SW?tdﬂmowgﬁ({iorf% recept or
structure portion' and the |ike be descrihed in this order. (Optical
wavegui deppital-glement-menntipg persion %GIFP% I%’ﬁwsm&chhéﬁsjmﬂ own in FIG

| Ais prepared. A core portion having a higher refractive index than that
of the cl &dheaptioalrcincuinsubistsaté tr ravel conduetivecpostsioasherike i theeladdingn FI G 11 A, The !
optical waveguide |layer 10 is formed by the core |ayer 11 where the core l

portion i gomigh ﬂﬁﬂga@ﬂ&e Rithep tife débetidabciRRitior et eldchitial difcuft @hdBR oBeat! addi ng

| ayers 12a and 12 hat are provided on two surfaces of the <core layer 11.

AS a1 esUloyd duBfifate @ ks WadhictB 2lbkA%ohdUcBUEY Berkvath tWd'shtths. O the core

portion.

(0011}

Firstly, elements that make up the optical circuit substrate according to the
present invention, namely, the ‘optical waveguide’, the ‘core layer’, the ‘cladding layers’,
the ‘optical path changing portion’, and the ‘receptor structure portion’ and the like will
be described in this order.

(Optical waveguide)

Firstly, an optical waveguide layer 10 such as that shown in FIG. 1A is prepared.

A core portion having a higher refractive index than that of the cladding portion
is formed in a core layer 11 shown in FIG 1A. The optical waveguide layer 10 is
formed by the core layer 11 where the core portion is formed, and by a cladding portion
that is formed by cladding layers 12a and 12b that are provided on two surfaces of the
core layer 11.  As a result, light can be transmitted through the interior of the core
portion.

[0012]

In this optical waveguide layer 10, for example, varnish that contains a material

for forming the cladding layer is coated onto a substrate so as to form a cladding layer.

Next, varnish that contains a material for forming the core layer is coated onto the
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[0012] In this optical -wavegui de | ayer 10, for exanple, varnish that

a material for formng the cladding |ayer is coated onto a

so as to forma cladding |ayer. Next, varnish that contains a
for formng the core layer is coated onto the 16 cl adding | ayer so
ma core |ayer. Next, the varnish that contains the material for
he cladding |ayer is coated onto the core layer so as to form

cont ai ns

substrate
mat eri al

as to for
formng t
anot her ¢
or a copp

| adding layer. At this tinme, by using a nmetal plate such as copper
er alloy for the substrate, an optical wavegui de | ayer attached to

a metal pklatiding ayspsoul as fomhactorelagerbyNex] the virgish that comding thp mtegiabforas to

forma co
of the cl
normal |y,
Furt her no
onto an
cl addi ng
| ayer 11.
(descri be
cl addi ng
| ayer) EX
i ncl ude
resi ns an
resins an
pol ymer s
11 has su

nductive circuit, it is possible to forma conductive |ayer on top

g Bliding gi?&fiﬁ ' (@ Eofc1Bysk B 8% FORT B tlefYBAding | S

for "exanp ef erably between

150 m approxi mately.

R A

| gyers 12a ,and 12b, ich are provid on both surfac
s‘giﬂﬂétﬁpﬂﬂdiﬂﬂ waypguidpaayss gttachsd ja 4 petal piated gedure 9@3 by

d bel ow) excluding the core portion as well as all portions of the .

etehing shis mwtahpldtespias treflorm agonduetive civbuit igispossibleto fofro@13)

1

(Core

anples of the nmaterial that may be used to formthe core layer 11

eamdutiveRlht o kép cfulidcladdinpclaydri CThethickness 6Py threcefdhned lapas yi m de

d cyclic olefin resins such as benzocycl obut ene resins,

nor bonene

Byt 55 xR ek GRAG beoiin IORRR 156 Rl BBroRBBN ™ L' Vore | ayer

Ip-“lenftgxe?'rrnoxt'et &gscgraerp%?tf%’ is %oln%)e(cli g}‘/ %rl'atd}/a’tinig Ea]gn%xlica}aidi?xgén gnqg mt; eal
intermediate that is formed by the core {ayer 11 and by the cladding layers 12a and 12b
which are provided on both surfaces of the core layer 11. By employing this method,
portions of the core layer 11 (described below) excluding the core portion as well as all
portions of the cladding layers 12a and 12b make up the cladding portion.

[0013]

(Core layer)

Examples of the material that may be used to form the core layer 11 include
resin materials such as acrylic resins, epoxy resins, polyimide resins and cyclic olefin
resing such as benzocyclobutene resins, norbomene resins and the like. Among these,
norbomene resins (particularly addition polymers of norbornene resins) are preferable.
Ag a result, the core layer 11 has superior transparency, flexibility, insulation, and heat
resistance, Furthermore, compared with when other resins are used, a low level of
moisture absorption can be obtained.

[0014]

Moreover, the constituent material that is used for the core layer 11 is preferably

a material whose refractive index is changed by the irradiation of actinic radiation

17
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resi stance. Furthernore, conpared with when other resins are used, a | ow

| evel of noisture absorption can be obtained. [0014] Moreover, the
constituent material that is used for the core layer 11 is preferably a

mat eri al whose refractive index is changed by the irradiation of actinic
radi ation 17 thereon or by being further heated. Preferable exanples of this
type of material include those whose principal material is a resin
conposition containing a cyclic olefin resin such as benzocycl obutene resin
and norbonmene resin. Anong these, those that include (i.e., as their

princi pal {lepdoror bl bein@ flathEEheatade s Preférpisle exeugléy dfithia eige of matedial ivetads of

nor bonene resin) are particularly preferable. Exanples of the active energy

L5 oo O el BRRAIRORMER il Ay « SR QLA [ 2V Suel
| | b X d the |ike b b
T ad: at ododhasaroop R Ghmene riRiT s ortgiient il Aritd Bls BEERANANES, 5 2000

Kay. [0015] (d addjng |ayer) There are no special restrictions on the

mat eri al {et8sitkeis prngipalmateriah norboraene rasin (particulaslyaddipign palymetsdfnr ovi ded t hat
it has a |lower refractive index than that of the material wused to formthe
cor e | ayemorbbrmefipresin) are partieulatly preférebleof i ncl ude resin materials such as
acrylic resins, epoxy resins, polyimde resins, and cyclic olefin resins

such as benzocygingiley ke dclé Erfergy \ayPBAILE Bsel 260 the exiposure BRlude k&iveATONY
t hese, norbornene Tresins (particularly addition polynmers of norbonene

1) o A BT AT NGl 120 1o

superior tra I'nsu
well as electron beams, X-rays and the like. Electron beams can be itradiated at an

-

irradiation rate of, for example, approximately 50 to 2000 KGy.
[0015]
(Cladding layer)

There are no special restrictions on the material that is used to form the cladding
layers 12a and 12b provided that it has a lower refractive index than that of the material
used to form the core layer 11. Specific examples thereof include resin materials such
as acrylic resins, epoxy resins, polyimide resins, and cyclic olefin resins such as
benzocyclobutene resins, norbornene resins and the like. Among these, norbornene
resins (particularly addition polymers of norbornene resins) are preferable. As a result,
the cladding layers 12a and 12b have superior transparency, insulation, flexibility, and
heat resistance. Furthermore, compared with when other resins are used, a low level of
moisture absorption ¢an be obtained.

[0016]

For example, in the case of an addition polymer of a norbomene resin, it is

possible to adjust the refractive index by means of the type of side chain thereof and the

like. Specifically, it is possible to suitably adjust the refractive index by providing an
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heat resi
| ow | evel
t he case

adj ust the refractive index by nmeans of the type of side chain thereof and

the 1ike
I ndex by

group, a

(an addit
IS possib
up the c
maki ng up
resin, an
an additi

obtain i n‘B
Specifically, a material having a straight-chain aliphatic group in a side
e as the (addition polymer of a) norbornene resin naking

chain is

up the cl
possi bl e

t he strai
pentyl gr
and a dec
be forned

stance. Furthernore, conpared with when other resins are used, a

of noisture absorption can be obtained. [0016] For exanpl
of an addition polyner of a norbonene resin, it is possibl

e, in
eto

. Specifically, it is possible to suitably adjust the refractive
providing an 18 al kyl group, an aral kyl group, an al kyl halide

silyloxy group or the like in a side chain of a norbonene

resin

ion polymer is particularly preferable), As a result of this, it

blkyl gotg, a8 ] Sﬁfufaﬁtdlm halidépfoud, b kylencgoly erthé tikge imlsde al maki ng
ore portion. 10017

It is particularly preferable for the nmateri al

S of PhGton B el bR By ALE Ry SRRl * ABHBRIN D7 16 e

adding layers 12a and 12b. By enploying this structure, it

{@i@btai n i nprovenents in flexibility and durability. Exanples of

ght-chain aliphatic group include a propyl group, a butyl

APt i pdesBle 18 e AT i ey Bigehed i e Pt plind i Do er

R 00181

S

gr oup,

a |

oup, alt iepariculiiriy\Peferable FoK thé matedmaldfl Geihk koNayep11 tobet@ny! group,
yl group or theEILbi?alfe. Note that the cladding Ia?g?s 12a and 12b may

aldifiR pd1FmEPFa norbomene resin, and for the material making up the cladding
layers 12a and 12b to be an addition polymer of a norbomene resin.  As a resuls, it is
possible to obtain improvements especially in heat resistance and toughness.

[0018)]

Specifically, a material having a straight-chain aliphatic group in a side chain is
preferable as the (addition polymer of &) norbornene resin making up the cladding layers
12aand 12b. By employing this structure, it is possible to obtain improvements in
flexibility and durability. Examples of the straight-chain aliphatic group include 2
propyl group, a butyl group, a pentyl group, a hexyl group, a heptyl group, an octyl group,
a nonyl group, and a decyl group or the like.

Note that the cladding layers 12a and 12b may be formed from the same
constituent material, or they may be formed from different constituent materials.

[0019]

In addition to the method described above, the optical waveguide layer 10 can
be obtained by a known method such es a method in which, for example, a core portion
is provided in a recessed portion which has been prepared in advance, and the periphery
thereof is then covered by a cladding material (i.¢., a cladding portion).

[0020]
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constituent material, or they may be formed fromdifferent constituent
materials. [0019] In addition to the nethod descri bed above, the optical
wavegui de | ayer 10 can be obtained by a known nmethod such as a nmethod in
whi ch, for exanple, a core portion is provided in a recessed portion which
has been prepared in advance, and the periphery thereof is then covered by
a cladding material (i.e., a cladding portion). (0020] 19 (Optical path
changi ng portion) The optical wavegui de | ayer 10 can be provided with an
optical path changing portion that, when an optical elenent is nounted on

t he subst (opsical pith CRdsgingpartidn) opt i cal el enent, bends the optical path of
the core portion of the optical waveguide |ayer towards the |Iight receiving

or emtting el eggn Rt@%\&Jé{;gﬁg%j[agak%ﬁﬁgg&&&g@ﬁ&%%agﬁp%tcﬂﬁm nount i ng

position of the op orm ng-one”exanplte "of an

opti cal path. changi,n or t.i will, now, be describ As is sho Ln FI G I

2" - opt Pemion {5t iee. R Spieet lsmiensis fplined Bn e b formowisie 3B OPReel: | <
formed by providing a space having a triangul ar-shaped cross-section from
one surf a@@r@nﬁbe theeptiselpath of dhecgorepartion of the pptical wakeguide laypetowanls The ,
inclined surface is inclined (at a substantially 45 inclination relative to |
the | i ghithe light seceiving@n enlitting ¢lerent of theloptical ement iniaceorddnce with the ght f
transm ssion direction of the core portion which is provided in the core

| ayer 11. Mﬁﬁfﬁdﬁﬁm‘ffq{e@ﬁmleﬂwnﬁ.s is shown by the arrow Ain FIG 2,
light which is Ttransmtted'through the core portion provided in the core

layer 11 i's tot gl o dadr tEieifgon exhidife draf optic'park ERRGHE H3HAR Wiii'n6&t ' ON
be described.

bu &

As is shown in FIG 1B, an optical path changing portion 14 has an inclined
surface that is formed by providing a space having a triangular-shaped cross-section from
one surface side of the above described optical waveguide layer 10.
The inclined surface is inclined (at substantially 45¢ inclination relative to the
light transmission direction of the core portion) in the light transmission direction of the
core portion which is provided in the core layer 11.  As aresult, for example, as is
shown by the arrow A in FIG, 2, light which is transmitted through the core portion w
provided in the core layer 11 is totally reflected so that the light transmission direction |
can be substantially changed at a right angle.
[0021]
A brief description will be given of 2 methed of forming this type of optical path
changing portion. By irradiating a laser onto a portion which will form a reflective
portion of the optical waveguide layer 10 which is formed by the core portion and the
cladding portions that are bonded to the outer periphery of the core portion, and
relatively changing the area where the laser is irradiated onto the optical waveguide layer

10, the irradiation times for which the laser is irradiated onto the portions forming the
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can be substantially changed at a right angle. [0021] A brief description
wll be given of a nmethod of formng this type of optical path changing
portion. By irradiating a | aser onto a portion which will forma reflective
portion of the optical waveguide |ayer 10 which is forned by the core
portion and the cladding portions that are bonded to the outer periphery of
the core portion, and relatively changing the area where the |aser is
irradiated onto the optical waveguide layer 10, the irradiation tinmes for

which the I gser |s_irradiated onto the portions form ng the 2Q optical path
changi ng ﬁ@ﬁ?ﬁ@#lh&bﬂ'{% postioncofithe ppsicel wayseyide layerarechangadjagertain cer t ai n
portions, so that the constituent nmaterial of the optical waveguide |ayer is
bei ng r enposibns,so that thel congitueand matetislofthecoptisalovaveguidhilageriinbeifgprechayved
direction of the optical waveguide |ayer is adjusted. As a result, an

optical pakhedbvn ) whiclh tetlaseirehchet [y thedepth Giréctibh of (1B BPedal waeepRidee it is
possible to formreflective portions by |laser irradiation, it is easy to

form an opidecal c | : ' | i n i N a desired
posi 1 on. eh BedRit, CAFRRLIE Aol Bt UnfreByin BRGEA" B 0 0 P cal
W ring. [0022 ampl.es _of ,.th asery i nclude exciner. | asers.such as ArF
ser " andtients PRBHRITE Pt G 1R Flepdde dibion b PR imadiiont ey e B T
| aser irradiation, energy is not particularly restricted and 1 to 10 m) is
pr ef er abl doman pRtice) path Ghanging porian in a¢asiied patispmeand,ip g dasired positien.| aser
irradiation energy is wthin this range, it is possible to renove the f
const i t uerherefdrerit bdcomes edsy tooform el pattena\forythe dptidabwiringl0 in a short tine. The
frequency when the laser is being irradiated is

[0022]

Examples of the laser include excimer lasers such as AT lasers and KrF lasers,
YAG lasers, CO; lasers and the like.

[0023)]

The laser irradiation energy is not particularly restricted and 1 to 10 mJ is
preferable, while S to 7 m] is particularly preferable. If the laser irradiation energy is
within this range, it is possible to remove the constituent material of the optical
waveguide layer 10 in a short time. The frequency when the laser is being irradiated is
not particularly restricted and 50 to 300 Hz is preferable, while 200 to 250 Hz is
particularly preferable, If the frequency is within this range, the smoothness of the
inclined surface is particularly excellent.

[0024)]

Moreover, the size at which the laser is irradiated onto the optical waveguide
layer 10 is not particularly restricted and depends on the size of the optical path changing
portion being formed. However, the size is preferably 80 to 200 um x 80 to 200 pm,
and particularly preferably 100 to 150 pm x 100 to 150 um.  As a result, it is possible to

form a detailed optical path changing portion.
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not particularly restricted and 50 to 300 Hz is preferable, while 200 to 250
Hz is particularly preferable. If the frequency is within this range, the
snoot hness of the inclined surface is particularly excellent. [0024]

Mor eover, the size at which the laser is irradiated onto the optical
wavegui de layer 10 is not particularly restricted and depends on the size
of the optical path changing portion being forned. However, the size is
preferably 80 to 200 mx 80 to 200 pm and particularly preferably 100 to
150 m x 12@%ﬁg 150 inn. As a result, it is possible to forma detailed
optical p hangi ng portion. 21 [0025] (Receptor structure portion) Next,
a descriptjion of a nethod of formng a receptor structure portion wll be
descr i bed (R$GEPIORSIEUCHIE RFHORY nmnuf acturing a receptor structure portion, a
mask in which an aperture portion is provided at a predeterm ned position
wher e a recept oNextt 2 descriptioniof amethadef farmingia tesepton structire postionewidlhel e, on t he
optical wavegui de | ayer 10 obtained in the nmanner described above so as to
provi de adederibedyh hole 13 for a receptor structure (i.e., the optical
circuit substrate 15 (Gl)). A conductive portion is worked in this receptor

t t th ] t . Th

St ze of the rocapBhdhobbtathnBiehfindBiéipibr R ik Séifiod BTRAL H whichf 11D, ThE
enabl e an optical .el enent.,t,0,.be unt.ed, and | e enouygh.to al.l ow a i
conduot | AP Partion fipicVided s  Bredpgmuinet pfton TR LSRG Yl Rl el enent
and an electrical circuit, and nma have, for exapple, a dianeter of '
appr oxi mate f‘gl'lmfé@'ﬁ m;hﬂlﬁ?l;’é for example, °hh%°él?&b¥¥a‘@g“éﬁ g}; er [0 obta(.julxed inthe

manner described above so as to provide a through bole 13 for a receptor structure (i.e.,

the optical circuit substrate 15 (G1)). A conductive portion is worked in this receptor
structure through hole 13 so as to match the desired receptor structure,

The size of the receptor structure through hole 13 should be large enough to
enable an optical element to be mounted, and large enough to allow a conductive portion
that is used to electrically connect the optical element and an electrical circuit, and may
have, for example, a diameter of approximately 100 through 125 um. The shape of the
through hole is not particularly restricted and may be a circular column-shape or an
angular column-shape.

Examples of the laser include a carbon gas laser, an excimer laser, and an
ultraviolet laser. The method used to form the through hole may be the above described
method using laser irradiation, however, any method may be used provided that it is
appropriate for this manufacturing method. For example, methods such as dry etching
using plasma and chemical etching and the like can be used,

[0026]
When a conductive circuit is provided in the cladding layer of the optical circuit

substrate, it is possible to form a conductive circuit in the optical waveguide layer 10
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through hole is not particularly restricted and nmay be a circul ar

col um-shape or an angul ar col um-shape. Exanples of the laser include a
carbon gas | aser, an exciner laser, and an wultraviolet |aser, The nethod
used to formthe through hole nmay be the above descri bed nethod using |aser
I rradi ati on, however, any nmethod nmay be used provided that it is
appropriate for this manufacturing nethod. For exanple, nethods such as dry
etching wusing plasma and chemi cal etching and the |ike can be used. [0026]

When a conductive circuit,is, vided in the,claddi ng | ayer of.the optical
i routt  SalpGHen I the mapiir e bR Rhave g PRl by afircing et lacd 5 CopEr, e
optical waveguide |ayer 10 22 obtained in the manner described above, for
exanpl e, 19y ceRpeealiaypr thetikeonton cledding layes spedace wheredthe panduetivesircuit istthe | i ke
onto a cl adding | ayer surface where the conductive circuit is to be

provi ded, bampebvidedeardbyretehing this mestal iplatd. a tMoredvirar.dbis alsp possiblstoformapossi bl e to
forma conductive circuit by using an optical wavegui de |ayer having an

at t ached ragﬂ@ucfivlw_ @it by a8ielg 8k 6 dADWEVYgBidERdyRt haViriid f atthH2d AletdiQldte, 2

description w be given of a nethod of form ng a conductive'circuit on an :

optical ci | 1.: r n which a conductive circuit is provided on an
optical - elaéﬁgfﬁwgouﬁ%{nf%ﬁg&iface of an optical circuit substrate, and a
conductiv tion that penetrates the optical circuit substrate is forned
on the co ive circuit in order to forma netal bond with the el ectrode
of the electrical circuit substrate in order to achieve electrical
conductivity beNglesdesadptioswillbeiginen of p snethodof forming aeandustive sircuit orcui t
substrate. In addition, a description will be given of a nethod of form ng
a conduct ian@ptieal tireuit substtate in which a conductive circuit is provided on an

optical-element-mounting surface of an optical circuit substrate, and a conductive portion
that penetrates the optical circuit substrate is formed on the conductive circuit in order to
form a metal bond with the electrode of the electrical circuit substrate in order to achieve
electrical conductivity between the conductive circuit and the electrical circuit substrate.
In addition, a description will be given of a method of forming a conductive portion that
penetrates the optical circuit substrate in order to achieve electrical conductivity on both
surfaces of the optical circuit substrate.

[0028]

Firstly, a metal plate 31 is adhered (see FIG. 3A) onto the
optical-element-mounting surface of the optical circuit substrate G1 (15) which was
obtzined in the manner described above. Next, a via hole (not shown) is formed on the
metal plate 31 at a position where & conductive portion is formed that penetrates the
optical waveguide layer 10 and forms a metal bond between the conductive ¢ircuit which
is formed by the metal plate 31 and the electrode of the electrical circuit substrate,

Any method which is suitable for this rﬂanufacuning process may be used to

form the via hole, and examples thereof include dry etching using lasers or plasma,
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penetrates the optical circuit substrate in order to achieve el ectrical
conductivity on both surfaces of the optical circuit substrate. [0028]
Firstly, a netal plate 31 is adhered (see FIG 3A) onto the

optical -el ement -nounting surface of the optical circuit substrate 01 (15)
whi ch was obtained in the manner described above. Next, a via hole (not
shown) is fornmed on the netal plate 31 at a position where a conductive
portion is forned that penetrates the optical waveguide |ayer 10 and forns
a nmetal bond between the conductive circuit which is forned by the netal

pl ate 31 azhemichletehing, andilie liké. tExamplesof a suitebledasecincinde cdrbon gasdaserdpy net hod
which is suitable for this manufacturing process may be used to formthe

vi a hol e, eRéitheflasei® aad ulifadiofd tay lietsude dry etching using |asers or plasna,
23 chemi cal etching, and the like. Exanples of a suitable |aser include

car bon ga%d ers, exciner |lasers, and ultraviolet ray lasers. [0029] Next,
a conductivegZorti on (i.e., a conductive post 32) is forned within the via

hol e by el ectro ting,using the netal plate 3 . el ectroplating | ead
(6. 2 o pover Nefiph Fohibistoti (7 cCeonBndivgapet iy Wimise St s i 71 T
then etched so as to forma _conductive circuit 33 (i.e., the optical

circuit sdhplethyslestroplatimpysingthemetal plate@)l as an cleptraplatingdeadi(t-e.i &pgwest er abl e for
a gold plating layer 34 to be formed by electroplating or the |like (see FIG
30) on t haufpindetaode) 3ee Bt 5B); and the netal glate 3 ivis thenetchedso dsitodorm 4 he
conductive post 32) of the optical circuit substrate and the el ectrode of

the el ect chiduetivd sifciit’33 SLOSheE GptRal ARdit stbstrite WBES5PPRE PG BC)Or the gold
plating layer to be formed after nickel layer or'the like has first been

formed thereon Ryuol 6l 1A8bAke A% aZold plating layer 34 to be formed by
electroplating or the like (see FIG. 3C) on the bond portion between the conductive
portion (i.e., the conductive post 32) of the optical circuit substrate and the electrode of
the electrical eircuit substrate, and it is also possible for the gold plating layer to be
formed after nickel layer or the like has first been formed thereon by electropiating as a
meta] diffusion prevention layer. In the same way, it is also possible to form a solder
film (i.e., a solder layer) by electroplating on the surface of the distal end of the
conductive portion.

Examples of the method used to form the conductive portion (i.e., the
conductive post 32) include electroless plating, printing a paste which contains copper,
and the like. The conductive portion (i.¢., the conductive post 32) may be a metal or an
alloy of a metal, and examples of this metal include copper, solder, nickel, gold, tin,
silver, and palladium. Among these, copper is preferable due to its low resistance. In
order to improve Fhe bondability of the conductive post (i.e., the conductive post 32),
although this differs depending on the metal bonding method that is used, if soldering is
used, it is also possible to form one layer of solder or one layer of solder and also one

layer of copper on the conductive post. If a solder layer is formed on the conductive
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metal diffusion prevention layer. In the same way, it is also possible to
forma solder film(i.e., a solder layer) by electroplating on the surface
of the distal end of the conductive portion. Exanples of the method used to
formthe conductive portion (i.e., the conductive post 32) include

el ectroless plating, printing a paste which contains copper, and the |iKke.
The conductive portion (i.e., the conductive post 32) maybe a netal or an
alloy of a nmetal, and exanples of this nmetal include copper, solder, nickel,

gold, tin, _silver nd pal | adi u ng, t hese, .gopper is preferable due to
its | ow r@Q?‘s?‘&%gé‘!nq%ﬁewgﬁa%?%@‘nh‘ﬁéggwe?ﬂ'@egéﬂgﬁaﬂﬁty of the conductive
post (i.e., the conductive post 32), although this differs depending on the
metal bondP®&§1net hod that is used, if soldering is used, it is also

possi ble to formone |ayer of solder or one |ayer of solder and al so one

| ayer of copper Next, it ealsopodsible ifores qoadactive bortion thatiprovidey emetebbémy ned on t he
conductive 24 post, then it is not necessary to formthe above descri bed

sol der i lpgiweeh S ¥Mctrblifedf thd dptica] eldniéht BREhe BleBirddaof theCeddrthitat dixcaitpor tion t hat
provi des a netal bond between the electrode of the optical elenent and the

Fecopt or  ateeie B BEvide Bk dbchror RRbie i el B BEMA B B, 0
oo eI B Bl e o PGSR ol e
receptor structure with a conductive material such as a conductive post
from t he bot t onThis condwativecportidnds &irmed by Sillingaiithenpart of oneli oftherasepter wi t hin the
receptor structure. [0031] Firstly, the surface of the optical circuit
substrat e sfhlctueiwitha condadtiva imaesial such Bea conductive post from the bottom portion
on the electrical circuit substrate Qide within the receptor structure.
[0031]
Firstly, the surface of the optical circuit substrate G1, which is obtained in the
manner described above, that is in contact with the electrical circuit substrate is adhered
to the metal plate 41 (FIG. 4A).
The material used to form the metal plate 41 is preferably one that can be
ultimately removed by dry etching, and examples thereof include copper and copper
alloys and the like.
At this time, it is also possible to use an optical wavegnide layer to which a
metal plate is already attached as the optical circuit substrate when the optical waveguide
layer is being formed.
Normally, the thickness of the metal plate is preferably approximately 3 through
120 um and more preferably approximately § through 70 um.
[0032)
Next, using the metal plate 41 as an electroplating lead (i.¢., as a power supply

electrode), the conductive post 42 is formed by electroplating the receptor structure
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manner described above, that is in contact with the electrical circuit
substrate is adhered to the netal plate 41 (FIG 4A). The material used to
formthe nmetal plate 41 is preferably one that can be wultimately renoved by !
dry etching, and exanpl es thereof include copper and copper alloys and the
like. At this tinme, it is also possible to use an optical wavegui de |ayer to
which a netal plate is already attached as the optical circuit substrate
when the optical waveguide -‘layer is being forned. Normally, the thickness
of the metal plate is preferably approximately 3 through 120 pm and nore
pr ef er abl yhropgivhmlé Hafret yhetbattomamrfacerdn the cérelndtve puetion elastricabeitcng net al pl ate

41 as an electroplating lead (i.e., as a power supply electrode), the

conduct i veulifiade sitid (& FIC4BYI] AYthed thid, whith afoufifing the optRaPslEMEntSiEHIet ure 25
t hrough hole 13 fromthe bottom surface on the conductive portion electrical

circuit | . : Al ' ‘)mi% | t he

opti cal eﬁgﬁgﬁﬁ?ﬁéﬁﬁéﬁgﬁ Fé:na d%#ﬁjé@s@gl}dﬁgﬁﬁ%ta %}%é&&%ﬁfh a
projectin orti,o rovi ded, on .t he el egt.rode, of ,the optic | enent, then
P e Bt M aRtcal st fheh igordsrds mee g fioing sesier. § PO SHSH S bot ¢ om
so that there is sufficient thickness for the bonding. Next, a conductive
circuit 4thehottem sosbatthers is suffisientthicknesy frtheshoadizg. (45)) is formed by
etching the netal plate 41 (see FIG 4C). The conductive circuit 43 is

formed such t haNextj sicdndective kiveghd hidlec ad Sptickl ditvait sulssaertGy (48))iuformed, it
covers at |least a position (i.e., a bottomsurface on the electrical

circui t sypsichifbeheSmetal flite 4N g€ PIGIUEY] v portion) where an el ectrical
connection’is

The conductive circuit 43 is formed such that, in the through hole 13 of the
receptor structure, it covers at least a position (i.e., a bottom surface on the electrical
circuit substrate side of the conductive portion) where an electrical connection is
achieved with the electrode of the electrical circuit substrate. At this time, either all of
the metal plate 41 may be removed by etching, or else it is also possible for the position
(i.c., a bottom surface on the electrical circuit substrate side of the conductive portion)
where an ‘electrical connection is achieved with the electrode of the electrical circuit
substrate to be removed.

{0033}

In the optical circuit substrate G3 which is obtained in the manner described
above, it is preferable for gold plating layers 44a and 44b to be formed by electroplating
or the like (see FIG. 4C) on the bond portion of the optical circuit substrate with the
electrode of the ¢lectrical circuit substrate on the electrical circuit, and on the bond
portion between the conductive post 42 and the projection portion of the optical element,
and it is also possible for the gold plating layers 442 and 44b to be formed after nickel
layer or the like has first been formed thereon by electroplating as a metal diffusion

prevention layer.
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achieved with the electrode of the electrical circuit substrate. At this
tinme, either all of the netal plate 41 may be renoved by etching, or else
it is also possible for the position (i.e., a bottomsurface on the
electrical circuit substrate side of the conductive portion) where an

el ectrical connection is achieved with the el ectrode of the electrical
circuit substrate to be renoved. [0033] In the optical circuit substrate 03
which is obtained in the manner described above, it is preferable for gold
plating layers 44a and 44b to be forned by electroplating or the |ike (see
FI G 4C) of0@342 bond portion of the optical circuit substrate with the

el ectrode of the electrical circuit substrate on the electrical circuit, and

on the bond poWhentheyrbjection pohttons arRdiat provided on thedRectrodk dffike gptidalect i on
portion of the optical elenment, and it is also possible for the gold

f’! "5t "been %‘fﬁﬁ'ﬁmf ‘3“*‘&?@&‘{%%@%Eﬁ%@%?gﬁﬁ?%ﬁ?ﬁ%‘%@ﬁs'[liﬁini‘?in
. 26, 3 R ' " ' '

el ot T ode T VREH e oY A ARRRIck oY pddf s p R 2 Mo LS, 1« e

el ectrode of the, optical elenment, then,in the s I n_whi ch, the above

descr i bed elestigalitcyi syhstate side phthggendyptiveporien, gﬁ%ﬁﬂ@&%‘haws%e el ectri cal

circuit substrate side of the conductive portion, after the surface that is
i n cont acontatiwithitheoptizhl cimhit substrafic obtairied in the enanhéralesceibed abavieendrtbener
descri bed above and the netal plate 41 have been adhered together (see FIG

SA), the mnegsplddd 4 Shdve Gbatl 3héred Rigether ?éHEIG.lgAP,@&rb&pfdr'sﬁ@diuféﬂtﬁrbu@ conducti ve |
post 46 such that it protrudes fromthe optical-elenment-nounting surface of

the opti cqhleaisieah bl ARtk 8 LondubiVe fodl 465k tat it HHRRAEH G the
optical-element-mounting surface of the optical circuit substrate (optical circuit substrate
G4) (FIG. 5B),

In the above described step, it is preferable for gold plating layers 47a and 47b
to be formed by electroplating or the like (see FIG. 5C) on the bond portion between the
conductive post 46 and the projection portion of the optical element, and on the bond
portion of the optical circuit substrate with the electrode of the electrical circuit substrate
on the conductive circuit, and, if the conductive circuit is not provided, then also on the
bond portion between the conductive post and the projection portion of the electrical
circuit substrate. Alternatively, it is also possible for the gold plating layers 47a and 47b
to be formed after nickel layer or the like has first been formed thereon by electroplating
as a metal diffusion prevention layer. In the same way, it is also possible to form a
solder film (i.e., a solder layer) by electroplating on the surface of the distal end of the
conductive portion.

[0035]
Examples of the method used to form the conductive posts 42 and 46 include

electroless plating, printing a peste which contains copper, and the like in addition to
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) (FIG5B), In the above described step, it is preferable for gold plating
| ayers 47a and 47b to be fornmed by electroplating or the like (see FIG 50
on the bond portion between the conductive post 46 and the projection
portion of the optical elenment, and on the bond portion of the optical
circuit substrate with the el ectrode of the electrical circuit substrate on
the conductive circuit, and, if the conductive circuit is not provided, then
al so on the bond portion between the conductive post and the projection
portion of the electrical circuit substrate. Alternatively, it is also
possi bl e Elettrépitingo| Botading t’tsdp%eﬂ REBILY ekzﬁo%lﬂ%ﬁ?mml)bﬁefmﬁ thist er ni ckel

| ayer or the like has firs een fornmed thereon by electroplating as a

met al di ffa‘}!&i'r@l'ﬂ BIF@ o Qiked] bdntd | so possible to
forma solder ?I g?lﬁhlg a@g«g f&é%@%@@bmﬂﬁ%@#gng on the surface
of the distal d of .the conducti rtdon.. 10035 anpl.es qf the method
used to form tﬁ&%‘@ﬁﬁ%‘”%&%@%&%ﬁ?%ﬁn ?'Baé'la‘gﬁég??‘lgqyé’gg pl ati ng,
printing a paste which contains, copper, and the |ike in addition to 27

el ect r opl #efahand pxamplespfthis metal inohids cagpes seldes viskel: gold; tinsstbver andre| y
preferable as this allows the shape of the distal end of the copper posts
to be frephljadimmt rAdnbrgithesEheopperid prefératide dustodts4ew sasidtatbe. ndn obder foor red from a
netal or an alloy of a netal, and exanples of this metal include copper,

sol der, nifjave thd BoAkdability of the borRiuctivdiHdsts A2 lah@ 4, WlthouphBKig diffeese, copper is
preferable due to its |lowresistance. In order to inprove the bondability

of the co | %lﬁ%nﬁﬂ hvﬁ?égg- | L & : ndi ng on the
net al bong%awgtﬁﬁm at I's génegf‘)dﬁ#&téo ér‘f%@ghflﬁ;@é&’ﬁ? |§ al so
PO bl bR 8 A0 o of o135 o She 3per R Solb&P4E b ofElafEor Bhefbs® O

the conductive post. If a solder layer is formed on the conductive posts 42 and 46, then
it is not necessary to form the above described solder film.
[0036]

Inside the receptor structure described above, optical circuit substrates (i.c., the
optical circuit substrates G3 and G4) that have conductive portions that are used to form
a metal bond between an electrode of the optical element and an electrode of the
electrical circuit substrate has & conductive circuit to be provided on an optical element
mounting surface in the same way as the optical circuit substrate G2, and it is possible
for a conductive portion that penetrates the optical circuit substrate to be formed on the
conductive circuit in order to form a metal bond with the electrode of the electrical
circuit substrate in order to echieve electrical conductivity between the conductive circuit
and the electrical circuit substrate,

{0037}
Next, the electrical circuit substrate will be described.
A mounting portion that is used to obtain electrical conductivity between an

electrode of 2 mounted optical element and an electrode of an electrical circuit substrate
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the conductive post. If a solder layer is formed on the conductive posts 42
and 46, then it is not necessary to formthe above descri bed solder film

[ 0036] Inside the receptor structure described above, optical circuit
substrates (i.e., the optical circuit substrates 03 and 4) that have
conductive portions that are used to form a netal bond between an el ectrode
of the optical elenent and an electrode of the electrical circuit substrate
has a conductive circuit to be provided on an optical elenment nounting
surface in the sane way as the optical circuit substrate G2, and it is

possi bl e i &mwﬂ ti Gl DRt stibs éfat?&ft%}%seh%eénﬁoﬁe gﬁ&iffcal circuit

substrate on the ~conductive circuit 1n order to forma netal

bond with r in order to
achi eve e?’é@@ q%é’g cegegﬁlfg{?%pﬁ “%ﬁ?\%é%%@‘ﬁé’%@%@&%&‘?%ﬁ&ﬁcﬁ and the

el ectri cal ui t bstrate 037 ectrical ¢ircuit substrate
will be d%%?q “’e ﬁ%?&Y%L“C{\E ‘t‘fstg?f i@eﬁtﬂia&’aﬂ%ct rical
conductivity between an eI ectrode of a nounted optical el enent and an

el ect r odelaofinated togesher to fomn aanultilayer cingui$ substrate. 2Moreovery vrigidsitewh t he
electrical circuit substrate of the present invention. Specific exanples of

t he el ect gubgtdte 61 4 Henilble Siritit subériate daalbedeedci Toip bifficlemst stdéagsthehat have a
non-conductive layer and a circuit |ayer, and a plurality of these layers

may al so B, %&%{ﬂ?@ﬁ&ﬁ@@ '%sltp??xfiﬂgdrﬂn% {Hedd tﬁéﬁéwﬂuﬁ%&%ugﬁ?@}r ate.

Mor eover, "a ri géﬂa circurt e or a clrcul date can be
used. It js suffic f at. | east t i cal el ement - mounting portion is
provi ded BF@W@@?@S?‘?’% fropie cRKponeg GE@P‘? E)pgnte#' HfE98r . it is also possible
for el ectronic conponents to be npunted thereon

Examples of the non-conductive layer include those that are formed from a resin

composition of matter wh1ch uses a non-conductive resin such as cyanate resins, cyclic
olefin resins, phenol resins, and epoxy resins. In particular, in order to reduce
dimensional variations when an optical element is being mounted, resin compositions of
matter that contain cyanate resins which have characteristics such as high heat resistance
and a low coefficient of linear expansion and/or pre-polymers thereof, and also epoxy
tesins are preferably used.
[0038]

FIGS 6A 1o 6C are cross-sectional views showing an example of the electrical
circuit substrate according to the present invention.

As is shown in FIG. 64, in an electrical circuit substrate 50, an aperture portion
52 which is created by a drill is formed in a core substrate 51 having the above described
non-conductive layer. In addition, conductive circuits 53 are formed on both surfaces of
the core substrate 51,

At this time, lands are provided on the conductive circuits 53 that form
mounting portions for obtaining electrical conductivity between the electrode of the

optical element and the electrode of the electrical circuit substrate when an optical
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Exanpl es of the non-conductive layer include those that are forned froma
resin conposition of matter which uses a non-conductive resin such as
cyanate resins, cyclic olefin resins, phenol resins, and epoxy resins. In
particular, in order to reduce dinensional variations when an opti cal

el ement is being nounted, resin conpositions of matter that contain cyanate’
resins which have characteristics such as high heat resistance and a | ow
coefficient of l|inear expansion and/or pre-polyners thereof, and al so epoxy
resins are preferably used. [00381 FIGS 6A to 6C are cross-sectional views
showi ng aslememiphmountéd thereos eEWhen axbdptical elanért issndaitedatieanoptizaltingitt o t he
present invention. As is shown in FIG 6A, in an electrical circuit substrate

50, an ap&%&&h‘s’m@&&%ﬂﬂe el@ove gﬁ&uds%bﬁa?é‘ﬁﬁ?s&ﬁc;?ﬂ%ﬂthése'lﬁid&%ﬁ@d in acore

substrate aving t escribed "non-conductive layer. In addition,
conductive_ c f. on r re substrate ‘
51. At thP® v{de&réﬁ Ef@ﬁ%é\%gﬁgmg{og&%&ﬂn@%s%ﬁé e&%ﬁc@{ ﬁvéutg}lhfsgg ts 53 that form
nmount i ng portiaqns for ,obt{ainin ri cal conduct bet ween t he ?
el ectrode of t °°‘-’€S’ﬁ#@&ISM%@WI&&WP@“&MW%@%Q&W@ CH¥& r i cal ‘
circuit substrate when an optical 29 elenent is nounted thereon. Wen an
optical etievitaf3 bs theownsuntaces of thocarp sibstrate 5l mreumutuallyneondediiveur f aces of the
electrical circuit substrate, it is sufficient for these |ands to be

provi ded pgo3gpnductive circuits on both surfaces of the electrical circuit |
substrate. Electroplating is provided inside the aperture portion 52, and i

t he conducti ve ﬁfeflf&li' F%@%&&ﬁmlﬁ% Mﬂﬁﬁ&r&’@nlm&vﬁgﬁécﬁw&ﬁ rate 51 are'

mut ual |'y condu I've.

using FIGS, 6Ato 6C. The aperture portion 52 is first formed by a drill, for example, in
the core substrate 51 (for example, a double-sided copper foil FR-4). Next, plating
processing is performed on the aperture portion 52 by electroless plating, so as to achieve
conductivity between both surfaces of the core substrate 51. By then etching this
copper foil, the conductive circuits 53 which include lands which form mounting
portions for obtaining electrical conductivity between the electrode of the optical element
and the electrode of the electrical circuit substrate are formed (see FIG. 6A).

Itis preferable‘for a gold plating layer 54 to be formed by electroplating or the
like on the surface of the lands (see FIG. 6B), and it is also possible for the gold plating
layer to be formed after nickel layer or the like has first been formed thereon by
electroplating as a metal diffusion prevention layer.

[0040]

Any material which is suitable for this manufacturing method may be used for
the conductive circuit 53, however it is preferable that the material can be removed by a
method such as etching or peeling when the conductive circuit is being formed, and a
material which is able to withstand the chemical solutions used for this etching is

preferable. Examples of such a material that can be used for the conductive circuits 53
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A nmet hod of manufacturing this type of wiring board will now be descri bed
using FIGS. 6A to 6C. The aperture portion 52 is first forned by a drill

for exanple, in the core substrate 51 (for exanple, a doubl e-sided copper
foil FR-4). Next, plating processing is perfornmed on the aperture portion
52 by electroless plating, so as to achieve conductivity between both
surfaces of the core substrate 51. By then etching this copper foil, the
conductive circuits 53 which include |ands which formnounting portions for
obtaining electrical conductivity between the el ectrode of the opti cal

el ement  ia¢lddd depper| eoppércdioyn #2 alley, ahdnitke] and the like.ui In panicalar, adgpenr e f or med
(see FIGB6A). It is preferable for a gold plating |layer 54 to be fornmed by

< ol S0 o PR el S orks A0y et Y TieBEfeftiatly el MLt SRR P okel Tayer

e Fat 1 ng ayer to be formed after nickel |ayer-

or the like has, {i fQr =) l.afd s a netal

di f f usi on°“§P‘é§aP?n i‘%’ﬁ%@@% i?‘&g%&' Qﬁéﬁ@g‘t@‘i‘e&ﬁ e&ﬁ?@ﬁai@h‘é%ﬁgbl e for this
manuf act uri ng jret hod be used for _{he conductive circuit 53, however it

i s pref er%?eé’b‘ﬁé@)’t%gegrﬁb‘&ﬂgm‘@&ﬁ“ﬁé‘ ed by a nmethod such as etching
or peeli ng when the conductive circuit is being fornmed, and a materi al

which is [ to withstand the chenmical solutions used for this etching is ;
preferable. Exanples of such a material that can be used for the conductive .

circuits 53 30 Mdtedves on Uneletrical CiREsubstia)obained iR tHeanannardbsétiteel and the !
like. In particular, copper foil, copper plate, and copper alloy plate are '’

. In parti oi |, “copper plate. and cor e
They ol | ool it MR8 PotsBlp b DRNFRIBARREANE oy Ml uhedg oV igaileiPor”™ ) o

be obtai ngd mollnting the’ gp%icalhe eSS Sé'opkga? &buit substrate on one surface or both

surfaces of the core substrate 51 so as to cover the conductive circuit 53, or to provide

adhesion between the optical circuit substrate and the electrical circuit substrate. In this 1
case, the adhesive layer 55 is formed so as to cover the conductive circuit 53 (see FIG.

6C).

Examples of the method that may be employed to form the adhesive layer 55
include a method in which a resin composition of matter which will form the adhesive
layer is coated directly onto an adhesive layer formation surface, a method in which 2
carrier material with an attached adhesive layer is pressed, and 2 method in which a
carrier material having an attached adhesive material is laminated using & vacuum press,
a laminator, a vacuum laminator, or a becquerel type lamination apparatus or the like so
as to form an adhesive layer.

When a metal layer is used as the carrier material for the adhesive layer, it is
possible to work the metal layer as a conductive circuit.

[0042]
When solder or the like is used to achieve bonding in the metal bonding of the

electrode of the electrical circuit substrate with the electrode of the optical element when
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Moreover, on the electrical circuit substrate obtained in the manner

descri bed above, it is also possible to provide an adhesive |ayer that is
used to provide a netal bond for nounting the optical elenent on the
optical circuit substrate on one surface or both surfaces of the core
substrate 51 so as to cover the conductive circuit 53, or to provide
adhesi on between the optical circuit substrate and the electrical circuit
substrate. In this case, the adhesive layer 55 is forned so as to cover the
conductive circuit 53 (see FIG 6C). Exanples of the nmethod that may be

enpl oyed the optivalelbment dbupsd v6urtéd/ 6F indhe mefACboidingoof iRt dofdudtive phitch a resin
conposition of matter which will formthe adhesive |ayer is coated directly:

onto an | : # ' fs ' | arrier

mat eri al aﬁbﬁaéaéﬁslggﬁgﬁ%g{ °g§ﬁ‘1e°g‘?% ng@%%@ag@géﬁg%@gﬁgé %p?g’tsr%gd in which a
carrier material having.an attached adhesixe material i |lamnated using a
vacuum pr¥s&n swgﬁswgfba} 90@‘%%@%‘1’%%?%?’, °5P°ta%%@%g‘r"é'+8 Y pe

| am nati on_apparatus or, the like so as to forman adhesive |ayer. \Wen a
metal | ay&pider Emdsmp&@ume Bxanplesithereafdnclude maserialnthatoontain aresindddr it is
possible to work the netal |ayer as a conductive circuit. [0042] When sol der .
or the | ibksvirga phesslicthydmxidedase, mubaitesin (Bhwhich iswetinglagend forghefesinhe |
el ectrode of the electrical circuit substrate with the el ectrode of the
opti cal ment when 31 the optical elenment is being nounted, or in the
metal bondi'ng of the conductive post provided inside the receptor

structure, thenid.lsS: : ] | se an
adhesi ve agent rpfshde‘l? hglgﬂéﬁlﬁrs‘fgi @h%?%%ﬁ%#é@sw éé#l%g}ﬁsaghfgi"a flux
g N om0 St Ficl Pes PR ds FhondT BT Rt M Bher SOt 1B o7 21

and multivalent pheno! novolac resin, resol phenol resins, polyvinyl phenol resins and the

like. Among these, because multivalent phenol novolac resins have two or more
phenolic hydroxyl bases in a single benzene ring, compared to mono functional phenol
novolac resins, they have much more rapidly improving properties as the flux of a solder
bond. Moreover, because dihydroxybenzoic acids such as 2, 4-dihydroxybenzoic acid,
and 2, S-dihydroxybenzoic acid, hydroxyl naphthoic acid such as 1-hydroxy-2-naphthoic
acid and 2-hydroxy-3-naphthoic acid, phenolphthalein, hydroxybenzoic acid,
hydrexyphenylacetic acid, 4-hydroxy-3-methoxy benzoic acid, diphenolic acid,
4-hydroxy-3-nitrobenzoic acid and the like have a carboxyl base within the molecule,
there is an improved action when removing contamination such as solder and oxides on
the metal surface, and this is favorable for obtaining a stable solder bond. Among these,
dihydroxybenzoic acids and phenolphthalein are more preferable.
[0043]

As the resin (B) which acts as a curing agent for the resin having the phenolic
hydroxide base, specifically, epoxy resins such as bispheno! A epoxy resin, bisphenol F

epoXy resin, phenol novolac epoxy resin groups, cresol novolac epoxy resins, alkyl
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havi ng a phenolic hydroxi de base, and a resin (B) which is a curing agent

for the resin (A). As the resin (A) having a phenolic hydroxide base, it is,
preferable to use, for exanple, novol ac phenol resins such as phenol

novol ac resin, al kyl phenol novolac resin, and nultivalent phenol novol ac
resin, resol phenol resins, polyvinyl phenol resins and the |[|ike. Anong

t hese, because nmultival ent phenol novol ac resins have two or nore phenolic
hydr oxyl bases in a single benzene ring, conpared to nono functional phenol

novol ac resins, they have, nuch re rapidly inprovin roperties as the fl ux
of & sol RAEROLTNIES FRARY SR EFoBRse BPBRIOLFRRRY Yesle BiohBt bbbl BRowy gedinsas o,

4- di hydroxybenzoi ¢ acid, and 2, 5-dihydroxybenzoic acid, hydroxyl naphthoic
aci d suchandgsesprdigal epexy-resing pid dicyddopentadignaepdxy résjngy oyl asdseyanstec aci d,
phenol pht hal ei n, hydroxybenzoi c acid, hydroxyphenyl acetie acid,

4- hydr oxyreging@id vyinatdeing that Bave the sime fanewiork &chelaforefetichiedtysird: ni t r obenzoi c .
acid and the |Iike have a carboxyl base within the nolecule, there is an

Lo ot al B e e Rl R ol e b

the metal sur this arning a stable sol der bond.

Anong t hese b hydr Nnzoi ' a henol pht eihn, are r

pr ef er abl %omqo&g%\f}gﬂgﬁ(lﬁ@ﬁ@ﬁﬁ%ﬁf%ﬂﬁ)ﬁ%cﬁgmgg °Qaktﬂhph§mzﬁﬁé% 81; or the
resin having the phenoljc hydroxide base, specifically,, epoxy resins such
as bi spheWoimsaiuesirg,ajiphaticigrouptss 4baten o Silison deraired epaxy resyhis Rae S ac epoxy
resin groups, cresol novol ac epoxy resins, alkyl 32 phenol novol ac epoxy
resin gr ch dephpownd. epoxy resin groups, naphthol epoxy resins and
resorci nol epoxy resins, and dicycl opentadi ene epoxy resins, as well as

| socyanat fg044jesi ns and cyanate resins that have the same framework as the
af orenment1 oned resins.

In addition to the above described components, it is also possible for the
adhesive agent to additionally contain other resins such as cyclic olefin resins and the
like, and also various other additives and solvents such as inorganic filling materials,
curing catalysts, coloring agents, anti-foaming agents, coupling agents and the like.

When the adhesive agent that contains thermosetting flux is in sheet form, then
in order to improve the properties of this sheet, it is also possible to use a thermoplastic
resin insofar as the above described characteristics are not impeded. Examples of this
thermoplastic resin include phenoxy resin, polyvinyl butyral resin, polyester resins,
polyurethane resins, polyimide siloxane resin, polypropylene, styrene-butadiene-styrene
copolymers, polyacetal resin, polyamide resin, acrylonitrile-butadiene copolymers,
acrylonitrile-butadiene-methacrylate copolymers, acrylonitrile-butadiene-styrene
copolymers, polyvinyl acetate resin, nylon, styrene-isoprene copolymers,
styrene-butylene-styrene block copolymers, styrene-cthylene-butylene-styrene block
copolymers, and polymethyl methacrylate resin and the like.

[0045]

Various aspects of the optical circuit substrate and the electrical circuit substrate
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Further exanples of the resin (B) include denatured epoxy conpounds and

| socyanate conpounds whi ch have the framework of an aliphatic group, a
cyclic aliphatic group, or an unsaturated aliphatic group as a base.
Silicon denatured epoxy resin is one exanple of such a conpound. [0044] In
addition to the above described conponents, it is also possible for the
adhesi ve agent to additionally contain other resins such as cyclic olefin
resins and the |ike, and also various other additives and solvents such as
inorganic filling materials, curing catalysts, coloring agents,

ant i - f oanghixtoAditime the optitd) elenienf AR A tingHBstialer(i.b), the subdiar onwhicldiesi ve agent
that contains thernosetting flux is in sheet form then 1in order to inprove

the. propeidicabidient {oudliafhave/teed desbiRA BOVS hliiel, heki>E ddlaildder TOP] asti ¢

resin insdrar as t ove’ descri charactéri sti e not | npeded.
Exampl es of this .thernoplasti.e resin.nclud hengxy., resin, | yvi nyl

but yr al r‘geé?ffP?‘°Ba'f‘@g§S’é’F‘9P€?Fﬂ§? “Pﬁs’ﬁw’&ﬁéﬁ@%@%fﬁ‘@%%ﬂ%e si | oxane
resin, polypropylene, styrene-butadi ene-styrene copolyners, polyacetal

resin, po?Pjisai-dlementnoyntiagsubsteate with refensncesnads ie thedbavipiter s,
acrylonitrile-butadi ene-nethacryl ate copol yners, :
acryl oni t [Firseaspect @IGeTB) st yrene copol ymers, pol yvinyl acetate resin, nylon, |
styrene-i soprene copol yners, styrene-butyl ene-styrene bl ock copol yners, !

styrene- et hyl engrip HoanSAFIG.I70, Bieldelreddof thORicINBérent andithe eleridielty!

met hacryl ate resin and the |ike, [0045] Vari'ous aspects of the optical

circuit s s 11 ' ' r constitute
the opti c%{PEfeethiEn%r?ﬁ Qﬂ%%@%%@sﬁg}oghﬁ wgﬁ?éﬁgms%?}?a gatg’?l&?/\hi ch an
Opt1 Al Clifedhy ietal-bomded onto the Gptical clément-mounting portion of the Qletiea circlle <+ 2

substrate of a substrate for mounting an optical element that is formed by an electrical

circuit substrate on which is provided an optical-element-mounting portion that is used
for mounting an optical element, and by an optical circuit substrate that is formed by an
optical waveguide layer having a core portion and cladding portions and that is provided
with a receptor structure that is used to obtain electrical conduction between the electrode
of the optical element and the electrode of the electrical circuit substrate, with a metal
projection portion which is provided on the ¢lectrode of the optical element used as a
conductive portion inside the receptor structure,

[0046]

An optical element 60 that is used in this first aspect has metal projection
portions (bumps) 61 which form conductive portions inside receptor structures on top of
the electrode of the optical element 60 (see FIG. 7A). Examples of the material used to.
form the metal projection portions 61 include gold, copper, and solder and the like, and
the material may be selected depending on the metal bonding method, If the metal
bonding is to be achieved through ultrasonic wave bonding, then gold or copper are

preferable,
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description wll be given of specific aspects (i.e., a first through fourth
aspect) of the optical-elenent-nounting substrate wth reference nmade to
the drawings. [First aspect (FIG7D)] As is showmn in FIG 7C, the el ectrode
of the optical elenment and the el ectrode of the electrical circuit
substrate, which are nounted via the optical circuit substrate, are
directly netal -bonded onto the optical -el enent-nounting portion of the

el ectrical circuit substrate of a substrate for nounting an optical el enent
that is ff Hgﬂ by an electrical <circuit substrate on which is provided an
opti cal - Wrdht - nounting portion that is used for nounting an opti cal

el emrent, and by an optical circuit substrate that is forned by an opti cal

wavegui de | ayerA bpecifief theaptical slementsd wilkbecdesatibed yithaeferenesmadedot hat i s

provided with a receptor structure that is used to obtain electrical

conduct i ORIGS: 2R ekrotghe]l 2D, e Rok extenpl@fin aheptival dlémdént hbvingasingledighthe el ectrode
of the el ectrl cal circuit substrate, with a netal projection portion which

i's providggdae & ductive
portion i I’ISI de Epﬁe re ﬁ%%t or s éoulﬁct?ﬁ‘reg%%gjfgkaﬁqg tica ggﬁnmn§ﬁ80 that is
used int f e Lt s) 61 which ;
form condﬁ"f{ Vg’%&ﬁﬁig h’Il R@?ﬁfg&ﬁ ’E‘B‘E § @%ﬁ'lggfovﬁgg Ohﬁgﬁﬁg%@ t he el ectrode .
of the optical nmen %iee FI.G 7A) gl es of , the materigl used to ‘
form t he ﬁ@pawoa cirede, Bﬁﬂ PrOjsHEn qutlpném ti§ grayided OB gFound Wires ol der and
the like, and the naterial may be selected depending on the nmetal bonding
met hod. | tornietionelegtrode, embia pagsition fixingraetakprojectinh pomion fijle (seeFIGS.ARAc wave
bondi ng, then gold or copper are preferable. 34 [0047]
through 12C). By providing one position fixing projection portion, the optical element
can be reliably fixed in position, but it is also possible for a plurality of these to be
provided. It is also possible for the optical element to have a plurality of light receiving
points or light emitting points, and it is also possible, for example, for four of the above
described optical element which has a single light receiving point or light emitting point
to be arranged in a row (see FIG 2D). Optical elements that have a plurality of light
receiving points or light emitting points are used for optical circuit substrates that have a
plurality of core portions, and the number of light receiving points or light emitting
points can be decided in accordance with the number of core portions.
The size of the metal projection portions should be sufficient to allow them to be
housed within the receptor structure through hole, while enabling them to obtain a
satisfactory metal bond with the electrode of the electrical circuit.
[0048]
Next, an example of a first aspect of the manufacturing method will be
described.
Firstly, the optical circuit substrate (G1) 15 obtained in the manner described

above, and the electrical circuit substrate 50’ which had the gold plating layer 54 formed
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A specific of the optical elenent 60 will be descrlbed wi th reference nmade
to FIGS. 12A through 12D. For exanple, in an optical elenent having a .
single light receiving point or light emtting point, then on the |ight
receivinglemtting point 62 side, there are provided a netal projection
portion 6la that is provided on a signal wire connection electrode, a netal
projection portion 61b that is provided on a ground wire connection

el ectrode, and a position fixing metal projection portion 61 ¢ (see FIGS.
12A through 12C). By providing one position fixing projection portion, the

optical eirfthehhds hareoDRere pteparetithé pasitibris bf paeh ivierothen fivéd dnid thestwdl so possi bl e
for a pIuraIity of these to be provided. It is also possible for the

opti cal sfast | i ght
emtting p0| nté‘keﬁ%r%méf 'S g:ﬁ'gs@%%gs@%#? or‘{ngﬁgwi)ma%gr&h@tgr of the above-
descri bed..0 O@?ﬁﬁat.gi)oerrent which has a single |i ght receiving point or |ight
emtting %’g e arranged in a row (see FI G 2D) Optical elenments that
have a plurality of Ijght receiving points or tti ng points are
used for OptchmmMmmmwwwn%ﬁmmmgm I“W ’rc the light core portions,
and the nunber of light receiving points or light emtting points can be
deci ded imeceaivingoptivabaleménthare mountedialeng ¢ife recaptor studtire theoughholesi zAsaf t he
nmetal projection portions should be sufficient to allowthemto be housed

Wi thin' t hesle fRptbrementy iH Gbithe inBiisgRoft@hey andriduRtiy\@pebd &t Behem t o obtain a
satlsfactory netal bond with the el ectrode of the electrical circuit. [0048]

Next, an % e of a first aspect of the manufacturing nmethod wll be
descri bed’ Firstly, the optical circuit substrate(G) | 5 obtained in the
manner describ and t he el ecLri,G cifcui bstrate 50' which had
the gold plati KF%F el ProJEction po Wi wéd foft eopnca{eeiement

60 having the metal projections portions was positioned in the receptor structure through
hole 13 which was formed in the optical circuit substrate (G1) 15 on the substrate for
mounting an optical element (G1) 63, so as to be housed in a predetermined position, A
load was then applied such that the metal projection portion 61 was pressed against the
gold plating layer 54, and at the same time, ultrasonic wave bonding was conducted
enabling a substrate on which an optical element is mounted (G1) 64 on which an optical
element is mounted to be obtained (see FIG. 7C).

Specific examples of the ultrasonic bonding method include, firstly, housing the
metal projection portion 61 in the receptor structure through hole 13, and thereafter,
using an ultrasonic bonding apparatus, to apply a load, generally, of approximately 1kN,
at a frequency of 15 kHz, and a rated power of 3000W. The metal projection portion 61
is then bonded by being vibrated for 0.5 seconds while being pressed against the gold
plating layer 54,

[0049]
In the above described first aspect, when the substrate for mounting an optical

element is being manufactured by mutually superimposing an optical circuit substrate
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on the lands thereof were prepared, the positions of each were then fixed
and the two were stacked together so as to formthe substrate for nounting
an optical elenent (Gl) 63 (see FIG7B). In this positioning, passive

al i gnnment can be perforned in which the Iight receiving optical elenents
are mounted along the receptor structure through holes, As a result,

| mprovenents in both the nmounting accuracy and nounting speed can be

achi eved. Next, the metal projection portion 61 which was formed on the

optical elepent 60 having the petal projections portions S sitioned in
the recep@ff anelecidieal F’é"'{*‘rﬂgbﬁmﬁ “H%ﬁa]é" E"Js if%t?‘Gﬁéa’P Shbslates Mﬁéi cal
circuit substrate (01) 15 on the substrate for nounting an optical el enent
(01) 63, sagether byombansiof e adhesive sgept. e dn this case,an ejrotrical cirgnit substrata §0%as t hen
applied such that the nmetal projection portion 61 was pressed agai nst the

gol d pl at hadng &y adhefive lagsrdb5auck 43ds stvwm in FIG. 604k bfepared) sadway be thedi ng was
conducted enabling a substrate on which an optical elenent is nounted (01)

G4n, Y1 Sy Bl 5L HTRAL i T o AT Mol BOll & 7O
and t hor P RRd e IR Ron T p&dorba WO REE apfsabed HEAYBAIRUSE 1000
o1 ol s b b oris s bttty o
vibrated for 0.5 seconds while being pressed against the gold plating |ayer :
54. [ 0049actlas thetfluxadncheadhesive iaperd S it ispossibleda formvatend b applying heattea f or !
nounting an optical elenent is being manufactured by nmutual ly superinposing -
an opti calerfpickabhte whekbithié §63de? melis. In this case, it is preferable for the conductive

portion where the metal bonding is performed to be made from a metal which includes

solder, Itis also possible for an adhesive agent to be used in the same way in the other

aspects described below.

[0050]

[Second aspect (FIG 8D)]

As is shown in FIG 8C, in the first aspect, the optical circuit substrate (G2) 35 is

used in which the optical circuit substrate has a conductive path on the

optical-element-mounting surface, and in which a conductive portion that penetrates the

optical circuit substrate is formed on the conductive circuit in order to form a metal bond

with the electrode of the electrical circuit substrate in order to achieve electrical

conductivity between the conductive circuit and the electrical circuit substrate. In the

first aspect, the electrode of the optical element and the electrode of the electrical circuit

substrate are directly metal-bonded with the metal projection portion provided on the

electrode of the optical element used as the conductive portion inside the receptor

structure, and the conductive portion that penetrates the optical circuit substrate above

the conductive circuit that is formed on the optical-element-mounting surface, and that is
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36 and an electrical circuit substrate, it is also possible for these two
substrates to be adhered together by neans of an adhesive agent. In this
case, an electrical circuit substrate 50" having an adhesive |ayer 55 such
as is showmn in FIG 6Cis prepared, and can be then adhered together with
the optical circuit substrate (see FIG 7D). Mreover, if nmetal bonding
using a solder bond is perfornmed for the above described netal bond instead
of ultrasonic bonding, then by using an adhesive agent that contains a
thernosetting flux to act as the flux on the adhesive layer 55, it is

possi bl e meedrto formea metabbang togstiey with theelectnode of the elegfieal wirewit sbstrate ishe sol der

melts. In this case, it is preferable for the conductive portion where the
met al  bonghet-boadedesdethersdthitie diectradelof the elevteicalelrabit wibbtedte with whithdt sol der .
It is also possible for an adhesive agent to be used in the sanme way in the
ot her aspggésposiRSCri bed bel ow. [0050] [Second aspect (FIG 8D)] As is
shown in FIGSC, In the first aspect, the optical circuit substrate (&) 35

is wused in whi ' ' ' . Cll: path on the
optical - el errent%%%eg‘g&)}s%rﬁea é{"g‘égé%“?‘ﬁ?%"?ﬁg gﬂﬁﬁgﬂée?p% °E°9¥?qi on t hat ;
penetrates the _optical ¢circuit substrate is farned on, the conductive 5
circuit i ﬁleg}eab@tggt 1$ W%"&Wﬁ?ﬂdmtﬁﬁ tm@eﬁoaépﬁmﬁ%mm%& el ectri cal
circuit substrate in order to achieve electrical conductivity between the
conduct i vavhighrform corsltictivelportising insidegedeptor stoucturess(aeeskliGa8A). In the first
aspect, the electrode of the optical elenment and the el ectrode of the

el ectri cal[oo;sillcuit substrate are directly netal -bonded wth the netal .
proj ection portion provided on the electrode of the optical elenent used as

oL NER ek f B SSRGS U et v
will be described.

Firstly, the optical circuit substrate (G2) 35 obtained in the manner described
above, and the electrical circuit substrate 50” which had the gold plating layer 54 formed
on the lands thereof which are used for mounting an optical element were prepared (see
FIG. 8B). The receptor structure through holes 13 which are formed in the optical
circuit substrate (G2) 35 were then positioned relative to the gold plating layers 54 on the
lands, and the conductive post 32 which penetrates the optical circuit substrate and serves
as a copductive portion for forming a metal bond with the electrode of the electrical
circuit substrate was positioned relative to the electrode (not shown) of the electrical
circuit substrate with which it corresponds, The two were then superimposed at the
same time as a load was applied, and ultrasonic wave bonding was conducted so that the
conductive post 32 which penetrates the optical circuit substrate and is used to form a
metal bond with the electrode of the electrical circuit substrate and the electrode of the
electrical circuit substrate with which it corresponds were metal-bonded together, thereby

enabling a substrate on which an optical element is mounted (G2) 65 to be obtained (see

FIG. 8C).
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t he conductive circuit that is fornmed on the optlcal elenent mount i ng
surface, and that is 37 used to forma netal bond together with the
el ectrode of the electrical circuit substrate is netal-bonded together with
the electrode of the electrical circuit substrate with which it

corresponds. In the same way as the optical elenent 60 used in the first
aspect, the optical elenent 60 that is used in this second aspect has netal
proj ection portions (bunps) 61 which form conductive portions inside
receptor structures (see FIG SA), [00511 Next, an exanple of the
nanufactu;% met hod according to the second aspect w | be described.
Firstly, e %ptical circuit substrate (G2) 35 obtained in the manner

descri bed abov. electric substrat ad the
gold plating | asgp'a‘g RRogfen grhpqrﬁgn ﬁaﬁ@ge Pﬁé‘lagé %Qﬁlﬂ\g}‘lgﬂﬁ f or
mounting an optical elenent were prepared (see FIG 8B). The receptor

st ruct ur e PrORCSORPaens was posinioned relativertp thegecepter ﬁh@cr@fﬂﬂﬂeﬁ 5@ uit
substrate (02) 35 were then positioned relative to the gold plating |ayers
54 on t he whichrwis forared onlile substelte for mpuptirgg anIhtiodliebdment(G2) 1641 seastdbe opt i cal
circuit substrate and serves as a conductive portion for formng a netal

bond wi t hhbingd &l ﬂ&&ﬁnﬁd of! €A 1dad s thediah fﬁﬁdtsuﬁilﬂnﬁiﬁl@hﬂta\l\@s posi tioned
relative to the e ectrode not shown) of the electrical ~circuit substrate

ith wh ti f
uth lo;awscugfswé@@?g@ap%ﬁ% e e SRS

duct t, 32 h t bst.r at d
Cood Lo | SitRRaHc HEYRHOGBE e CoRREIEE cRAbURE A SUBTRIE CANGH SRR SUAITRERF i
substrate and the electrode of the electrical circuit substrate with which

it corr esjioneantedchbconwhioh amepticalelenent ismeuntad{e be ghtained (see FIG. 8D).
At this time, the conditions for the load and the ulirasonic wave bonding were

the same as those of the first agpect.
[0053]

Note that in the above description, a method is described in which the optical
elemen; is mounted after a conductive portion which penetrates the optical circuit
substrate and is metal-bonded with the electrode of the electrical circuit substrate is
metal-bonded with the electrode of the electrical circuit substrate with which it
corresponds so as to form the substrate for mounting an optical element (G2) 65,
however, it is also possible for the positioning of the conductive post 32 which penetrates
the optical circuit substrate and is metal-bonded with the electrode of the electrical circuit
substrate relative to the electrode of the electrical circuit substrate with which it
corresponds to be performed at the same time as the positioning of the metal projection
portion 61 of the optical element 60 having the metal projections portions relative to the
receptor structure through hole 13 which is formed on the substrate for mounting an
optical element (G2) 65 such that it is housed in a predetermined position, and for the

entire metal bonding to be performed by means of ultrasonic wave bonding in a single
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enabling a substrate on which an optical elenent is nounted (&) 65 to be
obtained (see FIG 8C). 38 [0052) Next, the netal projection portion 61 of
the optical elenent 60 having the nmetal projections portions was positioned '
relative to the receptor structure through hole 13 which was fornmed on the
substrate for nounting an optical elenent (&) 65, so as to be housed in a
predeterm ned position. A load was then applied such that the netal

proj ection portion 61 was pressed agai nst the gold plating |ayer 54, and at
the sane tine, ultrasonic wave bondi ng was conducted enabling a substrate
on whi ch gheRbhcal element is nounted 66 on which an optical elenent is
nmounted to "be obtained (see FIG 8D). At this tine, the conditions for the
| oad and 3@§§ | trasoni c wave bonding were the sane as those of the first
aspect. | 'ﬁ Note that in the above description, a nethod is described in

which the optical elenpent |s unted after a conductive portion, which
penetrates the S’Eﬁ'?‘t"&% I%WGE?VE@JF&PJMBW@‘ﬁﬁ“ﬂ!e-vﬁé'r?dé'ﬂ%%ﬂ'ﬁ t he
el ectrode of the electrical circuit substrate is netal-bonded with the
el ect r ode aspect,twéhep thecubsizate for mounting anoptical atement is being imanufactureddyr esponds so
as to formthe substrate for nmounting an optical elenent (02) 65, however,

it is al sannesihyi daperitipdsirigen opaedl cireui substiske dddeancdsedical dircait gokstrad At ishi ch

penetrates the optical circuit substrate and is netal -bonded with the

el ectrode ' lofr&thd 5%&{ ﬁﬁﬁ &l ectrode of
t he el ect r%ﬁ%’?gﬁésgu s%drygte v&otbﬁ I C ﬁ?fthérc rréeagggfn sgdpgﬂﬁée per f or ned

at the sane tine as the positioning of the netal projection portion 61 of .
t he opticaﬂge%tr enent 60 having the metal projections portions relative to the :

[0055]
[Third aspect (FIG. 9D)]

As is shown in FIG 9C, the electrode of the optical element and the electrode of
the electrical circuit substrate, which are mounted via the optical circuit substrate, are
directly metal-bonded onto the optical-element-mounting portion on the electrical circuit
substrate of a substrate for mounting an optical element that is formed by an electrical
circuit substrate on which is provided an optical-element-mounting portion that is used
for mounting an optical element, and by an optical circuit substrate that is formed by an
optical waveguide layer having a core portion and cladding portions and that is provided
with a receptor structure that is used to obtain electrical conduction between the electrode
of the optical element and the electrode of the electrical circuit substrate, so as to contain
a conductive post which is formed inside the receptor structure s a conductive portion
inside the receptor structure. In the third agpect, the conductive post 42 is partially
formed by the bottom surface on the conductive portion electrical circuit substrate side,
and the conductive portion inside the receptor structure is formed by the partially
provided conductive post 42 and by a metal projection portion 61' which is provided on

the electrode of the optical element. As a result, because it is possible to ensure a
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receptor structure through hole 13 which is fornmed on the substrate for
nmounting an optical elenent (&) 65 such that it is housed in a
predeterm ned position, and for the entire netal bonding to be perfornmed by
means of ultrasonic wave bonding in a single 39 operation. (0054] Moreover,

I n the above described second aspect, in the same way as in the first

aspect, when the substrate for nounting an optical elenent is being

manuf actured by mnutually superinposing an optical circuit substrate and an
el ectrical circuit substrate, it is also possible for these two substrates

to be adh 1 %E‘S' hsetdl fuftQ ghird aspect
(FIG 9D fsruggtx%ngﬂii ownrihgc é%{tﬁdg'g?ectr\gggdaggﬁfhe opt ?@tﬁové ‘enent and
t he el ect ;@H@ of the electrical circuit substrate, which are nounted via
the optic q]rcuit substrate, are directly netal -bonded onto the
opti cal - el enent - nount i n%ﬂgoort ion on the electrical circuit substrate of a
substrate for névAptaY elmesphaving the samestructurmas theoptisal plemeny thahwas ect ri cal
circuit substrate on which is provided an optical -el ement-nounting portion
that is usused irfthe firsbaspectregn bewsep fordhé opticalelerhent £0 thabig vaed inpthe thixth circui t
substrate that is forned by an optical wavegui de | ayer having a core
portion anﬁﬁ@k,&ﬂd it@sutRéibtoNthe Aivthl F&ﬁcﬁp& poHieny (Bﬁil%as_)\elt\ﬁhiéh 4r6 Citiie@"
structure that is used to obtain electrical conduction between the el ectrode :
of the opt}] : : ircuit :
dngtgé g@dcﬁf@&he:@ Ukl h‘ibé‘gto@g? @ee@%t té t@&s\kﬁ {uﬁﬁc{xésnﬁ gieu&

substrate, 0 contaln a con 0 ormed inside the
receptor strycture as conductive, tion, inside th ptor structure.
In the t hiBoadshifiaes condriefive podinns iside e secepsor strucrie (es LG VAY:

[0057]

Next, an example of the manufacturing method according to the third aspect will
be described.

Firstly, the optical circuit substrate (G3) 45 obtained in the manner described
above, and the electrical circuit substrate 50' which had the gold plating layer 54 formed
on the lands thereof which are used for mounting an optical element were prepared (see
FIG 9B). The portions (i.e,, the gold plating layer 44b) that are metal-bonded with the
electrical circuit substrate on the conductive post 42 in the receptor structure formed in
the optical circuit substrate (G3) 45 were then positioned relative to the gold plating
layers 54 on the lands. At the same time as a load was then applied such that the
metal-bonded portions (i.e., the gold plating layer 44b) in the receptor structure were
pressed against the gold plating layer 54, ultrasonic wave bonding was conducted thereby
enabling a substrate for mounting an optical element (G3) 67 1o be obtained (see FIG.
9C).

[0058]
Next, the metal projection portion 61° of the optical element 60 having the metal

projections portions was positioned relative to the conductive post 42 (i.e., the gold

41



formed by the bottom surface on the conductive portion electrical circuit
substrate side, and the conductive portion inside the receptor structure is
formed by the partially provided conductive post 42 and by a netal
projection portion 61' which is provided on the el ectrode of the optical
element. As a result, because it is possible to ensure a 40 sufficient

hei ght for the conductive portion, the netal bondability is further

i nproved. [0056] An optical elenment having the some structure as the
optical elenent that was wused in the first aspect can be used for the
optical elplatisglaygnd4h)in the seceptoristrugture,formed inthe substsase forampmnting ans suf fi ci ent
if the metal projection portions (bunps) 61 which are forned on the optical
el ement eloptitdl eldment(G3) 6MEo A tdlss Ipnsed in apreiateemined positionnt Anleadiwas bondabi lity
as conductive portions inside the receptor structure (see FIG 9A), [0057] :

Next an QhabReduch s 8 BEA HojckBg oA 6 GREST it b golin] 0 aspect

wll be descri e optical circuit substrate (G3) 45 obtai ned
in the m | .b ove, d M Gal -Gl ' .af e 50
whi ch had TABEREMs B4 o385 A uldfonk Vs boffine ek Sl BRIRE 7.,
used for noupting an .optical elenment wer ed (see FI.G 9B). The
portions (&SV S;tr,atec%wg‘ﬁlﬁ) & ?ﬂ"&?‘eﬂﬂn?néiﬁém‘ﬁ’iﬂp{(ﬁﬁgé °%?”i“ optical ﬁg My th t he
el ectrical circuit substrate on the conductive post 42 in the receptor
struct ur e is monnsed torbe abrained{sseddB. M) cuit substrate (G3) 45 were then

positioned relative to the gold plating |ayers 54 on the |ands, At the sanme
tinme as a | oad Wathié firns thognditidnsfor thetlbal andiee ultresonic-visve bondinpweteons (i.e.,

the gold plating |ayer 44b) in the receptor structure were pressed agai nst
the gol d phédanaths ltlﬁ,\ggaftﬁéﬁrgﬂgp@a_soni c wave bondi ng was conduct ed t hereby
[0059]
Note that in the above description, a method is described in which the optical
element is mounted after the optical circuit substrate is metal-bonded with the electrode
of the electrical circuit substrate so as to form the substrate for mounting an optical
element (G3) 67, however, it is also possible for the optical circuit substrate, the
electrical circuit substrate, and the optical element to be positioned simultaneously, and
for the entire metal bonding to be performed by means of ultrasonic wave bonding in a
single operation.
[0060]
Moreover, in the above described third aspect, in the same way as in the first
aspect, when the substrate for mounting an optical element is being manufactured by
mutually superimposing an optical circuit substrate and an electrical circuit substrate, it is
also possible for these two substrates to be adhered together by means of an adhesive
agent.
[0061]
[Fourth aspect (FIG. 10D)]
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enabling a substrate for nounting an optical elenent (G3) 67 to be obtained
(see FIG 9C). (0058] Next, the netal projection portion 61' of the optical
el enent 60 having the nmetal projections portions was positioned relative to
t he conductive post 42 (i.e., the gold 41 plating |ayer 44b) in the receptor
structure forned in the substrate for nmounting an optical elenent (&) 67,
so as to be housed in a predeterm ned position. A | oad was then applied
such that the netal projection portion 6]' was pressed against the gold

pl ati ng | ayer 44a, and at 0 Itra on| wave was
conduct ed enabl gﬁbssigwg&bgﬁ]i?@tgﬁewméﬁo GSB m@!“é’ﬁﬂ%ﬂ q%"t ?mt ed (Q&3)
68 on which an optical element |s nounted to be obtal ned (see FIG 91)). At
this timeoftheel gircyh sulstrate; which arganenntediviasthg opticed eisguit sibsHatS&di ng wer e
the sane as those of the first aspect. (0059] Note that in the above

descri pti dlirectly metalimhded onte therdptieal-elementymohntirigepotiuni ancthe elettdea ircuis nount ed
after the optical circuit substrate is netal-bonded with the el ectrode of

the el ect rsusﬁazewfh%%sha&qa%am ﬁﬁo?ﬁul SlemesitThdt IEfoftieSly @i dedtial mOUNting an

optical elenent (03) 67, however is also possible for the optical

Count SHEHEAhlred B wnhSEROIRAL e bACH e TRBRO o BRI °2L
[ 0060] " Nor SRRy AT PR Sh emEt Al 0y b ptien e e Sails FrDobat nay as i 1
the first optical waveguide layer having a core portion and cladding portions and that is provided
with a receptor structure that is used to obtain electrical conduction between the electrode
of the optical element and the electrode of the electrical circuit substrate, by means of a
conductive post that is formed within the receptor structure and protrudes beyond the
optical-element-mounting surface of the optical circuit substrate, so as to form a
conductive portion inside the receptor structure. In the fourth aspect, the conductive
post 46 is completely formed by the bottom surface on the conductive portion electrical
circuit substrate side, and, furthermore, it is possible to improve the metal bondability,
and it is also not necessary for a metal projection portion to be provided on the electrode
of the optical element.
[0062]
In the optical element 60 used in the fourth aspect, as is described in the aspect,
it is not necessary to form the metal projection portion on the electrods and it is sufficient
if there is provided an electrode for making an electrical connection.
[0063)
Next, an example of the manufacturing method according to the fourth aspect

will be described.

Firstly, the optical circuit substrate (G4) 48 obtained in the manner described
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aspect, when the substrate for nmounting an optical elenent is being

manuf actured by nutually superinposing an optical circuit substrate and an
el ectrical circuit substrate, it is also possible for these two substrates
to be adhered together by neans of an adhesive agent. [0061] [Fourth
aspect (FIG 10D)] 42 As is shown in FIG 1 OC, the electrode of the optical
el ement and the electrode of the electrical circuit substrate, which are
nounted via the optical circuit substrate, are directly netal -bonded onto

the optical-el enent-nounting portion_on the electrical circujt. supstrate of
a substrat”@"‘f'%ﬁ-“”‘ﬁﬁ'ﬁﬁ Fiaigalgirc Fqbé%teé&éﬁ@alhﬁldﬁﬁ? g?lﬁpfaapﬁbﬂ”aiﬂf&ﬁndjectri cal
circuit substrate on which is provided an optical -el enent-nounting portion
that is usadhe Japds thereof whigh ane usqs for mountingragroptical al¢mient were ppeparedseei r cui t
substrate that is forned by an optical wavegui de |ayer having a core

portion arfiGeloBidi The potibasqné, the doldiphiting Sayer 47b) dexl arewhstd]l-tRndedowith the
structure that is used to obtain electrical conduction between the el ectrode

of the optd cﬁéiﬁﬁﬁ@ﬁbsg% omlge &Jnﬂﬁétﬁrg §Sst% i {Hé_r@éeﬁtg} N@ﬁlre fdﬁ!lhg

substrate, by neans o conductive st that is rmed Wt &lﬁm receptor
structure an rotr ude e e tical.-ele {- nt | rface of the
opti cal cits%?dﬁtg: %ﬁgls% SB?%Z%a@Yﬂ'eg%Pﬁoghm&e&{gﬁﬁﬁW’M&% nsi de the
receptor structure. In the ftﬁurth aspect he conducti ve T.%st 46 i s

conpl et el yiayess Heep 5y lande bk %m}?mea@ér@ﬁ} e prplicd susl thatfhe on el ectri cal

circuit substrate side, and, furthernore, it is possible to inprove the
met al bondoétal-bongded partichsi(i.e.j the gold platiog layer47R3 i the teseptar stexctire werej ect i on
portion to be provided on the electrode of the optical elenment. [0062]
pressed against the gold plating layer 54, ultrasonic wave bonding was conducted thereby
enabling a substrate for mounting an optical element (G4) 69 to be obtained (see FIG.
10C).
[0064]
Next, the electrode of the optical element 60 was positioned on the gold plating
layer 47a on the conductive post 46 which is protruding from the receptor structure
formed in the substrate for mounting an optical element (G4) 69. A load was then
applied such that the electrode of the optical element 60 was pressed against the gold
plating layer 47a of the conductive post 46 protruding from the receptor structure, and at
the same time, ultrasonic wave bonding was conducted enabling a substrate on which an
optical element is mounted (G4) 70 on which an optical element is mounted to be
obtained (see FIG 10D).
At this time, the conditions for the load and the ultrasonic wave bonding were
the same as those of the first aspect. Moreover, the gold plating layer 47a of the
conductive post 46 protruding from the receptor structure may be formed on the

electrode of the optical element.

[0065]



In the optical elenment 60 used in the fourth aspect, as is described in the
aspect, it is not necessary to formthe netal projection portion on the :
el ectrode and it is sufficient if there is provided an el ectrode for making
an el ectrical connection. [0063] Next, an exanple of the manufacturing

met hod according to the fourth aspect w |l be described. Firstly, the
optical circuit substrate (4) 48 obtained in the manner described 43
above, and the electrical circuit substrate 50' which had the gold plating

| ayer 54 forned he. .l s rhereof which, ar ed. f ar. nt J. an opti cal
el ement were prgﬁﬁp@% "E gﬁggg‘ﬁl@cqugﬁ)a.mﬁlﬁ%d §§§f°ﬁ§ﬁ‘§m(‘§}.[‘%hh?‘gf’ﬂ{é%o| d plating
| ayer 47b) that, are tal -bonded with the electrjc ci,fcuit sulstrate on
the conduclemeat 196%‘%““‘2’5 #@ﬁ@?ﬁ%@&“&ﬁuﬁ:ﬁ@& B’F@{'L"b‘gﬁ%&" e QIW"gﬁt i cal
circuit substrate (04) 48 were then positioned relative to the gold plating

| ayers 54 of thetelestricaheircuit Aubsirate so aste formrthesubsiratefarimopntingtenoptigadl i ed such
that the netal-bonded portions (i.e., the gold plating |ayer 47b) in the

receptor sdement (G4) GaLticvevex; R is4lsh masiblagor thé eptiral elrcuitatbsogte] tager 54,
ul trasoni ¢ wave bondi ng was conducted thereby enabling a substrate for

& o ; i | 0064
Tour 10 R i SR kol Rty | 005

Next, the electrode optic e e gold
plating | r . 47a 0 he,. conduct i.ve st 46 hech is . protrudi ng fromthe
recept or é?%vtﬁef'f}%m%}m%tﬁ%msﬁwgﬁm%nﬁ%ful%ahlﬁ"%gehﬁm@éﬁﬁ@m el enent
(4) 69, A load was then applied such that the el ectrode of the optical

el enent 66 psfalidled agai nst the gold plating |ayer 47a of the conductive °

post 46 protruding fromthe receptor structure, and at
[0066]

Moreover, in the above described fourth aspect, in the same way as in the first
aspect, when the substrate for mounting an optical element is being manufactured by
mutually superimposing an optical circuit substrate and an electrical circuit substrate, it is
also possible for these two substrates to be adhered together by means of an adhesive
agent.

[0067]

Furthermore, in the above described aspect, a description is given of a structure
in which an optical element is mounted on a substrate for mounting an optical element
that is formed by the optical circuit substrate and the electrical circuit substrate, and of a
method of manufachuring the same, however, it is also possible, for example, to also form
the receptor structure in the other end portion from the end portion where the receptor
structure is formed, and to then form the electrical circuit substrate and the substrate for
mounting an optical element and form the optical circuit substrate like a suspension
bridge so that the optical element can be mounted thereon. In this case, the receptor
structures and the electrical circuit substrates that are formed at both ends of the optical

circuit substrate may also have mutually different structures.
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the sane tine, ultrasonic wave bondi ng was conducted enabling a substrate on

which an optical elenent is nounted (&4) 70 on which an optical elenent is

nounted to be obtained (see FIG 10D). At this tine, the conditions for the

| oad and the ultrasonic wave bonding were the sane as those of the first

aspect. Mreover, the gold plating |ayer 47a of the conductive post 46

protruding fromthe receptor structure may be forned on the electrode of

the optical elenent. [0065] 44 Note that in the above description, a method

is described in,which the,optjgal, ,elenment |s nounied.after the,optical

circuit substr aﬁé@%%@’gg’m@d'mqﬂﬁ%ﬁ% °‘§F§B¥M&%§ed6\‘b“§ﬁt§ °E rical

circuit substrate so as to formthe substrate for nounting an opti cal

el ement ( Gathissnannes fes\example; injtke cepesof the subistsate on Whichiea ophieal elgmentis cui t

substrate, the electrical circuit substrate, and the optical elenent to be

posi t i oneadncunted (G&)) enoptioal elemeht 60thavinga light emirtimgepodnt vayrieti mounted dne per f or ned

by nmeans of ultrasonic wave bonding in a single operation. [0066] Moreover, :

in the abgyeopigacelimas nicikfidd pASResHthe Llbctiil? cRANFsUBRNLASD’ inkthe ReptoF St

aspect, when the substrate for nmounting an optical elenent Is being

manuf act ur, [ [ : | adh 1 &1 ' strate and an
e S AP belen P e oFRIER cdu iR BBk () 13, oty ooy !

el ectrical Circui 0SSl wo substrates
to be adhered tpgget her neans, of an adhesive ,agent. [0067] Furthernore,
in the ab§ e&‘e&?ﬁ?ﬂ@&“ﬁéﬂ%”‘%&%@&’%??B‘H“P@dgﬁ?ﬁ’én of a structure

optical-element-mounting portion of the electrical circuit substrate 50’ in the receptor

structure formed at the other end spanning across the circuit substrate (G1) 15. Inthe
other aspects as well, this bridging structure can also be used in the same way. Itis also
possible for electronic components to be mounted on the electrical circuit substrate S0°.
[0068]

Furthermore, in the above described aspect, an optical element can be mounted

via the optical circuit substrate on both surfaces of the electrical circuit substrate.
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in which an optical elenent is nounted on a substrate for nounting an
optical elenent that is fornmed by the optical circuit substrate and the
el ectrical circuit substrate, and of a nethod of manufacturing the sane,
however, it is also possible, for exanple, to also form the receptor
structure in the other end portion fromthe end portion where the receptor
structure is fornmed, and to then formthe electrical circuit substrate and
the substrate for nounting an optical elenment and formthe optical circuit
substrate |i ke a suspension bridge that the optical elenent can be
mounted thereon. In this case, the F or structures and the el ectrical
circuit substrates that are fornmed at both ends of the optical <circuit
substrate may al so have nutually different structures. 45 As can be seen
fromFIG 11, in an optical elenent packaged substrate obtained in this

manner, fdr exaApllsstraterfoi isunting an optidahelementhat d formed sohisadiingludeph i cal
elenment is nounted (d), an optical elenment 60' having a light emtting

poi Nt mMay oBReal Bt bl { 4 t he

el ectri calobgl rcul tﬁggﬁggerwa?gi fég&ﬁ:lfeg b?’%%ﬁ%ﬁ@??%ﬁﬁ‘f‘%@%‘?ﬁed at one
end of the ical, ¢i. i 1. su A . , i . ment 60"
naving a FPORR RESRUE o B diuicf irehl B LA & Brovideds

optical -el ement - noyntin ortjon of, the electrical cjrcyit substrate 50" in
t he recept"’?ﬁ’r‘mt‘%EP%?fmhé%Fgfqgﬁ“E?“‘imé%PM@E@%M é’d“d’?gc@he circuit
substrate (Gl)15. In the other aspects as well, this bridging structure can
al so be uskementistiounted op thegtectrical fircuitisulostrateodath lopticabeiravitsubstrate, ¢ conponent s
to be nounted on the electrical circuit substrate 50°'. [0068] Furthernore,

in the abewrretescri bed aspect, an optical elenent can be nmounted via the
optical circuit substrate on both surfaces of the electrical circuit

substrate. 46 ihe optical circuit substrate is provided with a receptor structure in order to

achieve electrical conduction between an electrode of the optical element and an

electrode of the electrical circuit substrate,

2 The substrate for mounting an optical element according to claim 1, wherein the
receptor structure includes a conductive portion inside the receptor structure that is used
to form a metal bond between the electrode of the optical element and the electrode of

the electrical circuit substrate,

3. The substrate for mounting an optical element according to claim 2, wherein the
conductive portion includes a conductive post that is provided on a bottom portion on the

electrical circuit substrate side inside the receptor structure.

4, The substrate for mounting an optical element according to claim 3, wherein the
conductive post protrudes beyond the optical-clement-mounting surface of the optical

circuit substrate.
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CLAIMS 1. A substrate for nounting an optical elenment that is forned so as
to include an optical circuit substrate which is forned by an optical
wavegui de | ayer having a core portion and cl adding portions, and an

el ectrical circuit substrate on which is provided a nounting portion that :
I's used for nounting an optical elenent, and in which an optical elenent is
nounted on the electrical circuit substrate via the optical circuit
substrate, wherein the optical circuit substrate is provided with a
receptor structure in order to achieve electrical conduction between an

el ectrode of the optical elenment and an electrode of the electrical circuit
substrate. 2. The substrate for nounting an optical elenent according to

cl ai m 1, &her ei The substratefoe poanting anioptical @lement acdexling to anylomwst ofichimot t i on

i nside the receptor structure that is used to forma netal bond between the

el ect r ode dabughs; whicire opticAlEiftuit alskrattthas b 06ddudSR cuit bl thelptiedlr | cal

circuit substrate. 3. The substrate for nounting an optical él enent
accordingd@kéﬁ&hgﬁg, wherein the conductive portion includes a conductive
post that I's provi‘ded on a bottom portion on the electrical circuit
substrate side inside the receptor structure. 4. The substrate for nounting
an optical elenent according to claim 3, wherein the conductive post
protrudes beyond the optical -el ement-nounting surface of the optical

circui t sdbst r alTke substrate for mountinganroptieal elemenbasserding te anjoene af glaims brent
according to any one of clainms 1 through 4, wherein the optical circuit
subst r at e tiivesghes, sderdircthe vptical cirouittsulssratehas o poriduetive civeuie that Beohmegred.

to the conductive post on a bonding surface where it is bonded with the electrical circuit

substrate.

7. The substrate for mounting an optical element according to any one of claims 1
through 6, wherein the optical circuit substrate has a conductive circuit on the
optical-element-mounting side surface, and a conductive portion that penetrates the
optical circuit substrate and is metal-bonded to the electrode of the electrical circuit

substrate on the conductive circuit.

8. The substrate for mounting an optical element according to any one of claims 1
through 7, wherein the optical circuit substrate has an optical path changing portion in
the core portion that bends the optical path of the core portion towards a light receiving

and emitting portion of the optical element.

9. The substrate for mounting an optical element according to any one of claims 1
through 8, wherein the substrate on which an optical element is mounted has a structure

in which two of the electrical circuit substrates are joined in a bridge structure by the
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6. The substrate for nounting an optical elenment according to any one of
clains 1 through 5, wherein the optical circuit substrate has a conductive
circuit that is connected to the conductive post on a bonding surface where
it is bonded with the electrical circuit substrate. 7. The substrate for
nmounting an optical elenent according to any one of clainms 1 through 6,
wherein the optical circuit substrate has a conductive circuit on the
optical -el ement - nounting side surface, and a conductive portion that
penetrateiwhh .optical circuit substrate and is netal -bonded to the

el ectrode °’§I‘f€°’8§%’§mt%al circuit substrate on the conductive circuit. 8.
The substrate for nmounting an optical elenent according to any one of clains
1 through 7, wherein the optical circuit substrate has an optical path
changing portion in the core portion that bends the optical path of the
core portildn towaropdca clrewdtsubsteatefor moyntingywh opricdltelengenpis micunted aliat ishe opt i cal
element. 9. The substrate for nounting an optical elenent according to any

one of cl apfRedlo ak B iRkIEAe &h opMeEl et bubRtratt Whichas forMBd Wkchptial optical
elenent is nounted has a structure 1n which two of the electrical circuit

Substrate 1 OF ' [ : s Gl cui t
substrat e,sw%fm wagﬁﬁa@gggp{eé%ﬁfon}hggﬁﬁgé gp %lro h'ﬂ&‘ﬁ%‘ ﬁgﬁgﬁégﬁ{(’:al el enent
i s nount ed {)hat is ,forrred,ie'(():I as to include an o %cal ci.rcuit ,sybstrate
whi ch is fPsHate o Which providad 2 mpHALDE Pertiop s e, oF grognting 4 9p8FAli on and
cl addi ng portions, and an electrical circuit substrate on which is provided
a nount i ncplepennt,iapd in which as opticebieléroent imeuntediorathe elsctrical circwt sibatrate viand i n
whi ch an optical elenent is nounted on the electrical circuit substrate .via
t he opti cghe opticalbifcuit wilstrae) whersiher ei n
the optical circuit substrate is provided with a receptor structure in order to
achieve electrical conduction between an electrode of the optical element and an

electrode of the electrical circuit substrate.

11, The optical circuit substrate according to claim 10, wherein the receptor
structure includes a conductive portion inside the receptor structure that is used to form a
metal bond between the electrode of the optical element and the electrdde of the

electrical circuit substrate.
12, The optical circuit substrate according to claim 11, wherein the conductive
portion includes a conductive post that is provided on a bottom portion on the electrical

circuit substrate side inside the receptor structure.

13, The optical circuit substrate according to claim 12, wherein the conductive post

protrudes beyond the optical-element-mounting surface of the optical circuit substrate.
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the optical circuit substrate is provided with a receptor structure in order
to achieve electrical conduction between an el ectrode of the optical

el ement and an electrode of the electrical circuit substrate. 11. The
optical circuit substrate according to claim 10, wherein the receptor
structure includes a conductive portion inside the receptor structure that
Is used to forma netal bond between the el ectrode of the optical el enent
and the electrode of the electrical circuit substrate. 12. The opti cal
circuit substrate acpordin% to claim1l, wherein_ the conductive portion

i ncl udes a%condikaepHsalsieult sybgirate according Weany one of dams dhtsergh Ba on t he

electrical ~circuit substrate side inside the receptor structure. 13. The
optical ciwhereirt the optical eitauitaubstrateihag a conductivernirtgit ontheroptical weveguideduct i ve post
protrudes beyond the optical -el enment-nmounting surface of the optical circuit
substrat elayed9 14. The optical circuit substrate according to any one of
clainms 10 through 13, wherein the optical circuit substrate has a
conductive circuit on the optical waveguide |ayer. 15. The optical circuit
substrate according to any one of clains 12 through 14, wherein the optical

circuit sypstrate h a.caonductive circuit that i15.co cte o the -
conductivggposm°ﬁﬂcﬁwamaﬁ8ﬁ"%wapﬁgpﬁﬁhﬁﬂ@sagggﬂfg’rhstructure on a -
bonding surface where it _is bonded with the electrical circuit substrate.
16. The opwhezein the pptical eircyinisubstratedias s eondurtive citsuis that iscennected taths 10 t hr ough
15, wherein the optical circuit substrate has a conductive circuit on the
opt i cal - ekemizotiverpoendfithocondoisive poftian énsiderthie mceptordtrattisreenzoonding t hat
penetrates the optical circuit substrate and is netal -bonded to the

el ect r ode ggifack WheR! 618 bohded!with the bliedtrical circuit substrate.

16. The optical circuit substrate according to any one of claims 10 through 15,
wherein the optical circuit substrate has a conductive circuit on the
optical-element-mounting side surface, and a conductive portion that penetrates the
optical circuit substrate and is metal-bonded to the electrode of the electrical circuit
substrate on the conductive circuit in order to achieve electrical conductivity with the

electrical circuit substrate.

17. The optical circuit substrate according to any one of claims 10 through 16,
wherein the optical circuit substrate has an optical path chenging portion in the core
portion that bends the optical path of the core portion towards a light receiving and

emitting portion of the optical element.

18. A substrate on which an optical element is mounted that is formed so as to
include an optical circuit substrate which is formed by an optical waveguide layer having

a core portion and cladding portions, and an electrical circuit substrate on which is
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substrate on the conductive circuit in order to achieve electrical
conductivity with the electrical circuit substrate. 17. The optical circuit
substrate according to any one of clains 10 through 16, wherein the optical
circuit substrate has an optical path changing portion in the core portion
that bends the optical path of the core portion towards a |ight receiving
and emtting portion of the optical elenent. 18. A substrate on which an
optical elenment is nounted that is forned so as to include an opti cal
circuit substrate which is forned %y an optical waveguide | ayer having a
core port PEWIdsA 4 mquating prytipw thet is weed farmownting|aa opticat glement and ip vhighst r at e on
which is 50 provided a nounting portion that is used for nounting an opti cal
el ement, amdptical element is mounted drothb eletteinalicironit subsinate wid theoptical cificuitt ri cal
circuit substrate via the optical circuit substrate, wherein the optical
circuit sphsatrate{whep@ia an optical element nounted thereon and is provided
with a receptor structure having a conductive portion that conducts

electricity b Pl ' A%k el ectrode of
the el ectrical e%,%‘?%afl shﬁgﬁaﬁgﬁéﬁ%{’%ﬁfe)&é%@hoﬁg on \ﬁﬁ:}gﬁ@n opti cal
el ement is_nounted accor di to.cl.aim18 . wherei in the receptor
Str Uct ur o PrAVHE S ATECRRIO: SFORVE BaYiD & soncbpihierion st ARt AGRER o e
electrical circuit substrate are netal-bonded by a conductjve portion inside
the recepetvicensan electrode of the optinabelementiand ane iof the slectsisal dreuite| enent i s
nmount ed according to claim 18 or 19, wherein the conductive portion in the
receptor sibsirateure is formed by a projection portion which is provided on
the el ectrode of the optical elenent.

19, The substrate on which an optical element is mounted according to claim 18,

wherein, in the receptor structure, the electrode of the optical element and the electrode

of the electrical circuit substrate are metal-bonded by & conductive portion inside the

receptor structure.

20, The substrate on which an optical element is mounted according to claim 18 or
19, wherein the conductive portion in the receptor structure is formed by a projection

portion which is provided on the electrode of the optical element.

21. The substrate on which an optical element is mounted according to any one of
claims 18 through 20, wherein the conductive portion in the receptor structure is formed
so as to include a conductive post that is provided on the bottom portion on the electrical

circuit side inside the receptor structure,

22, The substrate on which an optical element is mounted according to any one of

claims 18 through 21, wherein, in the conductive portion in the receptor structure, the
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21. The substrate on which an optical elenent is nounted according to any
clains 18 through 20, wherein the conductive portion in the receptor
structure is formed so as to include a conductive post that is provided on
the bottomportion on the electrical <circuit side inside the receptor

one of

structure,

22. The substrate on which an optical elenent is nounted

according to any one of «clains 18 through 21, wherein, in the conductive
portion in the receptor structure, the 51 conductive post which is
protrudi ng beyand the, opt,ical - el epent 5 npount,i surface of th i cal

o Couiicalve post Wnieh it Brounding bevgnd e cppieal HegtRar Bove g SEar O erent
23. The substrate on which an optical elenent is nounted according to any
cloptinal cirguit substraitisstalvhivadesi tn therplectrodelofthe optigabelemem. i n t he receptor
structure is formed by the projection portion which is provided on the .
el ectrode of the optical element and the conductive post. 24. The substrate
on which an optical elenent is nounted according to any one of <clains 18

through 233 wWherrgk Butishite 8F Whichl anGiplical bfersbfis biothd AaRrding MY Ghi ¥e. Cf rouit

circuit

one of

on the
el enent

opti cal

waveguil de | ayer e substrate on n optical

The opt i coHAm 7 o R bhdfio' e SMARR afionia Beoehfer | btaed O 0T 1

t he conductive post of the copductiyve, portion in the rec pifg structure on a
whish o e gpicale

bondi ng s UtYithe BrojgsHenpertion

isRravided on the glegr pti ept &dhst r at e.

26. The substrate on which an optical elenent is nounted according to any
clth¢ cond@ivelpostugh 25, wherein the optical circuit substrate has a
conductive circuit on the optical-elenent-nounting side surface, and a
conductive portion that penetrates the optical circuit substrate and is
met al - bonded to the electrode of the electrical circuit

one of

24,

The substrate on which an optical element is mounted according to any one of

claims 18 through 23, wherein the optical circuit substrate has a conductive circuit on the

optical waveguide layer.

25.

The substrate on which an optical element is mounted according to any one of

claims 18 through 24, wherein the optical circuit substrate has a conductive circuit that is

connected to the conductive post of the conductive portion in the receptor structure on a

bonding surface where it is bonded with the electrical circuit substrate.

26.

The substrate on which an optical element is mounted according to any one of

claims 18 through 25, wherein the optical circuit substrate has a conductive circuit on the

optical-¢lement-mounting side surface, and a conductive portion that penetrates the

optical circuit substrate and i3 metal-bonded to the electrode of the electrical circuit

substrate on the conductive circuit.

27.

The substrate on which an optical element is mounted according to any one of
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substrate on the conductive circuit. 27. The substrate on which an opti cal
el ement is nounted according to any one of 52 clainms 18 through 26, wherein
the optical circuit substrate has an optical path changing portion in the
core portion that bends the optical path of the core portion towards a |ight
receiving and emtting portion of the optical elenment. 28. The substrate on
whi ch an optical elenent is nounted according to any one of clains 18

t hrough 27, wherein the substrate on which an optical elenent is nounted has
a structure in which two of the electrical circuit substrates are joined in
a bridge eaimsd@thwughib, whereimthe eptical pirqiiti subsitaisdias an epticabpatlyphanginBst r at e on
whi ch an optical elenent is nounted according to any one of clains 18

t hrough 2portiodinrthe core pertion kit benide theroptikd] phith@f theporecpurtion towerds ailightrount ed i s
obt ai ned by positioning the optical-el ement-nounting portion of the

el ectri Cajeciving dhd emRtSPdrAdEof e Sitickieldrerkthe receptor structure portion of
the optical circuit substrate, by nounting the optical elenent on the

optical circuit substrate, and by netal -bonding them together via the
conductive portion inside the receptor structure. 53

28, The substrate on which an optical element is mounted according to any one of
claims 18 through 27, wherein the substrate on which an optical element is mounted has
a structure in which two of the electrical circuit substrates are joined in a bridge structure

by the optical circuit substrate.

29. The substrate on which an optical element is mounted according to any one of
claims 18 through 28, wherein the substrate on which an optical element is mounted is
obtained by positioning the optical-element-mounting portion of the electrical circuit
substrate relative to the receptor structure portion of the optical circuit substrate, by
mounting the optical element on the optical circuit substrate, and by metal-bonding them

together via the conductive portion inside the receptor structure,
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