DESCRIPTION SUBSTRATE FOR MOUNTING AN OPTICAL ELEMENT,

. OPTICAL CIRCUIT SUBSTRATE, AND SUBSTRATE ON WHICH AN

OPTICAL ELEMENT IS MOUNTED 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 miniatuf??%mmgﬁcreased performance in
electronic instruments. Among these, in order to deal with increasing signal

speeds, investigations have been made into

SUBSTRATE FOR MOUNTING AN OPTICAL ELEMENT, OPTICAL CIRCUIT
SUBSTRATE, AND SUBSTRATE ON WHICH AN OPTICAL ELEMENT IS

MOUNTED

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
miniaturization 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)



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
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optical waveguide. [0003] In an electronic instrument with'is provide
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which electronic components are mounted on the substrate, and input signals
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optical element, and are then propagated over an optical waveguide. At the
deigmatisnpitlvpticabgltimahspdads, tHeepmpagesianad dn dmicibwavefdtectrisal
output signals using another optical element, and are connected to another
elbetdesivabonnidhese npticalGignalarttienantyesionedie 8 fierreof elsrimaalduitput
towards integration with rigid substrates such as optical waveguides being
forignals ising rwihst pRtilelmsnb At AstcoaneeiptitareatierelnciinBian electronic
component are mounted on the substrate. Electrical signals are propagated
fr&PPRIB8hirface of the substrate on which the optical element and electronic

compon tarem to th surface on the opposite side on whj
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recelving or emitting portion of an optical e ment (see example,
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on the degree of mlnlaturlzatlon for example, limits of thinning. Moreover,
dupieR disdesaieweptndne dighloieteiVio tho hemitnommospsiief dide @ptical
element and the core portion of the optical waveguide, this has an effect on
thelddh elesteiyabviiagip iaasduii éectrithbwiging-thati tivegthodghnhinstibetao e
portion, and problems arise in characteristics such as optical propagation
lossd anuhtits tikaveluthser sutfressin climisalbigoslisiamipyragetsdony ivamwebanthe
light receiving or emitting portion of an optical element and the core portion
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through a non-conductive layer and are transmitted to a light receiving or emitting
portion of an optical element (see, for example, Patent document 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 cote portion



Patent document 1: Japanese Unexamined Patent Application, First
Application No. 2002-182049 Disclosure of the Invention 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
thog%gﬂl.’%ﬁ%?%asv ?gkrg o']svfﬁ%mt%gv '[BPSHSH{ 58%]9‘1%“ If?]%esgbove 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
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the substrate on which an optical element is mounted of the present invention
aggerdigmpdo (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

Disclosure of the Invention

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



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. (2) The substrate for mounting an optical element according to
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(3) The substrate for mounting an optical element according to (2), wherein
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bottom portion on the electrical circuit substrate side inside the receptor
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(3) wherein the conductive post protrudes beyond the

ogliciaddzl eftiontleaimicalt tigdtistherat the optical circuit substrate. (5) The
substrate for mounting an optical element according to any one of (1) through
(4), whef@)n thelbptivbdtwite fnt substing enepticelodertentthocoviiog oditwdaogitical
waveguide layer. (6) The substrate for mounting an optical element
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has a cgnductive circuit that is conpected tg the conductive post.on a bonding
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supstrate for mounting an optical element according to any one of (I) through
( ,M?%‘fh‘?ﬂj‘é‘%ﬁé‘g‘fsﬁf-&it substrate has a conductive circuit on the
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the electrical circuit substrate side inside the receptor structure,

)] 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 element according to any one of
(1) through (4), wherein the optical circuit substrate has a conductive circuit on the
optical waveguide layer.

® 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.

€ The subatrate for mounting an optical element according to any one of

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



(8) The substrate for mounting an optical element 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 light receiving and emitting portion of the optical element. (9)
The substrate for mounting an optical element according to any one of (1)
through (8), wherein the substrate on which an optical element is mounted
has a structure in which two of the electrical circuit substrates jojned in a
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nclude an optical circuit substrate w CE Is formed by an optical waveguide

laygiay o corgueilien«and cladding portions, and an electrical circuit
substrate on which is provided a mounting portion that is used for mounting
an opticajsglemerte andumaichoamiaptsapalaninds BosHaleste enhene of
electrical circuit substrate via the optical circuit substrate, wherein the optical
ci(tyitssupis (B evinmpiowiel optivel biruie catptenshud civopticabpairciampiideeetion
electrical conduction between an electrode of the optical element and an
elinchoceregiottionctiet trenek thrcoptisal ipathaifthe corgpgriidnetaypidab digbuiit
substrate according to (10), wherein the receptor structure includes a
casrgiring and smisiing padionaf teecentienl elvmetiire that is used to form a metal !
bond between the electrode of the optical element and the electrode of the
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(11), wherein the conductive portion ipcludes a conductive post that is
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tor structure. 13) T tical, circuit substrat ding to (12
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S ﬁ%‘%ﬂ%ﬁé‘&%ﬂ&ﬁ?&%‘; it substrate. (14) The optical circuit substrate
accordi

fo any one of (10) through (13), wherein the optical circuit
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The optical circuit substrate according to any one of (12) through (14),
whiteifoie O sPb G B StipisdPolos P s Rakd GiMEnGH estinbidalyl arcagcted
to the conductive post of the conductive portion inside the receptor structure
onvavBfuidh gy auiiaing es@dttisrnaidddal iitdhpdrtioals abideml etétitabribsitate.

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
metza] 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



(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 electrode
of the electrical circuit substrate on the conductive circuit in order to achieve
electrical conductivity with the electrical circuit substrate. (17) The optical
Cigaics IR ARPAGIING FosBIKIANErFidd ANy Bstgim(Brtio bR R e ltricel
optical circuit substrate has an optical path changing portion in the core
pasiiauit Substhensidethei dpheabapttr ofrtlorueore portion towards a light
receiving and emitting portion of the optical element. (18) A substrate on
which an @pjical Biewmicalsiractsbsiratecaciofdingited k), achecein Sha denductiyrical
circuit substrate which is formed by an optical waveguide layer having a core
paeits pratTadesheninng the ansieal-elemenhrosustine et ol Suentiseb isWbhich is
provided a mounting portion that is used for mounting an optical element, and
in SPSERKN optical element is mounted on the electrical circuit substrate via

the optical, circuitf substrate, wherein the optical circuit substr as an
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havjng a gonductive portign that. conducts electricity between an electrqde of
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(1%the substrate on which an optical element is mounted according to (18),
wherein, in the receptor structure, the electrode of the optical element and

the electrps of the sleckicatal O RERIEIAY I RKOORASs AN (19),

conductive portion inside the receptor structure. (20) The substrate on
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conductive portion in the receptor structure is formed by a projection portion
whistiistivoyssted he dhelalteipsitonlifiidopt cadeptersendture on(@Bynlihg
substrate on which an optical element is mounted according to any one of
(18)rfarewherd 203, badndedowitttbecbendhinai eirquorsidstiatehe receptor structure is
formed so as to include a conductive post that is provided on the bottom
portion orilffle eldberipsicelreiduisgrbsmasirstprdingde srorons 9E(le through3)The
substrate on which an optical element is mounted according to any one of
(18perrisdBnopticl cirraicirbsiatn g gsanduriysrireihomtie receptor structure,
the conduyctive post which,is protruding beyond the optical-element-mounting
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Opgg%x%lafe (I%%%%bsmte 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 (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



(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 formed by the projection portion which is provided on the
electrode of the optical element and the conductive post. (24) The
substrate on which an optical element is mounted according to any one of
(18) through (23), wherein the optical circuit substrate has a conductive
Cilaiihga dhe phtieRlWAMBINHEDINISHS, and EARcHR D URSHAIR SRR BICHIAh
optical element is mounted according to any one of (18) through (24),
wigieiidbeagidieting o UR inisel a5 meaitingeli\niiiC diédat, im dnwakied
to the conductive post of the conductive portion in the receptor structure on a
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(26) The substrate on which an optical element is mounted according to any

orsebefrgigwhsreinghe (Bialdirenii subiseatphicedroapsiniel sldment mouaiedthereon

conductive circuit on the optical-element-mounting side surface, and a
cond iemmpyided it ergeqmiaratragBacthevingiiceamdirelie Sapismabat apriusts
metal-bonded to the electrode of the electrical circuit substrate on the
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mounted according to any one of (18) through (26), wherein the optical circuit
sUBTSHA foTaES optical path changing portion in the core portion that bends

the optical path af the core portion towards,a light receiving and emitti
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optical circuit substrate. (29) The substrate on which an optical element is
Meudeies deeaiding to any one of (18) through (28), wherein the substrate on
which an optical element is mounted is

(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 eiement.

(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-¢lement-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



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. Effects of the Invention [0006] According to the
present invention, a substrate on which an optical element is mounted having
higBeupiRGAFEAGLAN Ialimaksy il alede ressiopica
propagation is obtained. Because the substrate on which an optical element
is el ekl dhd RenBregRNSdRYention has a short distance between the light
receiving or emitting portion of the optical element and the core portion of the
optical wepgguidieibibspasih whichedfi eistivdy dleananii tothitad sbtordinipio sy
reduction in thickness. According to the present invention, a substrate for
manendfi{§83 thumptib £2 3| evhenaincthel epticapticali tsnbaitass st acien ductivieicincait on
optical element is mounted are obtained in which it is easy to mount the
ofteiceptiderwayrsaits Bygreriorly accurate to position in mounting the optical
element In the substrate for mounting an optical element of the present
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individualgéﬁ;gpared and because jt is sufficient if they have a portion where
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descr ny addifional objécts, operafions and effects of the present
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description of the embodiments of the present invention, Brief description of
thenel e MRRRHRARER (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 opticel element.

(28)  The substrate on 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



[FIG. IA] FIG, IA is a cross-sectional view used to illustrate an optical
waveguide layer in an example of a first optical circuit substrate (Gl). [FIG
13] FIG IB is a cross-sectional view used to illustrate an example of an optical
path changing portion of the optical circuit substrate shown in FIG IA.

[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
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adhere a metal plate in an example of a second optical circuit substrate (02).
[FEabaRidr{atdiB i theaeasptaatiions pevsnistriidoptiva eatainssbepand torming
a conductive post after the step shown in FIG 3k [FIG3C] FIG. 3Cis a
crossusingtibe apticel element tm e siptite! aimipsobiortniagl hycoadlibtnding therit
after the step shown in FIG. 3B. [FIG 4A) FIG 4A is a cross-sectional view
usegetbetlIvia thereondurtive paxtiercinsiderthsteecpitarstrietexample of a third
optical circuit substrate (03). [FIG 4B] FIG 48 is a cross-sectional view
used to illustrate a step of forming a conductive post after the step shown in
FIG 4k FIG 4C] FIG 4C is a cross-sectional view used to illustrate a step
of%ﬁﬂfg CBWERN e circuit after the step shown in FIG. 4B. [FIG 5A] FIG
SA[daog]cross-sectional view used to illustrate a step to adhere a

According to the present invention, a substrate on which an optical element is
mounited 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 element is mounted are obtained in
which it is easy to mount the optical element and superiozly 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



metal plate in an example of a fourth optical circuit substrate (04). [FIG.
5B] FIG SB is a cross-sectional view used to illustrate a step of forming a
conductive post after the step shown in FIG SA. [FIG5C]FIG SCis a
cross-sectional view used to illustrate a step of fanning a gold plating layer
after the step shown in no. 53. [FIG 6A] FIG. 6A is a cross-sectional view
used to illustrate a step to form a conductive circuit in an example of an
electrical circuit substrate.  [ne. 63] FIG 63 is a cross-sectional view used

topitisentr tnesrtistepreatbid ousi trgoacgpiitled|intithg deyfomathedrhwings pretfovmthe FIG
6A. [FIG 6C] FIG 6C is a cross-sectional view used to illustrate a step of
folesaription elabremhodimentspithernseseabiniedlionin FIG 63.  [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 (Gl).  [FIG

%73 is, a cross -sectional view used to illustrate a substrate for
nﬁ?ﬁé apHaR AEMESAMIE? according to the first aspect.  [FIG 7C] no. 7C
rﬁgﬂ ical view used to illustrate a substrate on which an optical element is

d according to the first aspect.

[FIG. 1A] FIG. 1A is a cross-sectional view used to illustrate an optical
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 layer.

[FIG. 3A] FIG. 3A is a cross-sectional view used to illustrate a step to adhere a
metal plate in an example of a 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.

[FIG. 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 is 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



[FIG 7D] FIG. 7D is a typical view used to illustrate 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 83] FIG. 8B is a cross-sectional view used to illustrate an optical circuit
substrate and an electrical circuit substrate according to the second aspect.

(EIGBALE R af G5 AP s ToaRE ipNak etV SRRdadluayate a substrate for

mountfng an optical element according to the second aSpect. [FIG BD]
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element Is mounted according to the second aspect. [FIG O9A] FIG 9Ais a
CRadusEvéiphn bitie \the/ges d ksl EI® 8. optical element in a third aspect of

the substrate on which an optical element is mounted (03),

[FIG. 5C] FIG. 5C is a cross-sectional view used to illustrate a step of forming a
gold plating layer after the step shown in FIG. 5B.

[FIG 6A] FIG. 6A is a cross-sectional view used to illustrate a step to form a
conductive circuit in an example of an electrical circuit substrate.

[FIG. 6B] FIG. 6B is a cross-sectional view used to illustrate & 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 ¢lement
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 illustrate a variant example in which
an adhesive layer is provided according to the first aspect.

[FIG. 8A] FIG BA 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. BB 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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[FIG 913] FIG 98 is a cross-sectional view used to illustrate an optical circuit
substrate and an electrical circuit substrate according to the third aspect.
[FIG. 9C] FIG. 9C is a cross-sectional view used to illustrate a substrate for
mounting an optical element according to the third aspect. 91)] FIG 913
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

clrl(l)ésusl{%%cr&ggl&lc\ge\iv eﬁrﬁ%&" ustgtﬁeasg OB&i | e‘r;,;{ement in a fourth aspect of

the'su e on which an optic ement IS mounted (04). [FIG 103] FIG.

10B is a/gesgrHagioRsy hetgi:‘i’!ﬁqfit&d Mﬁr@:ﬁlﬂﬁﬁpﬁgﬁ%&ﬁ%’&%ﬁ e and

an electrical cirCuit substraté according to the fourth aspect. [FIG 10C]

Firidde1Emene IO RRBRLI BAIRNOUREsEiBHY Wsikate a substrate for mounting
an optical element according to the fourth aspect. [FIG. 100] FIG 1013 is

a Cross-$ERNOAIINIE@ WAL A iseilieolictA e BsdaataIRRtMtaigh aicaPbiealent

element is mounted according to the fourth aspect. [FIG.11]FIG 1lis a
typicdiirdaspinofitirgastincsmshiel kn batisaldtnis: drmutuek g639ptical
element is mounted. [FIG 12A] FIG 12A is a plan view showing an example
of an op{iEiEk SBIREMIIBAIE &BB]dEtGonkPEdw assitio illewraé themishtatalment
shown in FIG 12A. [FIG 12C] FIG 12C is a left side view of the optical
etabseie andonelecwica] ¢irpyit substrate according to the third aspect.

[FIG. 9C] FIG. 9C is a cross-sectional view used to illustrate a substrate for
mounting an optical element according to the third aspect.

[FIG. 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 10A is 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 an 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.

[FIG 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 plan view showing an example of an optical element.

[FIG. 12B] FIG. 12B iz 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



[FIG 121)] FIG 12D is a plan view showing another example of an optical
element. Description of the Reference Numerals [0008] 100ptical waveguide
layer 11Core layer 12a, 12bCladding layer 13Through hole for a receptor
structure 14Optical path changing portion 150ptical circuit substrate (01)
31Metal plate

[FIG 12D] F1G 12D is 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

35 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,47b Gold plating layer

13



32Conductive post 33Conductive circuit 34Gold plating layer 350ptical circuit
substrate (02) 41Metal plate 42Conductive post 43Conductive circuit 44a,
44bGold plating layer 450ptical circuit substrate (03) 46Conductive post

48 Optical circuit substrate (G4)

50 Electrical circuit substrate

50 Electrical circuit substrate 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 elerent is mounted (G2)

67 Substrate for mounting an optical element (G3)

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

14



47a, 47bGold plating layer 480ptical circuit substrate (04) 50Electrical circuit
substrate 50'Electrical circuit substrate having a gold plating layer on an
optical element mounted portion (land) 50"Electrical circuit substrate having
an adhesive layer 51Core substrate 52Aperture portion 53Conductive circuit

69 Substrate for mounting an optical element (G4)

70 Substrate on which an optical element is mounted (G4)

Best Embodiments for Carrying Out the Invention
[00091

With reference made to the drawings, the optical circuit substrate, substrate for
mounting an optical element, and substrate 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
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54Gold plating layer 55Adhesive Iayé?G"OOptical element‘ 60'Optical element
having a light emitting point 60"Optical element having a light receiving point
61,61'Metal projection portion 61aMetal projection portion on a signal wire
connection electrode 61bMetal projection portion on a ground connection
eleptfode 6_1eMetaI projection portion for position fixing 62Light receiving/
emitting point

receptor structure or with through holes for a receptor structure that make it possible to

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

electrode of the electrical circuit substrate when an optical element is mounted on an

optical-clement-mounting portion of the electrical circuit substrate. It is also possible

for the optical circuit substrate to have conductive posts or the like in the cladding

portion that penetrate either the electrical circuit or the electrical circuit and the optical

circuit substrate so as to achieve electrical conduction between two surfaces.

[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 aresult, 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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optical element is mounted (01) 65Substrate for mounting an optical element
(02) 66Substrate on which an optical element is mounted (02) 67Substrate
for mounting an optical element (G3) 68Substrate on which an optical
element is mounted (03) 69Substrate for mounting an optical element (CA)
70Substrate on which an optical element is mounted (C74) Best
Embodiments for Carrying Out the Invention
cladding layer so as to form a core layer. Next, the varnish that contains the material for
forming the cladding layer is coated onto the core layer 8o as to form another cladding
layer. At this time, by using a metal plate such as copper or a copper alloy for the
substrate, an optical waveguide layer attached to a metal plate is manufactured, and by
etching this metal plate so as to form a conductive cireuit, it is possible to form a
conductive layer on top of the cladding layer. The thickness of the three formed layers
is normally, for example, preferably between 70 and 150 wm approximately.
Furthermore, the core portion is formed by irradiating actinic radiation onto an
intermediate that is formed by the core layer 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 122 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 resing and cyclic olefin
resins such as benzoeyclobutene resins, norbomene resins and the like, Among these,
norbornene resins (particularly addition polymers of norbornene resins) are preferable.
As 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
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[00091 With reference made to the drawings, the optical circuit substrate,
substrate for mounting an optical element, and substrate 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
eléhereon ol ring b deathdr m Brefsrabl saampleofahis thive of magmisd insthaseit
substrate and an electrical circuit substrate. ~ The receptor structure in the
pribesswhese ATineingl matrieis e rasi SPRRRASEIDNFONENTHASY IR SleSareiy an
optical element that are prpvidid on an optical circuit substrate, and in which

thEHAR RSZREYEL RHsaf FESi ARG ROFERRIRE tistical tRaRR RS oA ALY
NS R
of the optical el meng.ﬁ%lc_‘ilatI € core l_ﬁ?ﬁ)er.tion of the optical waveguide.

elem

nOrbornené resin) are. €1¢ . . :
Examples of an‘optica RN the present invention include a light

fecei"ingn%!gxg}?&t&%% &H@QE&&#FP&% ASENAH e eﬁda&é)ﬁ%ﬁﬂe%&%t
substrate of the present invention is formed by an optical waveguide layer
hag,Ai R R RATHAN AL EALN a1 AHARA Bighl) thifafPMlesh Il Ge Al ERC P TOT

structure or with through holes for a receptor structure that make it possible

towdihie ek @lek tiaalsCandyciiniRaie e ERpveleriiade of th Brefiiedl£i@ment

and an electrode of the electrical circuit substrate when an optical element is

matadietb fatrof) ihicadsalpie) apjroxtmisttilyS O arl000H Gye electrical circuit
substrate. It is also possible for the optical circuit substrate to have
cdffiifdtive posts or the like in the cladding portion that penetrate either the
electrical circuit or the electrical circuit and the optical circuit substrate so as
to(6&aiding leNetrical conduction between two surfaces, [0011]

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 can 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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Firstly, elements that make up the optical circuit substrate according to the
present invention, namely, the 'optical waveguides, 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
|A 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
walkygriolep) aperaikyi griownercaliytthalide aonpy ersit tlany greumher theridke deticndis
formed, and by a cladding portion that is formed by cladding layers 12a and

L ThoiR A€ ARSI PR @RS RIS PRSI Peferabich rebR T
can be transmitted through the interior of the core portion. [0012]  In this

ofichisviE egerttls fayaraian Tefrackimipdex differeee om Bisianierial makineifor
forming the cladding layer is coated onto a substrate so as to form a cladding
MR

f’\lfﬁ‘rnish that contains a material for forming the core layer is
ctﬁb q onto the cladding layer so as to form a core layer. Next, the varnish
th tco%tains the material for forming the cladding layer is coated onto the

| _ ! /er . ol
pite sucl B e e
layetattaEheR ot NG mIALE da iRl R G Rk AR RN RIGH G HHa Rt

plate so as to form a conductive circuit, it is possible to form a conductive

laysemn 10enafl e Rddinatiave pohedbicknasaraiibr dreatornads avers is

normally, for example, preferably between 70 and 150 pm approximately.
Fudhigine ebiieinprovemeity eipdasneaid maiieaiitatinguedtinghtiasiiation onto an

intermediate that is fanned by the core layer 11 and by the cladding layers
17a0a8H 12b which are provided on both surfaces of the core layer 11. By
employing this method, portions of the core layer 11 (described below)

excludingSrieeifienily pomtanelhavisng astaghoriemalbiphitic graupiing Mdesbaimia
and 12b make up the cladding portion. [0013]
preferable as the (addition polymer of a) 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 a
propyl group, a butyl group, a pentyl group, 2 hexyl group, a heptyl group, an octyl group,
a nonyl! group, and & decyl group or the like,

Note that the cladding layers 122 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 as 2 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.e., a cladding portion).

[0020]
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(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 resins such as benzocyclobutene resins,
norbomene resins and the like. Among these, norbomene resins (particularly
addition polymers of norbomene resins) are preferable. As a result, the core
layer 11 has superior transparency, flexibility, insulation, and heat resistance.
Furthemiore, compared with when other resins are used, a low level of
mPicd pasbohatigingportiss)obtained. [0014]  Moreover, the constituent
material that is used for the core layer 11 is preferably a material whose
refractive Theietirelcmeneguidedovard Greawhetrravisied witharcatiasb pethedeaging r

by being further heated. Preferable examples of this type of material include

th BERIOD e heA D AR RIFRERS is MOumad AR HisTalsrate MEmovgriag or petical
lefi i h o] but Si d norb esin. A

h BT Ah B PRASHPIRE 6 (R PBREIALA LS N RGRAI e 1EeA
(pgrt gﬁf‘é&é&?d'“&”e.%%g{ggfﬁjm%cng&%”%gg‘:y&rgnég %%?%&H%%‘é‘%p the

preter am FRAvEShe at are used

e i ' ray light rays such as visible light, ultraviolet light,
in?agr%k({jh%ﬁgﬁ%ﬁag %@%%?é t, % l\%lve "as electron beams, X-rays and the like.
Electron Reamng 3P, %%@%ﬂﬁ@@ﬁ' Earpad enafgl SOFRBNAGH now
approximately 50 to ZOOO%Gy. [0015] (Cla ding?éyer) 8 iﬁg% are no

speciatdgsdaictions 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 useid dRotaiin ME ¢Badaydcd albpRaiimeyoniniad hewdhdiasdde

resin materials such as acrylic resins, epoxy resins, polyimide resins, and

cysnirfacddhiat iefims:d byipmsitiap 2apyc hlavitgnetriasguiarabspahomss setiorsamd
the like. Among these, norbomene resins (particularly addition polymers of
norosudaee sideinStha rbqyedescriiied epsicakwambguide lojeddifhg layers 12a and
12b have superior transparency, insulation, flexibility, and heat resistance.
Furthermdhe indlivqsesatacoithinghined dahe prestantialiycd s isalivation nleiéyop the
moisture absorption can be obtained. ) . L

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 a result, for example, as is

shown by the arrow A in FIG. 2, light which is transmitted through the core portion

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 a method 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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[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 alkyl group, an Bracy' group, an alkyl halide
group, a silyloxy group or the like in a side chain of a norbomene resin (an
addition polymer is particularly preferable). As a result of this, it is possible to

TR T E 6 P L ) TSN AP BTG RERTRLp the
itj . ; ' f

M R LR N T

Of @ BRAITE VSl A ALEHl s B RIEIR.ABIHR UPRIA VaAlSe

especially in heat resistance and toughnéss. [0018] Spiecifically, a

g3 g 2 A GRS AaUR DS SIS Dicissable

as the (addition polymer of a) norbomene resin making up the cladding layers
12 ane, bebaByiceyaybnodiisn vfiie foifde by bietaliaion, it is easy to

improvements in flexibility and durability. Examples of the straight-chain
alifdmatin gptivgd padiwilenging portion in a desired pattern and in a desired position.
Therefore, it becomes easy to form the pattern for the optical wiring.
[0022]

Examples of the laser include excimer lasers such as ArF 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 wm,
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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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 as a method in which, for example, a
%ﬁﬁjrtlon is provided in a recessed portion which has been prepared in
advance, and the periphery thereof is then covered by a cladding material
(i. Re M@u@ﬁgﬂ[& [0020) (Optical path changing portion) The
optical waveguide layer 10 can be provided with an optical path changing

portion thetxyhesaipeniicnd fiene bt Bk adoniieuribepetefonill be

mounting an optical element, bends the optical path of the core portion of the
opleseridedveguide layer towards the light receiving or emitting element of the
optical element in accordance with the mounting position of the optical
element. In this method of manufacturing a receptor structure portion, a mask in which an
aperture portion is provided at a predetermined position where a receptor structure is to
be formed is mounted, for example, on the optical waveguide layer 10 obtained in the
manner described above so as to provide a through hole 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 o
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

22



A method of forming one example of an optical path changing portion will
now be described. 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
a substantially 45 inclination relative to the light transmission direction of the

oro g g PSR SRTE 8 RGOS B e

AR\ fhiR I o il (RS T SRV AR RRNIR PR YiTE

in the core layer 11 is totally reflected so that the light transmission direction

Capk BRotdBS AR B ekiAs Ahalk Figle! ANERIRD AL also folMRE deBeRiRtiON

will be given of a method of forming this type of optical path changing portion.
Byestibtigdigrouiabe i arfoptithionavegidialdictimingrefigeliiednnetid plak the

- optical waveguide layer 10 which is formed by the core portion and the
claddimchingrihisrsdiabplatee bonded to the outer periphery of the core portion,
and relatively changing the area where the laser is irradiated onto the optical
wadtilide layer 10, the irradiation dines for which the laser is irradiated onto
the portions forming the optical path changing portion of the optical

waveguidderslye fescsipinniildasvenafis pethohe! Semingarendumtiviecissmit on
material of the optical wav%%'uFide layer is being removed as the level to which

th&&gg?“ilég&ﬂ’éé"‘i‘?f%@ e _' ﬁﬁ%@ﬁﬁ&%fﬂﬁ?ﬁg%%ﬂe layer is
R e B O MO AL ALEH SBOFRB ) LA TR,
B B S L O B B R A
R G R G RRL S RSt e e s
electrical conductivity between the conductive cizcuit 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
obtained 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 thet penetrates the
optical waveguide layer 10 and forms a metal bond between the conductive circuit which
is formed by the metal plate 31 and the electrode of the electrical circuit substrate,

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

form the via hole, and examples thereof include dry etching using lasers or plasma,
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[0023] The laser irradiation energy is not particularly restricted and 1 to
10 ma is preferable, while 5 to 7 mJ 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 particularl

exdemirh! sising and tediksoy Fixamplet AL asviiniinie indedssarban 0

the opticgl waveguide layer 10 is not particularly restricted and depends on
th&’@'ﬂ?ﬁﬁﬂé’ Bﬁﬁ%ﬂ%ﬁ‘&%ﬁ@?ﬁg portion being formed. However, the size
is 5r%Béﬁrably 80 to 200 urn x 80 to 200 pm, and particularly preferably 100 to
1 x 100 to 150 um. As a result, it is possible to form a detailed optical

et e P el (S i B 1 Hhdmed MR v
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mask in which an aperture portion is provided at a predetermined position

WRESBIAISSRINS (ST HRIS A AR (RERGAaS MGGt ERERAINR] Sorfiathe

optical waveguide layer 10 obtained in the manner described above so as to
previidecavieRegish e, LBfoptadparnionsiingiGe (38) (Bae Iaatisa) circuit
substrate 15 ((11)). A conductive portion is worked in this receptor structure
through hatehidise,dsisprefatdietive deslt pthtieg dgyior3ditabeformed 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 circuit 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 electroplating 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.., the
conductive post 32) include electroless plating, printing a paste which contains copper,
and the like. The conductive portion (i.c., 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 the 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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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 gm. The shape of the through hole is not particularly
restricted and may be a circular column-shape or an angular column-shape.

fit &1‘% !g mer laser, and an
ul?%gelq'\?%%se?r% G%ES %guseﬁ(% tngg t egﬁrougﬁ?ﬁ? olé may be the above
de[oﬁgg d method usrng Iaser irradiation, however, any method may be used
provided that it is appropriate for this manufacturing method. For example,

methods Negh) if alfes BHRNSEENGRIASIErARtbS BRNIFRI G naaBente like

can be used, [0026] When a conductive circuit is provided in the cladding

layetwekitheqéitakeisEtib splsr A@ndhianiossifliRtedosita cenduatbiegtrcuit

in the optical waveguide layer 10 obtained in the manner described above,
fosubsaratpie bbyravilietiingide thetadqplatataicanp pé the optiyb eiralipyubstthe dhda
onto a cladding layer surface where the conductive circuit is to be provided,
andtdosipioning] tiow beetatpifiemetoré of providingibis poskitsivetpoftiom a
conductive circuit by using an optical waveguide layer having an attached
metal plaftiserndueiing pomienisdeamptd fibioa vither prbaf onadicafdhiptrsepion! be
given of a method of forming a conductive circuit on an optical circuit

SUBRIPRIE T ARITPCHYARAIERA BirbLAT ACPREVGHEeIRGS SR the bottom portion
ptical-element-mounting surface of an optical circuit substrate, and a
?YH%‘ ﬁ\lfé’ bﬁlﬂff‘ffta?t‘m&tf ‘l‘ﬁtg‘ RESFRIRLII Y strate is formed on
g ﬁ? ductive circuit in order to form a metal bond with the electrode of the
% | circuit substrate in order to achieve electrical conductivity between

the condygyl éﬂ&?&l‘%f ‘8&%&“1‘%31(@ Gulketb iR RS

descriptlon witl be given o od of forming a cohductive por

PeRsHHRI G HANIGIL EHE BURREAIGHR HOGER AT HIRNG ﬁlﬁ&ﬁ'ﬁ% adhered

conductivity on both surfaces of the optical circuit substrate. [0028]

Figstive mene e persd iadhered (see FIG. 3A) onto the
optical-element-mounting surface of the optical circuit substrate G1 (15)

which wasietatess isethe fomiemirgqiied b eyedeidyon MHa bolédnot
shown) is formed on the metal plate 31 at a position where a conductive
partipmisyoemeddiatdoe etehiape snthexamppiea kiveeeof ineldde lecopee i hd nopferms a
metal bond between the conductive circuit which is formed by the metal plate
31akieis and thielkeode of the electrical circuit substrate.

At this time, it is also possible to use an optical waveguide 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 pm 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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Any method which Is suitable for this manufacturing process may be used to
form the via hole, and examples thereof include dry etching using lasers or
plasma, chemical etching, and the like. Examples of a suitable laser include
carbon gas lasers, excimer lasers, and ultraviolet ray lasers. [0029] Next,
a conductive portion (i.e., a conductive post 32) is formed within the via hole
by electroplating using the metal plate 31 as an electroplating lead (i.e., a
power supply electrode) (see FIG 33), and the metal plate 31 is then etched

sdbeueh heisn1a Eemdbe Rottorsufaesp 18e apndestive sortion mlestrisal sirenis2 (35))
S e RS R
PR SIS TR B AR A G B Y R - Aol
1 SR Ul e PR I e R (e
pr&‘é%ﬂ% Wt ASIYE m&m&:&@ﬂmﬁmm form a solder film

(i.e., a solder layer) by electroplating on the surtace of the distal end of the

conductivgROHRRductivEXRAERRIES P 138 dpRtANGRA SR e Han thigiive

portion (i.e., the conductive post 32) include electroless plating, printing a

Pastetaiiis the axial PiakorINese BIG 405, like. The conductive portion (i.e., the
conductive post 32) may be a metal or an alloy of a metal, and examples of

this metaThraiostineiveptuiicitltr forinddbnciothst}iin, the veouah Hada liaditthe,
Among these, copper is preferable due to its low resistance. In order to
inTpeeptertitmitiureciiaodityraodt thascopaititivé. posbéiten sadface nd thutitlecprizst 32),
although this differs depending on the metal bonding method that is used, if
sclteinyhsgatdentita sonduesive ooy whenmansiastrisebenaracteivise layer of
solder and also one layer of copper on the conductiveﬁgost. If a solder layer is

foPfsY St tho plstteiret Ssclentiepl ciscHib FHRsER S s a it (Bifs e Ritaal &f

described solder film, 100301
tﬁe msta ﬁate 4? { may be removed by etching, or else it is also possible for the 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 to be removed.

[0033]

In the optical circuit substrate G3 which is obtaited 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 electrical 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 44a and 44b to be formed after nickel
layer or the like has first been formed thereon by electroplating as a meta! diffusion

prevention layer.
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Next, it is also possible for a conductive portion that provides a metal bond
between the electrode of the optical element and the electrode of the
electrical circuit substrate to be provided inside the receptor structure of the
optical circuit substrate, and a description will now be given of a method of
providing this conductive portion. This conductive portion is formed by
filling either part of or all of the receptor structure with a conductive material
such as a conductive post from the bottom portion on the electrical circuit
su%4ke side within the receptor structure. [0031] Firstly, the surface of

th ti ircyit substrate 01, which is obtained in, th jbed
above, P AR IR UFRE P RS BEMBARITD the
| pl 1 (FIG.4 T jal f t tal plate 41 |
B e g RE BRI R e R
(e A HlUBa0BRBH B GRRRELAURY s 0EHLABY i oo Bl TP S
also possible to use an optical waveguide layer to which a metal plate Is

algrasbicaliaelf ubsilie SR ihibaHgbAen iIRR dReRe IV AYguide

layer is being formed. Normally, the thickness of the metal plate is

Predetapli AR Qptita kvt Fibakab dilndainiid MakRmiQ e Mbove and the
approximately 5 through 70 um. [0032) Next, using the metal plate 41 as
anmiebjtep 4lingvidren(héheres agatisrsaLFIGS Al tieassht i srvone divezpost
42 is formed by electroplating the receptor structure

hole 13 can be filled with a conductive post 46 such that it protrudes from 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 (se¢ 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 citcuit 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
1o 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 paste which contains copper, and the like in addition to
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through hole 13 from the bottom surface on the conductive portion electrical
circuit substrate side (see FIG. 4B). At this time, when mounting the optical
element, if this optical element is being metal-bonded with a projecting
portion provided on the electrode of the optical element, then in order to
make this bonding easier, a portion is filled from the bottom so that there is
sufficient thickness for the bonding. Next, a conductive circuit 43 (i.e., an
optical circuit substrate 03 (45)) is formed by etching the metal plate 41 (see

Fielciraplating. THiomuingl cepiee mista by 4B b dplatingfisersremedic pir nebitas thin
hole 13 of the receptor structure, it covers at least a position (i.e., a bottom
supane b ssﬁa@@éegﬁéar%maén f5he oRees RAstS @rhﬁ&ecbfmmileq@ormn)
where an electrical connection is achieved with the electrode of the electrical

circuit subBEr&Rac ‘)ﬂiYﬁ iROfHE2 enhah mav e fremsd Exprmia el onanaliavehioved

tbﬁ/@e Cla??gac S&e}lée it also a@% f‘f#‘g é’t’%e smo %Ioﬁ?&%tﬁénésurfgce on
I ical i h| ved Wi of th ircui
ve eﬁ%@""}m‘gg 8%.0& §eaETng§ pre%‘%a'{ﬁ Eug'f[ct’“?sdl% d St et odg r\fv I

oved e opli ¢RI Girean substra ich is

t
Ia?/}gés 44a E@44%‘1 f‘f)ﬂ%‘?#@%%@pg e%tr%z;l) atlﬁge%%ke (see FI(IBn g4C) on
OR'AE i BRI EHEH et o UG ARG Hastiofgsqlde

electrlcal circuit substrate on the electrical circuit, and on the bond portion
beivaBR theoardHy ke dTesiddronik 1aPePEOIRIAIR RAQIEP Bre Iihe ePtispkr on
element, and it is also possible for the gold plating layers 44a and 44b to be
fotileeshdiiaiveisiel |dyersldéhnydeds fambdsirnbe ofalinaba foewstahy 46, then
electroplating as a metal diffusion prevention layer. [0034] When the
privjis cionepestigns formrthe ghrovedewtritediselédefiioode of the optical element, if
there is a direct bond with the electrode of the optical element, then in the
stéP¥lwhich the above described conductive post is formed by the bottom
surface on the electrical circuit substrate side of the conductive portion, after
the surfa@%ﬁﬁ&@ﬁmmﬁﬁﬁ%ﬁ&ﬂ‘&rmﬁm Retreigh ek irilthe

manner descrspfd abov? and the metal plat Lhave been adhered to ether

(ERPEHSIERY st BRomdR A YD RIS ROrHoms et afieteedhiq o
B, gf?ﬁé‘i&g‘%%ﬁ%’%%eh it mé}?@uﬁ’ BTG 55
i i%?%@?#é@ﬁ@i‘@%%@%%*%ﬁ e

POHiRRRS MIBRR IheConAL Gy S NRShARAHINE BFQIRHIAN. RATHOR fgﬂe e

optical element, and on the bond portion of the optical circuit subs
theseleeh@sienal the el emdf saliley it UpRLEA Eral HissaeRdb 6l Breiks Wl 1and,
if the conductlve circuit is not provided, then also on the bond portion
beismdadite cifnitdb otk pdsinaa théne ajedtiotheedesnode binkeeleckiahl circuit
substrate. Alternatively, it is also possible for the gold plating layers 47a and
4 Mircuitzstigratedid orider tnistti¢taglericthentitechivity fhewisencthe oonladtitrestigonit
by electroplating as a metal diffusion prevention layer. In the same way, it is
algodbe slpntsical Ritguitsastarie film (i.e., a solder layer) by electroplating on the
su{r({gé:ﬁ of the distal end of the conductlve portion.

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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[0035] Examples of the method used to form the conductive posts 42 and
46 include electroless plating, printing a paste which contains copper, and the
like in addition to electroplating. Forming copper posts by electroplating is
extremely preferable as this allows the shape of the distal end of the copper
posts to be freely controlled. The conductive posts 42 and 46 may be
formed from a metal or an alloy of a metal, and examples of this metal
include copper, solder, nickel, gold, tin, silver, and palladium. Among these,
ctyyprevited oaftheadibetrice divciiit inbstresisfaliepreband inentmam p¥pawfihe
bondability of the conductive posts 42 and 46, although this differs depending
orxdmplercebitscintingaheituicubunale inshids giswit exhstyatestbatchaines also
possible to form one layer of solder or one layer of solder and also one layer

ofersprdustiveayebrisl v daver padsontianalizy of these levens Bayriso be

conductive posts 42 and 46, then it is not necessaﬁ to form the above

deasainged tegrher i formop owitilayer rirquit b YEREn (O RN RS I BT BiL

bave, i irquit,sub i.e..th ical circuit sub 3 and 04
R Bl s TP D S
e R S R S
MPKY ﬁﬁﬁ%ﬁi%&?&%ﬂ"&%ﬁﬁﬁ? {D53RAgAL s HGiL substrate G2, and itis

possible for a conductive port penetrates the optical circuit substrate

to be formgg oRIBLRORGUGTRE &ivE LR BESIR: 1A/ Hatare S5RhRPREN IR e

electrode of the electrical circuit substirate in order to achieve electrical

Copripsiiy crahsesWH GaRAuRVGARRIVAREIRERIRCTGRI IR, syhirirate.

[0037] Next, the electrical circuit substrate will be described.
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 to 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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A mounting portion that is used to obtain electrical conductivity between an
electrode of a mounted optical element and an electrode of an electrical
circuit substrate is provided on the electrical circuit substrate of the present
invention. Specific examples of the electrical circuit substrate include circuit
substrates that have a non-conductive layer and a circuit layer, and a plurality
of these layers may also be laminated together to form a multilayer circuit
substrate. Moreover, a rigid circuit substrate or a flexible circuit substrate can
belement smeuier dhernon. at Testementiptl cieresahisoneynted viran petige)sirsuit
provided on the electrical circuit substrate, however, it is also possible for
erRhshRudemi R Tantletsienl sehtaRpRatsydUs sufficienifaThesedinfpto be

non-cangductive layer include those that are formed from a resin composition
PSR AGRODRIYE SITEREs B ACASHBHS G 20 A AL HERE. oy clic

olefin resins, phenol resins, and epoxy resins. In particular, in order to reduce
cimensOHET R ARS8 R AHFA Pk RS FPTOErA L oh CODSYEHR

c ﬂsﬁﬂg' ' that taj e resin W"lﬂiﬁg have characteristics
s(éc as #ﬁ‘fﬁéﬁ ?gs&lg gen%coe? %‘%gé ge%\év?%%%fézi%érﬁ?%? In a?%?(?c‘)ciahr‘l'gion and/or
pr,_gog ymers thereof, and also epoxy resins are preferably used. [0038]
FIGS 6A to 6C are cross-sectional views showing an example of the

electrical Ciretis SHAREAR AGHY MR BIBMRIRE SOAWVADHOR be delBiggShoWN

in FIG 6A, in an electrical circuit substrate 50, an aperture portion 52 which is
crempdIog il 6¢ formedpinare poetist IstiafRsblomad By dlaeiaTavedasieied
non-conductive layer. In addition, conductive circuits 53 are formed on both
suittozes sabiratechi ¢faubainpte bdouble-fidébisoppaeioi PRs4nre Wegirdethgn the
conductive circuits 53 that form mounting portions for obtaining electrical
corebastingtis betfivmrnd thethel eptrivdepoftite Sefyoatatelese plating, thastieathtare of
the electrical circuit substrate when an optical element Is mounted thereon.
Weadnetividp hietesnebatbrartaess of theccote substspriddl ciBauthosrstobittg Shisfaces of
the electrical circuit substrate, it is sufficient for these lands to be provided on

cORBRFEND Bipcomdushvesirewith PAcuaidhrinsudedaade mhishdoms euntng

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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Electroplating is provided inside the aperture portion 52, and the conductive
circuits 53 on the two surfaces of the core substrate 51 are mutually
conductive. (0039] A method of manufacturing this type of wiring board
will now be described using FIGS. 6A to 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

blagiude noppen senper eleyes 4k allesy andunickeheadshe kikethdn RagisiienteBEd pper

foil, the conductive circuits 53 which include lands which form mounting

pBlicRRIRS PRI R R APl ATe Bt P EraRlE Hepddaz e s oriv Sivthe

optical element and the electrode of the electrical circuit supstrate are formed
SRt ] o AR B S TS oM AN AT BB 1 Mo by

electroplating or the like on the surface. of the lands (see FIG 6B), and it is
a Egsﬁ%%éﬁi)&é%%ra?hg 8%%“5?a‘ﬂnv§"?3%ﬁ(‘%ﬁ%&‘f%sfmed after nickel layer or the
"tﬁh s first been formed thereon by electroplating as a metal diffusion
prevention layer. [0040] Any material which is suitable for this

manufaciing, (eRd JRKE8 URGH (bR Caate M thihacBgeyer it

is preferable that the material can be removed by a method such as etching

OKHAQE PG WIRERbARBIC R WG CHMALHR ReiehiRimack RNHRitealrliah whiigh
is able to withstand the chemical solutions used for this etching is preferable.

Ersamplasmpiibeishicaleniasaldh aleuptidaboiseen debstae epRdusiiReEbit 53
include copper, copper alloys, 42 alloy, and nickel and the like. In particular,
capfieedof theappesupkates Shsbes ppeasvatithe phatiaine oiosit Séefenalysovided for
the conductive circuits 53 in that not only do they allow electroplated items
arthegitie beteens the bpticklodrsnit suhstrass 2odibis eletitisrl citawitvsubistate.  In this
thicknesses. [0041] ‘Moreover, on the electrical circuit substrate obtained
irfapre theadhesiedaranis dsdpmmed se as sovsodwipraderysvisibiideredde
layer that is used to provide a metal bond for mounting the optical element on
t bptical circuit substrate on one surface or both surfaces of the core

potwoon P BEAEL R EEE 3t B A HTEAO R O STERb R this

case, the adhesive layer 55 is formed so as tQ cover, th ndyctivg circuit 53
R B A e O PO R M S R

cAhe LR RaReR iR B/ S RECTRARAN Sl

esive layer is'coated directly onto an adhesive layer

fQERRHMAEHAGE & DEHCShNVE iR TIslRaleaa i A aeNEd
adhesive layer is pressed, and a method in which a
carrier material having an attached adhesive material is laminated using a 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

31



carrier material having an attached adhesive material is laminated using a
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 the
ofitcmitichd phemtritibbiing moutsdor dx thethetxhbondine nfithe cohductive pasictive
post provided inside the receptor structure, then it is preferable for the
apusiedinsidstisrreespion mcaundbpadtds pisfarable dontagadhgsive yesdtdng flux

which acts as a flux during the solder bonding operation. Examples thereof

irefferARATBNAReH et 6RAIRS Fasmose iR ity hish erfs fie ek sioprs htse,

S S T o BB T MR T L R )
val | resins.such | navolac resin, alkyl phenol novol

P GRS S

pagml resins and the like. Among these, because multivalent phenol novolac
resins have two or more phenolic hydroxyl bases in a single benzene ring,

compareglstamagoiNaRA RRAER RRYGIAGR GBI iRdaye Qe pore

rapidly improving properties as the flux of a solder bond, Moreover, because

dEREHIXRFBERIShes S SHE Buats a8 pheAi e veNKhesT Ak GRbrdNEoYolac resin,

5-dihydroxybenzoic acid, hydroxyl naphthoic acid such as

1ahyetiaitwalemahitioDiovidid e, Zetvlgtexyl sdbbshibnidmdishqpbimsilphittbdein,
hydroxybenzoic acid, hydroxyphenylacetk acid, 4-hydroxy-3methoxy benzoic
atiice, dipmeng livsse iekcdube mintiveidnt thotd mpwidan cedizaivh th evliker e a
carboxyl base within the molecule, there is an improved action when
rebroolischrdnotarhhisrgsibmasinglebsnrshdaingrnerridedto mone finstionsiipkesel and
this is favorable for obtaining a stable solder bond. Among these,

drsyalesdrsian ey heve Sushmme reidhtiarenyiasdrersrtiss asrdvefine qboseider

As the resin (B) which acts as a curing agent for the resin having the phenolic

AT e e B

RS0 RE k35 B EROI SElR YRR SupRele”
acid and 2-hydroxy-3-naphthoic acid, phenolphthalein, hydroxybenzoic acid,

hydroxyphenylacetic 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 bisphenol A epoxy resin, bisphenol F

epoxy resin, phenol novolac epoxy resin groups, cresol novolac epoxy resins, alkyl
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phenol novolac epoxy resin groups, biphenol epoxy resin groups, naphthol
epoxy resins and resorcinol epoxy resins, and dicyclopentadkne epoxy

resins, as well as isocyanate resins and cyanate resins that have the same
framework as the aforementioned resins. Further examples of the resin (B)
include denatured epoxy compounds and isocyanate compounds which have
the framework of an aliphatic group, a cyclic aliphatic group, or an

enéfﬁp{? B AR R oY SRS BB Rl
RORERR é ﬁ%%?d?i@%&ﬁé@&ﬂ%@%g&f&e@%t %% '"Yopa aﬁ& ta‘“

Ot er resins S as Cyd|IC resins and an 0 various Ot
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coloring agents, anti-foaming agents, coupling agents and the like. When

thenasirepivgpRE BN REABIAR ulls NSl Rt oifiphubAeaid RbtaHaGH in

order to improve the properties of this sheet, |t is also possible to use a
thetpoidstitiddiavideunsibit shovrisiascisasd.chaaitalitits graipar
impeded. Examples of this thermoplastic resin include phenoxy resin,
peiynistivatey etiphatimgrpupyesstbase sifilicon Jenattrmepass msin podpinsickmple
siloxane resin, polypropylene, styrene-butadiene-styrene copolymers,
pefyaoboaﬂqmsnﬁn@olyamide resin, acrylonitrile-butadiene copolymers,
acrylonitrile-butadiene-methacrylate copolymers,

gﬂﬂﬂutnle butadiene-styrene copolymers, polyvinyl acetate resin, nylon,

styrene iIsoprene copolymers, styrene-butylene-styrene bIo copolymers,
styrene- iHeRse, 8"&9’?&%\&131 Bﬁ]rﬁésrélsﬁﬁﬂsﬂ gﬁi/

SR Sl AR rﬁ@%gevww
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ment is mounte ave peen OVG ever, n et’alled

d@ﬁ%@éﬁwm i:elnEAinARARR Soilipull mﬁ{%ytrhmaspeco

of the optical-élement:mounting substrate with re erence made

drawingsyifelf sheasnRavéRYen? Ml contr iBeehowniiy Rlfeisit sihe slactige of

the optical element and the electrode of the electrical circuit substrate, which
aig srfRrptigdpvivd e prijerl«@itddiisueeraie aRtepisidt atatikencaamnto
the optical-element-mounting portion of the electrical circuit substrate of a
snéxintintefbo asiin atiing dencrbtitcllabeteristitdlaed iotfonprdetby Braepbet of diis
circuit substrate on which is provided an optical-element-mounting portion
tHhenmapbaticorsinghilsphanwytresinapelyrany] butdrblyresinaolissieziresies,
substrate that is formed by an optical waveguide layer havmg a core portion
YIERARR FRAinS SRl pider il Fesife BelNRRRP Y Srte SiyTencshitiedions fiyrens

used 0 obtain electrical conduction between the electrode of the optical
R e T R e 508 R al

e R e R e e SRR G pfabisR e
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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[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
ptaferenskinobuditical-glegsatificutingsuhstieis|(btarhesvatralgipp whick aribed
with reference made to FIGS. 12A through 12D. For example, in an optical
eRntinahelrmomn i eunnd) hiare bm@mg‘hsai%hom Rervtexeniieny pastailefen on
the light receiving/emitting point 62 side, there are provided a metal

pPSFEERHOR YR RsEYER hsReditis BRRERbbTy & Srghiaranah RumheRaeR Aietrode,
a metal projection portion) 61b that is provided on roungd wire connection
e éﬁ@o@’ TR Eﬂﬁaﬂﬁfn%‘ﬁ?fé ?ﬂ%{ﬁ%?&?c‘ﬁ&# 6‘6393%%%%363% FIGS. 12A
through 12 viding one position fixing projection portion, the optical
e %sgﬁpggg()ﬂea )rﬁe]%ﬁbly fixed in position, but it is also possible for a plurality

of these é%lgeﬂ?{wiﬂﬁﬁeﬁﬁﬂggl& Iga?é?n% Qgimlﬁ ?S,E;”&Gggfé’?ble,

plurality of light recelving points or g points, an

forexempa denipHhatiReahayadasaiibs i OricRRle iRk WRGh B AR 2

single light receiving point or light emitting point to be arranged in a row (see

Fiized@) rtRUBGHRIESRB e Ul erRMIHAHINNR i 6E I e @RI Eraight

emitting points are used for optical circuit substrates that have a plurality of
Celibstateisfsubiekid o subengOd igihice eleviey that bt fondiby eneldbagegloints
can be decided in accordance with the number of core portions. The size
otideairetettaie ofewlich pauiieidedsimooti caketenifotentuntial partior thatd shsed
housed within the receptor structure through hole, while enabling them to
ofemountad staeptiegl wiement ond hien entical simgtienbstusie thad i flumedi fouan
[0048] Next, an example of a first aspect of the manufacturing method will

bented Faysauide layerhaying @ enseiartionand sladding roréons and shabiseravidede

manner described aboyve, and the electrical circuit substrate 50' \{\{Qich ha

th‘@%&l Eﬁﬁg‘ﬁﬁ M\!}F hatiis Hsedto 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 electrode of the optical element used asa
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 wl
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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on the lands thereof were prepared, the positions of each were then fixed and
the two were stacked together so as to form the substrate for mounting an
optical element (01) 63 (see FIG 73). In this positioning, passive
alignment can be performed in which the light receiving optical elements are
mounted along the receptor structure through holes. As a result,
improvements in both the mounting accuracy and mounting speed can be
ag&'ﬁylfd. Next, the metal projection portion 61 which was formed on the
opticaFelement 60 having the metal projections portions was positioned in the

receptor Sucite IR IPIR AR BN IOREE e pelAh ke

substrate (01) 15 on't strate tfor mounting an optical element (01) 63, so

aﬁ@ﬁ??Mﬁﬁ@h?D?reﬁ&t@{miﬁ%%Pﬁmeﬁlméﬁt‘M%eﬁ @Pﬁ@ﬂt such

that the metal projection portion 61 was pressed agains gold plating layer

54eRfVihahlie SPRNRR: URiAL HaBO ey \AVMBN YA FaEL MRS/ chesmedilieg a

substrate on which an optical element is mounted (01) 64 on which an optical

elhere picigrovided e shénlpeofietRin pokise 6 1z hGat I rovideSpeg dignakaimples of
the ultrasonic bonding method include, firstly, housing the metal projection

peooecdnicldttedecepital prajettior phriberohl bidiet Gravidethen ezfmmd wirg an
ultrasonic bonding apparatus, to apply a load, generally, of approximately
1 tonneetion Meetrrstacsnd & posiion fining metkpiqiestien pIrBo0O\W(SThEIGR(AA
projection portion 61 is then bonded by being vibrated for 0.5 seconds while
bébrrpehddSed Bynreviding epnd@osition gwrgme@w}m the maticahelement
described first aspect, when the_substrate for mounting an gptical element is

bEMPHTEHANE SRAL P By sitiony B 148 plspiRasHBln fPrmRIMIL] R4 rkede i Pitrate
and lectrical circuit.supstrate, it is glso possible for these two, substrates
O Aehorb R RO PO SR A SRR 1 LB oe
B O e B0 SR s e B
Ci&kﬂhﬁé@%{ﬁﬁ? Jg%%ﬁlﬁﬂﬂﬂ?fﬁﬁ%&ﬁ:@%@%ggg‘g&@ R ol

bond is performed for the above described metal Instead of ultrasonic

bansingriieaiRy prwmivgmél%mmamwiim flux
or

to act as the flux on the adhesive layer 55, it is possible to form a bond by

apgiyiviggRaitiodihnparaiy mivsereid selegicareltsuitmibifasRathife a

preferable for the conductive portion where the metal bonding is performed to

belmalite df@nyeponiind, wid cheinohide sfdipltaecéivingjsinpoadiphe dmivhing
adhesive agent to be used in the same way in the other aspects described
berinss [00501¢sdebinceoptaor¢ith 8 fjumber 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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As is shown in FIG 8C, in the first aspect, the optical circuit substrate (02) 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
etertheransds theineo Eveerer propansidilihe pesitinuap Ehachiweritbamfixedandifetwo
metal-bonded with the metal projection portion provided on the electrode of
tiveerstacked tapsthet spsesguibmdbeshbiial OpBaToHNR AR tGel

structure, and the conductive portion that penetrates the optical circuit
Sé@)ﬁﬁ%fé%gg‘)e the conductive circuit that is formed on the

optical-eJement-mounting syrface, and that is used tq form.g metal . bond
together{ﬁ/ R ERET ﬁﬁ(iég@fgﬁ’fﬁﬁﬁ'l ﬁﬁ%@%&?ﬂ%‘%ﬁ%ﬁ%onded
tagether with the electrode of the, electrical circuit substrate with,which i
R S e R S R OIS
t; ' i Inthi S metal
T e B e e
reegRlel structures (see FIG 8A), [0051] Next, an example of the
manufacturing method according to the second aspect will be described.
Firstly, the-aptieshaiicsijssiatiaifda) whiabiainfeedbethapied éraenbed
above, and the electrical circuit substrate 50" which had the gold plating layer
540fhsmgriiemittel rojdstitarpativiivhsasitissd latina esrepiog sancoptidabugh
element were prepared (see FIG, 88). The receptor structure through holes
1BoleHizkich feafthed ththoppticl circtitissbbisea(6 )00 @Bhwevbsthatnfor
positioned relative to the gold plating layers 54 on the lands, and the
cowtiiee anspicd 2lormeoh(BEhetr secs wbediotised iaircpmdstasinsdepasitioservls
as a conductive portion for forming a metal bond with the electrode of the

elatdrveas hercanplitaueh e pefalRspiectaB aRions trabreestetretingt @aown)

of the electrjcal ¢ircuit substrate with which if corresponds, The two were then
e A b A R A SRR A o S

bond d d hat, ducti ich

oSTEATE R S S e A O v el o
i Epciip b HHER bond W tie cle

e B B e R ctaronded together, thereby

enablinggg R YRR BRORUGRh SIS MR T ﬂl‘?ﬁﬁlﬁﬂs@?ﬂrﬁéﬁg e

obtained (see FIG. 8C), t0052] Next, the metal projection portion 61 of
thi.apir @lsRRIRG D aMRGHBBISRIREA AGaps R ToNEIRERdeiiioned

relative to the receptor structure through hole 13 which was formed on the

Sulisp adelipssond buiiidin@appiina) wlepphni (6ad) finerilasfisphertinumbylkNa
predetermined position. A load was then applied such that the metal
pabpeepiensyoiond Bz eml pretssa werain$00W.g oltqistiai piojgeticdhpostivn &1
the same time, ultrasonic wave bonding was conducted enabling a substrate
oi thendrondedptibeing nbstted fordd seraeriewhile bringprasseliasin eraoi is

mounted to be obtained (see FIG. 8D).
plating layer 54,

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

e¢lement is being manufactured by mutually superimposing an optical circuit substrate
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At this time, the conditions for the load and the ultrasonic wave bonding were
the same as those of the first aspect. [00531 Note that in the above
description, a method is described in which the optical element 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 tg form the, substrate ounting an qptical element (02)
o B e R R e Sl e SR R

o RGBS e ARl iR BIAREN (AR OB Sibily $0°
elg A ClRR R Rl RN D IEBVSR RS RO S AR Reapaldu eehRLthe

same time as the positioning of the metal projection portion 61 of the optical
elgmees ﬁ%&ﬁ&i%ﬁlﬁWWMﬂm@m@N%&ﬁw&m
structure through hole 13 which is formed on the substrate for mounting an
of¥dadingl astg <81ds: Goris efiGritdSdtahsesbie depuittsidipminediasiidrns
and for the entire metal bonding to be performed by means of ultrasonic
waitendonivchomfingatisén dheudiperna idines[ 0O fgkht thatontainscr tHertiva st fux to
described second aspect, in the same way as in the first aspect, when the
suistaette forromthethdbesived pyimdSeitinpossibloioi fymrabarid by apnlying heatdaty
superimposing an optical circuit substrate and an electrical circuit substrate, it

is empeIsbEe Whemhe foldenmelsu bl thie aass, Hdstaefaralety dip sondystivsans of
an adhesive agent. [0055] (Third aspect (FIG. 91:%]&‘ﬂ As is shown in FIG
8

o@oRiRn AR i relermrd tRs trede o adretat riich ivetpiesn
circujt su S.tr%s whigch ﬁ.re mo&bnted via the ticgl,circuit substrate, ar

PRI o1 S AORSHDIS ApE A AT, RSt 16 B0 Used i 1% 54508 X T T ather

glié:télc%aé%rcgéhﬁu%strate of a substrate for mounting an optical element that
is
0

¢ri CIOW, . o ;
rmed by an e ectrical circuit substrate on which is provided an

jgadelement-mounting portion that is used for mounting an optical
element, and by an optical circuit substrate that is formed by an optical
WayegHidR Jeerieaying a core portion and cladding portions and that is
- provided with a receptor structure that is used to obtain electrical conduction

between phd iRcORETE ¥, RRECArelOMRN i shilos! ciratfealateliNg?2) 35 is

electrical circuit substrate, so as to contain a conductive post which is formed

inakde ithehieb dptoptislickoit adarae hdsctyedpaltiopath 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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Inside the receptor structure. In the third aspect, 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 sufficient height for

the conductive portion, the metal bondability is further improved, [0056] An
optiEhi% WM&%%@ e firEdden Jafp%}smfréﬁlrém ﬁ?%%téﬁgs
used in the first agpect be used far,the optical element 60 that is,used in
AR e 110 QUAERHA oL 5 Ao A e BB S U o1
w@h%&ﬁgrmed on the optical element electrode have enough height to
ensure*sufficient metal bondability as conductive portions inside the receptor

structure o G Ia-d5 Thica NEbnPR) SRARIR LSRR AGHHETD

method according to the third aspect will be described.
element 60 that is used in this second aspect has metal projection portions (bumps) 61

which form conductive portions inside receptor structures (see FIG 8A),
[0051]

Next, an example of the manufacturing method according to the second aspect
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
metzal bond with the electrode of the electrical circuit substrate and the electrode of the
electrical circuit subsirate 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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Firstly, the optical circuit substrate (03) 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 98). 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 (03) 45 were then positioned relative to the gold plating layers 54
ornfats2jands. 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 Nextetipr eesa grajzaiostpdrtiopait] ofl thernptiagion Sreny tdsoig themetal
bonding was conducted thereby enabling a substrate for mounting an optical

elervjestiq@06Tons Wes phsitiened (elativeity. ORPOBSructun dvougiehniedd)

proﬁion portion 61' of the optical element 60 having the metal projections
portishapsfermedion thesyksmodormanntionan eriealsaen () Sfhaogsie be
plating layer 44Db) in the receptor stmcture formed jn the substrate for

mBRHED § aPsprrepinrdResiion ) lvad vas thsnarmlisdsuchifhat hesaeitrmined
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ultrasonic wave bonding was conducted enabling a substrate on which an optical element
is mounted 66 on which an optical element is mounted to be obtained (see FIG. 8D).

At this time, the conditions for the load and the ultrasonic 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
element 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 1o be performed by means of ultrasonic wave bonding in a single
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plating layer 44; and at the same time, ultrasonic wave bonding was
conducted enabling a substrate on which an optical element is mounted (03)
68 on which an optical element is mounted to be obtained (see FIG. 91)). At
this time, the conditions for the load and the ultrasonic wave bonding were
the same as those of the first aspect. [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
elepwmeddrcircuit substrate so as to form the substrate for mounting an optical
element (03) 67, however, it is also possible for the optical circuit substrate,
th§08fdtrical circuit substrate, and the optical element to be positioned
simultaneously, and

Moreover, in the above described second 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,

[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 moumting 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 & 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 as a conductive portion
inside the receptor structure, In the third aspect, 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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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. [006 1 ] [Fourth aspect (FIG 1013)] As is shown in
Fl@uffiREnt heigheih dde aidikawepiends hanretabbshdasiltickttadenhieved.
electrical circuit substrate, which are mounted via the optical circuit substrate,
arg¢0ff€lctly metal-bonded onto the optical-element-mounting portion on the
electrical circuit substrate of a substrate for mounting an optical element that
is formed 4% enticaleelemmeat bndog the samestrushugaiche spsieal iklementthat was
optical-element-mounting pardon that is used for mounting an optlcal element
aneptﬁ/laﬁm%’ésﬁsmq%mgawﬂaﬁ@ theentice)eirmem P o thasisisad imthegbide
layer having, a core portl and cladding portigns and that is provided with a
¥ FHehea Bichdee e

reeéeﬁ%r e Fatidiemidh el s 92 COHmRR AW
elect ptic eIe nt and t ode of the_electrical circuit
SuBRfE %«7*&38'5 SEEGh R YA A R R B eceptor
str, ct nd slells q‘s be ond. thy tical- ele Nt {tace of the
op ca CII‘ %ssmBsF ate 5@5‘ u% §?%Ra co?‘P& |vrel porti on%ﬁﬂ the receptor
strw In the fourth aspect, the conductive post 46 is completely formed
he bottom surface on the conductive portion electrical circuit substrate

side, and NeHhe! g dBRosRbIR AT AR 18R RARE AR spRAGAS
also not necessary for a metal projection portion to be provided on the
elagtmsigigidhe 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 projeiynisospitalairibi Rinaiedang thaisudiisitninbineréesgisedided
an electrode for making an electrical connection, [0063]

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 to be obtained (see FIG.
9C).
[0058]

Next, the metal projection portion 61° of the optical clement 60 having the metal

projections portions was positioned relative to the conductive post 42 (i.e., the gold
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Next, an example of the manufacturing method according to the fourth aspect
will be described. Firstly, the optical circuit substrate (04) 48 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 10B). The portions (i.e.,
the gold plating layer 471,) that are metal-bonded with the electrical circuit
substratT on thgbco ductive post 46 in t tor, structyre formed in the
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eléctrode of the optical element 60 was positioned on the gold plating layer

47gsapsiaR 6RMIKH MEBASI 4RMUNGE MHoRIREYOMGreTwilieh BRIl slditelire
formed in the substrate for mounting an optical element (G4) 69. A load was

thesnapatddshctbiatdiseefaenle of the optical element 60 was pressed
against the gold plating layer 47a of the conductive post 46 protruding from

the recepiirisis tiate;rthe aomiliiotisdfos i dotidrand s attoasonio/ warelbon dingywezes
conducted enabling a substrate on which an optical element is mounted (04)
70%srsanieiob thesophibafisseapest.is mounted to be obtained (see FIG 10D).

At this time, the conditions for the load and the ultrasonic wave bonding were
thé08aRhe 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 eI&?FBH@'dHH%@BYﬁ;Q?”@TB%%‘hﬁ is desgbed i 3%‘\‘7?
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simultaneously,’ and for the entire metal bonding to be performed by means
Of J1ligaRANGMREHQLME IBKH otk R1OREKPIHBY 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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[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 | ' : ical el nt.| e rate. for ing
an optica el\{eg%@r?{gt ;ﬁg orre;’lgg? @;%ﬁ%gﬁ@gl%{rf%ﬁe Is%l#gﬂrg}[‘gtg%g[%ﬁé@ ¢
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however, it is also possible, for example, to also form the receptor structure in
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formed, and to then fort the electrical circuit substrate and the substrate for
meubitiae afuepbigakeifonmennangaostite datieal hitdviloambs bk Hleetacal
suspension bridge so that the optical element can be mounted thereon. In

thisirceis eytifteateomewhichsiy privided emoptivel elecimahainting portistr dhatsthsddare
formed at both ends of the optical circuit subsume may also have mutually
differmetstingunpsical elementandly seontivarehruds subsiratedratis fommestdinamt
packaged substrate obtained in this manner, for example, in the case of the
subieaka s avidrlaven yinga corRemiorantbrlpdding eonionhand trat iersevidad
60" having a light emitting point may be mounted on the

h
op KB R STEFAIR STHEMFIA Fottichiotinis eietiifebireaica st e laide
o O LT BBt IR 1ohFECRIA B AP R on
e P ST B ey Ll :
ne PR A e s ™

SUBSKAIR i dn-br RSO 2 ERAEIR aE ! (RGN iwEte can

also be used in the same way. It Is also possible for electronic components to

be:sa SRishensiectricREGifskitaLBRIratR B fIAA0Rpect, HUEOREMAFE, I

the above described aspect, an optical element can be mounted via the

opjistkeiicetinplealr foamed ot Sutiasesrbing tlechheadiBisgoit drRidcaical
CLAIMS 1. A substrate for mounting an optical element that is formed so as
to divchitdetatrate iy laniicfuttlsrinoten ivisyhicibls foimpedvbyhameptieaidakdlinguide
layer having a core portion and cladding portions, and an electrical circuit
sutngtititatsn nehreessgrydotdedeselninietieg potitonothepisvidsdbichaeisgtiog
an optical element, and in which an optical element is mounted on the
cleétheapisetalememstrate via the optical circuit substrate, wherein

[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 electrode 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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the optical circuit substrate is provided with a receptor structure, which is
concave with respect to the optical circuit substrate, 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
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element accordlng to any one of claims I through 3, wherein the optical
Cirgltassavetfaii Ndsmacon hidinaetion oyl R RieaipiA Ve IASEIMRE iD.
The substrate for mounting an optical element according to any one of claims
1 tweosjgioaticivenit iRbintrae (icH wiieulies Wostisied1ekutive andle @ulbpbitingit that
is connected to the conductive post on a bonding surface where it is bonded
witlaytineSdlectiic ddndsc uib shb simd ¢im6 afhipsiNatthea dpplind etinbatthoptical
element according to any one of claims 1 through 5, wherein the optical
cirpgtakbinsied pottiassdicortr galdletinglaym 47e) dptheanshptapstrustongntatg side
surface, and a conductive portion that penetrates the optical circuit substrate
anerisssAeanbihe salipininglarer S lsrataic neribarding esenndieied arete
conductlve circuit. 7. The substrate for mounting an optical element
ERRRIR A APPSR FHBUGIPBSRAGH 19 PO BB P
ate has an optical path changing portion in the core portlon that bends
éé(lcal path of the core portion towards a light receiving and emitting
J nff the optical element. 8. The substrate for mounting an optical
according to any one of claims 1 through 7, wherein the substrate on

which an gajical SeEeRE 5 MOYMIEE Handedl g NGEER S ANEUGHR WO, BfatBring

electrical circuit substrates are jomed In a bridge structure by the optlcal
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element is mounted that is formed so as to include an optical circuit substrate

WHisihia {Rtheetbai st fantioa i e gpilde! EyReRAGNBS CHdopdwigAhand

cladding portions, and an electrical circuit substrate on which is provided a
mappiisdsyhrthanthe atedroded! the optice) thanent 6 tica pedesstcaainn thinguithich
an optical element is mounted on the electrical circuit substrate via the optical
cirplating ipystr 46, of theresinductiviposistfcerotinding Sobetheteckpioraviebarandtid at
receptor structure, which is concave with respect to the optical circuit

subsiams time ferasenisores doariog el wsduriedionablingmerbsinte rwhigh i

the optlczil element and an electroc‘!‘?hof the electrlcal circuit substrate.
optical element 15 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 &s 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]



10. The optical circuit substrate according to claim 9, 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. 11. The optical circuit
substrate according to claim 10, wherein the conductive portion includes a
conductive post that is provided on a bottom portion on the electrical circuit

Substrate gl FESSRIOUSMHEIECa andl ORURLEHHiLSHAEYpiR

according to any one of claims 9 11, wherein the optical circuit

sufsiateias e RGN S RiESHORINBARICA! BN ABHINE APk Lidedie
optical circuit substrate according to any one of claims 11 through 12,
whgmihaiontisrRuRisabikanisiate fonh AcadEas for aiutidfal tphannected
to the conductive post of the conductive portion inside the receptor structure
orekhem (i) 6% tiaveved itie dlstsogsible donvdkl dpticel eirtuctabibiteatdl thebstrate.
14. The optical circuit substrate according to any one of claims 9 through 13,
wiebrattitahairogitindistituand ihsopiea hehemerd oo e poisiti coied sitnuhatieously, and
optical-element-mounting side surface, and a conductive portion that
pefethatesitmepihomingaibe peéermed S aran efaliprsprie vesethendieg inddle
of the electrlcal circuit substrate on the conductive circuit in order to achieve
eIéE’cﬁ le QPeBHaictivity with the electrical circuit substrate. 15. The optical
ci ubstrate according to any one of claims 9 through 14, wherein the
pf? ircuit substrate has an optical path changing portion in the core

Portion tiglenier i RE Akl IR ndl o DHAWR A Bihe first

recelvmg an tflngp Hion o th eop e
ARGl b aaum@ége hgdganprtical

circait Substrate whic ‘#’Sormec y an optlca waveguide ?gyer having a core
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provided a mounting portlon that is used for mounting an optical element, and
in ydaipbssiblORIICRd R V0 ik sFatpOid e siRitdd & St Igaheirc W & kbiddie via
the optical circuit substrate, wherein the optical circuit substrate has an
opdgeat.element mounted thereon and is provided with a receptor structure,

which is concave with respect to the optical circuit
(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 manufacturing 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.

45



substrate, having a conductive portion that conducts electricity between an
electrode of the optical element and an electrode of the electrical circuit
substrate. 17. The substrate on which an optical element is mounted
according to claim 16, wherein, in the receptor structure, the electrode of the
optical element and the electrode of the electrical circuit substrate are
metal-bonded by a conductive portion inside the receptor structure. 18. The
substrate ich [ lement | ' laj

17 wherdm e S R T B dB Ml Eo R oo
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19. The substrate on which an optical element is mounted according to any
Orkﬁo%@lﬁ{@ﬁ),]aﬁ fﬁﬂweﬁﬁm’\dﬁeﬁ%&@l?ﬂﬂﬂﬂﬁﬁﬁfﬁiﬁiﬁﬁyiBethﬁt[ﬁﬁ&%or
structure is formed so as to include a conductive post that is provided on the
batiesptRalitimen-theualingtpsaibaibr it slecros deciliesibaemP0Ssifithiiteepids.
The substrate on which an optical element is mounted according to any one
of shadture frtiedan ghe k8d of theaiptitabetronid sudistmatp (Gt hSiratkden eptigbr
structure is formed by the projection portion which is provided on the
elelsmste66f tavingadightiersizmg patktimacbntiounied grode 21. The substrate
on which an optical element is mounted according to any one of claims 16
thRptigH-demesitananiting Repirme ke glecitipalpisrainauburats FA i be rereRinr on

the optical waveguide layer. 22. The substrate on which an gptical element is

mETRRGES SemRndinh e e coR PaIing ATEO 1A AU bRt fEhh the Shteal
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g R e R
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an op ment IS mounted according to any one or claims
22, wherein the optical circuit substrate has a conductive circuit on

the optical-element-mounting side surface, and a conductive portion that
penetratesiRaRvE3h GHCAHb R RSHedRRk S BAAdONERENIQ h BeSiRbHRAe
of the electrical circuit substrate on the conductive circuit. 24. The substrate
onviwtielaaizad pitedt albsterbishath ynfaden 6f tickhgtiraritnekeléms 16
through 23, 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.
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25. The substrate on which an optical element is mounted according to any
one of claims 16 through 24, 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. 26.
ciThevsybstrate on which an optical element is mounted according to any one
of claims 16 through 25, where in the substrate on which an optical element
is mounted is obtained by positioning the optical-element-mounting portion of

1.the electiigaheirestithsslsttad elativg ithenferantofosthdatiaPertimekthe

optical circuit substrate, by mounting the optical element on the optical circuit

ORS{sBbATH I AHBSHY FratiEB ShEIR Ih b gatiat Vi B Ee Mt B8riGA™
pdRfidetae reRBRIQEIUREUERd an clectrical 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, which is concave
with respect to the optical circuit substrate, 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 any one of claims 1
through 3, wherein the optical circuit substrate has a conductive circuit on the optical

waveguide layer.

5. The substrate for mounting an optical element according to any one of claims 1
through 4, 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.
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6. The substrate for mounting an optical element according to any one of claims 1
through 5, 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.

7. The substrate for mounting an optical element according to any one of claims 1
through 6, 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.

8. The substrate for mounting an optical element according to any one of claims 1
through 7, 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.

0. An optical circuit 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, which is concave
with respect to the optical circuit substrate, in order to achieve electrical conduction
between an electrode of the optical element and an electrode of the electrical circuit

substrate.

10. The optical circuit substrate according to claim 9, 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.
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11. The optical circuit substrate according to claim 10, wherein the conductive
portion includes a conductive post that is provided on a bottom portion on the electrical

circuit substrate inside the receptor structure.

12. The optical circuit substrate according to any one of claims 9 through 11, wherein

the optical circuit substrate has a conductive circuit on the optical waveguide layer.

13. The optical circuit substrate according to any one of claims 11 through 12,
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.

14. The optical circuit substrate according to any one of claims 9 through 13, 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.

15. The optical circuit substrate according to any one of claims 9 through 14, 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.

16. 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
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 has an optical element mounted thereon and is

provided with a receptor structure, which is concave with respect to the optical circuit
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substrate, having a conductive portion that conducts electricity between an electrode of

the optical element and an electrode of the electrical circuit substrate.

17. The substrate on which an optical element is mounted according to claim 16,
wherein, in the receptor structure, the electrode of the optical element and the electrode of
the electrical circuit substrate are metal-bonded by a conductive portion inside the

receptor structure.

18.  The substrate on which an optical element is mounted according to claim 16 or 17,
wherein the conductive portion in the receptor structure is formed by a projection portion

which is provided on the electrode of the optical element.

19. The substrate on which an optical element is mounted according to any one of
claims 16 through 18, 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.

20. The substrate on which an optical element is mounted according to any one of
claims 16 through 19, wherein the conductive portion in the receptor structure is formed
by the projection portion which is provided on the electrode of the optical element and

the conductive post.

21. The substrate on which an optical element is mounted according to any one of
claims 16 through 20, wherein the optical circuit substrate has a conductive circuit on the

optical waveguide layer.

22. The substrate on which an optical element is mounted according to any one of
claims 16 through 21, 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.
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23. The substrate on which an optical element is mounted according to any one of
claims 16 through 22, 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.

24. The substrate on which an optical element is mounted according to any one of
claims 16 through 23, 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.

25. The substrate on which an optical element is mounted according to any one of
claims 16 through 24, 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.

26. The substrate on which an optical element is mounted according to any one of
claims 16 through 25, where in 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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