DESCRI PTI ON Heater Mdul e and Optical Wavegui de Mbdul e Technical Field

The present i i tes to a heater nodule for 5 heating an optica
wavegui de devnﬂ@ﬂmwm@wwmﬂﬁptical wavegui de nodul e. Background A“tFﬁﬁﬂidng—oo
devi ces and he have conventionally been utilized as

tenperature regul atPRY devices for optical 10 wavegui de devices provided

in optical wavegui de nodul es. The optical wavegui de devices are hard to

seal airtightly since they are required to be forned with a passage for
introducing therein an optical fibepguggdidpigiransmtting optical signals
to external devices. Since Peltier devices, 15 which are susceptible to

moi sture, are hard tg.eRsHr@oafiehi 8R! bbxihglawaeegagatei ngugbate, the
tenperature of optical wavegui de devi ces has been”adj uste y heater

nodul es i n geESKAL cabupheagheat er nodul e has a heating circuit
(resistance), which is adapted to generate heat when 20 energized, within

an el ectrically i nsthatd ngsdray @hves@ ildhate 1bR@sheat a ffypdhackeal rgr
circuit is transmtted to an optical wavegui de device byway of the

el ectrgcal |y hastl g hdhdeyedl wabe§al a8 Wesritfe t fed AL Q1 HAVEYEE det he
above-nenti oned conventional techni que
module.
Background Art
Peltierdevicesahdheatermoduleshaveconventionally
been utilized as temperaturé regulating devices for optical
10 waveguide devices provided in optical waveguide modules.
The optical waveguide devices are hard to seal airtightly
since they are required to be formed with a passage for
introdﬁcing therein an optical fiber used for transmitting
optical signals toexternal devices. SincePeltier devices,
15 which are susceptible to moisture, are hard to ensure
reliability in a non-airtight state, the temperature of
optical waveguide devices has been adjustedby heater modules
in general. Such a heater module has a heating circuit
(resistance), which is adapted to generate heat when
20 energized, within an electrically insulating layer, so that
the heat from the heating circuit is transmitted to anoptical
waveguide devicebywayof the electrically insulating layer.
Disclosure of the Invention
However, the above-mentioned conventional technique

25 has problems as follows. Namely, when an optical waveguide

device has a large temperature distribution therewithin,
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25 has problens as follows. Nanely, when an optical wavegui de.. device has a
| arge tenperature distribution therew thin, FPOO 0256-00 not only its

refractive index varies fromplace to place, but also dinensions 9% éb8256
optical waveguide vary due to differences in thermal expansion of R ~00
substrate, whereby wavelength selectivity and switching characteristics

may 5 be disturbed. Therefore, the tenperature uniformty is necessary

wi thin the optical wavegui de device. Therefore, ceram cs heaters nmade of

alumna (Wth . benm cSopdeebiyl Y 1RL20, WML andn e, 1L ke, have of ten

been used conventionally. However, tendencies 6§%$ty and

speed in 10 t fial {: tds Qfgngyg i h 1
remar kabl e inmﬁg}fﬁéﬂﬁg¥ﬂﬁﬁﬁ%§g%§, an o%&#%ggﬁMé€§gﬁﬁﬁgﬂ%gggggggg%a ing a
arge area havg fraGanlles EAMendiher USH AL o Lhelhg shidle 1 42, 1Y

(Dense-\VWavel ength Division Miltiplexi'ng) Further, as ‘been an-
i ncreasing depBRd 119f0r sBUklitBhaxngny %M@%E%ﬁn@@%%%&a%&é%ﬁy%yé%;Ma In-a
o]

certain frequency width than before, thus requiring a higher “uni mty

in tengeraturge HQUHFUdd hasrHeanseauent 4 ye b@éﬂpeﬂg%fsduhg%%gh?gr\/t is

tenperature uniformty within the optical wavegui de devic er

enhanced so asetesahid Wi eh2 tHienperatunewsissniautdan of  01RGQrless,
conventional heaters have failed to neet thiS requirenent. Conventiona

optical waveguikgdamiedHeas: dvayvRade JT £knessa Qfviahout h @B AMMcbR dgerekalk
whereas the other nodules have a thickness of about 10 mMmin genera?.
Ther ef or e, of 20 W/mK) and the like have often been used conventionally.
However, tendencies to increase the capacity and speed in

10 the field of optical communications have been becoming
remarkable in particular nowédays, and optical waveguide
deviceshaving51largeareahaverecentlycomeintouseaiong

with fhe shift to D-WDM (Dense-Wavelength Division
Multiplexing). Further, therehasbeenan increasingdemand

15 formultiplexing a greater number of signals within a certain
frequency width than before, thus requiring a higher

uniformity in temperature. Thouéhjj:hasconsequentlybeen

desired that the temperature uniformity within the optical

waveguide device be further enhanced so as to attain a

20 temperature distribution of *0.5°C or less, conventional

heaters have failed to meet this requirement.

Conventional optical waveguide modules have a

thickness of about 20 mm in general, whereas the other modules

have a thickness of about 10 mm in geheral. Therefore,

25 apparatus mounted with optical waveguide modules cannot

employ design rules used when designing an apparatus



25 apparatus nmounted with optical wavegui de nodul es cannot enpl oy design

rul es used when desi gning an apparatus 2 FP00-0256-00 constituted by the

ot her nodul es al one, but necessitate a specific design, which may 0-0256-00
problematic in terns of design efficiency, design cost, and apparatus

cost, whereby there is a strong desire for reducing the thickness of

optical 5 wavegui de nodul es. Further, since the optical wavegui de devi ces
are always heated by heaters during their operations, their power

consunption igs,peededita B éﬁeloé’i‘."f%ﬁg ROSs1 & &1 ddk VieW el 84U tate 8o 4

circunstances, It 1s an object e 10 present invention to provi

heat er nodul esgggiﬁﬁlc%éﬁﬁ{, w‘l“ﬁ\/:ﬁ%'a? %e”BPHI!;feM’Qi:?Bcigﬁes\kﬁp;@%ﬁetﬁgna

tenperature uniformty of  an optical” wavegui de devi avin

smal | thicknegsr; andneyhi BhtiHy &J1€dueedapRULE 68 L é%ﬁ
consi der abl e forlinp?oglng th%gtenperatur38915 Enip%%%?tyﬁg?‘a g%ﬁfgal

wavegui de devigea WRk6Agi 8e8neeOkort REAAR BE $nel RELBARLEL) 02 BBERRd I N

whi ch, as shown in Fig. 22, in order for the heat generated in a

convengi onal | yavegnl a¥esloegrani.cs heater 110 made of alumna to be
transmtted to an optical waveguide device 2 uniformy, a heat spreader 20

120 made of Cu (haviggtRetpenmgl anebel byl Wivebu3dQ dviOes HFe bhRakikke is
i nserted between the ceram cs heater 110 and optical wavegui de device 2;

(2) a method heawvbiichy asshawn dupifygchddr addreddidms hegieir 1p8warde of
rubber having a very low thermal conductivity of 1 WnK or less is
provi ded 25 secmsutptbeat ishreopeticab wavegulde devpees2bbet only from
In view of such circumstances, it is an object of the
10 | present invention to provide a heater module and an optical
waveguidemodulewhichcan improve the temperatureuniformity
of an optical waveguide device, whilehavingasmall thickness
and exhibiting a reduced power consumption.
Means considerable for improving the temperature
15 uniformity of an optical waveguide device, which is one of
the objects, include (1) a method in which, as shown in Fig.
22, in order for the heat generated in a conventionally
employed ceramics heater 110made of alumina tobe transmitted
to an optical waveguide device 2 uniformly, a heat spreader
20 120 made of Cu (having a thermal conductivity of 390 W/mK)
or the like is inserted between the ceramics heater 110 and
optical waveguide device 2; (2) a method in which, as shown
in Fig. 23, a flexible heater 112 made of rubber having a
very low thermal conductivity of 1 W/nmK or less is provided

25 so as to heat the optical waveguide device 2 not only from

the lower part thereof but also as a whole; and the like.



the | ower part thereof but also as a whole; and the |ike. 3_FPOO 0256-00 As
a result of investigations concerning the above-nentioned nethods,

can beconme 0.5C in the above-nentioned nethod of (1) when the 5 h

it has

been found that the tenperature uniformty of the optical maveguyégﬁég%gé%{oo

spr eader

120 made of Cu has a thickness of about 3 nm Due to the

t hi ckness of Cu, however, the thickness of the optical wavegui de nodul e
cannot be reduced. Though there has been a strong demand for neking the

optical waveguide gpdule %é?l?otQECkEﬁﬁésw‘?igégﬁe Prchgéégﬁm&e

10 nodul es have a thickness o

mm or ess ntironea above,

been found t habolbbenbhi ckness o cioplid cal; mayaqul gee, ML,y Pesaes

mm si nce t he

eat sprea 20 1s necessary. Also, this has been

ness. e above-nenti oned

5
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F% ot her
has

ggout 20
ound to

¢an al so

be a main reag Ieggmé%%g -tﬁ;lﬁ%% tﬁgtéﬁicwm@%%ﬁgégs a

very 15 large t

make the Optﬁéééméé\’ai\/@.%ﬁ@%ndﬁl\{é%&@déﬁ&ﬁi&%ﬁcﬁ%@é (MY Of

0.5C, it

fails to reduce the thickness as , and I's also

probl egati c inedhadpideidowen aaRsuPidOMma20,0fn NEREES s CRANRL e 3| gye!
has a structure for heating the whole optical wavegul de device 2

or the whol e p@dit echdNairal dknai I Ihe POWRR eGONEUBPERORKhBsEhE £t £5BNI que
of (1) was about 5 Win the case where the optical waveguide was held at

80C in an envépond@EDtwaiegulPRIAI I @ BAChe2 i@ dRoVerL 6058 UARLEQN Was

since it

.red,

10. Wor nore in the technique of (2), thus being at |east twice as nuch as

that in the

10

15

20

25

fisBfeen a strong demand for making the optical wavegulde
module with a thickness of 10 mm or less since the other
modules have a thickness of 10 mm or less as mentioned above,
it has been found that the thickness of optical waveguide
module becomes about 20 mm since the heat spreader 120 is
necesséry. Also, this has been found to be a main reason
why the conventional optical waveguide modules have a very
large thickness.

Though the above-mentioned method of (2) can also make
the optical waveguide device 2 attain a temperature
uniformity of +#0.5°C, it fails to reduce the thickness as
'with (1), andisalsoproblematicinthat the power consumption
of heater cannot be lowered, since it has a structure for
heating the whole optical waveguide device 2 or the whole
module. Namely, while thepower consumption in the technique
of (1) was about 5 W in the case where the optical waveguide
was held at 80°C in an environment at a temperature of 0°C,
the power consumption was 10 W or more in the technique of

(2), thus being at least twice as much as that in the former



4 FPOO- 0256-00 technique. This al so opposed the denmand for .maki ng the power
consunption as | ow as possible. The inventors further advanced studi es and,

as aresult, have found that, for satisfying the tenperature un|f§§gqté@56_oo
5 thicknesses of the heater nDduIe and optical wavegui de nodul e oW
power consunption, which are required characteristics, at the sane tine,

i nproving the thermal conductivity of the ceramcs heater material itself

w t hout using the heat spreader 120 and the like is the, nost effective.

This 10 structgeﬁnmaaeonl%f@albmﬁﬁ&é@ehémr O£l hOT I ¥oy0L L he

optical wavegui de device 2, but also can reduce t ckness ot optica

wavegui de nndg&§5§m§§§ohtagsgéwngshgggSlgggeader Further, to heat the heat
spreader is unnecessary, whereby a | ow power consunption can be achi eved.

15 Further studies @WéHﬁ@eﬁ&o%gﬁ%ﬁﬁhéyéﬂ@éﬁé&@§tﬁﬂgegQ%d Id ke -baye:,
reveal ed that a thermal conductivity of 100 WnK or highér i's necessary

for cerami cs,hyhé churRSLRAES Sfomta@ils@ $ nlyor 188 Qb AN r HHOWEYE i BEO has

been known to have toxicity, thus ading to a conclusion that a ceramcs

20 heager USIml&ﬁé%ego@eimgataaWduale 4154 bpe i Bastvsr daklenoasl 8,
heater. Nanely, the heater nodule of the present invention is a heafer

nodul e for heatd Dgwadweptdaradumeyegy deidruire&eqiiederd £icARHUE €ics,
conprising a ceram cs heater having a 25 heating circuit adapted to

gener at e heatat¢re eamegt zes, anghrcan rilheetiaains] |@yriustiacked cent ke
heating circuit. 5
ceramics heater material itself without using the heat
spreadef 120 and the like is the.most effective. This

10 structure not only can improve the temperature uniformity
of the optical waveguide device 2, but also can reduce the
thickness of optical waveguide module since it uses no heat
spreadér. Further, toheat theheat spreader isunnecessary,
whereby a low power consumption can be achieved.

15 Further studies by use of thermal simulations and the
like have revealed that a thermal conductivity of 100 W/mK
or higher is necessary for ceramics, which restricts
materials to BeO and AIN. However, BeO has been known to
have toxicity, thus leading to a conclusion that a ceramics

20 heater using A1N as a ceramics material is the most suitable
as a heater.

Namely, the heater module of the present invention is
a heater module for heating an optical waveguide device,
the heater module comprising a ceramics heater having a

25 heating circuit adapted to generate heat when energized and

an AlN ceramics layer stacked on the heating circuit.



FPOO- 0256-00 In the heater nodul e of the present invention,_since the
ceramcs layer in the ceramcs heater is forned by ALN having a high

thermal conductivity, the heat transmtted fromthe heating CirCLgﬁOO—0256-OO
diffuses into the ceramcs layer 5 substantially uniformy, whereby an

optical wavegui de device nmounted on the ceramics |layer is heated

uniformy. Specifically, the tenperature distribution within the optica
wavegui de device can be nade 0.5C or less. Also, it is unnecessary to

provi de a heat spr ef‘rqetrhé)fhealt%rogﬂodgigﬁégg’ﬁ%&g{:el%%}gta:i:nlér%ht%%r egxgltcge

t hi ckness of heater nodule can be re , an optic

wavegu) de . MRAHEEPIRILS | NGy diis, AR ELaRdulencane hake A LIILkReRTy O 10

nm or |ess. Further, since no Spreader 1s necessary, 5

consunpti on caflybe,| QUL ER. SaeRhET E8hkYcrubiLe acRBVREACORSHIRL LR Of

about 5 Wis necessary n a heat sprea ving a hess ot “shout 3

mm made of Cugppmar iy @éé@ywi&ﬂaﬁe& tgick Ak AN ¢ HcpR REALAE st Egygg‘gff

can be lowered to about 4 when an AIN heater Is used, since t

spreadsr 20 gaPsbenefhiiodrtiternehy,, Wb Rsf Eﬁ%llet)i’qatlh/?a\lf@tﬂﬂe goguke of

the present invention further conprises an insulating substrate supporting
the ceram csphertesn aswl havd n¢eadrieigmali ayesul aki ngeaghar agh eEbshi ¢. Wien

the ceranmics heater is supported by the insulating substrate having a
thermal insul séogrcbAIag) ertdisd | eeApesHENred distribution within the
dptical waveguide device can be made #0.5°C or less.

Also, it is unnecessary to provide a heat spreader of

10 Cu, Cu alloys, or the like, whereby the thickness of heater
module can be reduced. Specifically, an optical waveguide
module comprising this heater module can have a thickness
of 10 ﬁm or less.

Further, since no heat spreader isnecessary, the power

15 consumption can be lowered. Specifically, while a power
consumption of about 5 W is necessary when a heat spreader
having a thickness of about 3 mm made of Cu or a Cu alloy
is inserted in an alumina heater, the power can be lowered
to about 4 Wwhen anAlNheater isused, since the heat spreader

20 can be omitted thereby.

Preferably, the heater module of the present invention
further comprises an insulating substrate supporting the
ceramics heater and having a thermal insulating

" characteristic.

25 When the ceramics heater is supportedby the insulating

substratehavingathermal insulatingcharacteristicas such,



FP0O0- 0256- 00 the heat generated by the heating circuit is prevented from
being released fromthe insulating substrate and thereby causing the
ceram cs heater to have a large thermal distribution, so that the.,,,_ 256-00
tenperature uniformty of the 5 optical wavegui de device can further b

i nproved. The insulating substrate may contain alumna, or alumna and
silica glass. Also, the insulating substrate may contain a resin, or a
resin and silica glass. Preferably, in the heater nodul e of the present 10

 nvention, 't he,| ol AU SRR B3 enlan BlgICALELY Of s RIS LOT

supporting the ceram eater, ereas an air layer i1s fornme

prot rusi on. V\Bs@ngueeléasgepﬂew %L.Pﬂngalggﬁth%tgqiotskggtgeéﬁﬁ‘ %ie?%% er is

supported by a plfurality of protrusions, I'n"contac Fth 15

the insul ating;substraties Nek Lok alkl yh argd al| enehy . t ramcs
heater is hardato mgrp even &heﬁ%fhe ?%E%?aﬁ%%ghasﬁbggré%%gghdgﬁﬁ%ﬁa%

protrusions agesbengedibn, eash tohher-ny thende F O8I &E'Pféltttﬁiew%? ke

prevented from peeling off from the ceramcs heater. Fur r, since an air

layer &s fornggt 202 8bQstc§a€HePHOVIEST @Bn FuBtnebebWeen, thg Gerani cs heater
and the insulating substrate, the air |ayer can becone an insulating |ayer

whi ch restrains therheatngangtahgd fMpdthecLenay esnhaaters fpmpei gy
rel eased fromthe insulating substrate side. Preferably, the air |ayer

formed as an 2buhnhsalatd ngilayerglhas a hhisekness ohsalakeast sQp9trapEbut
not greater than 5 mm 7 FPOO 0256- 00
may contain a resin, or a resin and silica glass.
Preferably, in the heater module of the present
10 invention, the insulating substrate has a plurality of
protrusions for supporting the ceramics heater, whereas an
air layer is formed about each protrusion. When such a
configﬁration.is employed, the ceramics heater is supported
by a plurality of protrusions, so that it is in contact with
15 the insulating substrate not totally but partially, whereby
the ceramics heater is hard to warp even when the insulating
substrate and the protrusions are bonded to each other with
a resin, and the resin is prevented from peeling off from
the_ceramics heater. Further, since an air layer is formed
20 about each protrusion, i.e., between the ceramics'heater
and the insulating substrate, the air layer can become an
insulating layer which restrains the heat generated by the
ceramics heater from being released from the insulating
substrate side. Preferably, the air layer formed as an

25 insulating layer has a thickness of at least 0.01 mm but

not greater than 5 mm. -



The cerami cs heater and the insulating substrate may be bonded to each
other with a resin as well. For inproving the bonding strength of the

resin, it is preferred that a surface of the ceram cs heater bonqﬁQJ%EQéggioo
resinis 5 controlled so as to have a surface roughness of at |eas

pm but not greater than 10 pmin terns of Ra. Simlarly, for inproving the
bondi ng strength with respect to the resin, the surface of the ceramcs
heat er bonded to the resin may be formed with an oxide |layer, a glass coat

| , 0 A . Wt ERR- ; f . "
ayer, or an 1 T%ﬁé@érﬂlﬁléa%%rat%q_‘p%?tdit?% %&ﬁ%%]%g}b%ttr%%%?hég’?aiiﬁg

ceram cs heater and Insulating Su a 0 eac ) e

e e ¥e MR8 oL R J R CRARE £ I 8K WELD, Sgre bRoual

hol es forned I'n e ceram csS heater. , pressing neans pregsing

the ceramcs prAUSSR4ENA" O LORGLNSUL DG e SUDSLALS JBYL G Bloyided., so as

to secure the ceramcs heater “to the |nsJTat|ng su erabe, t he

heater modul e;of rLhe BEESGN LBYSRLLON ndlidiN&o LT LSS LAIPAL AL YT €

detecting device for 20 detecting a tenperature o e ceram CsS

whereag the tesperaivis §8t§§tE89h99¥iSesﬁ§f988d§9u%9n@s§UBEaﬁﬁ ?Lagﬁe
ceram cs heater opposite froma surface nounted wth the optica

wavegui de, th@.©9§M!@ﬁt@ﬁnﬁ%@éiﬁ@%%hﬁ%yi®%mQU1E%%ﬂ@i&f@hﬁeds§HEPH£é?P whi ch
an el ectrode connected to the 25 tenperature detecting device Is sposed.

Wien such a cedf iiaiiakiion t5e 8BRUONG t St #18nRRAPAA56,Q0\d popERat ure
detecting device such as therm stor is attached
the surface of the ceramics heater bonded to the resin may
be formed with an oxide layer, a glass coat layer, or an
10 Al layer by vapor deposition.

As a method of securing the ceramics heater and the
insulating substrate to each other, the insulating substrate
may be.fastened to the ceramics heater with screws through
holes formed in the ceramics heater. Also, pressing means

15 for pressing the ceramics heater toward the insulating
substratemay be provided, so as to secure the ceramics heater
to the insulating substrate.

Preferably, the heater module of the present invention
further comprises a temperature detecting device for

20 detecting a temperature of the ceramics heater, whereas the
temperature detecting device is bonded to a surface of the
ceramics heater opposite from a surface mounted with the
optical aneguide, the insulating substrate having a
predetermined cutout in which an electrode connected to the

25 temperature detecting device is disposed.

When such a configuration is employed, since a



to a surface opposite fromthe surface nounted with the optical waveguide
device, it becones unnecessary to secure an area for the optical wavegui de
device and an area for the 5 tenperature detecting device in one §$ﬁ6¥65§%-oo
the ceramcs heater. This can reduce the area of the ceram cs heater;

wher eby the heater nodule can be nade snaller. Since the heating circuit

can be nmade snal |l er when the heater nodule becones snaller, the power
consunption can be reduced as 10 well. Further, the insulating substrate is

formed W th acofuLout ., Lol o ANcgloctr ode, aanpected Lo, the Lempergture

detecting device Is dispos , a Wre connec

tenperature deg %%d%%%%ég% ﬁ@g £LBR tq*lee%gf g%ﬁe EBn%%glr&{Jfoclthgtgﬂe gg@iggﬁs

t hrough t he cutout, e Wring e sinp

Preferably, ip,68i8:685%vA-M rig:I %@B?ﬁ%tsi Hﬂn%égssg§22@c§ R lattsy d%%eg%i 09

device to an extefnal power sup or supplyrng t enperat ure s?ecting

device wth efert iing HOMBEL] SwhReGaR theqcenam ¢s hegter ., \Yhen

B%CFd%&£$F %a .
t he above-nentioned wire Is In contact wt t he ceram cCs eater, neasurl ng

the tesperat uf &, 9f r§ PErEIAB &GS nd'8BLE el 1 'o%%ssh'k%s%e@ 88 Lof.Lvgpcedby

anbi ent tenperature, whereby appropriate nmeasuring enperature can be

carried out.nZpe&¥ef enall yarl headieal ehemaduheof th@eﬁgf:gﬁ%& h%gggi on

further conprises a second Al N ceram cs |ayer under t FPOO- 60 5
whereby the heater module can be made smaller. Since the

heating circuit can be made smaller when the heater module
becomes smaller, the power consumption can be reduced as

10 well. Further, the insulating substrate is formed with a
cutout, in which an electrode connected to the temperature
detecting device is disposed. Therefore, a wire for
connecfingthetemperaturedetectingdeviceandtheelectrode
to each other can pass through the cutout, whereby the wiring

15 can be simplified.

Preferably, in this case, a wire connecting the
temperature detecting device to an external power supply
forsupplyingthetemperaturedetectingdevicewithelectrid
power is in contact with the ceramics heater.

20 When the above-mentioned wire is in contact with the
ceramics heater, measuring the temperature of the ceramics
heaterislesslikelytobe influencedbyambient temperature,
whereby appropriate measuring the temperature canbe carried
out.

25 . Preferably, the heater module of the present invention

further comprises a second ALN ceramics layer under the



heating circuit. Wien such a configuration is enployed, the. .
noi sture-resi stant characteristic of the ceram cs heater can be inproved,

whereby the durability of heating circuit can be inproved. The hgﬁﬁ@gﬁb 56-00
circuit can be formed fromtungsten, nolybdenum or silver palladiu a§2a
main ingredient. Preferably, the ceram cs heater has a coating filmminly
conposed of silica glass on a surface thereof. When such a configuration

is enployed, the noisture-resistant 10 characteristic of the ceramcs

heat er can be,_ ] noptQyed. S0, il C i nprove. th dhesion of the resinto
the ceram cs hﬁggﬁgérﬁ C\ﬁ%?ﬁredr?f\lJt%‘r?'e @g%grr%qg%h ﬁe%?nerliunrga e ilﬁseuITpgﬁﬁf’n ’sﬁﬁ?t rate
are to be bon a ] tn..for -exanple, Preferab t he
heat er nDduIegggs%ﬁégpgggg%FgﬁggghgfgﬁEgﬁggFéc08£f?gﬁrgargﬁ%ﬁsthgfkér
%Igrnlagg

| ) “157rs s
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heating circuit Re iﬁﬁggge&(onlan alloy of tin and | ead, or the heating
circuit and a termnal connected to an external power supply 20 be

connected to each offier ZWhihng Wik& fi¢r ned, f pam H%:cd:. gﬁ%%ﬁftﬁbﬁagggllead.

Such a configuration can prevent the heater nodule r eaki
i gni ting, andm§$%$@éﬁﬂmwh89 SfﬂpéfaﬁHifadihﬁe§sdﬁemSQn”§h§HQSHbHE§ of the

heat er nodul e. e optical waveguide device of the present invention 25
conprises the heat eﬂsré@éiﬂé@lf,f the PLesentsi Vet ofasand-o2p; QR EE

wavegui de devi ce nounted on the ceram cs heater 10 FPOO 0256- 00" of the
heat er modul ena 5h D¢ & dnlpd SRRLEN s TDILA I PoAVA ARk face thereof. When
such a configuration is employed, the moisture-resistant
10 characteristicof the ceramics heater canbe improved. Also,
it can improve the adhesion of the resin to the ceramics
heater when the ceramics heater and the insulating substrate
are to‘be bonded to each other with a resin, for example.
Preferably, the heater module of the present invention
15 is configured such that a current stops flowing through the
heating circuit at a predetermined temperature or higher.
Specifically, it is preferred that a part of the heating
circuit be formed froman alloyof tin and lead, or the heating
circuit and a terminal connected to an external power supply
20 be connected to each other with a wire formed from an alloy
of tin and lead. Such aconfiguration can prevent the heater
module frombreaking, igniting, and so forth when temperature
rises due to malfunctions of the heater module.
The optical waveguide device of the present invention
25 : comprises the heater module of the present invention, and

an optical waveguide device mounted on the ceramics heater

10



the tenperature uniformty of the optical wavegui de device _can be

i nproved, and the optical wavegui de nodul e becones one having a snal

t hi ckness and a | owered power consunption. 5 Preferably, in the oq}'&gﬁo 6-00
wavegui de nmodul e of the present invention, a matching nenber is i et
between the optical wavegui de device and the ceram cs heater. The

difference in the coefficient of the thermal expansion (CTE) is 3 x 10-6/C
or | ess between the matching nmenber and the 10 optical wavegui de device at

the T oom teMRSE A Geallle LONSOLOT S Mave faund.t hataodien BopdL NG LAE

ceram cs heater and the optical wavegui de devicé w or the

1 Che i {107 BREe BOLUCRR o et 6T, B gl e e g A HE €8P am co

if the differénce opti cal wav e [2) Vi ce “an

heater is greaberyd ngn o, 108 Cral L2mbheMmeLatyhg hBaGTE pLlhYses
of di ele SW T chi ig

yi el di ng the ear sturbing wavelength's ctivity an

characteristi I i rec; j i . devi ces
f ormed fron1ﬁ%%%gg%6h§§%ﬁghglé¥%'oIu%ggéﬁgép%§®g?%§%g#m?ﬁggﬁgﬁggﬁ5€§'been

consi dered one af t g5 @nothiery, iﬂﬁﬂﬁ%'&ﬁ%ﬁ?%?’ﬁ@&géﬁiﬁg ﬁ@%ui@eofiggeOf

devices onto the optical wavegui de devic ave been considered, and there

have been manyr£Ases {904 #1809, SEVRELEnYRYShERGLP S8l ?ﬁééi’%éé{ bﬁf‘xgeen
switching characteristics, thereby making it necessary 25 for the

difference befyeespdie ORdverfu ey eide eV ¢BeaRdrahlesCREAALES hRAt er at
roomtenperature in CTE to becone 11 FP00-0256-00 3 x 10-6/C or |ess.

Hence, it camipfevenicd he opd iceals fivavegus de ndevheend I eRdirisndrsteessed
excessively that a .
is 3 x 107%/°C or less between the matching member and the
10 _ optical waveguide device at the room temperature.

The inventorshave found that, whenbondingthe ceramics
heater and the optical waveguide device with an adhesive
ortheiike,anexcessivethermalstressmayactontheoptical
waveguide device if the difference between the optical

15 waveguide device and the ceramics heater is greater than
5 x 107%/°C at room temperature in CTE, thus yvielding the
fear of disturbing wavelength selectivity and switching
characteristics. Further, in recent years, new optical
waveguide devices formed from LiNbO; (having a CTE of 15 x

20 107%/°C) or the like have been considered one after another,
higher-density packaging and the like of devices onto the
optical waveguide device have been considered, and there
havebeenmanycasesrequiringsevererwavelengthselectivity
and switching characteristics, thereby making it necessary

25 for the difference between the optical waveguide device and

the ceramics heater at room temperature in CTE to become

11



mat chi ng nenber having the difference of 3 x 10-6/C or |less. fromthe

opti cal wavegui de device at roomtenperature in 5 CTEis inserted into the
opti cal wavegui de device and ceramcs heater. Here, though the iQﬁﬁ5§Jd§B6—OO
of matching nenber may appear to be a technique simlar to the

conventional insertion of heat spreader, no heat spreader is necessary in
the present invention, and the nmatching nenber is required to reduce 10

its thickness in order to prevent the tenperature uniformty of optical

navegui de devicg fpomdeleriocali nonasuel b dMhereby i dogs not, Losr ease

t he thickness™ of i cal  wavegul ul e un e conve onal

t echni que. '&%ﬁ%@uf&‘éedeei%t %Qioﬂgb@%e&%t\%egﬁkge%ge%i@%%r%h%? ghe

like is pref used when the optica Vi ce ow CTE of

0.5 x 10-61 C e 0. ol CoWARLRES, 2y, FRASNND roben ol QU 07 8,01

alloy is prefer en t opti cal wavegui de device has
of about 15 Xfr&@'@é&O%Yéggﬂ'\f/é@@g@det@é@bc@ Len -Gy BBA-LASLEKE; fan 20

be used as Cu, whereas ass, silicon copper, phosphor bronze, alum num

bronzes ni ckedrdk gnzeye At 1 7o khke fan e, 458¢u1 a8 dbhe Bkl L&¥amics

Preferably, the matching nenber has a thicknesS of at |east 0.1 nmm but not

greater than pedfar R ekababhytpt idetenst & JaFonlnly Refpateri¢r than
1 nm Wen the thickness is less than 0. 1 mm the matching nenber 1S

affected by tdigd2r EPOS H286n09 oLk iafi et Sehabdisdifatalal sQséhatono
mat chi ng can be attained between the thermal expansion coefficients of
optical wavegtihdetdtmiaddn6elcdit $5réedélis ey eiry th&he present
| invention, and the matching member is required to reduce
10 its thickness in order to prevent the temperature uniformity
of optical waveguide device from deteriorating as well,
whereby it does not increase the thickness of the optical
waveguide module unlike the conventional technique.
In this case, a matching member of an Fe-Ni alloy or
15 the like is preferably used when the optical waveguide device
has a low CTE of 0.5 x 107%/°C to 1.0 x 107%/°C, whereas a
matching member of Cu or a Cu alloy is preferably used when
the optical waveguide device has a high CTE of about 15 x
107%/°Cc. oOxygen-free Cu, tough pitch Cu, and the like can
20 beusedas Cu, whereasbrass, siliconcopper, phosphor bronze,
aluminum bronze, nickel bronze, and the like can be used
as the Cu alloy.
Preferably, the matching member has a thickness of at
least 0.1 mm but not greater than 2 mm, more preferably at

25 least 0.3 mm but not greater than 1 mm. When the thickness

is less than 0.1 mm, the matching member is affected by the

12



thickness is preferably O0.3mor greater, since the matching_5_nenber
thinner than 0. 3 nmis harder to handle. On the other hand, there is a

fear of the tenperature uniformty of optical wavegui de device P00~ ~00
deteriorating when the matchi ng nenber becones thicker. Though maﬁﬁcﬁﬁ%%%
occur when the matching nenber nmade of Cu or a Cu alloy is nade thicker,

it is 10 unfavorable for Fe-Ni alloys to have a thickness of 2 mm or

greater since the tenperature uniformty is greatly deteriorated thereby.

e L 5 DR bl el thee ML Do mer L hane B DL CatS )

exceeding 1 mm since t ti cal wavegui a

ts 15 thickngss, Loyt Mg, CBRE nAl SQuliely &, MLChi:Ng, RARer, nhose  Lher mal

expansi on coefficrent matc e optica wavegul ae device i's used

as such, the UabehlneMeabelcandad heontlical wayedulde deylcs,can e

bonded to eac an adhesi ve ma of 'a resi'n which atta

solid form 29119&&&559&%9&(3%%2@4@a{mo&h&&%@%ﬁgﬁw&ﬁé ﬁgﬁghm

optical wavegui de device are to each” ot her an ad eS|ve_%nade
of a regsin. Whemmtpe Gefam EﬁaHQﬁ.tﬁfnmaMhta@l%l_erﬁé ¢ahqiwavegyide. deykge are

bonded to each other with grease or 25 the |Iike which keeps a tluidity, the

thickness of g5RaseheRCOSBSEdHIEY @Rl NEREDY, FBKA ﬁ&iifbrgliif'tfyi&fjbf),tggail”prOve
the 13 FPOO 0256-00 tenperature uniformty of the optical wavegui de. By

contrast, theyaebgsiye abiabesd@te@liodaftany aldsl handhigenihbenshyabei ng
able to elimnate such a problem Preferably, in the optical wavegui de
nmodul e of thepecomes thicker. Though no problems occur when the matching
member made of Cu or a Cu alloy is made thicker, it is
10 ‘unfavorable for Fe-Ni alloys to have a thickness of 2 mm
or Jgreater since the temperature uniformity is greatly
deteriorated thereby. Here, it is unfavorable for the
matchiﬁg member to have a thickness exceeding 1 mm, since
the optical waveguide module inevitably increases its
15 | thickness in this case. Also, when a matching member whose
thermal expansion coefficient matches that of the optical
waveguide device is used as such, the matching member and
the optical wavegquide device can be bonded to each other
with an adhesive made of a resin which attains a solid form
20 after bonding.
Preferably, the ceramics heater and the optical
Waveguide device are bonded to each other with an adhesive
made of a resin. When the ceramics heater and the optical
waveguide device are bonded to each other with grease or
25 the like which keeps a flﬁidity, the thickness of grease

becomes uneven, thereby making it difficult to improve the

13



5 present invention, the surface of ceram cs heater nmounted. with the

opti cal wavegui de device has an area smaller than that of the surface of
optical wavegui de device facing the sanme. Mking the heating Surfﬁ%ﬁhf) 6-00
the ceramics heater smaller than the optical wavegui de device as s ég%
further 10 | ower the power consunption. Preferably, in this case,

mat chi ng nenber is disposed about the ceramcs heater and the difference
between a matching nenber and the opti cal maveguide device is 3 x 10-6/C

. dth
onticol ﬁvégﬁ%%gggg??%“ﬁél%o%@tﬁé?ﬂ?ﬁ el MLy Tagoe apd Lhe
allows the mafchinp sE'E”Pr?é s ‘{;%03 fathe gpPLiLal Mmavequ %Q: fdeviies

§ 195 £h

al t hough the sStructural e optical waveg UI dedressds when

the ceram cs fig ék‘?{/ bélﬁg%hféc#ga&%ﬂ%%% EQEhWQVSQBb[dLE device. 20 Al so,

t he mat chi ng ne havi n In the range Foned above can

prevent the opti cal pugKEa) i,  deyi ege Spombei ngvatheasefoahiet bis gase, a

mat chi ng nenber of an Fe-N y or t els era y use €n the

opticat waveguiden depmheen hasn 2 diaw i Qfe %f Ee{"a;n(ic@/ h€a ergg?ugtédlo 6/

C, 25 whereas a matching nenber of Cu or a alloy is prefera used
when the optl&ﬂhW@wtq%aqewb%gnaaeadEvgeetﬁﬂ@grm{ a%aFB%QégﬁtHQ
expansi on coefficient of about 15°x 10-6/C. The optical wavegui gule of

the present ifyentdornMBUrkHERNSE &&@P&éﬁ%aﬁré‘%ﬁ &id @reva%O@‘HeQatgl pget he
optical wavegui de device and ceranics heater Preferably, in this case,
an insulatingssdst Mfleing the heating surface of the ceramics heater
smaller than the optical waveguide device as such can further
10 lower the power consumption.
Preferably, inthis case, amatchingmember is disposed
about the ceramics heater and the difference between a
matchiﬁg member and the optical wavequide device is 3 x107¢/°C
or less at room temperature in CTE, whereas the matching
15 member and the optical waveguide device are bonded to each
other. Such a configuration allows the matching member to
support theoptical waveguidedevice, élthough the structural
stability of the optical waveguide decreases when the
ceramics heater is smaller than the optical waveguide device.
20 Also, the matching member having the CTE within the range
mentioned above can prevent the optical waveguide device
from being stressed. In this case, a matching member of an
Fe-Ni alloy or the like is preferably used when the optical
waveguide device has a low CTE of 0 ..5 x107¢/°Ctol1l.0x107%/°C,
25 whereas a matching member of Cu or a Cu alloy is preferably

used when the optical waveguide device has a high thermal
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supporting the ceram cs heater and having a thermal i nsulati.ng
characteristic is provided, whereas the case accommopdates the insulating
substrate. Wien the ceramics heater is supported by the insulatir}gpoo_O 56-00
substrate having a 10 thermal insulating characteristic, the heat generéi d
by the heating circuit is prevented frombeing released from the

i nsul ati ng substrate and thereby causing the ceramics heater to have an
uneven tenperature distribution, so that the tenperature uniformty of the

opti cal mavegg&?gngfgﬁcgoe}gigggngu5FPgE%QE &gp;oygdythe heat er nodul e may

constitute a part of the case as we or exanp t he heater nodul e may

h . ) ) | : £ f
ave a structure  LimdRieh e dpsyhaul i s beati Lierneal |5,85pach ©

the case. 20 Prefera _ he case”i's nmain

tungsten, co e$1ftilf19{’err%o i’s@!au@a%%’ £Ql ahggmgaae&h%gﬁe oﬂa%ghs

case, the tenperature uni mty in the case ~been inproved, ereby
t he tenperatuﬁ@vggﬁigénaéyi@é ihe %Q?%mfﬁé Mayegyi de device can be

inmproved. It wll also be preferre e case Is mainly conposed of a

resin or silica gl asserdfily s £asenisi va8el hard f‘iﬁi{sr@i'a%ﬁmfp%%?@tgo
insul ating characteristic of° these materials is high, the "~ heat of the case

can be restrainssh# ¢ omy baing cekgased tReatbe UHSI %vi\MzgersbytEQﬁgQPti cal

wavegui de device can be prevented fromlowering its tenperature.
Preferably, amdusataidnghbayetehaytng ast RefBlded, whereas the case

accommodates the insulating substrate. When the ceramics

heater is supported by the insulating substrate having a
10 thermal insulating characteristic, the heat generated by

the heating circuit is prevented from being released from

the insulating substrate and thereby causing the ceramics

heater-to have an uneven temperature distribution, sd that

the temperature uniformity of the optical waveguide device
15 can further be improved.

The heater module may constitute a part of the case
aswell. For example, the heater module may have a structure
in which the insulating substrate thereof is a part of the
case.

20 Preferably, the case is mainly composed of copper
tungsten, cobalt, iron, nickel, alumina, oraluminumnitride.
In this case, the temperature uniformity in the case has
been improved, whereby the temperature-uﬁiformity of the
optical waveguide device can be improved.

25 Itwill alsobe preferredif the case ismainly composed

of a resin or silica glass. In this case, since the thermal

15



conductivity of 0.5 WnK or less is disposed about the heater.. nodul e. Such
a configuration can restrain the heat of optical waveguide device from
being released to the outside of the <case. This insulating |ayer B,

air layer as well, 10 whereas the air |ayer preferably has a thickneségﬁ%ﬁgLoo

at least 0.01 mm but not greater than 5 nmin this case. Preferably, the
case has therewithin a partition wall extending froma surface facing the
opti cal wavegui de device toward the optical wavegui de device. Such a

conf i gurat | o 151 £atg eduge, Lhe, convecs o i by Jie, case, uhgr ey the

tenperature uniformty optical “wavegui de device can Ved.

Preferably, t%}ﬁa{%aé? Mt@aegeg%rggrses%%ﬁg%%td ﬁ%&agﬁgﬁg Erewfa%%di pner

wal | face of e case by a pr erm ne I stance. a configuration

can reduce th@hgogﬁggé?Q” %He%%E?LEhEhSpEéé itﬁ%béﬁuﬁ8&”&Egiégyé%hekgyer

bet ween the inner face e case an sheet, ere alr

| ayer acts e hPsyl 8L b1 bRYEE naAS , the heat of ceramcs
heater is ha?%gr ?o %g re?eas%dgton?hetguggﬁgggggﬂ greby t he heating

efficiency of the optdgatameyeouhde 25 Aevi£el has, DEGR iiaprov
Preferably, an optical fi%%?yis claé%ed on fﬁe o%?fca% fgﬁgﬁgxggﬁg%?éo

wavegui de deviSgaudber £8s oF ¢! 8mpinilo PANd 08 etwren LB6u apld ﬁghtékbef
and the optical wavegui de device is inside the Case. Such a configuration

nmakes it unnesessBEY tucHd evhdeghbetcasead #ds @ ABchaRheROf o6k 88RI Ng the
optical 5 fiber and the optical wavegui de device to each other, whereby
the flexibiliwavédguiesidnting tthencBsenhase begclinps tdoutside of the
case. This insulating layer may be an air layer as well,
10 whereas the air layer preferably has a thickness of at least
0.0l mm but not greater than 5 mm in this case.
Preferably, the caée has therewithin a partition wall
extendingfromgasurfacefacingtheopticalwaveguidedevice
toward the optical waveguide device. Such a configuration
15 can reduce the convection within the case, whereby the
temperature uniformity of the optical waveguide device can
be improved. Preferably, the case further comprises a sheet
separated fromaninnerwall faceof the casebyapredetermined
distance. Such a configuration can reduce the convection
20 within the case, while forming an air layer between the inner
wall face of the case and the sheet, wherebly the air layer
acts as an insulating layer. As a consequence, the heat of
ceramics heater is harder to be released to the outside,
whereby the heating efficiency of the optical waveguide
25 device has been improved.

Preferably, an optical fiber is clamped on the optical
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Brief Description of the Drawings Fig. 1 is a perspective view show ng the
heat er nodul e and optical wavegui de nodule in accordance with a first

enbodiment; Fig. 2 is a side view showi ng the optical wavegui de @%ﬂq
ew show ng 602% 00

accordance with the first enbodinent; Fig. 3 is a plan vi
i nside of the ceramics heater in accordance with the fir
Fig. 4 is a sectional view of the ceram cs heater taken

IV-1Vin Fig. 3; Fig. 5is a plan view showi ng the heater

st enbodi nent; 15
al ong t he I|ne
nodul e in

accordance w tgvé&?'ﬁ%éréév ggo%ﬂ@néas Fa{ %la%p{lﬁlgap%'sqptlwnew ¥ %‘é‘nnght he

optical wavegurde nodul & 1 n accordance w econ

rment; "Fig. 7

is a plan V'E&%§P§¥&”91EQ? Qﬁ&tﬁ QELS i”wa@ggﬁE8§”88v$%Ehﬁég 8??88”d

enbodi nent is a sectlona omnn e ceram

CS

accor dance m‘EﬂetE§s§6C0§gcﬁngog' Eur%QL ﬂJm .§ Siﬂ§e¥é§¥é QO%%ng the

optical waveguide nodule n accor wth a

I ment

FPOO- 0256- 00 Figyi d0 dife 2230014 @Rk Mé@ﬂ‘éﬁb&’d{“f& talea b ehe uBYeOY;de

nodul e in accordance wth a fourth enbodinment; Fig. 1I 1S an en

arge

perspegtive vieneshow fige BE%lc!'lq,llaWé@hﬂie aeGutaut, bachfbecﬂe&suavﬁék@g

substrate in accordance S with the fourth enbodi nent;

Fig. 12°1s a gl

view showi ng the ppiifel1veyeoyi d8sigRangerhd é§§QrH§§C§e¥‘h“ﬂm§r6{7EHh

enbodi ment ;
Brief Description of the Drawings

Fig. 1 is a perspective view showing the heater module

and optical waveguide module in accordance with a first

10 embodiment;

Fig. 2 is a side view showing the optical waveguide

module in accordance with the first embodiment;

Fig. 3 isaplanview showing the inside of the ceramics

heater in accordance with the first embodiment;

15 Fig. 4 is a sectional view of the ceramics heater taken

along the line IV-IV in Fig. 3;

Fig. 5 is a plan view showing the heater module in

accordance with the first embodiment;

Fig. 6 is a side view showing the optical waveguide

20 module in accordance with a second embodiment:;

Fig. 7 is a plan view showing the heater module in

accordance with the second embodiment;

Fig. 8 1s a sectional view showing the ceramics heater

in accordance with the second embodiment;

25 Fig. 9 is a side view showing the optical waveguide

module in accordance with a third embodiment;
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Fig. 13 is a perspective view showing the optical waveguide nodule in
accordance with a sixth enbodinent; 10 Fig. 14 is a side view show ng the
optical waveguide nodule in accordance with the sixth enbodinent;Fga 'ofé%—oo
is a perspective view showi ng the optical waveguide nodul e in accordance
with a seventh enbodinment; Fig. 16 is a side view show ng. the opti cal :
wavegui de 15 nodul e in accordance with the seventh enbodinent; Fig. 17 is

a perspective view show ng the optical wavegui de nodule in accordance with
an ei ghth enmbodi ment; . Fhg. {18 Ls @ $iide M oW -t he i - egui de
nodul e in accordancel%itg tﬁ% e%gﬁth_énbg'lﬁ@%%? %%B%ﬁéﬁ'l %sggkéﬁgé Vi ew
showi ng the aplical; Yaveguhde i HOJULE §0,8ECHE ANGE s 103 AhRLk -
enbodi ment; Fig. %%l¥§ a s?de b$2m15ﬁgm?%g tﬁe opticﬁ?gggvgggpggmeﬁgdule in

accordance with a tengh erbadiaieRh) Flg@q gLrkpedtitdey ie@stﬁBQ%ggthe :
characteristic parts ~ 25 of the optical wavegui de nodul e in accordance wth

an el eventh enbodi ppBE:s é&&&’@%%@t@%f&@m&%u&:%t%a%%gaed@éizsrgsm:@ecti ve
vi ew showi ng a conventional optical wavegui de nodule; and Fig. 23 1s a

schemag i c pergpective ¥bhemeshawbs@iRen€eonventional optical wavegui de
nodul e. 5 Best Modes for Carrying Qut the Invention In the following, with

reference to the aceippanyiBda si@Mwigsy siicRfield edeeabedaentsvobut e
heat er nodul e and optical wavegui de nodul e i n accordance with the present

module in accordance with a fifth embodiment;

10

15

20

25

Fig.

waveguilde

Fig.

module in

Fig.

waveguide

Fig.

module in

Fig.

waveguide

Fig.

module in

Fig.

module in

Fig.

module in

Fig.

13 is a perspective view showing the optical
module "in accordance with a sixth embodiment;
14 is a side view showing the optical waveguide
accordance with the sixth embodiment;

15 is a perspective view showing the optical
module in accordance with a seventh embodiment;
16 is a side view showing the optical waveguide
accordance with the seventh embodiment;

17 is a perspective view showing the optical
module in accordance with an eighth embodiment;
18 is a side view showing the optical waveguide
accordance with the eighth embodiment;

19 is a side view showing the optical waveguide
accordance with a ninth embodiment;

20 is a side view showing the optical waveguide
accordance with a tenth embodiment;

21 is a side view showing characteristic parts

of theoptical waveguidemodule inaccordancewithaneleventh

embodiment;
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invention wll be explained in detail. Here, constituents 10 identical to
each other will be referred to with nunerals identical to each other

Wi t hout repeating their overlapping explanations. First Enbodirmngpqafh%§%500

is a perspective view showi ng the heater nodule 15 in accordance W

enbodi nent and an optical waveguide nodule incorporating it therein,
whereas Fig. 2 is a side view of the optical wavegui de nodul e shown in
Fig. 1. The optical wavegui de nodule 1 conprises an optical wavegui de
device 2 made of q z vipg.a _si f, . X, 20 1 opti cal
fibers 4 connecteduf%ébo?% %%dg 8%@%%§€i§¥§éggﬁ%ﬁgkiﬁn%kﬁge%nglag El
heat er nodul e ; i opt ] - i de ice 2, and a case 20
for acconnodaf?%%é$%%g§%%ig%}£g%%v@%tgggl%§€¥§g85génggﬁeater nodul e 30. The

case 20 is constit tfg Py gsp?gggggm%%q%tr f%ﬁ?%%%ﬁ%\Mﬁéw'éﬁggigéﬂé 25 23

for energizing the heater nodu are solder supporting

heat er modul & 30ye R0LLRa LOYSE i 241 1 QaPEGRYLe LR-ERPQ; 0256- 00 on the package
substrate 22. The package as a whole has a size of 100 mmx 50 nm x 10 nm

Wth referencgede ybdds foit CRrriiteg 6@t eEngOe&nBPonWi |1 now be expl ai ned
in detail. The heater nodule 30 " 5 Conprises a ceramcs heater 40 having a

size of 40 mm x 20 fAMthel BN oRMHGAN L 1§ Watd Aith sBst EﬁEeaéQOfd‘ﬂaéﬁ f‘nﬁi ze of
60 mm x 30 mMm x 2 nmfor supporting the ceramcs heater 40 and %VI g a

thermal insul@tduithfharsed 85t 8dd ColiS@EiMdPts & th&i WeaBel SmédR @NaNhew
showi ng the inside of the ceramcs
optical waveguide module in accordance with the present
invention will be explained in detail. Here, constituents
10 identical to each other will be referred to with numerals
identical to each other without repeating their overlapping

explanations.

First Embodiment

Fig. 1 is a perspective view showing the heater module

15 in accordance with this embodiment and an optical waveguide
module incorporating it therein, whereas Fig. 2 is a side

view of the optical waveguide module shown in Fig. 1. The

optical waveguide module 1 comprises an optical waveguide

device 2 made of quartz having a size of 50 mm x 10 mm x

20 1 mm, optical fibers 4 connected to both ends of the optical
waveguide device 2, a heatermodule 30 for heating the optical
waveguidedevice 2, andacase 20 for accommodating the optical
waveguide device 2 and heater module 30. The case 20 is
donstituted by a package substrate 22, to which lead pins

25 23 for energizing the heater module 30 aré soldered, for

supporting the heater module 30, and a cover 24 to be put
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10 heater 40, whereas Fig. 4 is a sectional view of the ceram.cs heater 40
taken along the line IV-IVin Fig. 3. As shown in Figs. 3 and 4, the
ceram cs heater 40 is provided with a heating circuit 42, adapteq%&g%_ 56-00
generate heat when energized, having a resistance value of about 0. dx%o

10 Q Also, both 15 ends of the heating circuit 42. are provided with -
el ectrodes 42a, 42b for causing a current to flow through the heating

circuit 42, respectively. Afirst AIN ceramcs |ayer 44 is nounted as an

over layer (on the Jphelosidaditdidant) fok bheheating, Gilo b, 20 42,

wher eas -a second cs layer IS nou as an underne ayer

for the heatifng,Likeui§oddm » BsembhNe ¢6ramics layer 44 is fornmed fromAN
(al um num nitr%de hav?ng a h?gh thernalﬂﬁgnductivity in this enbodi nment

as such, the heat tvlfﬁt?f/rﬁetﬁeﬂ}%rfcré)@ot I@gggzlagNi 9 25 Gid ‘[ﬁ‘éiatte 4ﬁlgid(1fllés

substantially unifor Into the first ceram cs layer o) tﬁgt t he

optical wavegy ge deyl 82 2 R0GiP56, 00e22hoNdednko NG Hppesqhacespl the

first AIN ceramcs layer 44 is uniformy heated, whereby the tenperature

uniforgity cagmpe; saprovedardidic acAtNNas Aa9900 H0LsLaIrSr rRShat anbg
characteristic, the heating circuit 42 does not Change its 5 resistance

val ue even whgn USEAuEONUAAUONSIYshDEt Bnd OfgbEeFMe YbELEY & Bigh of
reliability can be obtained. Further, since the second ALN ceram cs | ayer

46 is di sposesb heneaBhbh mhex heat ifed eubpdirt 4 thBeceenadtesnbgater440
inproves its noisture-resistant characteristic, whereby the heating 10
circuit 42 caind rjpgwMey id stitkurmdl |idyul Bpeed feeatdyteBiHELC (see Fig.
5). Fig. 3 is aplan view showing the inside of the ceramics
10 heater 40, whereas Fig. 4 is a sectional view of the ceramics
heater 40 taken along the line IV-IV in Fig. 3. As shown
in Figs. 3 and 4, the ceramics heater 40 is provided with
a heatiﬁg circuit 42, adapted to generate heat when energized,
having a resistance value of about 0.5Q to 10 Q. Also, both
15 ends of the heating circuit 42 are provided wi.th electrodes
42a, 42b for causing a current to flc.)wl through the heating
circuit 42, respectively.
A first AIN ceramics layer 44 is mounted as an over
layer (on the upper side in Fig. 4) for the heating circuit
20 42, whereas a second AlLN ceramics laver 46 is mounted as
an underneath layer for the heating circuit 42.
Since the ceramics layer 44 is formed fromAlN (aluminum
nitride) ha’vihg a high thermal conductivity in this
embodiment as such, the heat transmitted from the heating

25 circuit 42 diffuses substantially uniformly into the first

AlIN ceramics layer 44, so that the optical waveguide device

20



t he second AWN ceram cs | ayer 46 keeps the heating circuit _42 from being
exposed, the heating circuit 42 can be prevented fromshort-circuiting and

oxidizing. Preferably, the total thickness of the first AIN 15 Ceﬁ%@695256—00

| ayer 44 and second ALN ceramics layer 46 is at least 0.3 mmbut n

greater than 3.0 mMm Wen the total thickness of ALN ceram cs |ayers is

|l ess than 0.3 mm the heat generated by the heater is hard to spread,
whereby it becones difficult for the optical wavegui de device 2 to have 20

t t j ' | : t t.al_ thick
o AIN cor am AT agers S SRR g S i R LRI e T e S

S nechanical

| ow t hat handhhnﬂsﬁHﬁ.cﬁ%ﬂgpﬂggﬁgd,O&hEPSb?PE.QQﬁﬂﬁgﬁggggﬂgulﬁ%%%%i gfgres

quite difficult. On the other hand, 1t w e un thet

t hi ckness 25 t i N r.am 4 d A r.am.cs
| ayer 46 exceg%g gsoiﬁgf5§€%éeqfﬁgﬂ%g?ftg%ﬁaéb§8§?d25§§39?8 %%sgggg- 256- 00

inevitably ingrgagesettistihi pgm@%ﬁeéﬂ%e%r&ﬁtth@gg@oéQenoé gmﬁ?get Erggt i ng

uniformty of optical wavegui de devi ce does not eteriorat

circuip 42 capebestorhaB 1M FERISHRMOEd B RIgnYYhich, canhe formed
at the same tine when the AN ceramcs |ayers are nol'ded and sintered,

silver pal | adinareBl|oWig8 felLhni gue fn berds ngi ded. simbanidlg thecheating
circuit after AIN ceram cs |ayers are once nolded and sintered, or the

like as a maifhéngeedhentlNTyagshensandyael yodesuny 48688 Benbataedne
simul taneously with ALN ceram cs, thus %eing advant ageous in that cost can
be lowered. Mesbengt Berchandd2, the ceramics heater 40 improves its
moisture-resistant characteristic, whereby the heating
10 circuit 42 can improve its durability. Specifically, since
the second ALN ceramics layer 46 keeps the heating circuit
42 frombeing exposed, the heating circuit 42 can be prevented
from sﬁort—circuiting and oxidizing.
Preferably, the total thickness of the first AIN
15 ceramics layer 44 and second AlLN ceramics layer 46 is at
least 0.3 mm but not greater than 3.0 mm. When the total
thickness of AIN ceramics layers is less than 0.3 mm, the
heat generated by the heater is hard to spread, whereby it
becomes difficult for the optical waveguide device 2 to have
20 a temperature uniformity of +0.5°C or less. Also, when the .
- total thickness of AIN ceramics layers is less than 0.3 mm,
itsmechanical strengthis so lowthathandlingsuchasbonding
of the optical waveguide device becomes quite difficult.
Ontheotherhand,itwillbeunfavorableifthetotalthickness
25 of the first AIN ceramics layer 44 and second AlN ceramics

layer 46 exceeds 3.0 mm, since the optical waveguide module
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silver palladiumis advantageous in that its resistance value. is easily
controlled with a high precision. These materials maybe sel ected according
to the order of precedence required 15 as the optical wavegui de m%¥%630256_00
Here, heating materials other than the foregoing materials do not

deteriorate advantages of the ceram cs heater using ALN, so that they

,can be used wi thout any problem The thickness of the heating circuit 42

is not 20 restricted in particular. However, for exanple, it is desirable

that the, i ckagos. be, gonteoLledssorge;hochegore.pat l gast 1oamput o

greater than orm ng screen

t hi ck [ i bili f.ect t
| 0saes 25 ooclrly R arT? A R TRt tar T i a RS SeRLrt R B 1
be unfavorabl g.if.1he,thi ckness exceeds 100 pm since 22 FPOO 0256-00

defects of blotting and the |ike may occur frequently when the heating

circult pattern is As RRQHcAs;abAL O e FOEnETLA SuhqRlidn B! N

such defects, it is preferre at the thickness pmor “I'ess. Though

a filmthi cknessypadiud PN OK L&SSHlSrpensiibhe WhensERLM iget NReheRLENY
circuit 42 froma thin filmor the |ike, for exanple, it Is necessary

that the fil mihieknaRssshe fichade hMdeddvdd st Aeekbhmanilder PRI 1 REEAK When
a current flows therethrough. As a protective |ayer for the eating circuit

42, a 10 gl ass1&watd ng HddHnimpe ke ff@rﬁm%gaanuelshntggangxeﬁelﬁea@ingoati ng
filmminly conposed of silica glass may be formed on the surface o
heating circutirdzit S6ebrAlY @ssaDes BFers areoncemolded and sintered,
or the like as a main ingredient. Tungsten and molybdenum
10 can be formed simultaneously with AIN ceramics, thus being
advantageous in that cost can be lowered. On the other hand,
silver palladiumis advantageous in that its resistance value
iseasiiycontrolledwithaahighprecision; These materials
maybeselectedacqordingtx>theorderofprecedencerequired
15 as the optical waveguide module. Here, heating materials
other than the foregoing materials do not deteriorate
advantages of the ceramics heater using AlIN, so that they
~can be used without any problem.
The thickness of the heating circuit 42 is not
20 restricted in particular. However, fér example, it is
desirable that the thickness be controlled so as to become
at least 1 um but not greatér than 100 pm when forming a
pattern by screen printing. If the thickness is less than
1 um, the possibility of defects such as pattern losses

25 occurring will increase dramatically. On the other hand,

it will be unfavorable if the thickness exceeds 100 um, since
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filmis further fornmed after the AIN ceram cs |layers and heating circuit
are once fornmed. Therefore, it is 15 advantageous in that the material of
gl ass coating filmcan be selected freely. Al so, since the glass ﬁf@éié§%6—ob
filmhas a low thermal conductivity of 1 WnK in general, it acts

ki nd of insulating | ayer when the optical waveguide device 2 is nounted on
the surface opposite fromthe glass 20 coating film thereby inproving the
tenperature uniformty of optical waveguide device 2. Thus, formng the

e | cal - w ] i

char acter | st i S 67 58T SR Raat At oh & ?E%alﬁ%wﬁe%ﬁr e
fil - t
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di fferences 'Phig%ﬁka§§E§an§EWﬁ§goﬁﬂﬁoge§ééQg Qﬂ#ﬁﬂ#ha:§@¥f@glékw %%ranlcs

46, a filmthickness o pm or greater can fi erence in | eve

wth asbetteroyiehd o Mieks 106444 M10IH0Es AXAGR0S: 2U0 tapqrgoeffrkpgtot her

hand, 1t takes an enornous tine to m not on

filmbut al sogpy Sef 86 iRt NGr il wkgrafrat 'esz%g\b»ier ai@ﬁ‘l;s n&hssggz?f,f and

thus is unfavorable. Nevertheless, there wl € no probl em even t he
coating filmghiekness i eutisidesst be @Q@Mea MEdd PREh %'mef@im' Qﬂglas the

heating circuit 42 can be protected thereby in a mninmally require
manner. Al so,nét NELed hewiceh ami esrheat er140si snsubpRELEGHDY the
As a protective layer for the heating circuit 42, a
10 glass coating film may be formed as well. For example, a
coating film mainly composed of silica glass may be formed
on the surface of heating circuit 42. Such a glass coating
film ié further formed after the AlIN ceramics layers and
heating circuit are once formed. Therefore, 1t 1is
15 advantageous in that the material of glaés coating film can
be selected freely. Also, since the glass coating film has
a low thermal conductivity of 1 W/mK in general, it acts
as a kind of insulating layer when the optical waveguide
device 2 is mounted on the surface opposite from the glass
20 coating film, thereby improving the temperature uniformity
of optical waveguide device 2. Thus, forming the heating
circuit 42 with a coating film can improve the
moisture-resistant characteristic of ceramics heater 40.
Preferably, the thickness of glass coating film is at

25 least 1 pm but not greater than 0.2 mm. More preferably,

it is at least 10 pm but not greater than 0.2 mm. When the
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i nsul ati ng substrate 50 having a thermal insulating 15 characteristic as
ment i oned above in this enbodi nent, the heat generated by the heating

circuit 42 can be prevented frombeing released fromthe insulat
substrate 50 and thereby making the tenperature distribution une

ceram cs heater 40, whereby the tenperature uniformty of 20 the opti cal
wavegui de device 2 can further be inproved. Wien the insulating substrate
50 is not provided, in particular, the ceramcs heater 40 heats not only
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effect nmenti
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oned above.
the cost and thus is unfavorable. Nevertheless, there will

be no problem even if the coating film thickness is outside
the above-mentioned range as long as.the heating.circuit
42 can be protected thereby in aIninimally required manner.

Also, since the ceramics heater 40 is supported by the
insulating substrate 50 having a thermal insulating
characteristic as mentioned above in this embodiment, the
heat generated by the heating circuit 42vcan be prevented
from being released from the insulating substrate 50 and
thereby making the temperature distribution uneven in the
ceramics heater 40, whereby the temperature uniformity of
the optical waveguide device 2 can further be improved. When
the insulating substrate 50 is not provided, in particular,
the ceramics heater 40 heats not only the optical waveguide
device 2 mounted thereon, but also members in contact with
the surface opposite from that mounted with the optical
waveguide device 2. Namely, when a member having a high

thermal conductivity or a member having a large heat capacity
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15 Al'so, since the heater nodul e and optical wavegui de nodule.. can be
sinplified when wiring is provided within the insulating substrate 50 so

as to connect with the ceramcs heater electrically, it is prefer$$§ I$€§6
the insulating substrate 50 be nade of a material which allows wTi % ~00
20 be fornmed therewithin. For exanple, the insulating substrate 50 may be :
made of a material containing alumna and silica glass. Though the

i nsul ating substrate 50 is forned fromalumna and silica glass as nmain

i ngredi ents, lgﬁl{sé{ﬁ ggl Sﬁxgsslﬂﬁeicrégo%hc% chéé %eiacce%agofoulrgeogﬁej;tg %Irr:??ner be |

25 if aresin a ass are enpl oye main ingre

particul ar, i£h$ﬁ$§t98a¥aN£6@§ﬁfdéfdéJ¥%é'E““Eﬂ%'H%é%aJﬂgg%bg%%fﬁggggecan be

substrate 50 s forned froma’resin, since 'the thermal® con

made 1 WK Okokgmschieestyr 46 fafieh) k1R and Iéshlﬂér@%sfny%%& LeRhay BT

(bi smal ei mde-triazine) resin, are prcall'y-u

inted .5 ciggyi ; | 18rh2: |
printed 5 cLREMIdndoAidna can Yol o, 08T At dieaLer 40, Ls  prepar e

as follows. First, thé heating circuit

printed on a:ps 6O .saste %fni"}s'o'}‘nﬁ%ryaBifC%é“é%i‘éc‘!aﬁ?%{a‘?regﬁ%}%ﬁ&%%' y. @

preform sheet of AIN ceramcs is attached onto't eatin FFCUrt 42,

so as to yiels ghd eRROtAM O EALOboBEAt&Ins HISH: on ¥ $ ORI [mis
sintered in a nitrogen atm)sgghergﬁ3 of 1706%?or ?ﬁ%her,e@heregyﬁ¥ﬁgggéranics

heater 40 is sgoppteing. thed.cdrdisi@s Phanrei-ew showichg e bgab sy fRgul e
30. 15 As depicted, electrodes 52a to 52f are fornmed on the upper

substrate 50, by contrast, can prevent the heat generated

by the heating circuit 42 from being released from the

10 insulating substrate 50 and thereby making the temperature
distribution uneven in the ceramics heater 40.

Thermal simulations have proved it preferable for the

insulaﬁing substrate 50 to have a thermal conductivity of

50 W/mK or less in order to attain the effect mentioned above.

15 Also, since the heater module and optical waveguide module

can be simplified when wiring is provided within the

insulating substrate 50 so as to connect with the ceramics

heater electrically, it is preferred that the insulating

substrate 50 be made of a material which allows wiring to

20 be formed therewithin. For example, the insulating

substrate 50 may be made of a material containing alumina

and silica glass. Though the insulating substrate 50 is

formed from alumina and silica glass as main ingredients,

the thermal insulatingcharacteristiccan furtherbe improved

25 if aresinandsilica glass are employed as main ingredients.

In particular, it will be favorable if the insulating

25



face of the insulating substrate 50, whereas the el ectrodes. 42a, 42b of
ceram cs heater 40 are connected to the electrodes 52a, 52f with

conductors. Disposed on the upper face of the ceramcs heater 40 %i @;ﬁg'g_oo
therm stor 48 for measuring 20 the tenperature of heater, whereas % o %
therm stor 48 is connected to the electrodes 52c, 52d with conductors. :
Further, lead pins 53 are connected to the electrodes 52a to 52f,
respectively, and are bent at right angles as shown in Fig. 2, so as to be

| dered whi | ‘ | i : . | AR
Substrate 22, SASS EQREedaence, "o LA | HETYI Audld a0 BING SR HotRal

electrically conageted:to oo BRARAEOIK DEl e LorhesRAndl ngs! Lad pins 23

of the package substrate since t el ectro Y524

formed on them?'t@mfl,ti §9a§§b%§;o é»gz%%ia}?, et i(Bﬂggaggﬂaﬁdeﬂerhgpqn%fes

are necessary for connecting t ram cs heater externa

el ectrodes, whighnfaghhitates; ﬁé,SeximéliEHgaf‘thyB%Fi‘Q%nﬂse8h§he§t¥iﬁg%tdi ng

down the cost. Also, as shown in F 2, the ITnsulating substrate and

t he cegam cs 59@@@{t4@b§fgspogg§dbéoﬁ§@gh other with a resin 41, whereas
the ceram cs heater 40 and the optical 10 wavegui de device 2 are bonded to

each other with a resd BerdsdicWhd L8Ny 00fs peebRs UL a3 15 si.COE§r§€§i n and
epoxy resin used for bonding electronic parts can be used as the bonding

resin 41, siltgoOnRdt@sid digsedabnahi sl eabedheBni2a | mogy dek bPiREEYET
deform ng fromoccurring at the tine 15 of bonding. Also, the first AN

ceram cs | ayesn 4 ek dlinBpRset o faBLN BerHRREEWDSEh WaketeQf sepaayGenhegter 40
as menti oned
a preform sheet of AIN ceramics is attached onto the heating
10 circuit 42, so as to yield a temporary form of heater. Then,
this temporary form is sintered in a nitrogen atmosphere
of 1700°C or higher, whereby the ceramics heater 40 is
compleﬁed.
Fig. 5 is a plan view showing the heater module 30.
15 As depicted, electrodes 52a to 52f are formed on the upper
face of the insulating substrate 50, whereas the electrodes
42a, 42bof ceramics heater 40 are connected to the electrodes
52a, 52f with conductors. Disposed on the upper face of the
ceramics heater 40 is a chip thermistor 48 for measuring
20 the temperature of heater, whereas the chip thermistor 48
is connected to the electrodes 52c, 52d with conductors.
Further, lead pins 53 are connected to the electrodes 52a
to 52f, respectively, and are bent at right angles as shown
in Fig. 2, so as to be soldered while being pluggeﬁ into

25 insertingholesof thepackage substrate22. Asaconsequence,

the individual lead pins 53 are electrically connected to
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above and thus can prevent the optical

wavegui de device 2 from warpi ng,

since AIN has a thermal expansion coefficient close to that of glass or
form ng the optical wavegui de 20 device 2. The resin 43, which is f§§9—5?§6—00
bondi ng the optical waveguide device and AIN in this enbodi nent, 1

silicone resin. Each of the resins 41 and 43 has a thickness of about

pmto 0.2 mm
known to be |

formed between t

the anchor effect ﬁﬂ%%&nﬁ&ﬁéi@ié%tﬁ&@e%@a{)ﬁ%f{ agLl o,y s réf

surface of AIN is a nitri

o pareg AR e beptausRg Diadpy &l

In general, the resin bonding strength of ALN has been

25

ower than that of other oxide type ceramcs and the like.
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eriorating dependi ng on the surfac
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e of "ALN

Lhe hb%@ssgb?r%&Qerﬂﬁeé§in£r§B§rE%QQHTaétﬂ%ﬁéﬁ%iggikbty in

ALN be enhanced. For enhancing ondi ng

strengsh 10 bgiveeRat heAlN Gy cSyhayar §§@i1§§£9est‘d’5&§gnﬂﬂ§i_n ORghods,

i.e., a first nethod of enhancing the anchor effect an

a second nethod of

providing a |gyekagdap) echtpebii S€:EhEgr 8SIWVA kI €BgEN, can be consi dered.
As a result of various studies concerning conditions 15 necessary for

attaining a sufficiznéo arehenorhf Betrid.t 2hashe biges, foundy haks thhe f bpst

net hod can be achieved if the surface

be bonded to

de tlesSideramics heater 40 are bonded to each other with

~a resin 41, whereas the ceramics heater 40 and the optical

10

15

20

25

waveguide device 2 are bonded to each other with a resin
43. While any of resins such as silicone resin and epoxy
resin used for bonding electronic parts can be used as the
bondiné resin 41, silicone resin is used in this embodiment
in order to prevent deforming from occurring at the time
of bonding. Also, the first AlNceranics layer 44 is disposed
as the uppermost layer of ceramics heater 40 as mentioned
above and thus can prevent the optical waveguide device 2
from warping, since AIN has a thermal expansion coefficient
close to that of glass or Si forming the optical waveguide
device 2. The resin 43, which is used for bonding the optical
waveguide device and AIN in this embodiment, is silicone
resin. Each of the resins 41 and 43 has a thickness of about
10 ym to 0.2 mm.

In general, the resin bonding strength of AIN has been

known to be lower than that of other oxide type ceramics .

and the like. The resin bonding strength is caused by the

27

roughness of the surface of AIN to



is controlled strictly. Nanely, it has been concluded that,_ when bondi ng
the ALN heater to a package having an optical 20 wavegui de device, a

n
i nsul ating substrate, and the like, a sufficient bonding strengt
e erfagoo

achieved if the ceramics heater 40 to be bonded to the resin is

so as to have a surface roughness of at |east 0.05 pm but not greater
than 10 pm preferably at least 0.1 pmbut not greater than 25 10. pm in
terms of Ra. When the ALN surface roughness is |ess than 0.05 pm a

sut 1l ent” anchacoLiost, s ol b8 20 ER0D 0250 00 ! ginedbet e,  ano

the resin, wh efects o resin bonding

savegui de  moau) 8o RRodan TulT T Al AL BBRA g Sar B oatFp8a I PoLHESS

wavegui de nodul g urfrcren can bé'tealrz &8 above

ment i oned AlN,surfaces! QHONBRSS ¢| 8,80, L€A85n0- O30 LWACD, A LESI ML B3yl ng @

hi gh bondi ng strengt as silicone resin is use s p d that

the ALN surtaceiUGNRSSon DF cBl dRARIr Or o PELLA i d £8LbARI ng

sufficient bonding i1n al vari ous other resins.

roughngss 10 gxcgedsnifqRBhcan the Qther eh%dsj?dﬁ%ﬂriiiﬁf‘di&g?ehé?g‘éﬁ N

be easier to flowinto the gap between AILNan

ffici l - |
sufficient an§@9§n§{ﬂaﬁfa”§¥sﬂﬁtdg€e99é§%ﬂﬁﬁgld@%@ﬂ@fﬁ%fgﬂshgfég?Féag

bubbl es exist randomy in the resin bonding’| ayer,

deterioratingstdies t grpenal WEerdRi 881 houmdne Theygh frhe eiang! eg@ﬂ&s()f
bubbl es can be prevented fromoccurring if the ALN surface roughness is

100 pm or | essraberr&d resan whé hr@li@ﬂ_;ﬁlit’?' ynhi-88if | wbaht Mg . ¥Eebdipg a
viscosity of about 10000 cps at the tinme o
of ALN be enhanced. For enhancing the bonding strength
10 between theAlNceramics layer andresin, two kinds of methods,
i.e., a first method of enhancing the anchor effect and a
second method of providing a layer adapted to raise the resin
strengfh, can be conéidered.
As a result of various studies concerning conditions
15 necessary for attaining a sufficient anchor effect, it has
been found that the first method canbe achieved if the surface
roughness of the surface of ALN to be bonded to the resin
is controlled strictly. Namely, it has been concluded that,
when bonding the AIN heater to a package having an optical
20 waveguide device, an insulating substrate, and the like,
asufficientbondingstrengﬂ1cmnbeachieveﬂiftheceramics
heater 40 to be bonded to the resin is controlled so as to
have a surface roughness of at least 0.05 pm but not greater
than 10 um, preferably at least 0.1 um but not greatef than

25 10 ym, in terms of Ra. When the AIN surface roughness is

less than 0.05 um, a sufficient anchor effect cannot be
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application is enployed, it is preferred that the ALN surface.20 roughness
be 10 pmor less in order to prevent bubbles from being entangl ed even

when viscosity rises due to changes in other resins with tine. A2F§b§ @Zﬁé 00
of various studies concerning a condition necessary for obtainin

adapted to enhance the resin 25 strength as the second techni que for
enhanci ng the bondi ng strength between the ALN ceram cs |ayer and the
resin, it 29 FPOO 0256-00 has been found the nDst effective to coat the

oSt n bondi ng, urf age, o, L1 06 ANLCEANRLET, A0, P Al LAY e by vapor

deposition or a osed or si ass ted to

enhance the resin 3ty %qqlrgﬂ;ﬁéerbeceﬁ%gtdaaggﬁs%gg egmggfatﬁwm@nary S

-OH group so "as'to St roge e resi

adapted to eg&;pff%tepereles i pleanal e A ddids AR b cas! LE0aLReRLTo ! he

hydr ogen bon netal can pe consi der

such an oxi dey gl p naCANDe l%%{te%or{oqr EXAPLE rooRURYCLy OXL des”of

ceram cs such as alumina are pro eI’TB.tI cC 1In cost heat er

becones drastigald Yndih 9heked ANESuifiEd exr&fdrﬁ{égse Nece: S§@ra>étf ar o %Opmwng a

| ayer rises. By contrast, silica gllass can suppress the cost to a

level, 15 singgn lat§e£§m{a\flqmam91<5@%rdqtd@r Steafghe $mde Hs '%‘@h&? g t hat
of al umi na. Al so, since silica glass can be 'used aS a protective m f or

the heating cideil § s42s0d, GOr AMpEe rehe@lLFN40 3% mls,uﬂf*a%er eshgnhesdi ng
strength and reliability of the ceram cs heater 40 can be inproved at the
same tine be at least 0.1 pm in order to realize sufficient bonding
inall of various other resins. If the AIN surface roughness
10 exceeds 10 um, on the other hand, bubbles and the like will
be easier to flow into the gap between AIN and the resin,
whereby a sufficient anchor effect may not be obtained.
Furthef, the resin and bubbles exist randomly in the resin
bondinglayer,therebygreatlydeterioratingthetemperature
15 uniformity. Though the entanglement of bubbles can be
prevented from occurring if the ALN surface roughness is
100 pym or less when a resin with a relatively high fluidity
yielding a viscosity of about 10000 cps at the time of
application is employed, it is preferred that the AIN surface
20 roughness be 10 um or less in order to prevent bubbles from
being entangled even when viscosity rises due to changes
in other resins with time.
As a result of various studies concerning a condition
necessary for obtaining a layer adapted to enhance the resin

25 strength as the second technique for enhancing the bonding

strength between the AIN ceramics layer and the resin, it
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gl¥ass "10 itself
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onding i's sufficient. ough a
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not restrictgdaprefatd i sithaice aetdich GOSN | hasSteRs 18l rPELRLI NG
gl ass paste by use of screen printing or the |ike 20 and baking 1t upon

firing, and tderénkehomynbpernsad,Eiden bond to the resin, an oxide or

10

15

20

25

a metal can be considered.

As suchanoxide, alumina canbe considered, for example.
However, oxides of ceramics such as alumina are problematic
in that the cost of heater becomes drastically higher, since
the teﬁperature necessary for forming a layer rises. By
contrast, silica glass can suppress the cost to a low level,
since'its layer forming temperature can be made lower than
that of alumina. Also, since silica glass can be used as
a protective film for the heating circuit 42 of ceramics
heater 40 as well, the resinbonding strength and reliability
of the ceramics heater 40 can be improved at the same time
in'a single step when forming a silica glass layer, whereby
the ALN ceramics heater having excellent characteristics
can be made at a low cost.

As with the above-mentioned glass coating film of
heating circuit, the silica glass layer formed on the surface
of cefamics heater 40 preferably has a thickness of at least

1 um but not greater than 0.5 mm, more preferably at least
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the silica glass layer is required to be formed in limted _-areas such as

the resin bonding part and heater part. In the formng of a |ayer using a
metal, on the other hand, netals other than Al, N, Au, and the l%ﬁ&b—0256—00
oxidize, 25 thus corroding the surface thereof and failing to keep a

bondi ng strength at the same. On the other hand, NI and Au 31 FPOO 0256- 00
used as a protective filmfor nmetals have a smaller quantity of OH group

and -0 group on the surface, thus yielding a very |ow bonding strength

wth respect 19 fheoheshi afiedoR fld abl] Ly !t edlor 1rRAH AL, By

contrast, Al 1s 5 In its resin strength is relatively high

since 1ts sucfaeealgialyaye,oxi i zetks [indies ! har gend augd . hagt the

resin strengt does hot I ncrease creases even mis

intentional | ycefgﬂ]'\ég%m&ra n t%us'@teg(f%gyamr%&a%%iaa@t F%%@%fotyl ,

studi es have revealed that 10 the resin bondi ng strength‘vari’es grea

depending on the &@ihod indof Mah AN A M NBmRlsk; he fhehi I m
formed by vapor deposition 1s used in a naturally oxidized state, an ALN

ceranigs heatférrhﬁqu AG o VEE Y1 QEK%@SEJ}: BRBUNG o ST 1 @Rt dh 0AR B RLEPAr ed.
15 I nvestigations of reasons why the Al filmfornmed by vapor deposition

has a high resiprsteengs hhaegeneygabedin that haa BhernsEop] GheaghoEnef f ect
contributes thereto. When anAl filmis fornedby vapor deposition or the

| i ke, pol ygonpdye€risi @kndss ti€lmsparneganerd ed 1ERewgh capii AUt 8rder
difference 20 of 1 pmor less in |level exists between the crystal
particles, tiy gidiftierenceetontevan tavwd! beicdetiestkaed iat desd 1 Apewhen
has a thickness exceeding 500 um, on the other hand, glass
10 itself may break and cannot be used after a reliability test
since the strength of glass itself is low, although the resin
bonding is sufficient. Though a film thickness smaller than
that cén be used, an enormous time is.necessary for forming
a film thicker than 100 um, which dramatically increases
15 the cost, whereby it is further preferred that the layer
thickness be 100 um or less.

Though the forming of silica.glass layer 1is not
restricted in particular, a method comprising the steps of
printing glass paste by use of screen printing or the like

20 and baking it upon firing, and the like may be used since
the silica glass layer is required tc be formed in limited
areas such as the resin bonding part and heater part.

In the fofming of a layer using a metél, on the other
hand, metals other than Al, Ni, Au, and the like oxidize,

25 thus corroding the surface thereof and failing to keep a

bonding strength at the same. On the other hand, Ni and Au
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measuring the surface roughness. This crystal particle size- and its
acconpanyi ng difference between crystals in |level generate a sufficient

anchor effect. Nanely, when the 25 crystal particle size is controfled 5 6-00

as to becone at least 0. 1 }gymbut not greater than 10 pm a sufficien
anchor effect 32 FPOO 0256-00 can be yiel ded. Wen the crystal particle
sizeis less than 0. 1 pm the resin used for bonding cannot sufficiently
enter gaps between crystals, whereby holes are likely to occur. The

br eakage of agﬁgdl% glgﬁtyeéplx%%flﬁ EBWrﬁé@aP&%%%ea&tgn(%Olﬁegzﬁﬁtu%e rlté:g’nn can

poi nts. Wen t crystal partic Sl ze exceeds 10 pm

enter gaps be 6f"e§1¥1‘e&£éfﬁf>a£§d ~bhecougben ehepantishes BAGsaLERIGNLT EOUM Ng

to the anchor econes snal wher eby a sufficient

strength E\Qﬁi y PEo @ HAGYy sk dlytth S LMY & ¢aR ¥eehd drte

sufficient a effect as nentioned above, it 1s not required to Forman

oxidized filmi @e@%bllq%gr el Y, g matrald y ogydlc%%@é;rasltl mApi gkness
of at least 10 x 10-10 m but not greater than 800 X 10-10 mis desirable.

In thesstate pidbpyh1 @ inadnE@kiky rlésms@h:éagthllgrkemgtw@&?%l@rpemﬁceccurS
with respect to the resin, whereby a sufficient bonding strength cannot be

mai nt ai ned. Wea siﬂ:@@éjll%eﬂlfde!\,@ bayingea.t hi eknessurexeaedead 88Gny 10- 10
mis formed, the bonding strength between the oxidized filmand a matrix

metal cannot thes et £6s shRee cAytiheosBimd t Qxcde afsiel Pt S dyrddded;, etrBAUGN

t he bonding strength between the resin and oxidized filmis unproblematic.

The Al film tdhekness R0 d lfhwrimwdihsedesonably akikdeasld more than a
naturallyoxidized film. Further studieshave revealed that

10 the resin bonding strength varies greatly depending on the
method of forminganAl film. Namely, whentheAl film formed
by vapor deposition is used in a naturally oxidized state,
an AlN- ceramics heater having a very high resin bonding
strength can be prepared.

15 Investigations of reasons why the Al film formed by
vapor deposition has a high resin strength have revealed
that a microscopic anchor effect contributes thereto. When
anAl filmis formedby vapor depositionor the like, polygonal
crystal particles are generated. Thoughaminutedifference

20 of 1l umor less in level exists between the crystal particles,
this difference in level cannot be detected at the time when
measuring the surface roughness. Thiscrystal particlesize
and its accompanying difference between crystals in level
generate a sufficient anchor effect. Namely, when the

25 crystal particle size is controlled so as to become at least

0.1 um but not greater than 10 um, a sufficient anchor effect
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1 pm but not greater than 100 pm Wen the Al filmthickness ..is |less than
1 pm a structure is not sufficient for yielding 25 an anchor effect. That

exceedi ng 100pnm s unfavorabl e since breakage is likely to occur mﬁgﬁ%&ﬁ%?g _00
film Also, that 33 FPOO 0256-00 exceeding 20 pmis problematic in o?
econony since the cost and tinme for formng the filmbecone enornous. -
Therefore, the Al filmthickness is nore preferably at least 1 pm but not
greater than 20 pm 5 The Al filmto be forned naybe either Al or an A

Aoy oo rabh e (e Bbad | MRIRAOYLELY 010061 8 e 40 N OMEEn, |

since its conposition is ro ne of formn

and since itsg agm gﬂetr%g%]igr?uggﬁr?(r '.b?}) ldiilﬁ§J ¥an£8tf§&%%ﬁe§}tul§1£ah@%2’ an

Al filmof 99.9 rh I's 10 preferabl e since no ronin

adhesi on to t(gg?g%é{%eeﬁcﬁﬂfétﬂ?f %H%re%%ngﬁalveasp ﬁed%%ilé}r o g%péﬁl?p' y an

Al films to i ous mater s 1narelati y sinple mann

preferted thap,¥apok depostiadiy 96 Akdid Rubscappld-d the RINA JBRIRErS 1O

be bonded to a resin i the optical wavegui de 15 nodul e whenever possi bl e,

uher eby the I £5idt HONdIg1GohENTie cARIESGEY 105, 1 DL ¥ &2 JMgERERVapor
deposition is applied "or not may be determ ned in view of whether an

insul ating charagt eshstye El@en§§§§§%é{n0én’68£1g§EQC§eH~eEﬁ erggi‘:ghs, and
the increase in cost caused by vapor deposition. 20 The case 20 of optical

wavegui de nodih& nhiMdd ofoys bei c BXPl i nad o &an@iﬁﬁ@ﬂﬁg £ thedinchoand 2.

Two opposed faces of the cover 24 of case 20 are fornmed with insertion

ports 24a, 24brdsebebbfesbhnallQled,Ngestdiga s faptiied bdndBi$sfrength
cannot be obtained.

10 In a structure which can yield a sufficient anchor
effect as mentioned above, it is not required to form an
oxidized film in particular. Namely, a naturally oxidized
film tﬂickness of at least 10 x 107'° m but not greater than
800 x 107°m is desirable. In the state without a naturally

15 oxidized film, no hydrogen bond occurs with respect to the
resin, whereby a sufficient bonding strength cannot be
maintained. When an oxidized film having a thickness
exceeding800:<lO'mrnisformed,thebondingstrengthbetween
the oxidized film and a matrix metal cannot be secured since

20 the metal oxide film is brittle, though the bonding strength
between the resin and oxidized film is unproblematic.

The Al film thickness tobe formed is desirably at least
1 um but not greater than 100 um. When the Al £ilm thickness
is less than 1 um, a structure is not sufficienﬁ for yielding

25 an anchor effect. That exceeding 1l00umisunfavorable since

breakage is likely to occur within the film. Also, that
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t her et hrough. The package substrate 22 has a flat plate 22a_25 to which the

| ead pins 23 are sol dered, and support plates 22b, 22b bonded to both

| ower ends of the flat plate 22a, 34 FP00-0256-00 respectively. Pﬁﬂ%égi 56-00
t he support plates 22b as such can prevent an excessive load fro €§
applied to the lead pins 23 when inplenenting the optical wavegui de nodul e

1 into a systemboard or the |ike. The cover 24 and the package 5

substrate 22 are bonded to each other with a resin. The cover 24 of case 20

e epeckagRoRUnshiabs £8 18 BLOBIMRA CIEOTLORRRRL LUNARLERES 30 0

i ngredi ent nseque erature

5 Iroh et ehy Lige! el 05ty ol R ey

2 can be inproved can al's be obtaine

is formed frOﬁhQQQEéLe Hﬂﬁ@@ltﬂ%r huc§5%g%n931&giaéygkgygb %ﬁgﬁ he

mai n i ngredi ent sults’ o Si nul"at1ons e revea

case 20 preferghl a ughi yjty of 10 WnK or higher 15 in
er ah uP Hof ?Pséﬁék EH fush gh ;

order to inprove t e tenperature uni ornlt of the opti cal maveQU|de

devi ceg2. Wen the fﬁﬁ@\ﬁ@lm 105 e d il ;&;ﬁ%%%séi‘%k?ér shldcangl P 1%1

mai n |ngred|ent eat wmthin the ca can restral ned belng

rel eased to tbsswamge £ 15d noe &@%@%39 i8] §hayeqa,dy g)*} kﬂ%ﬁ |
resdin,

i nsul ati ng characteristic. the'resin formng the case 2
pol yoxynet hyl gpgce @Sl ébmwy@i&@&s@;af}%rt&%%@o&%se Bhe%weecslffaﬁmﬂ

acrylic resin, epoxy resin, phenol resin, urea resin, nelanin reS|n
-silicone restRe flyﬂflﬂﬁdrgﬁhﬁe pekysanbenatetsesha, matrix is likely
fo fluctuate. Further, an Al film of 99.9 wt% or higher is

10 preferable since no fluctuation in adhesion to the matrix
occurs therein. Since vapordepositioncanapplyanAl films
to various materials in a relatively simple manner, it is
preferfed that vapor deposition of Al film be applied to
other members to be bonded to a resin in the optical waveguide

15 moduléwheneverpossible,wherebytheresinbondingstrength
cangreatlybe improved. Whether vapordepositionisapplied
or not may be determinéd in view of whether an insulating
characteristic is necessary or not, since Al is a metal;
and the increase in cost caused by vapor deposition.

20 The case 20 of optical waveguide module 1 will now be
explainedwith reference to Figs. 1 and 2. Two opposed faces
of the cover 24 of case 20 are formed with insertion ports
24a, 24b (see Fig. 1) for inserting the optical fibers 4
therethrough. The package substrate 22 has a flat plate 22a

25 to which the lead pins 23 are soldered, and support plates

22b, 22b bonded to both lower ends of the flat plate 22a,
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25 pol yphenyl ene sulfide resin, and the like, for exanple, can be used.
Results of thermal simul ations have reveal ed that 35 FPOO- 0256-00 t he

thermal conductivity of such resins is preferably 1 WnK or |ess }%pégéggG_oo
to inprove the tenperature uniformty of optical wavegui de device

Further, glass fiber and the 1like may be m xed into these resins in order

to inprove the 5 strength thereof. In this case, since these materials have

a high thermal insulating characteristic, the heat within the case can be

ted f i . . 1 i tjcal
prevent e o Bging, el 095 40\ 4 ey OWLSL e cunor s bae SBLGAl cop
th t j 10,1 i I R t
(he ase o5l gl s oy 10,0 oyl g LR L SAPBESLAT el Lar i g L ose

e LS80S GETBLBRLL0D. LAy oSO GL Oy

i nsul ating |ayer 27 having er ma ctivity o

di sposed abouint+d3 4 e digdbak-d®euhe 304 betpenhe zmaﬁfga%éggékagée 22

and the insulating substrate 50). In this enbodi nent, t Insulating | ayer

27 is @an air dayerr Jaying a-d hhkaesstof cadnnBrn¥benithe i paukgting |ayer
27 is provided as such, heat can efficiently be transmtted to the optical

wavegui de 20 devi cerige doifidhen, okheasanes facenef phP&acRVeLndtratecase 20
is provided with an insulating |ayer forned by an air “layer in order to

restrain the heatrindder ot icodparavesiysden daviaChaidnf hom-ReiiRgr el gased to
t he outside of the case 20. Pref%rably, the insulating | ayer 27 as an air
|l ayer 25 hass acdis &dunesse Wi thé Nt difiee f @nh@ee ofin 8t o heasy On Odnhamrhyt 20
is high, whereby the temperature uniformity of optical
10 | waveguide device 2 canbe improved. Similar effectscanalso
be obtained when the case 20 is formed from cobalt, iron,
nickel, alumina, or aluminum nitride as a main ingredient.
Resulté of thermal simulations have reveaiegl that the case
20 preferably has a thermal conductivity of 10 W/mK or higher
15 in order to improve the temperature uniformity of the optical
waveguide device 2.
When the case 20 is formed from a resin or silicé glass
as a main ingredient, the heat within the case 20 can be
restrainéd from being released to the outside, since these
.20 materials have a high thermal insulating characteristic.
As the resin forming ‘t;he case 20, ABS resin, polyoxymethylene
resin, polyether ether ketone resin, styrene resin, acrylic
resin, epoxy resin, phenol resin, urea resin, melanin resin,
~silicone resin, flﬁorine resin, polycarbonate resin,
25 polyphenylene sulfide resin, and the like, for example, can

be used. Results of thermal simulations have revealed that
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not greater than 5 nm For yielding a high tenperature 36 FPQOO 0256- 00
uniformty, it is inportant that no heat convection occur in the air

| ayer. As a result of studies concerning conditions therefor by qﬁ%€®r$%

t her rohydr odynam ¢ sinul ati ons and experinents, it has been concl 2p 00
heat 5 convection can greatly be suppressed if the air layer thickness is
5 mmor |ess, whereby a high tenperature wuniformty of the ceram cs heater
40 can be secured. Though convection is less likely to occur as the air

10 mey com | BE6 TSHSEL 2oy R EAA U REr et 05 O S1OPERORS CoIN | A TKeat er
That the air Phyorsparily deereheae otn dhs, rerbla it b aBard R brorm 1y
(Thi oknoss T caRETT Bh) "1 “ERe hoar or oo rbaul 0 o oA T a1 00 B mmaul o
ceram oo heat 5140 Bl StECal A EgUN 08 Vi ee oo o 50 TORE AF By

10-6/Cs 20 orsgreaken terLIONdia0ct Nemdde CAGR At BRLs o LGS 8 Anb6ar Of
an excessive thermal stress acting on the optical wavegul de evi ce,
t her eby di st ug b ot | Gt Vi Wi schi C C | Siics.
Conventi onal | %/bf:lji;%?jvgf}/fﬂm na lmhszgtagﬁsd%gg%%%é\g‘glﬁxQ%& gﬁgg &EH%B

exhi bi ting a {Qwdher 8ah R5peaGEHELE VIO BE 1 2Q AVINdS savheb el 8uPgale,

spreader has been indispensable. Since such a heat spreader has a
t hi ckness whereby the optical waveguide device 2 can be prevented from

lowering its temperature. Also, the case materials for

10 improvingthetemperatureuniformityandthoseforimproving

the thermal insulating characteristic may be formed into
multiple layers or used in combination.

Also, as shown in Fig. 2, an insulating layér 27 having

a thermal conductivity of 0.5 W/mK or less is disposed about

15 the heater module 30 (between the package substrate 22 and

the insulating substrate 50}). In this embodiment, the

insulating layer 27 is an air layer having a thickness of

1 mm. When the insulating layer 27 is provided as such, heat

can efficiently be transmitted to the optical waveguide

20  device 2. Further, the inner face of the cover 24 of case

20 is provided with an insulating layer formed by an air

layer in order to restrain the heat of the optical waveguide

device 2 from being released to the outside of the case 20.

Preferably, the insulating layer 27 as an air layer

25 has a thickness within the range of at least 0.01 mm but

not greater than 5 mm. For yielding a high temperature

36



37 FPOO-0256-00 of about 3 mmin general, it has been inpossible for the
optical wavegui de nodule to reduce its thickness. Though a nethod in which

t he gap between the heat spreader and optical wavegui de device i3ﬁ§66l65%6—00

with an oil conpound or grease, 5 which is a fluid even after bonding, and
then only several points at end parts are fixed wwth a resin, and the like
have been taken into consideration in order to reduce the stress on the
opti cal wavegui de device, even the thermal stress occurring upon fixing

with the resin al ; poj tfwﬁé% q%ﬁﬂgq l.e i h i ca
wavegui de devP%g%ogﬁyggha%Pt%gy avéﬁﬁﬁ% een ﬁﬁ?%%ﬁsgﬁﬁygﬁggﬁﬁegceﬁE
techni ques, a ht. h been, J.nmpossi ble I m,rat e r r,
mherebg t he gﬁtfga ﬁgﬁegﬁﬁ gqﬁod%%eahéggﬁgg%nhgaﬁﬁgk$§y$egégggfﬁgg%

t hi ckness. 15 st t C LS at i i -
enbodi nment ha%ggd%ﬁgéﬁgl Egﬁégggﬁvi?§ o?&%%%§vvﬁﬁ, g%efﬁg?Qd%Egﬁgapécno

need to use asheal.EPEREYSIa o ¥BEEERYNERE thhsknRSS BhcOBLbAA h MRKEgYI de
nodul e can be reduced greatly. Further, while the resin 43 bonds the

opticap wavegubgfecefofeviage graieh § hBeConaip s rat eF 48t 0, aCh, ot ber,
‘this resin 43 is an adhesive attaining a solid formafter bondi ng:

Therefore, notf]sedelasi 98S DCRMI oirh 1d¥s F eghBrébCcknessyn sembbakthie resin
does not flow during operations of the optical waveguide nodul e.

Desirably, thenigsihitsed £Re orhHond REatBe APtheabe WavegUixde dryiige 2 and
the ceram cs heater 40 to each other is a resin having a high thernal
conductivity &$nvectionis less likely tooccur as the air layer is thinner,

the insulating substrate 50 and the package substrate 22

10 may come into contact with each other due to distortions
in the heater module and optical waveguide module caused
byheatingof theheater, sothattheair layerpartlydecreases,
whereb& a high temperature uniformity cannot be attained
if the thickness is less than 0.0l mm.

15 The thickness (thickness reduction) of the heater
module 30 and optical waveguide module 1 will now be explained
in detail.

If the difference in CTE between the ceramics heater
40 and optical waveguide device 2 is 3 x 107 to 5 x 107%/°C

20 vor greater when bonding them to each other, there is a fear
ofanexcessivethermalstressactingontheopticalwaveguide
device, thereby disturbing wavelength selectivity and
switching characteristics. Convéntionally used alumina
heatershaveaCTEof 7 x 107%/°Cwhile exhibitil}g a lowthermal

25 conductivity of 20 W/mK, whereby a heat spreader has been

indispensable. Since such a heat spreader has a thickness
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FPOO- 0256- 00 of about 0.5 WnK or nore containing a filler such as a netal
or ceram cs. Though the optical waveguide device 2 is uniformy heated by

the cerami cs heater 40, there is a fear of the optical wavegui de
deteriorating its 5 tenperature uniformty when a resin having a t#?ﬁ@mﬁég% 00
conductivity lower than 0.5 WnK is used. Also, it is possible to use a

nmet hod in which the gap between the optical wavegui de device 2 and

ceram cs heater 40 is filled with the above-nentioned oil conpound or

O o oENabsy R & M Y ERLLE, DONALAOpCLY B Waggsqglteh%ofe%gpncf

and t hen onIy severa ol nts a are |xed res

t he di fferencg tfcg]{ﬁ”‘lﬂ]ﬁé%\&? ts d@f)él].&al egH{sdq:thhe op SSZ a[%i;l1 éan‘i (o

heat er 40 |s s ress 1s a ical gdui de

devi ce 2. WRYBy 5 ﬂ&&ﬁe a{gﬁ b%ftw%'eln a%mgggg er%b (225 894%5*96

managed strlc y when t resrn

has a thicknegs %géuﬁée|&gﬁﬁcéil§“P1QE%dn9ﬁtﬁr§ﬁk§flt%?ﬁbé¥Hé) the

bondi ng resin a Young's nodulus smaller than t the? consfltuent

20 materials pyiah {£astriong @bahtaftéra&éadiﬂgﬁbaw b Hhe e g@be:?s'iesg

occurring upon bondi ng. However, it wl unfavorable if The resin 4

has a thi ckness; se@l Aerekdapardd pAb §i£‘§§ ﬁPﬁHrQ' Pgssh! egaqcanmot iful Iy be
exhi bited thereby, so that the stress on the optical maveQU|de device 25 2

becomes great@ive Jdwie ddieer a5itd 43U AN oseRIUEH Yhlichowgs than
that of AIN and the |like, its 39 FPOO 0256-00
stress on the optical waveguide device, even the thermal
.stressoccurringuponfixingwiththeresinatseveralpoints

10 may become problematic to the optical waveguide device, so.
that they have not been universally usable techniques, and
it hasbeenimpossible toeliminate the heat spreader, whereby
the opfical waveguide module has been unable to reduce its
thickness.

15 By contrast, AIN of the ceramics heater 40 in this
embodiment has a thermal conductivity of 170 W/mK, so that
there is no need to use a heat spreader, whereby the thickness
of optical waveguide module can be reduced greatly.

Further, while the resin 43 bonds the optical waveguide

20 device 2 and the ceramics heater 40 to each other, this resin
43 is an adhesive attaining a solid form after bonding.
Therefore, no fluctuations occur in the resin thickness,
so that the resin does not flow during operations of the
optical waveguide module. Desirably, the resin used for

25 bondingtheopticalwaveguidedeviceZandtheceramicshéater

40 to each other is a resin having a high thermal conductivity
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tenperature uniformty deteriorates as the thickness thereof ..increases. It
w Il be unfavorable if the resin 43 has a thickness exceeding 10 pim

since the tenperature uniformty deteriorates. 5 Further, as for ﬁ Ofﬁﬁﬁﬁ-oo
consunption of the ceramics heater 40 and optical wavegui de nodule 71,

power consunption can be reduced greatly in this enbodi nent as conpared
with conventional cases using alum na heaters, since it is unnecessary to
heat a heat spreader nmade of a Cu alloy 10 or the like indispensabl e when

using an al unhea NEAl 8l oy AS R hiFe (I Par £y fes) A a0, e, proyi ded

in the optical wavegui de nodul'e I'n accor

Narely, a parf otelin,;eat | aa.cight Yie 44, IR, PO LOIRA Y g Al Loy of tin

and | ead, or eating circuit ermn connected t

external bowennSEBRhYy TR (8 HGORNECLELA Lo Al ah MAD:8 M e gL ed

froman all oy So t med part breaks én"t he

temperature of¢hadtd Ngpelilal tuddehdigl (48yIELLINT QAL 020k ke aLloy or

hi gher, whereby no current flows through 20 the heating circuit.” Suc

desi gnscan preygprd ber 8ealfrro ARAY) ewhEAM br eakiing, hignh &l %91][3@9 39 forth
when tenperature rises due to malfunctions of the heater nodule. For

exanpl e, whencafd@kt oYi €9NPeses ehadOoWs Mphxtis y38d.60 wt % of lead is
used, it will break at a tenperature 25 not higher than about 200C,

wher eby the bondi naT#s) N taRd p655M6187td M LasRe BAGA I WHiks: Whkl At be
damaged. I n place 40 FPOO 0256-00 of the alloy of tin and | ead, ot%er
| ow-nel ting abd@ysSeBdhe optical waveguide device 2 and ceramics heater
40 is filledwith the above-mentioned oil compound or grease,
10 which is a fluid even after bonding, in place of the resin
43 and then only severél points at end parts are fixed with
a resin, since the difference in CTE between the optical
waveguide device 2 and ceramics heater 40 is so small that
no stress is applied to the optical waveguide device 2.
15 However, the thickness of 0il compound and grease must be
| managed strictly when this method is employed.
Preferably, the resin 43 has a thickness of at least
10 pm but not greater than 500 uym. Since the bonding resin
has a Young’ s modulus smaller than that of other constituent
20 materials by at least one digit, it acts to absorb the thermal
stress occurring upon bonding. However, it will be
unfavorable if the resin_43 has a thickness smaller than
10 um, since absorbing stress cannot fully be exhibited
thereby, so that the stress on the optical waveguide device

25 2 becomes greater. Since the resin 43 has a thermal

conductivity lower than that of ALN and the like, its
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al so be used. Wien characteristics of the optical wavegui de_nbdule 1 as
explained in the foregoing were investigated, the 5 followng results were

obtained. As for the tenperature uniformty, viewing with a ther i
an anbient tenperature of OC with the ceram cs heater 40 havi ngn?/}'ided/\iedzS’ﬂé_OO
tenperature of 80C reveal ed that the tenperature distribution within the

opti cal wavegui de device 2 was 10 suppressed to 0. 4 Cor less. Also, in

order to nmeasure the tenperature controllability, the foll ow ng experinent

ea rature control | abi f : ,
the t onper at ur e BT ERTER e S TR S R M e b e hour
ised to 70C j , hey t | to_-40C
[ an hour | THEEBRReT af tr &' b (he Boit Lo RN choi B2 BYTLR AT LRRL i e

was mneasured, t 4t bet qgﬁgqu} t [ e and
m ni num teme?%?ﬁ%rgg%%s?@%ae%gnm ngﬁ,ﬂg%g}%@%ﬁ@g& rmni nrge ?ﬁg%?g%r#)éyat ure
control | abi | i4y: ZOsresult, it was found that the optical waveguide
device in tﬁ?s %ﬁ%%g?ne%t exhibited a tenperature fluctuation of0.7C or

less and thus bei ”%dﬁ&?els,u_%%e%%bdrﬁe bewie&f&aﬁgﬁﬁgt%n c?f(tt‘ﬁren@eramigis

tenperature. Al so, the warping of the ceramcs eater 40 and optic

wavegui de dewi&gr - Wa® SHRE! &lpt i 125,aResRliePyn¥ag1 seen | @h,%pt#&%r
wavegui de characteristics, and no defects such as increases in 1oss and

dependence on-¢Hs 25629 0o DOk A Z& | §Pe £AUS € DY SV L6DLAFment as

characteristics an birefringence did not occur. Further, since the
insulating comparedwithconventional casesusingaluminaheaters, since
it is unnecessary to heat a heat spreader made of a Cu alloy

10 or the like indispensable when using an alumina heater.
Also, the following safe design cen be provided in the
optical waveguidemodule 1l in accordance with this embodiment.

Namely; a part of the heating circuit 42 may be formed by

an alloy of tin and lead, or the heating circuit 42 and a

15 terminal connected to an external power supply may be
connected to each other with a wire formed from an alloy

of tin and lead, so that thus formed part breaks when the

temperature of heating circuit 42 is at the melting point

of the alloy or higher, whereby no current flows through

20 the heating circuit. Such a design can prevent the heater
module frombreaking, igniting, and so forthwhen temperature

rises due to malfunctions of the heater module.
For example, when an alloy composed of 40 wt% of tin
and 60 wt% of lead is used, it will break at a temperature

25 not higher than about 200°C, whereby the bonding resin and

resins of the case and the like will not be'damaged. Inplace
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characteristic within the case inproved, this enbodi nent was..capabl e of
suppressing the power consunption to 4 Wor 5 |l ess as conpared with
conventional cases necessitating a power consunption of 5 Wwhen #ﬁﬁémbf%6 00
Pel tier device. Second Enbodi ment A second enbodi nent of the optit

wavegui de nodule in accordance wth the present invention will now be
explained 10 with reference to Figs. 6 to 8 This enbodinent differs from
the first enbodinment nmainly in the structure of insulating substrate 50.

In the foll t f f t | I
be oxpl ai ned. *Ae R hou Th T 5 o P e T AT b SRR o0 YT Bved 1

with three prgiggsbgn§sg§_for supporting the ceram cs heater 40. The upper
face of ‘each protrusion 62 is coated with a resin thereby attaining

adhesion to the cer@%ﬁscﬂlaelaé@g A0S ggetﬁge yg%a}téegglt %{ﬁ ﬁgd\ﬁ

contact with the insulating su strate not t y Irn Fhls 20

enbodi ment  asy SHEh o MATNIHAG | £, h%ﬁge':fotr%g%(iglg w&é hg%%%gﬂﬁéedhe%%r 40,

and the resin for bonding the insulating su rate a e ceramcs

heaters40 to gachoRiNgrr£aN108 RLexen om peekipgrRLf
ceram cs heater 40. Fgrg i nst ead ¥ofB§§éF%gg aﬁ$ %bg Eg%tFééﬁg%éggﬁemﬁth

the resin foryagdheshony25w@swifigt Nistiemhodi iBAtovi e F €8kN J}PyaﬁgiéﬂE' I ed

to one protrusion 62 alone. For exanple, when only the center
FPOO- 0256- 00 pembe tist @fe 631 5°Coatied WHeh cerAsids hodte.ens pREGSHGT ot he

ceram cs heater 40 can expand/contract freely, whereby the warping of
ceram cs heatesngérganré urbier 80ECr edusRtled that the temperature
distribution within the optical waveguide device 2 was

10 suppressed to +0.4°C or less. Also, in order to measure the
temperature controllability, the following experiment was

carried out. Namely, the optical waveguide was put into a

thermoétat, the temperature of which was changed so as to

be held at -40°C for an hour, raised to 70°C in an hour,

15 held at 70°C for an hour, and lowered to -40°C in an hour.

The temperature on the optical waveguide device at that time

was measured, whereby the difference between the maximum

temperature and minimum temperature was taken as an index

for determining the temperaturé controllability. As a

20 . ‘result, it was found that the optical waveguide device in
thisembodiment exhibiteda temperature fluctuationof+0.7°C

or less and thus being less susceptible to influences of

external temperature. Also, the warping of the ceramics

heater 40 and optical waveguide device 2 was smaller, no

25 anisotropy was seen in optical waveguide characteristics,

and no defects such as increases in loss and dependence on
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In this enbo

i. e. , between the bottom face of ceram cs

insulating s

dinment, an air layer 64 is fornmed about 5 each-protrusion 62,

ubstrate 50 facing the same. Therefore, the air IayerF§§?
4

as an insulating I|ayer, whereby the heat fromthe ceram cs heater

be restrained frombeing released fromthe insulating substrate 10 50

side. In thi
Pref erably,

greater than
important th
studies con
si mul ati ons
can greatly
wher eby a hi

secured. Thoughs hedl s onVEC P et 1835 th'ekﬁbwekoc@ﬁ%

is thinner,

10

15

20

25

s enbodi nent, the air layer has a thickness of 0.2 mm

the air Iayer has a thickness of at |east 0.01 nn1but not

heater 40 and the surface of

A $6-00

can

HEHB t

a? np ggﬁl étq%%%gc |3%}gggﬁT |n?¥ﬂ %%%F%Pgegﬁgkké ngult of
CﬁgPé ?Qlﬁgaﬂb&'a%}fnw%@ B, b% %m% 599%9%

and experrnents, 1t has been nc ude conve09|

20 tenperature uniformty ceram cs heater

g

on

b |
_ §h§999£s§§s91c Lithenathe exe; &ﬂ5950@a§_tﬁl§ aﬂbeaigscan be
Son e At Shayer

the ceram cs heater and it's supporting |nsu?at|ng substrate or

the like. ”HYl&QQEaé”&Qmpgﬁééa&itwﬂ&Bn@éﬁhl@hﬂ?rcggéstHegb§EQE5t9H§ h” the
heat er 25 nodul e and optical wavegui de nodul e caused by heating of ~ th

heater if thepé\kﬂéﬁké‘@l%urhﬁti@ﬁsofhgnwowﬁénnﬁb1hBeéeb¥lﬂ§eEPQ@v9356 00
partly decreasing the air layer, thus failing to achieve a high

tenmperature uniformgdyond Sfbo@smshOWn in Fig. 7, pressing parts (pressing
means) 70 for pressing the ceram cs heater 40 tomard t he

A second embodiment of the optical waveguide module
in accordance.wi th the present inventionwill nowbe explained
with reference to Figs. 6 to 8. This embodiment differs from
the first embodiment mainly in the structure of insulating
substrate 50. In the following, points different from the
first émbodiment will mainly be explained.

As shown inFig. 6, the insulating subsrtrate 50 is formed
with three protrusions 62 for supporting the ceramics heater
40. The upper face of each protrusion 62 is coated with a
resin, thereby attaining édhesion to the ceramics heater
40. Since the ceramics heater 40 is in contact with the
insulating substrate 50 not totally but partly in this
embodiment as such, warping is harder to occur in the ceramics
heater 40, and the resin for bonding the insulating substrate
50 and the ceramics heater 40 to each other can be prevented
frompeeling off from the ceramics heater 40. Here, instead
of coating all the protrusions 62 with the resin for adhesion
as in this embodiment, the resin may be applied to one

protrusion 62 alone. For example, when only the center
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5 insulating substrate 50 are provided in this enbodi nent.

Each pressing

part 70 is constituted by a pressure plate 72 nounted on the upper face of
ceram cs heater 40, and a screw 74 for fastening the pressure plaﬁg %20%86_00
the insulating substrate 50. Wien the screw 74 is fastened firmy;, t%e
ceram cs heater 40 is pressed against the insulating substrate 50. Since
such pressing parts 70 pressed the ceramcs heater 40 toward the

i nsul ating substrate, favorable results were obtained in vibration fatigue

(oot Sonst b ocacesher g an Lask aud ol st e, on gLanLashar gLt o T

15 tests. Her I'cted, e i nsu ubstrate

th a

ol el 1y of Lirayahshol eso 550 Wil ch,pley Sl et atlyccompeiadorbbe

heati ng circul ceram cs conduct or

a Sectional” vView of the

18 5 LAk ehd pine2aopassl g Lhr auoh the.paskage subsialp are, 20

inserted throug

ceranm cs heater 40 Iﬁntﬁfgqﬁgﬁggﬁw¥éipt Dis £ 'gﬁgg.igN%OQ%ghpggﬁgtthe

ceranics heater 40 1 n accor

i s enbodi nent conpri ses

heating circubichg sqforﬁéiyfif.leﬁe}%@%é'é% the ﬁéltt“t]rl}'g%g[eaés'% %ér'af@i%rs 44

stacked thereon, and a coating - film 45 nmainly conpose

I'ca glass

di sposed benegt bt hey #4nEPPRe 0206 D0 et heg1 gk Y %ﬁ@u&@é BgLhe

coating film45 on the surface of ceramcs heater as such can T nprove
the noisturechey=sdcant reBakackeri shé & iof 1sgé@n@&%lca%aé@rar@nsuﬁé%@n when

bondi ng the ceram cs heater 40 and the insu

ating 5 substrate 50 to gach

other with a 1gpén, Wherasihesiconedft from the ceramics heater 40 can be

restrained frombeing released from the insulating substrate

10 50 side. 1In this embodiment, the air layer has a thickness

of 0.2 mm.

Preferably, the air layer has a thickness of at least

0.01 mm but not greater than 5 mm. For attaining a high

temperature uniformity, it is important that no heat

15 convection occur in the air layer. As a result of studies

concerning conditions therefor by

means of

thermohydrodynamic simulations and experiments, it has been

concluded that heat convection can greatly be suppressed

if the air layer thickness is 5 mm or less, whereby a high

20 temperature uniformity of the ceramics heater 40 can be

secured. Though heat convection is less likely to occur as

the air layer is thinner, the ceramics heater and its

supporting insulating substrate or the like may come into

contact with each other due to distortions in the heater

25 module and optical waveguide module caused by heating of

the heater if the thickness is less than 0.0l mm, thereby
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resin to the ceramcs heater 40 can be inproved. Third Enbodinment Athird
enbodi nent of the optical wavegui de nodule in accordance with the present
invention will now be explained 10 with reference to Fig. 9. ThiSFPOO— ~00
enbodi nent differs fromthe first enbodinent in the structure of case 262%%
depicted, the inside of the cover 24 of case 20 is provided with four
partition walls 29 extending froma surface 24r facing the optical

wavegui de device 2 toward the optical wavegui de 15 device 2. The hei ght of

part 1L on el g 20,1 8egbeRsi g chaVet Sagssof e PRUALLOBBLLS o are

not in contac P Wavegui évice 27in"a

cover 24 is Qu%agg %Eﬁpggggaggi§H9§B%ﬁﬁ§yzz. Provi di ng such partition

walls 29 can re e convecti on™w the case 20, i . e . , 20 the

e on % L0, AR IS SR il e s

uni formity of optical wavegui evi ce

Enbodi ment A&ﬁgﬁh %bﬁgknspésQinghéhepfsgee%i%v%gkgs -ng\:'\llaﬁaﬁaft%x@

accordance wt e present I nvention w now nowoe expl al t ererence

to Figs 10. TPﬁﬁuPQ@PHJ;”?H}BsE’ﬁES@oféP@ bhsvdae PO PRS- Q%B’gg_]@&nt.

enbodi ment in the nmethod of attaching the chip therm stor

structures ofgife Sgaégsgﬁ%aﬁgreov,@r i34coEgE§EuFEB§£W%hﬁgegguf‘ét ﬁﬁ%egt Lge

chip therm stor 48 wl e explained in detail. shown 1 n Fig.

emmer oy of EPSLPLYT G, LSRR U2l €8 LSRRI
screw 74 for fastening the pressure plate 72 to the insulating
substrate 50. When the screw 74 is fastened firmly, the
10 ceramics heater 40 is pressed against the insulating
substrate 50. Since such pressing parts 70 pressed the
_ceramicsheater40towardtheinsulatingsubstrate,favorable
resulté were obtained in vibration fatigue tests, constant
acceleration tests, and moisture-resistant characteristic
15 tests. Here, as depicted, the insulating substrate 50 is
formed with a plurality of through holes 55, which are
electrically connected to the heating circuit 42 of ceramics
heater 40 with conductors. Also, as shown in Fig. 6, the
lead pins 23 passing through the package substrate are

20 inserted through the through holes 55.

Fig. 8 is a secticnal view of the ceramics heater 40
in accordance with this embodiment. As depicted,.thé
ceramics heater 40 in accordance with this embodiment
comprises the heating circuit 42 made of silver palladium,

25 an A1N ceramics layer 44 stacked thereon, and a coating film

45 mainly composed of silica glass disposed beneath the
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face of ceram cs heater 40, i. e. , the surface thereof opposite fromthe
surface nounted with the optical wavegui de device 2. As a consequence,

there is no need for securing an area 10 for nounting the thernistﬁgoég%gg%_oo
t he upper face of ceramics heater 40. Therefore, the area of ceramCs

heater 40 can be nmade smaller than that in the first enbodi nent, whereby

the heater nodule 30 can reduce its size. Also, the heating circuit 42 can
be nmade snaller, so as to | ower the power 15 consunption. Wile the first

enbodi ent _hago g e ARk es,; heaber 326l 40 MR 204y L B g et er

nodul e si ze mmx 1 mm an er p consunpti on of 4
Wat an anbie er ; h er.c ol.. .te r f 80C,
this enbodine%%rﬁgﬁgrg uggﬁéﬁﬁgiggggFéﬁoqg%f%stgﬂﬁé ﬁ%%( %§$§ %h%wl t he

heat dul | _ : 2 my- - t [ t
35 W The DROUfETRg: STbeTPAro B0 PeTTEr HEACw th " Ear ot T RRERnAen an

el ectrode padﬂ&pwmpﬁbﬂaiﬁ%g{heér PerbRCET L O A8 o §ndcyk1%8\ﬁl?vﬁt§ﬁlag§fﬂgn the

conventional |y used al um na , since alumna has a er ma

conductivity, sthefeats 8ol 8598248 SRR 0226n09 tenpg! atHEeadhbterance
bet ween the surface of heater nounting the optical wavegui de device and

the surface opposhte, therelrom c¥hgegbyri tohagnbsenihpeapabl e of
accurately neasuring the tenperature of optical wavegui de device at 5 the
opposite surface. Byhrentrmséqiddwer mal simul ati ons have found it possible
to estimate the terfperature of optical waveguide device 2 accurately -at
the surface opposi tz thie® embodiment of the optical waveguide module in

accordance with the present invention will now be explained

10 with reference to Fig. 9. This embodiment differé from the
first embodiment in the structure of case 20 As depicted, -
the inside of the cover 24 of case 20 is provided with fdur
partition wails 29 extending from a surface 24r facing the
optical waveguide device 2 toward the optical waveguide

15 device 2. The height of partitionwalls 29 is such that lower
ends of the partition walls 29 are not in contact with the
optical waveguide device 2 in a state where the cover 24
is put on the package substrate 22. Providindsuchpartition
walls 29 can reduce the convection within the case 20, i.e.,

20 the convection on the optical waveguide device 2, whereby
the temperature uniformity of optical waveguide device 2
can be improved.

Fourth Embodiment

A fourth embodiment of the optical waveguide module
25 inaccordancewith thepresent inventionwill nowbe explained

with reference to Fig. 10. This embodiment differs from the
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the surface for nmounting the optical wavegui de device when _an Al N heater

is used. 10 Fig. 11 is an enl arged perspective view showng the vicinity

of the cutout 76. As shown in Figs. 10 and 11, the insulating subg%gg{&zgg_oo
has an upper layer 52 and a |lower. |ayer 54, whereas the bottomf 0

upper layer 52 is formed wth the electrode pad 78. Mre specifically, the
upper layer 15 52 is formed with a through hole 52h, whereas the | ower

| ayer 54 is formed with a through hole 54h such that a part of the bottom

face of upper ¢k r | $: sed. o] e fih.qured ch,.t.hat at
| east a ngt g#?¥ﬁe e é%%¥§ e ggd €§ige%ggﬁtf%%eg%gch%égéx%%giﬁﬁ”ﬁbrt of

the bottom f aEﬁeﬁr?@s@Eru@é’eénggé’gg%éé%r%‘ﬁoP%ﬁ@@i{&ezcﬁf ngqﬁ(rf%rge%s Jeater

40 is formed wt an electro e erm st or t'he él'ectrode

8 and 80 are Connect S L o adh GCRer L db Y we e s TSR GReE P20

78 and 80 are connected to each ot her w

can be connecf;ed;t got R Bl BGdLAE BaHa718 bXsWay o ti out 47 i . e
" through hol 65 55h A oB852 0D 540 Thd ner?bt}gd?%htigén%enplify

Wi ringsas conpasediWibh | aere dde Wik daviravels ahoukbhe;

. . - n
insul ating substrate 50 and the like. Also, since the wre connectlﬁg t he

therm stor 48the tempata@Xiref ffkec@hfgbiaten doF 48URPhYLINge8 etk ©oRPVERS
thereto cones into contact with the ceram cs heater 40 at the el ectrode

pad 80, therebycabiraidviti & heaperalyre, subshartirdldls egealor bepbhateof the
ceram cs heater 40, the tenperature nmeasurenent
from the surface mounted with the optical waveguide device
2. As a consequence, there is no need for securing an area
10 for mounting the thermistor 48 in the upper face of_Ceramics
heater 40. Therefore, the area of ceramics heater 40 can
be made smaller than that in the first embodiment, wheréby
the heaﬁer'module 30 can reduce its size. Also, the heating
circuit 42 can be made smaller, so as to lower the power
15 consumption. While the first embodiment has a ceramics
heater size of 40 mm x 20 mm x 1 mm, a heater module size
of 60 mm x 30 mm x 1 mm, and a heater power consumption of
4 W at an ambient temperature of 0°C and a heater control
temperature of 80°C, this embodiment can reduce the heater
20 sizerto 40 mm x 12 mm x 1 mm, the heater modulé size to 60
| mm x 20 mm x 1 mm, and the power consumption to 3.5 W. The
insulating substrate 50 is formed with a cutout, in which
an electrode pad 78 connecting with the thermistor 48 is
disposed.

25 In the conventionally used alumina heater, since

alumina has a low thermal conductivity, there is a large
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for the ceramcs heater 40 is less likely to be affected 10-by the anbi ent
t enperature, whereby appropriate tenperature neasurenent can be carried

out .

The el ectrode pad 78 is connected to a | ead pin 23 shown

whereby continuity is established between the thermstor 48 a
external device. Such a therm stor 15 el ectrode structure can prevent t he
therm stor electrode fromlowering its tenperature. Wen neasuring the

tenperature controllability in the case where the ambi ent

nd

bFﬂc% Pae-00

t enper at ure was

| aoe 200G Bl HREL AU Dbl AN e REBLRL L0 M5 L OUOERLE0E G 5C O

| ess,

t hus belng ess susce axternal era

compar ed with 0. 7. nsaéefg Qg 091 RSkt 0-Lhe {oregoi ng

processing. e ca

expl ai ned wi t@h%?@?fdﬁw W gre!bgr tJ.]to haTé!‘DF8B§25.L' tc%pfg:)clf > c?f agg Ehgeigver

of case 20 aré

waveqgui de nodu

or ne t I NS I on por ] I’ISE,‘I’

In

g opti cal

fibers 4 therglhioughy THO ebRSLE, 08 EPOD 028009 2 gﬁ%aéedgﬁegss@ in

the cover 24 so as to”be separ

romit I nner wa

predet grm ned.gi %%a%'&%%te add . 1 RS Sheet 882 ¢ n8nag ssﬁrﬁﬂreﬁé& ave
protrusion 24c w an adhe5|ve Specifical Iy, the upper s

secured 5 to f@@n&eﬂﬁ%o@é%Ié‘Sthe§9ﬁnaﬁ‘@efﬁéstéﬁﬁe£%‘6£eSBEeB Ef’cais
connected to protrusions 24c at both ends. On the other hand, ? e package

substrate 22 jsyesovidedvidd ot wecahaessy 86,1188 SeRAA 8hpbEam ESoHPPer
face by a predeterm ned distance. The outer peripheral part of each of the

sheet s

10

15

20

25

the surface for mounting the optical waveguide device when

an AlN heater is used.

Fig. 11 is an enlarged perspective view showing the

vicinity of the cutout 76. As shown in Figs. 10 and 11, the

insulating substrate 50 has an upper layer 52 and a lower.

layer 54, whereas the bottom face of upper layer 52 is formed

withtheelectrodepad78. Morespecifically, theupper layer

52 is formed with a through hole 52h, whereas the lower layer
54 is formed with a through hole 54h such that a part of

the bottom face of upper layer 52 is exposed. Also, they

~are configured such that at least a part of the electrode

pad 78 is positioned at the exposing'part of the bottom face
of upper - layer 52.

The bottom face of ceramics heater 40 is formed with
an electrode pad 80, the thermistor 48 and the electrode

pad 80 are connected to each other with a wire 73, and the

‘electrode pads 78 and 80 are connected to each other with

awire 75. Since thewire 75 canbe connected to the electrode

pad 78 by way of the cutout 76, i.e., through holes 52h and
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10 86, 88 is supported by a supporting nmenber 89. Wien the sheets 82, 84,

86, 88 are attached to the case 20 with a predeterm ned di stance fromthe
inner wall face thereof as such, the convection can be reduced beﬁﬁﬁﬁibé§$ioo
inner wall face of case 20 and each sheet 82, 84, 86, 88, 15 whereas an

| ayer is formed and acts as an insulating layer. This nakes the heat of :
ceram cs heater 40 harder to be released to the outside, whereby the

optical wavegui de device 2, which is an object to be heated, becones

casier 10 heah, The; DUIRSqtleshasls g‘ﬁ;ﬁ@!ﬂé@%&%’o@%ae@it%o be 1

or 3 or nore. bugh™t he optTcal wavegdui ice 0 i's used

or 3 or rmor ¢ | e devi'ce Z i
S substr it e, ARG A 0s O8 Rdg o T 1 RtEoay oo B te TP pERREEg <Y

Effects sim|l t pose; 2p.of each enbodi ment can be obtained in this case
2s vel 1. F 1o BB TehERe8 £ 0256-00 A fiT1h enbodi ment of the

tical id | e 1 I il
opt i cal wave guide Andyl & iifke AECOLAARCEMEELLTAG PLESAIL M igdN Y

now be explained wth reference to Fig. 12. ment differs from

the first er@&cgmnalnetﬂé%tsrbhlécw&es{agbg?i&@ & dmtchi “@'@Egegﬁgat‘;‘gf

matching CTE I's 1 nserted between the optic wavegul de evi ce

ceram cs heatgsnd9infs doit J8 whi NEnBlRlin %% nofes Payitg ikl Elerepcgeof 3 X
10-6/C or less fromthe optical wavegui de device 2 at roomtenperature in
CTE is used.pdd 89, NERe+ BBy At Lid 1 iR ¥ edithsler sk & & ud sreR: 1of1 19pakhal
' tothat of the ceramics heater 40, the temperaturemeasurement
for the ceramics heater 40 is less likely to be affected
10 by the ambient temperature, whereby appropriate temperature
measurement can be carried out.
| The electrode pad 78 is connected to a lead pin 23 shown
in Fig: 10, whereby continuity is established.between the
thermistor 48 and an external device. Such a thermistor
15 electrode structure can prevent the thermistor electrode
from lowering its temperature. When measuring the
temperature contrcllability in the case where the ambient
temperature was -40°C to 70°C, the temperature of ceramics
heater 70 was found to be +0.5°C or less, thus being less
20 | susceptible to the external temperature as compared with
i0.7%:inthefirstembodimentnotsubjectaitotheforegoing
processing.
The case 20 of optical waveguide module 1 will now be
explained with reference to Fig. 10. Two opposite faces of

25 the cover 24 of case 20 are formed with insertion ports 24a,

24b for inserting optical fibers 4 therethrough. Two sheets

48



X 10-6/ Cis enployed as the matching plate 92 in this| enbodinent. The -

mat ching plate 92 has a size of 40 mmx 20 nmx 0.5 15 PrOVIghﬂ%]%w%% 00
a matching plate 92 can reduce the stress on the optical wavegui evi'te

2. Hence, for neasuring the stress on the optical wavegui de device 2, a
strain gauge was attached to the upper center part (the face opposite
fromhe face joinedto the insertedplate) , andthe difference 20 in stress

acting on theg pté&:aéré(vaa/ %jgggd dﬁ/ltq,ge %&%ﬁ/\ﬁfﬂ sd Q\% ftl et ggpggﬁg?ﬁt and

tEIS erbodlnen was measur ares 5&en °f oun e
can "be reduchi 7 4rRRE NE PP e B o%.@en%ﬁ%ﬂ@@ho i BT
embodi ment cafle sL{Li chetLysbe yaedsagean-onlL §5g%gg§q§%8§ 2gdul g pt he

effect | owering erna stress in t i ment

consi dered be,quj yige gyt ageRitseidy M £ e @%\éeﬂ & el %@eeteause’each

(having a CTE of 0.5 x 10-6/C) is used, an Fe-N alloiJravingn a CTE of 2.0

wi |l be demanded in optical = wavegui de ‘modul e$ from now on. \Wen simlar
experigrent s V\@éetlfi@rééﬁgef?u%r&\’c%uswﬁ z@cOp&hé%awafﬁgung@egegh‘és@sqhanged
to a device using silica aving a CTE of 1 10-6/C) prepared on an Si

substrate, resWdmeitsd %tgtaabtyugmsngazwc%sc bBQﬁeeh&st heyfase ef:hlyaftz
wer e obtained. Also, substantially the sanme favorable results were 10

obtai ned in thdssd eriydigiRiMagehelbs tFalar 2experd Mt fe AVRYi&h €abl sREepYt Wi th
the optical. wavegui de device) 2 and inserted
86, 88 separated from its upper face by a predetermined
distance. The outer peripheral part of each of the sheets
10 86, 88 is supported by a supporting member 89.

When the sheets 82, 84, 86, 88 ére attached to the case
20 with a predetermined distance from the inner wall face
thereof as such, the convection can be reduced between the
inner wall face of case 20 and each sheet 82, 84, 86, 88,

15 whereas an air layer is formed and acts as an insulating
layer. This makes the heat of ceramics heater 40 harder to
be released to the outside, whereby the optical waveguide
device 2, which is an object to be heated, becomes easier
to heat. The number of sheets is not limited to 2, but may

20 be 1 or 3 or more.

Though the optical waveguide device 2 made of quartz
is used in the first to fourth embodiments, a device using
silica prepared on an Si substrate, and a device made of
LiNbO; may also be used instead. Effects similar to those

25 of each embodiment can be obtained in this case as well.

Fifth Embodiment
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[

pl ate 2 changed to Li NbG3 (having a CTE of 15 x 10-6/C) and- .a Cu all oy
(having a CTE of 16 x 10-6/C), respectively. Sixth Enbodinent 1 15 A

si xt h enbodi nent of the optical wavegui de nodul e in accordance wt

present invention will now be explained wth reference to the perspective

6 256-00

view shown in Fig. 13 and the side view shown in Fig. 14. The optical
wavegui de device nmade of quartz in. this enbodi nent has a | arger size,
i.e., 20 30mm (L) x30mm (W x Imm (H) , than that of the first enbodi nent.

fs a consequence. o FEGS00RR8h;H0AC 0Pt 115l oﬁ@geggoﬂﬁgﬁﬁg@@mﬁﬂf e

different.

has a size of

device 2 is

space for nounting the thermstor 48 in the upper part o

40, i . e .
wher eby t he
5 40, §.e.

The ceram cs heater

heat er modul e; 30, h3sn e §)i4% Phe ol LERX 1‘111Qrerm9 % rPw iy

25 100 rmmx 60 mm x 10 mm As t e size o op tIC maveQU|de

as a sl1ze o

nROen Fegat@hcedlo YD 9256-00; é ernRBeQ RS thad f'?éré F A
, £1 her YHJRG®ert0h Reght & MR- 1Qptd ¢al wmﬁwm%%cﬂqwgcnglétﬁ

therm stor 48 is nounted to the | ower part of cera
oy FRe et dIAiGey OPROS L BsbreautNa Wwidf 8ge Jiingd wé@e ?

"wavegui de deV|ce 2. The optical waveguide device 2 and the optlcal

are connect edy@ptde of BAH tMé tde @i REhealkay 486. AMidiR ina%ch@%' glhpg
substrate 50 and package substrate 22 are formed with an air lNayer 2

as an insul atyng dreyetavide distd Bdndy SEbsty atEpOci srseeysefromnNERet he
package substrate 22 by way of a spacer 94 so as

10

15

20

25

optical waveguide device 2 at room temperature in CTE is
used.

Since the optical waveguide device 2 made of quartz
(having a CTE of 0.5 x 107°/°C) is used, an Fe-Ni alloy having
a CTE of 2.0 x 107%/°C is employed as the matching plate 92
in thié embodiment. The matchihg plate 92 has a size of 40
mm x 20 mm x 0.5 mm.

Providing such amatchingplate 92 can reduce the stress
on the optical waveguide device 2. Hence, for measuring the
stress on the optical waveguide device 2, a strain gauge
was attached to the upper center part (the face opposite
fromthe face joinedto the insertedplate), andthedifference
in stress acting on the optical waveguide device 2 between

the first embodiment and this embodiment was measured. As

‘a result, it has been found that the thermal stress acting

on the optical waveguide device 2 in this embodiment can
be reduced to 1/3 that of the first embodiment. Though the
first embodiment can sufficiently be used as an optical

wavegulide module, the effect lowering thermal stress in this

50
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to be stabilized structurally even when the air |ayer 27 is_forned.

| nvestigations of characteristics of the foregoing 15 optical wavegui de
nodule 1 yielded the following results. As for tenperature uniforﬁdégoz%_oo
viewing with a thernoviewer at an anbient tenperature of OC with e

ceram cs heater 40 having a tenperature at 80C reveal ed that the :
tenperature distribution within the optical wavegui de device 2 was 20
suppressed to 0.4C or less. As for tenperature controllability, it was

found that, e g\ﬁg heg amy e r[ﬁeer - VRS it Qs he.
range from -4% Ct)o %%E le% he cer aen]{éc(g ea elrutreéel(‘ft merng{E ei’%i \gnt gy&%é't} ot
temperatur e chapgper O eGu3Celenk 85 SnildHIS, PEL NG NI, d DR, abbegLed by
external 25 tenperature.” Also, warping was small in e ceramc eafer 40

and optical wayegui fge de¥icees, £RGMaRLROLLOPY Was observed 52 FPOO- 0256- 00
in optical waveguide characteristics, and no defects of - increases in |oss,

dependence on pol arjrd i Ok LR ek HYr i B £ S M)y BPe COREAELAN bEE! n
bi refringence, and the |ike occuré)%%l. Further,esi nce téﬁeb%?%esra?rgﬁ Ehe

insul aging 5 ghal st eidvdds g HBvACEhe Gasg,Mesd m&yfv% u%b.in% shodiLment

was capabl e of suppressing the power consunption to 4 or ess as well.

In this enbodin@ping theTeoyerl 23 i §quﬁ°@rﬁkep§9easont£1 js@i BubBerhpgul ating
substrate 22. In this form however, 10 there are cases where the optical

fiber 4 is hafgkin:aklidehantn aihgsensases at hads@ ih e bgsehangedr-sych
that the cover 24 is split into a side wall part 24x fornmed |i ke a square
were obtained.
Also, substantially the same favorable results were
10 obtained in this embodiment when similar exFe,riments were
carried out with the optical waveguide device 2 and inserted
plate 2 changed to LiNbO; (having a CTE of 15 x 107%/°C) and
a Cu alloy (having a CTE of 16 x 107%/°C), respectively.

Sixth Embodiment

|
15 A sixth embodiment of the optical waveguide module in

accordance with the present invention will now be explained
with reference to the perspective view shown in Fig. 13 and
the side view showﬁ inFig. 14. The optical waveguide device
made of quartz in this embodiment has a larger size, i.e.,
20 30mm (L) x30mm (W) x1lmm (H), thanthatof the first embodiment.
As a consequence, dimensioﬁs of the optical waveguide module
are made different. The ceramics heater 40 has a size of
40 mm x 25 mm x 1 mm, the heater module 30 has a size of
50 mm x 40 mm x 2 mm, and the whole package has a size of
25 100 mm x 60 mm x 10 mm.

Asthesizeofoptical waveguide device 2 ismade greater,
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tube and a top part 24y, the optical wavegui de device 2 and- optical fiber
4 are nmounted in a state where the package 15 substrate 22 and the side

wal | part 24x are once bonded to each other, and then the top par%Péﬁgqéé?_oo

bonded or screwed thereto. Seventh Enbodi nent A seventh enbodi nen

optical waveguide nodule 20 in accordance with the present invention wll
now be explained wth reference to the perspective view shown in Fig. 15
and the side view shown in Fig. 16. This enbodinment differs from the

si xth e”bOdin§95FE? @Eqﬁﬂﬁiép§oggchggﬁﬁgﬁggé%%r. Iﬁ§%149heg§EgRHEQOr

i nvestigations o aracteristics o optica egul evice 2 have

whol o 58 FPOC DLeT B0 R e S AR G ee s I Y e T BT e

ceram cs Neajeinafd fol suisdir bBYAdLN0S,avRARIdd Cablyeol &, Nambagh, Tonpd  to

be limted to an area of abou mm X 10 nm about the 'ceram cs héeater.

Therefore, in.fbig; ephedigestnodteSus kL1 awd03 Oft SeratLs Nleakgr 40 for

nounting the optical waveguide device 2 has an area snaller than that of

the sugface ofg, optd CaloNVaRIWGE LRV e o2 ifaCiMGnt ReeSYLEage498i n¥hen the
heating surface of ceram cs heater 40 is made smaller than the optica

wavegui de devigeride asptSitedn vidiee ROWRS LOnsaEmt] ornd0opanchyr iBeeqghede
| owered. Specifically, by a design utilizing thermal sinulations, the

ceram cs heat@svibe i3 drade-hd tdpt it asi Zafr U5 2 ¥ohBebted daBW other

| nvestigations of characteristics of the foregoing
with a fiber array 96. While the insulating substrate 50
and package substrate 22 are formed with an air layer 27
10 asaninsulatinglayer,theinsulatingsubstrateSOissecured
onto the package substrate 22 by way of a spacer 94 so as
to be stabilized structurally even when thé alr layer 27

is forﬁed.

Investigations of'characteristics of the foregoing
15 optical waveguide module 1Iyielded the following results.
| As for temperature uniformity, viewing with a thermoviewer
at an ambient temperature of 0°C with fhe ceramics heater
40 having a temperature at 80°C revealed that the temperature
distribution within the optical waveguide device 2 was
20 suppressed to +0.4°C or less. As. for temperature
controllability, 1t was found that, even when the ambient
température was changed within the range from -40°C to 70°C,
theceramidsheater40nmrelyexhibited@atemperaturechange
0f+0.5°Cor less, thusbeingharder tobe affectedby external

25 temperature. Also, warpingwas small in the ceramics heater

40 and optical waveguide device 2, noanisotro?ywasobserved
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optical waveguide nodule 1 yielded the follow ng results. 15_As for
tenperature uniformty, viewwng with a thernovi ewer at an anbi ent

tenperature of OC with the ceram cs heater 40 having a tenperaturwi_%%b%_-oo

reveal ed that the tenperature distribution within the area of 10

nm necessitating tenperature uniformty inside the optical wavegui de
device 20 2 was suppressed to 0.4C or less. As for tenperature
controllability, it was found that, even when the anbient tenperature was

oxnibited o (EhpAPALORS CAvAE Lo Bae e ie T S AGCREPAED 06 be”

exhibited a tenp €ss,

o P erheroakode sheTBes Weher it (e S8 ol £E0ATLER 082EE" 4O

was nade snma 0sSi'ble i's embodl nen 0~ Suppr

FPQOO- 0256- 00 j - X ith th

Si xth embod: rEHE Y Bl B 0B porer EOnS UGt 1O o A Gich ERbodiFont An
ei ght h enbodi ggg&rp@_?t he owr%lervx/ave%%jlgg magul e tfﬁe“‘ilﬁcfﬁﬁgaﬁgﬁi}q‘ét h the

present invention Will now bé expl'ai ned Wi th reference e perspective

vi ew sgown irbﬁiﬁacégrﬁggichﬂ%hﬁ&ﬂ@héhﬁ%@%ﬂﬂ¥@mnQogga'éﬁgxbgﬂ%agfﬂgﬁginent

differs from the eighth embodiment in the matching pf 0Se Cro0sSs

section is shoyd ddpdi e oBkuBsRAZEH oS @NhASpbRes ULk %ﬂﬁ’pt‘ff’@n efagLcs
heater 40. As theéﬁatching plgFe 92, gﬁe ha%ina Jﬁ? erence ﬁg)% X -6/ C

or less fromidesopsiGal iwaveguide device 2 at roomtenperature in CTE is
used. Since the optical wavegui de device 2 nmade of quartz (having a CTE of

0.5 x 10-6/C) is used trals Red¥diaddmdy, e R®ver 24 is integral, so as
to join the insulating substrate 22. In this form, however,
10 there are cases where the optical fiber 4 is hard to attach.
In these cases, the form may be Changed such that the cover
24 is split into a side wall part 24x formed like a square
tube aﬁd a top part 24y, the optical waveguide device 2 and
optical fiber 4 are mounted in a state where the package
15 substrate 22 and the side wall part 24x are once bonded to
each other, and then the.top part 24y is bonded or screwed
thereto.

Seventh Embodiment

A seventh embodiment of the optical waveguide module

20 inaccordancewith thepresent inventionwill nowbe explained
with reference to the perspective view shown in Fig. 15 and

the side view shown in Fig. 16. This embodiment differs from

the sixth embodiment in dimensions of the ceramics heater

40. Detailed investigations of characteristics of the

25 optical waveguide device 2 havé revealed that an area

requiring temperature uniformity does not cover the whole

53



15 a CTE of 2.0 x 10-6/C is enployed as the matching plate 92-in this
enbodi nent. The matching plate 92 has a size of 40 mMmx 25 M x 1 mMm
which is identical to the size of ceramics heater 40 used in the ﬁ%@?lb256—00
enbodi nent. Also, a hollow part of 15.5 mmx 15.5 nmis forned at e

center by boring, so 20 that the ceram cs heater 40 having a size of 15 mm
X 15 M x 1 mmcan fit therein. Since the matching plate 92 surroundi ng
the ceramics heater 40 is provided as such, the optical wavegui de device

2 can firny %@gggyz‘g&%ﬂsﬁﬁ :&ger\fﬁﬁ'{]@'ﬁi,cﬁuQe%efiﬁJ?tga e, 29 Eg%ﬁﬁﬁ%s""here

the ceram cs an 't he " optrical ~‘wavegui de déevi ce 2.

freferably, TolafetLan ivtééufg@%ggﬁﬁggghﬁ%% el ggtﬂga%%?mgqﬂhde

device 2, at Teast one side reaf ér than the

opt i cal waveoky ds. gyl 68 % DY 200, MM, 1Q IR 0, 9NGEALpoThe Rt er i al

of mat ching ate 92 1s required to el ecte t hat

mat ched by th@eP&[m)i&éhe‘é’%\é% Ui g fEYLEE, 2m YWOEE %msoa%muhté}'ﬂrﬁéééur@acél | oys,

and the |like can be selected as nentioned above I n terns of at spreader

materigls. Thepa b kPRS- 8T dBLN DY Ab8n2 ndBYROS TUC 1t PabegihgR the

ceram cs heater 40 is fitted into the matching plate 92, 10 theif upper

faces are posqd¢oRed afasubstantdabhy1182 SRAR tRetOBE. tMbBepuseghReans
mat ching plate 92 is used, it can be bonded to the optical wavegui de

device 2 W t o @dthesihveguitRd@epfca ¥ esbinyhicd saktracase @ solindd enhm af ter
bondi ng. When characteristics of this optical wavegui de nodule 15 1 were
i nvesti gat ed, hexeehd enfr fhay adt eeirahies MWeEEeObi@iinLthade smaller than
| the optical waveguide device 2 as such, the power consumption
10 can further be lowered. Specificaily,byaidesignutilizing
thermal simulations, the ceramics heater 40 is made with
a size of 15 mm x 15 mm x 1 mm.
fnvestigations of characteristics of the foregoing
optical waveguide module 1 yielded the following results.
15 As for temperature uniformity, viewing with a thermoviewer
at an ambient temperature of 0°C with the ceramics heater
40havingat£mperatureof80°Crevealedthatthetemperature
distribution within the area of 10 mm x 10 mm necessitating
temperature uniformity inside the optical waveguide device
20 2 was suppressed to $0.4°C or leés. As fgr temperature
controllability, it was_found that, even when the ambient
temperature was changed within the range fron1—40°C to 70°C,
theceramicsheater40ﬁmrelyexhibitedeatemperaturechange
oin.5°Corless,thusbeinghardertobeaffectedbyexternal

25 tempetature. Since the size of ceramics heater 40 was made

smaller, it was possible for this embodiment to suppress
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as in the other enbodinents. Al so, the heater power consunption was 2 Wor
| ess at an anbient tenperature of OC and a heater setting tenperature
80C. Further, 'since the optical wavegui de device 2 joined not onlﬁbq§Fa 56-00
ceram cs 20 heater 40 but also the matching plate 92, the stability &#

installing the optical waveguide device 2 dramatically inproved in this
enbodi nent as conpared with the seventh enbodi nent. Al so, substanti al
the sane favorable results were 25 obtained in this enbodi rent when simlar

experinments
i nserted 56

Lo e SRR bk ARG ) TRk, 81,188 ket e

Enbodi nent A nint
accordance w th thep prgsgenEnd Lien will now be explained wth reference
to Fig. 19. This eﬁ%&%ﬁgenr—dgiigrs—fron1the first enbodiment in that the

wavegul eln

i nsul ating substratg, 50 Afrheabetimddube 80 KAy 'i»z%![v%gﬁ:i@el bahQet

package substrate 22 in the first enbodi ment. "Nanely,

nsul ati ng

of

l'y

FPBG BAE 65 R i hgel 0 T RBC ( AvBd o GEvof s

Ni nt h

he

substrate 10 HQapboheahet gL e 3Q GRSt A SSi $h RALL nRly M@xﬁﬁﬁﬁnéa as
have a thi ness of

wel | . Consequently, the optical wavegui de nodule 1 can

c

8 mm whi ch igisiedd @lrddian tE0t A pdirspdeer {44 sti fnBadivient .FMen 7 ang

characteristics of this optical waveguide nodule 1 were investigated,

excel l ent 15 ghakaelkeri sl istswiesle rabt ained @S J BnbbeiRthediead FBshsS.
Tent h Enbodi nment

10

15

20

25

the eighth embodiment in the matching plate 92'(whose Cross
section is shown in Fig. 18) disposed so as to surround the
ceramics heater 40. As the matching plate 92, one having.
difference.of 3 x 107/°C or less from the optical waveguide
device 2 at room temperature in CTE is used.

éince the optical waveguide device 2 made of quartz
(having a CTE of 0.5 x 107%/°C) is used, an Fe-Ni alloy having

a CTE of 2.0 x 107%/°C is employed as the matching plate 92

in this embodiment. The matching plate 92 has a size of a0

mm x 25 mm x 1 mm, which is identical to the size of ceramics
heater 40 used in the sixth embodiment. Also, a hollow part
of 15.5 mm x 15.5 mm is formed at the cehter by boring, so
that the ceramics heater 40 having a size of 15 mm x 15 mm
x 1 mm can fit therein. |

Since the matching plate 92 surrounding the ceramics
heater 40 is provided as such, the optical waveguide device
2 can firmly be secured onto the ceramics heater 40 even
in cases where the ceramics heater 40 is smaller than the

optical waveguide device 2. Preferably, for reliably
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A tenth enbodi ment of the optical wavegui de nodule in j@accordance with the
present invention will now be explained wth reference to Fig. 20. This
enbodi ment differs fromthe 20 first enbodi nent in clanping posi tiEoE;"bso_ 256-00
(securing positions) between the optical fibers 4 and optical wavegui de
device 2. Though the optical fibers 4 are secured by the insertion ports
24a, 24b of the case 20 in the first enbodinent, the clanping positions

are placed inside the case 20 in this 25 enbodi nent. Specifically, the

tical fib : ; | 99, 19 d th
heul ating 577 BPOBS 008 B0 KOHeTrarg 5 SRR S Bont; guraL G naRag |1
f , , br S
Fibars 4 ot by T BCeBTe oseror Ly hanae oo e hed! rPaBgtEiec e

peater modu eq30: 80, Cagcatur of LK (DO J G e 2120, TREANSR.LOLE N,

El event h Enbodi nent An el event h enbodi nent of e optical wavegui de fnodul e

| n accor danceo pif b thenreeent daventiomidd doWehecoxplalnednlenkt h
1. Thi enno

reference to Fig. 21. s enbodi nent differs fromthe sixt iment in

t he teghni que; pf d«ﬁngk&Ehttcf}%opﬁfzadﬁééltot*ﬂéal%ia\/@g&i%é hevinsyl a&/h@geby
substrate 50. In the sixth enbodinent, the ceram cs heater 40 an

i nsul ating substyat §ll§9s§ir@ub9!m6§isLoaﬁéchh@f[ hekeWehh bBeskesbRedlasBy
contrast, 15 they are secured to each other with screws in this enbodi nent.
- As depicted, serevonetespbddd Bactehwyid Heal 3PRlRIder materials. The
thickness of matching plate 922 may be éuch that, when the
ceramics'heater 40 is fitted into the matching plate 92,
10 their upper faces are positioned at substantially the same
height. When such a matching plate 92 is used, it can be
bonded to the optical waveguide device 2 with an adhesive
made of a resin which attains a solid form after bonding.
When characteristics of this optical waveguide module
15 lwere investigated, excellent characteristics were obtained
as 1n the other embodiments. Also, the heater power
consumption was 2 W or less at an ambient temperature of
0°C and a heater setting temperature of 80°C. Further, since
the optical waveguide device 2 joined not only the ceramics
20 heater 40 but also the matching plate 92, the stability upon
installing the optical waveguide device 2 dramatically
improved in this embodiment as compared with the seventh
embodiment.
Also, substantially the same favorable results were

25 obtained in this embodiment when similar ex?eriments were

carried out with the optical waveguide device 2 and inserted
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of 1 mmare forned at four corners of the ceram cs heater 40;

respectively, whereas female threads 102 are cut at their corresponding
positions in the insulating substrate 50. 20 Then, screws 103 passigih-g256-00
through their corresponding screw holes 101 engage their corresponding
femal e threads 102. t hereby securing the ceram cs heater 40 and the

i nsul ati ng .substrate 50 to each other. Also, for ensuring thermal

contact between the ceram cs heater 40 and insul ating 25 substrate 50,

their gap is ﬁ%tédz Wil @ d gerﬂfﬁbgg@%%@l -(I)_@'?ES@er.S‘TQa?B”G?W%@Tﬁﬁﬁ t hat

in the sixth enbodi nrent yi el ded 58 025 simlar results ough the
third to el evgnth gﬂt@g nﬁaﬁn npl eyethe 141 N b@eﬁ/@r& Nrﬂyép%&qxf@w

ceram cs 44, tungsten heating ayer 42, and second ceram cs used in

the first enbodi meng;nen thgsMdNdeater conprising ALN cerani cs 44, heating
layer 42 made of sttver paftadiunT and coating film 45 mainly conposed of

silica glass used iftikerseanpdiREREN MRl B?chgg WPy @sa Mvalday 1ex afpl es -
10 Exanpl es-perfornmed nmainly based on the optical waveguide nodule in

accordance W ihcdh@ahdé shiter tﬁ@w@bemwemrﬂonmwulm Be explained.
Exanpl e 1 Concerning the ceram cs heater 40 used in. the first 15

enbodi ment, theck eRFRRNGLt IHifOr iy ™iophbedli meavegut fers ¢auntened was

measur ed whil e variously changing its surface roughness Ra. Usually, a

t enper at ur e ufi fof BbYdafeB 9@ that the insulating substrate 50 of heater
module 30 plays a role similar to the package substrate 22
in the_first embodiment. Namely, the insulating substrate .

10 50 of heater module 30 constitutes a pért of the case 20

as well. Consequently, the optical waveguide module 1 can
have a thickness of 8 mm, which is smaller than 10 mm in
the firét embodiment. When characteristics of this optical
waveguide module 1 were investigated, excellent

15 characteristics were obtained as in the other embodiments.

Tenth Embodiment

A tenth embodiment of the optical wéveguide module in
accordance with the present invention will now be explained
with reference to Fig. 20. This embodiment differs fronlthe

20 first embodiment in clamping positions (securing positions)
between the optical fibers 4 and optical waveguide device
2. Though the optical fibers 4 are secured by the ins_ertion
ports 24a, 24b of the case 20 in the first embodiment, the
clamping positions are placed inside the case 20 in this
25 embodiment. Specifically, the optical fibers 4 are secured

by supporting members 99, 99 placed on the insulating
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o . ' o
can be satisfied in the initial state at any Ra. However,

Lt-may be

expected to deteriorate during reliability tests 20 or actual
optical waveguide nodule if the Ra condition is inappropriate. 1TE¥§H£H§%6—OO
a danp heat test for exposing the optical waveguide device 2 to an

at nosphere having a humdity of 85%at 85C for 2000 hours was carried
out, and then the anbient tenperature and the tenperature 25 of ceram cs
heater 40 were set to OC and 80C, respectively, at which the tenperature

uniformty of
a t hernovi ewer

esing 41 and 43 1o RG Coer ot Be-eRraroln fRve ety

u

se of the

i egui de 59 FP0O0-0256-00 device 2 was observed with
sQB%%%?%e?@éhoms the results. It was also found that, when a

23t oecuci g

ature

uni formity angotegpsaﬁwrsugoe&aﬂ 'aggkgéyngﬁ&@ Rt a‘geggaﬁf ke

reliability test 1f the surtace roughne ceramc

eater

| east 0. 05 p%ﬁé‘%ﬁ?%@@@écﬁﬁes@?ﬂé@ a@nchla@lgteh%eq%%%wgssift

is 100000 cps, Ith corresponds to the case where the r

S n

3
:

Sgggé’at
gngiﬁgosity

as changed

10 with tinme, tfavRERPLe HENREEABYr SndNEEQEM Y 2DNHclePRE" BbVRHEOF case

controllability cannot be obtained unless the surface roug

ness 1S

controlled tops0 a84qt§obeserr, 10 pmor | ess. Wien the resin bonding the
ceram cs heater 40 in each of the sanples failing to yield favorable

tenperature 15 unigdvadonh atbd@imesature controllability -after the

reliability test was observed with a stereom croscope at

10x,

peel i ngs and

cracks having a si zg efle@ehtATarodiimeaites f tMe SpseenliwnddigiikrndbaglLeesi n.

On the ot her

10

15

20

hand, the
inaccordancewith thepresent inventionwill nowbe explained

with reference to Fig. 21. This embodiment differs from the
sixth embodiment in the technique of bonding the ceramics
heater 40 to the insulating substrate 50. In the sixth
embodiﬁent, the ceramics heater 40 and insuléting substrate
50 are bonded to each other with the resin 41, By contrast,
theyaresecuredtoeachotherwithscrewsinthisembodiment.

As depicted, screw holes 101 each having a diameter
of 1 mm are formed at four corners of the ceramics heater
40,respectively,whereasfemalethreads102arecnﬁ:attheir
corresponding positions in the insulating substrate 50.
Then, screws 103 passing through their corresponding sérew
holes 101 engage their corresponding female threads 102,

thereby securing the ceramics heater 40 and the insuléting

‘substrate 50 to each other. Also, for eﬁsuring thermal

25

contact between the ceramics heater 40 and insulating
substrate 50, their gap is filled with a thermal compound.

The same measurement as that in the sixth embodiment yielded
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ceram cs heater 40 as a single unit was taken out after the-20 test, and

was observed with a thernoviewer at an anbient tenperature of OCwith the
ceram cs heater 40 having a tenperature of 80C, whereby results FPO0-0256-00
substantially the same as those observed before the reliability test were
obt ai ned. Also, no change was seen in the thermal conductivity of 25
ceram cs heater 40. TABLE 1 60 FPO0O-0256-00 RaBondi ng

resi nTenper atureTenperature pnuni formtycontrollability O~G C Sanpl e

10. 1si l i cone0 - V] [ty: 10000 cps) Sanple 210silicone0.50.7
(viscosity: lﬁg@bf%%s#éggﬁ%%é 3*100siliconel. 00.7 (viscosity: 10000 cps)

e ons L A ST AR08 SiphL GoBR. 020
AlNheater comprisingAlNceramics 44, tungstenheating layer
42, and second AlN ceramics used in the first embodiment,
5 fhe AIN heater comprising AlN ceramics 44, heating layef
42 made of silver palladium, and cecating film 45 mainly
composed of silica glass used in the second embodiment may
be used as well.
Examples
10 Examples performed mainly based on the optical
waveguide module in accordahce with the first or second
embodiment will now be explained.
ﬁxamgle 1
Concerning the ceramics heater 40 used in the first
15 embodiment, the temperature uniformity of optical waveguide
device 2 was measured while variously changing its surface
roughness Ra. Usually, a temperature ﬁniformity of £0.5°C
can be satisfied in the initial staﬁe at any Ra. However,
it may be expected to deteriorate during reliability tests
20 or actual use of the optical waveguide module if the Ra
condition is inappropriate. Therefore, a daxﬁp heat test for
exposing the optical waveguide device 2 to an atmosphere
having a humidity of 85% at 85°C for 2000 hours was carried
out, and then the ambient temperature and the temperature
25 of ceramics heater 40 were set to 0.°C and 80°C,v respectively,

at which the temperature uniformity of optical waveguide
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(viscosity: 10000 cps) Sanple7*0.01siliconel.02.0 (viscosity:--10000 cps) *:

[

conparative exanple Exanple 2 Wile variously changing the surface
roughness Ra of the ceram cs heater 40 used in Exanple 1, tenmper gig .02 6-00
characteristics after 2000 hours of the danp heat test were neasure

resin having a viscosity
the ceram cs heater 40,

temperature cayioL! a0 t?’bé’@f%@%@%&?ﬂ%ﬂ el

and 43 in

cerani cs heater

FP00-0256- 00 Mhgn ddie resi nebondi ngsd ey oof ames Dg eé.sﬁ.giig’%éneea(fgsigf the

sanples failing to yield favorable tenperature "uniform

control labiligy,after 9b§co§§£%agkliéUObeéﬁsm@§ﬁ09§8&V§g PhEPS CBrinﬁn]or

stereoni croscope at 5 10x, pee

gr eat er

SeLwJ £ACe Ta%g.lre:zg ?gggﬁqwg

I
was at east not greater t

ings and cracks having a size o

Wi th ast her NOVeRYEF 2 Bl r@0ndFBireRt y drePenBbukeuet Qe tidin dde e aut

S
heater 40 having a 10 tenperature of 80C, whereby results substantla?Iy t he

sane

10

15

20

25

obtained after the reliability test if the surface roughness
of ceramics heater 40 was at least 0.05 um but not greater
than 10 ym. In the case_where the viscosity is 100000 cps,
which corresponds to the case where the resin has changed
with time, favorable temperature uniformity and temperature
controllability cannot be obtained unless the surface
roughness is controlled to so as to become 10 um or less.

When the resin bonding the ceramicé heater 40 in each
of the samples failing to yield favorable temperature
uniformity and temperature controllability after the
reliability test was observed with a stereomicroscope at
10x, peelings and cracks having a size of 0.1 mm or greater
were seen in the bonding resin. On the other hand, the
ceramics heater 40 as a single unit was taken out after the
test, and was observed with a thermoviewer at an ambient
temperature of 0°C with the ceramics heater 40 having a
temperature of 80°C, whereby results substantially the same
asthoseobservedbeforethereliabilityﬁestwereobtained.
Also, no change was seen in the thermal conductivity of
ceramics heéter 40.

TABLE 1

60

as in
Exanple 1. Table 2 shows the results. It was found that, when a polyimde
of 10000 cps was used as the securing resins 41
favorabl e tenperature uniformty 10 and

f
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heater 40 as a single unit was taken out after the test, and was observed



as those observed before the reliability test were obtai ned- —Al so, no

change was seen in the thermal conductivity of ceramcs heater 4'0. TABLE

2 Ra Tenperature Tenperature pnBonding resinunifornmty controllabiddda. &56-00
Sanmpl e 8*120pol yi m del. 02. 0 Sanpl e 910pol yi m de0. 50. 7 Sanpl e

100. O5pol yi m de0. 50. 7 Sanpl e 11*0. 01lpolyi m del.02.0 15 *: conparative

exanmple Exanple 3 As shown in Figs. 2 to 4, the glass coating |ayers were

di sposed on the upper side (upper side in Fig. 4) of the first AIN

ceram cs | ayer 44 and g he |BwwedingdeedlnydeRersitderd n| Tegpedytofet he
second AIN ceram cs | ayem 46, which were resim foonditng fecestodlidieility
ceram cs heater 40 used in BExanple 1. The flidgrs were forjneg by firing
after screen B2npT01 UZ3p-100 PEiTHEdWe var i qug K nds of T § i CKNEss weTje
formed by sfcreen print|i ng, angv£§gg§g ure |characteristics after 2000
hours of thel danp heat |test Mfffb@§q5£$)d ag in Exanple 1. Table 3 shows
the resul ts. Ht—was ‘oynﬁoth"t Favor-apte—5 tgﬁp%;atu{e u.:j§f$1{y ard
tenperature(ﬁﬁﬁ??ﬁl%blllty ilicone s =
viscosity:
' 10000 cps)
Sample 3* | 100 silicone 1.0 0.7
(viscosity:
10000 cps)
Sample 4 10 silicone 0.5 £0.7
(viscosity:
100000 cps)
Sample 5* | 15 silicone 1.0 2.0
(viscosity:
100000 cps)
Sample 6 |[0.05 |silicone +0.5 0.7
{(viscosity:
10000 cps) -
Sample-7* | 0.01 |silicone £1.0 1 £2.0
(viscosity:
10000 cps)

*: comparative example’
Example 2 |
While variously changing the surface roughness Ra of
the ceramics heater 40 used in Example 1, temperature
5 characteristics after 2000 hours of the damp heat test were
measured as in Example 1. Table 2 sﬁows the results. It
was found that, when a polyimide resin having a viscosity
of 10000 cps was used as the securing resins 41 and 43 in
the ceramics heater 40, favorable temperature uniformity
10 and temperature controllabilitywere obtained if the surface
. roughness of ceramics heater 40 was at least 0.05 um but

not greater than 10 um.
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obtained after the reliability test as well when the film thickness of

gl ass coating |layers was at least 1 pmbut not greater than 500 um Al so,

the filmformng time was renmarkably shortened when the filn1th|§§%§§soygg_oo
100 pmor 10 |less. Wen the cerami cs heater 40 in each of the sa

failing to yield favorable tenperature uniformty and tenperature
controllability after the reliability test was observed with a

st ereom croscope at 10x, the glass coating 15 layers did not conpletely

cover the ALN cer a%ﬁé?'@'}lgrl%sg.%stﬁglha Eﬁ‘g Cse% ng Ih%ﬁeeﬁl tlglfg%,:c m

t hi ckness of coating | €ss,

|ayers 44, 4fevang, pgéﬁ;?yesxrf%aﬁqnqvmﬁhgiea%e'fm&ggﬂe i

size of 0.1 nmor greater were seen bondi ng resin 2
part. Al so, | .and C Si ter,were
seen in the gﬁ§%58?§§g? o%ﬁ?hgéé f%wug?i agé?ﬁkjgﬂépf Qﬁ%ﬁhlégness of

500 E t T at
omuntf orm Cycost 1P abi T F%S&“H‘an%bég?ﬁ greg o e PR FE b ERe o6

FPOO- 0856- 00 509, Opeélﬂigg ardfRe kk4h £8MREC: 12 H0% 8.1 fh Br Greater

conparative exanp
were seen in the bonding resin. On the other hand, the

ceramics heater 40 as a single unit was taken out after the
test, and was observed with a fhermoviewer at an ambient
temperature of 0°C with the ceramics heater 40 having a
10 temperature of 80°C, whereby results substantially the same
as those observed before the reliability test were obtained.
Also, no change was seen in the thermal conductivity of

ceramics heater 40.

TABLE 2
Ra Bonding resin | Temperature |Temperature
Hm _ uniformity controllability
°C °C
Sample 8* | 120 polyimide 1.0 2.0
Sample 9 10 polyimide 0.5 0.7
Sample 10 |0.05 |polyimide 0.5 0.7
Sample 11* |0.01 |polyimide +1.0 2.0
T
15 *: comparative example
Example 3

As shown in Figs. 2 to 4, the glass coating layers were
disposed on the upper side (upper side in Fig. 4) of the
first ALN ceramics layer 44 and on the lower side (lower

20 side in Fig. 4) of the second AlN ceramics layer 46, which
were resin bonding faces of the ceramics heater 40 used in

Example 1. The films were formed by firing after screen
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Exanple 4 Using the ceram cs heater 40 enployed in the second- enbodi nent,

the follow ng experinent was carried out. The 5 coating filnms provided in
the ceram cs heater 40 were formed by firing after screen printin%T\Gudé%%Loo
kinds of film thickness were forned by screen printing, and tenperé%ure
characteristics after 2000 hours of the danp heat test were neasured as in
Exanple 1. Table 4 .shows the results. It 10 was found that favorable
tenperature uniformty and tenperature controllability were obtai ned when

the film thi | easty ; - { ,
the filmfor ﬁ%gﬁ??n. '%@?%ﬁkﬁ%ﬁjgh%ﬁlelﬁggh%gﬁe tshyéfa%l %Q’tqﬁﬁ%@r]?é@ssalas
rE%?@PEb%%

100 | ' ' . St
P o o SSSprdon tham e, conan e diealare dokaceach <Pl Lhereamm

failing to yie enperature uniformt

Contr0||abi|i$¥u?§tﬁf1ﬂﬂ?d%ﬁ&JﬁQEkiE¥s£e§ér¥wﬁ?a§@§§£W%gjﬁfbEgﬁﬁéﬁi%g 3

stereom croscope at 10x, it was seen that peelings and crac |
size of 0.1 MiyPfcoBe8h8lsWeH2 2% GaNnes at ed %tfo@hélfgﬁﬁf'cfév\?\‘?f%%\éflhe

between the heating circuit 42 and AIN ceranmics in sanples in
glass sfilm t@éﬁﬂ?é‘§§§uf\@§1n§'f%|rhﬁﬁ:yti}?d‘t%ﬂp@@‘htﬁé@lc%rf‘tr.Fd]!erbiClCit jwere

t hi cknessTenper at ureTenperature pruniformtycontrollability
FPQO- 0256- 00 Sigdl ged GAf e eliability test as well when the film
thickness of glass coating layers was at least 1 um but not
greater than 500 um. Also, the film forming time was
remarkably shortened when the film thiqkness was 100 um or
10 less.

‘When the ceramics heater 40 in each of the samples
failing to yield favorable temperature uniformity and
temperéture controllability after the reliability test was
observed with a stereomicroscope at 10x, the glass coating

15 layers did not completely cover the ALN ceramics layers 44,
46 in the samples in which the film thickness of coating
layer was 5 um or less, whereby the ALN ceramics layers 44,
46 were partly exposed, whereas peelings and cracks having
a size of 0.1 mm or'greéter were seen in the bonding resin
20 join@dtothispart. Also, peelings and cracks having a size
of 0.1 mm or greater wefe seen in the glass layer of the

samples whose glass had a film thickness of 500 um or greater.

TABLE 3
Filmthickness | Temperature | Temperature
Hm uniformity controllability
°C °C
Sample 12* | 0.5 +0.9 1.9
Sample 13 1 +0.5 0.7
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5 0.7 conparative exanple Exanple 5 As shown in Figs. 2 to-4; the

followng Al |ayers were di sposed on the upper side (upper side in Fig. 4)

of the 5 first ALN ceramics |ayer 44 and on the |ower side (lowerg 61902516 00
Fig. 4) of the second AIN ceramcs |ayer 46, which were resin bon

faces of the cerami cs heater 40 used in Exanple 1. Nanely, the ceram cs
heater 40 was put into a vacuum chanber for vapor deposition, which was
vacuurmed untjil 10 the degree of vacuumthere within becane 1.33 x 10 3 Pa

or lower, andlambéa At | aer were depasi@ed whil e usthg7at | east 99.9 wt %

of Al as a va&mpﬁem I 600 source. Thetdegree of vagRum during vapor
deposi tion was. ast.1.33 X 19-1 a but not higher than 1 .33 x 10_3
Pa, whereas 1 't‘ﬁ%mrt’%ﬁ% 1 3EuF®3BP-Cerami cs heater 40 was between 100C and
200C. Also, Al fil with various thickness values were forned. On the
ot her hand, the cr&%ﬂ‘——gﬁiicle size of Al films was |um The naturally
oxidized filmthic ess faormed _on Al .fil

s 0-
neasured by micro-A eelceecrtallrﬁ'r?ssﬁl&,attre&sc p?mp?‘é’rﬁ?]é}r éPuFbe decond
characteristic i thes searE%I s afterx 000 Qo rs of th qarTB hea test
wer e rreasure%’a%% A Eandle P 1PHEPY 8 ?ﬁ&k&l Phe ?%sciﬁrtrsle PUutyg Sund
that f bl t j t troll b|
USRRE e Shelic faal Lot g RIS o S o S ol e

was at 65 by firing after screen printing. Various kinds of film

thickness were formed by screen printing, and temperature
characteristics after 2000 hours of the damp heat test were
measured as in Example 1. Table 4 shows the results. It

10 was found that favorable temperature uniformity and
temperature controllability were obtained when the film
-thickness was at least 10 um but not greater than 500 um.
Also, the film forming time was remarkably shortened when
the film thickness was 100 um or less.

15 When the ceramics heater 40 in each of tﬁe samples
failing to yield favorable temperature uniformity and
temperature controllability after the reliability test was
observed with a stereomicroscope at 10x, it was seen that
peelings and cracks having a size 6f 0.1 mm ér greater were

20 generated due to differences in level between the heating
circuit 42 and AlN ceramics in samples in which the glass

film thickness was smaller than 10 um.

TABLE 4
Filmthickness | Temperature | Temperature
um uniformity controllability
°C - °C
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FPOO- 0256-00 | east 1 pm but not greater than 100 pm Also, the filmformng
time was renmarkably shortened when the Al filmthickness was 20 pm or

| ess. When the ceram cs heater 40 in each of the sanples 5 falﬂlﬁ¥éd)0256 00
yield favorabl e tenperature uniformty and tenperature controllabilit

after the reliability test was observed with a s tereom cro scope at 10x
peelings and cracks having a size of 0.1 mmor greater were seen in the
bonding resin bonded thereto in sanples in which the Al filmthickness 10
was small er téampleda* TABLE 5 Fi |l m t hidokiess Tenperat ue Tenper at ur e
pruni formty s&mlbl@liabiitbty CC Sarrpl g B*90. 50. 91. 9] Hanpl e 1910.50. 7 |Sanpl e
20200. 50. 7 Sappre 21100 arative exanple EXxanpleé 6 AS sho I n
Figs. 2 to 4, th%°$8?¥%9}ﬁ% %&am% Brs were | 15 disposed as in Exanple 5
on the upper side ( )Pé)er S|§ie in Fig. 4) of the first ALN ceramics | ayer
44 and on the | owertxample 5

As shown in Figs. 2 to 4, the following Al layers were

disposed on the upper side (upper side in Fig. 4) of the
5 first ALN ceramics layer 44 and on the lower side (lower
side in Fig. 4) of the second AlN ceramics layer 46, which
were resin bonding faces of the ceramics heater 40 used in
Example 1. Namely, the ceramics heater 40 was put into a
vacuum chamber for vapor deposition, whichwas vacuumed until
10 the degree of vacuum therewithin became 1.33 x 1072 Pa or
lower, and then Al layer were deposiﬁed while using at least

99.9 wt$ of Al aé a vapor deposition sourc;.
The degree of'vacuum'during vapor depositioﬁ was at
least 1.33 x 107! Pa but not higher than 1.33 x 1072 Pa, whereas
15 the temperature of ceramics heater 40 was betwéen 100°C and
200°cC. Also,_Al'films with various thickness values were
formed. On the other hand, the crystal particle size of Al
filmswas 1um. Thenaturallyoxidized filmthickness formed
on Al films was 500 x 107'° m when measured %y micro-Auger
20  electron spectroscopy. Temperature characteristics of
these samples after 2000 hours of the damp heat test were
measured as in Example 1. Table 5 shows the results. It
was found that favorable temperature uniformity and

temperature controllability were obtained after the

25 reliability test as well when the Al film thickness was at

65



side (lower side in Fig. 4) of the second ALN ceram cs | ayer --46, which

were resin bonding faces of the ceramics heater 40 used in Exanple 1.

Filmse with various Al crystal particle 20 sizes were formed. On t $§i5§56—00
hand, the filmthickness was 2 pm The naturally oxidized filmthickness
formed on Al filns was 500 x 10-10 m when neasured by m cro-Auger el ectron
66 FPOO 0256- 00 spectroscopy. Tenperature characteristics of these sanples
after 2000 hours of the danp heat test were nmeasured as in Exanple 1.

Table 6 Showslég'gt rleﬁ&'bh%'ndﬁ %P@été?r&%nf f@@ pmf. avpy ,l %hteSfrJgjﬁ ’ﬂ)%ﬂ%gg

uniformty and tenperature 5 contro Ity were obtaine er t

reliability teshe @éswféﬂnammpcﬁhsw%ﬁea RALHI ‘ehg mzsimstﬁ&ckﬁggg 0.1
pm ent e

pm but not greater than 10 e ceram cs ater 40 in each of the

sanples failjng 30 yhebd fayerable tenmperature uniformty and 10
tenperature controllability after the reliability test was observed with a

stereoni croscope atyddX, tipeetd PaRi AHth &4 REKS40hayi 89cR SEZEnOf sOmd1 W OF

greater were seen in the bonding resin. TABLE 6 Crystal Tenperature

Tenpergture peiiichg FioZeyudldoraviol AN I 0bhgbkhth¥e UMS formity and
temperature controllability after the reliability test was
observed with a stereomicroscope at 10x, peelings and cracks

having a size of 0.1 mm or greater were seen in the bonding

resinbondedtheretoinsamplesinwhichtheAlfilmthickness

10 was smaller than 1 pm.
TABLE 5
Filmthickness | Temperature | Temperature
um ' uniformity controllability
°C °C
Sample 18* | 0.5 0.9 1.9
Sample 19 1 0.5 0.7
Sample 20 20 0.5 0.7
Sample 21 | 100 0.5 £0.7

*; comparative example

Example 6
As shown in Figs. 2 to 4, the following Al layers were
15 | disposed as in Example 5 on the upper side %upper side in
Fig. 4) of the first AlIN ceramics layer 44 and on the lower
side (lower side in Fig. 4) of the second AlN ceramics layer
46, which were resin bonding faces of the ceramics heater
40 uéed inExample 1. Films with various Al crystal particle
20 sizes were formed. On the other hand, the film thickness

was 2 um. The naturally oxidized film thickness formed on

Al films was 500 x 10" mwhenmeasured bymicro-Auger electron
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Sanpl e 22*0. 051. 02. 0 Sanpl e 230. 10. 50. 7 Sanpl e 24100. 50. 7 Sampl e

25%200.91.9 15 *: conparative exanple Exanple 7 As shown in Figs. 2 to 4,

the following Al layers were disposed as in Exanple 5 on the uppeipidd8s56-00
(upper side in Fig. 4) of the first ALN ceramcs |ayer 44 and on the | ower

20 side (lower side in Fig. 4) ‘of the second ALN ceram cs |ayer 4.6, which
were resin bonding faces of the ceram cs heater 40 used in Exanple 1. The
oxidized filmthickness of Al layers 67 FP00-0256-00 was changed

intent_ionallyS gpt gg ger i@ﬁg&ré%ﬁ&&&M§E§EteP@EEhEEQﬂ?ﬁE@%&@ggﬁ%g { hese

wher eas the f| S was um Tenperature characteristi
sanpl es after, @QPOzc?;Wrﬁmﬂfs to*fetﬁ@naaﬂa BAhod £51e JENL NP rs‘%ﬁe%ﬁ alsni fxanpl e
5 1. Table 7 s ows t results. 1t was ound that favora tenperature

uni formty anﬂxéﬁﬁ?érﬁlLWF&H%H“d(gﬂd%E'ﬂhkyrﬂﬁﬁﬁjxﬁbt@%”@QsaEBQBdtQEat
reliability test as well when the oxidized filmthickness was at |east 10

X 10-10 m butsesr S eat er tbhgdraB@Pex 1@nilfoMnidd Vm&ﬂdthetéﬁ%éﬂhﬁﬁrgeater
40 in each of the sanples failing to yield favorabl e tenperature

uni forgn ty angbnt£IPEARL VI EyCRatEObbaRLhéliyadtber thBereeh kB EyytEgst was
observed with a s tereom cro scope at 10x, peelings and cracks having a

size of 0.1 rag Gfeldr @aleey t\l‘&%r@r§§§allpai’ﬂﬁcbérlﬂiﬂg Wds I8si1Ralst 8aMpPh@|s in
whi ch the oxidized filmthickness was
but not greater than 10 um.
When the ceramics heater 40 in each of the samples
failing to yield favorable temperature uniformity and
10 temperature controllability after the reliébility test was

observed with a stereomicroscope at 10x, peelings and cracks

having a size of 0.1 mm or greater were seen in the bonding

resin.

TABLE 6
Crystal Temperature | Temperature
particle size |uniformity controllability
pm °C °C

Sample 22* | 0.05 1.0 2.0

Sample 23 [0.1 0.5 0.7

Sample 24 |10 +0.5 £0.7

Sample 25* | 20 £0.9 +1.9

15 *: comparative example
Example 7

As shown in Figs. 2 to 4, the following Al layers were

disposed as in Example 5 on the upper side (upper side in

Fig. 4) of the first ALN ceramics layer 44 and on the lower

20 | side (lower side in Fig. 4) of the second ALN ceramics layer
46, which were resin bonding faces of the ceramics heater

40used inExample 1. TheokidizedfilmthicknessofAllayers
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smal | er than

sanpl es in which the oxidized film thickness was greater than 800G;
m 20 TABLE 7 Oxidi zed film Tenperature Tenperature thickness unlform
controllability x 10-1o nCC Sanple 26*51.02.0 Sanple 27100.50. 7 Sanple

10 x 10-10 m On the other hand, it was seen that peelings
and cracks having a size of 0.1 nmor greater occurred in Al layers in

288000. 50. 7 Sanpl e 29*9001.02.0 *: conparative exanpl e Exanpl e 68
FPOO- 0256-00 As shown in Figs. 2 to 4, the following Al layers 82 were

di sposed as ifaExaPl b ﬁftérrt%mef si @e ﬁHQpc‘:?Ehéi(fq%nd”t%' gcrg‘)sggfl

first AIN ceramcs |ayer 44 and on th | ower side

| ower

of the second, AN ceragics pakayep ﬂﬁ WhbeBaveEger SR leamek

the ceram cs

dska
heater 40 used in Exanp e 1. Here, the purit p 2% %S%

01002"196 00

the

of

vapor - depos't@qHWasﬂéﬁﬁﬁfgkdﬁbSgiéréQEEﬂﬁéﬁﬂdﬁ d¥mﬂHé%%esaﬁb§@s“@§téro pm

whereas the filmthickness was 2 pm The naturally oxidized filmthickness

formed on Al

5

10

15

20

20b0BMONES of the damp heat test were measured as in Example
1. Table 7 shows the results. It was found that favorable
temperatureuniformity and temperature controllabilitywere
obtainedafterthereliabilitytestasvmllumentheoxidized
film thickness was at least 10 x 107!° m but not greater than
800 x 107 m |

When the ceramics heater 40 in each of the samples
failing to yield favorable temperature uniformity and
temperature controllability after the reliability test was
observed with a stereomicroscope at 10x, peelings and cracks
having a size of O;l mm or greater were seen in the bonding
resin ih samples in which the oxidized film thickness was
smaller than 10 x 107'° m. On the other hand, it was seen
that peelings and cracks having a size of 0.1 mm or greater

occurred in Al layers in samples in which the oxidized film

“thickness was greater than 800 x 107!° m.

TABLE 7
Oxidized film| Temperature | Temperature
thickness uniformity controllability
x 1071% m °C °C

Sample 26* 5 : - 1.0 2.0

Sample 27 10 £0.5 +0.7

Sample 28 | 800 +0.5 0.7

Sample 29* | 900 1.0 2.0

]

*: comparative example

Example 8
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10 500 x 10-10 m when neasured by m cro-Auger electron spectroscopy.
Tenperature characteristics of these sanples after 2000 hours of the danp
heat test were neasured as in Exanple 1. Table 8 shows the results,,Jt %ggioo
found that the tenperature uniformty and tenperature controllablllq %

were slightly |Iower than those obtained when the purity was 99.9% TABLE 8

Al purityTenperatureTenperature %uniformtycontrollability CC Sanpl e
30A99. 90. 50. 7 Sanpl e 30B*990. 60.8 Exanple 9 Wiile variously changing t he

t hi ckness val ues of Q§1V$Q Strg%yegogg gl QQHH?RW?QE %E%gb%;de

heater 40 and insu atlng sub anH e insu

Cubstrat e 2 1§ 0 GCtheh et el 1 S ap o8 %@é%o&ragenpil?’ i ghaeaoe
uniformty Chﬁ{a§£§r|§flgf MﬁéefngéuA d @éré Eﬁ Le 14 ﬁeas? 6ﬁhows

the results seen that an arr ayer t of at nm

but not great 0 bl I rmit
to becomg 5 %Wép%qqegsggk%g&&dé lﬁeg;ﬂgr f)o O%EEFZS%%WAE&WE&HH%Q Y

5 layer 46, which were’reSLn bonding faces of the ceramics
heater 40 used in Example 1. Here, the purity of Al to be
vapor-deposited was lowered to 99%. The crystal particle
size was 1.0 pum, whereas the film thickness was 2 ym. The
naturally oxidized film thickness formed on Al films was

10 500 x 107! m when measured by micro-Auger electron
spectroscopy. Temperature characteristics of these samples
after 2000 hours of the damp heat test were measured as in
Examplé 1. Table 8 shows the results. It was found that

the temperature uniformity and temperature controllability

15 were slightly lower than those obtained when the purity was

99.9%.

TABLE 8

Al purity Temperature | Temperature
% uniformity controllability
°C °C
Sample 30A 99.9 0.5 +0.7
Sample 30B* | 99 +0.6 +0.8
Example 9

v While variously changing the thickness values of the

20 air layer 64 disposed bétween the ceramics heater 40 and
insulating substrate 50, and the insulating layer 27 made

of an ailr layer disposed between the insulating substrate

50 and package substrate 22 in the second embddiment,
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Tenperature insulating substrate to uniformty substrat'e package C mmm
Sanpl e 31*660. 7 Sanpl e 32*620. 7 Sanpl e 33*260. 7 Sanpl e 34550.5 Sanpl e

350. 010. 010. 4 Sanpl e 36*0. 0050. 0050. 7 Sanpl e 37*0.0052. 0.6 Sanpl e FP00=-0256-00
38*20. 0050. 6 conparative exanple Exanple 10 In the first enbodi nent’  a
silicone type resin having 10 a viscosity of 10000 cps and a thernal
conductivity of 1 WnK was enpl oyed as the resin bonding the ceramcs
heater 40 to the optical wavegui de device 2 and, while variously changing
its thickness SEREUN G, L0 07 10, 1y, sGhakacterd sid ¢ red.as in
Exanplel..TabF%*égﬁoms 15 the réghltgl I't méét§2%% ?ﬁéﬁﬁfﬁgggégf% ig

havi ng a thi ckpgss, of; at ogast 910, Py byt, nQts great e t‘gggl 35%3_.9 e it
possi ble for the tenperafhre un??ornitjato becone EFS or esgb%kggga

result of investigald,ong;ekneksss SACLEARs OF 0 FaMPLEL B9k fPefddiding,out

reasons why the ternperature uniformty
5mmmade it possible for the temperature uniformity to become

5 +0.5°C or less.

TABLE 9

Heater to | Insulating Temperature

insulating substrate to|uniformity

substrate package °C

mm m

Sample 31* | 6 ' 6 £0.7
Sample 32* | 6 2 0.7
Sample 33* | 2 6 0.7
Sample 34 |5 5 +0.5
Sample 35 |[0.01 0.01 0.4
Sample 36* { 0,005 0.005 0.7
Sample 37* | 0.005 2 .20.6
Sample 38* | 2 0.005 0.6

*: comparative example

Example 10

In the first embodiment, a silicone type resin having

10 a viscosity of 10000 cps and a thermal conductivity of 1
W/mK was employed as the resin bonding the ceramics heater

40 to the optical waveguide device 2 and, while variously
changing its thickness, temperature uniformity
characteristicsweremeasuredas inExamplel. Tablel0shows

15 the results. Itwas seenthat the resin 43 having a thickness
of at least 10 pm but not greater than 500 ummade it possible

for the temperature unifeormity to become +0.5°C or less.

As a result of investigations of cross sections of sample

39 for finding out reasons why the temperature uniformity
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70 FPOO 0256-00 thereof deteriorated,  a status of the resin_partly breaking
was seen. Though it is also presuned that unevenness in resin coating was

caused by the fact that the resin was thin, it 1is further considered t
the resin failed to conpletely 5 absorb the thermal stress occurrﬁﬁﬁﬂﬁidE§Qfoo
the difference in CTE between the optical wavegui de device 2 and ceram cs
heat er 40, thereby breaking. TABLE 10 Resin Tenperature thickness

uniformty unC Sanple 39*50. 7 Sanple 40100.5 Sanple 412000.5 Sanpl e

425000. 5 Sanp ' 43% f rafj le Example,1l1 The, .

experi ment id%kg ]f%(gf%%%%%lgﬁoﬁe@gn%éeﬁq%%ﬁgggaﬁ?Jeragp&ft%%w%ahépﬂg one
silicone resin LLng t . +.CO L\ f and anot her , havi ng
t her mal condut ?é?gy ofﬁ%£§#ﬁfﬁﬁ?g¥géﬁékf%m§ﬁ%§%§¥ﬁég§ggﬁﬁé§ﬁjli%s+ﬁBLE 11
Resin thermal ,.+ing was caused by the fact that the resin was thin, it
is further considered that the resin failed to completely
5 absorb the thermal stress occurring due to the difference

in CTE between the optical waveguide device 2 and ceramics

heater 40, thereby breaking.

TABLE 10
Resin Temperature
thickness uniformity

um °C

Sample 39* 5 0.7

Sample 40 10 . 0.5

Sample 41 | 200 0.5

Sample 42 | 500 0.5

Sample 43* | 600 +0.7

*; comparative example

10 Example 11

I

The experiment identical to that of Example 10 was
carried out while using one silicone resin having thermal
conductivity of 0.5 W/mK and another having thermal

conductivity of 0.3 W/mK. Table 11 shows the results.

15 TABLE 11
Resin thermal | Resin Temperature
conductivity |thickness uniformity
W/mK um °C
Sample 44* (0.5 5 0.7
Sample 45 | 0.5 10 +0.5
Sample 46 [0.5 200 0.5
Sample 47 [0.5 500 : +0.5
Sample 48* | 0.5 600 +0.8
Sample 49* [ 0.3 10 +0.8
Sample 50* 0.3 500 1.0

*: comparative example
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. Resin Tenperature conductivfty t hi ckness uniformty W nKPnC_Sanpl e
44*0. 550. 7 Sanpl e 450.5100.5 Sanpl e 460.52000.5 Sanpl e 470.55000.5 Sanpl e

48*0. 56000. 8 Sanpl e 49*0. 3100. 8 Sanpl e 50*0. 35001.0 *: conparativ ﬁmghg
71 FPOO 0256-00 Exanple 12 In the first enbodiment, a silicone tyé@ﬁf et maf =00
conpound having a thermal conductivity of 1 WnK was used as the resin 43

for bonding the ceramcs heater 40 to the 5 optical wavegui de device 2.

Since they could not be secured wth the thermal conpound al one, the

opti cal wavegui de . d g fixed at only four positions in end parts
thereof with a sil EXéﬁ leV\T@n having a viscosity of 10000 cps and a

thermal conductivity af 1 Jﬂﬁé %@g%égﬁ%$£atur fﬂ“%éﬁ%;ﬁyb%OHsgaﬂal

characteristics were nmeasure

Lréggpfﬁz ig %%ﬁg?ﬁ@éﬁﬂgﬁﬁ%ﬁ 195&%%§La ture u'&$%¥ﬁﬁ?ycﬁﬁg%;gﬁgrﬁgﬁpcs of

their respectégethe resin 43 for bonding the ceramics heater 40 to the

5 optical waveguide device 2. Sincetheycouldruﬂ:besecured

withthethermalcompoundalone;thebpticalwaveguidedevice

was fixed at only four positions in end parts thereof with

asilicone resinhavinga viscosity of 10000 cps and a thermal

conductivity of 1 W/mK, and temperature uniformity

10 characteristics were measured as in Example 1. The thermal

bompound thickness at the center part of optical waveguide

device was 50 um. Preparing 10 identical samples,

temperéture uniformity characteristics of their respective

optical waveguide devices 2 were measured. However, only

15 two samples achieved a temperature uniformity of +0.5°C.

Example 13

In the first embodiment 1, the following circuit was

added to the ceramics heater. Namely, as shown in Fig. 3,

the ceramics heater 4Q was provided with a heating circuit

20 42 having a resistance value of about 0.5 to 10 Q adapted
to generate heat when energized. Also, whilé both ends of

the heating circuit 42 were provided with electrodes 42a,

42b for causing a current to flow through the heating circuit

42, a part of the heating'ci:cuit 42 in this example was

25 further formed from an alloy composed of 40 wt% of tin and

60 wt% of lead, which was solder'paste'sintered after screen
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opti cal

achieved a tenperature uniformty of 0.5C. Exanple 13 In the first

the followng circuit was added to the ceramcs he _ _
&0-0256-00

enbodi ment 1,
as shown in Fig. 3, the ceram cs heater 40 was provided

Nanel y,
heating circuit 20 42 having a resistance value of about 0.5 to 10 O

adapt ed
heating circuit 42 were provided with el ectrodes 42a,
8¥L£Q£8§gh the heating circuit 42, a part of the heating

h anple was 25 further fornmed froman all oy conposed of

400 wt %of tin and N%gtyw%ﬁfsg“%%ﬁg‘ﬁg %P5?A@§ds‘9+‘§§é

screen 72 FPOO 0256-

current to fl
circuit 42 in

wavegui de devices 2 were neasured. However,

to generate heat when energized. Also, while both ends of t
42b for causing a

1S €

printing. simu |ﬂg a rapi

rise in ALN heal gL, calseds y, 2 HQHHHS{:E&’H Of aatéﬁ?%%%%er%gg?é?%

circuit,

el ectric power was contl nuous

y supplie the 5

only 15-two sanpl es

he

2e5Ee 4 ared ol ter

tenperature

g
o0 as

to raise the Leppefal UL e.0f AN BRaLefakaphaAtYnASs@yr SaHb1cANEE LA
ﬁ ! 8 Y rlg %fter

heater t enperature reac

this experi mepdateted Adivy dypke @%@@éﬁpgkéééfeloefhﬁmﬁ Hdamest Egg&rargiyt. od 10

whereby it was seen that solder parts fornmed i n the heater wer

ed 200 tenperature did no anynore.

and broken. Qustherghthiet, hande itheWa308n tdi@letde M heLache§i Popepbers
wer e not broken. While conductors made of solder were not broken, |

consi dered t hgdmpSi&€eré Neid yperiaidiag vidose | Salicahetnid tReeheALRE
sol der parts of the heater broke at first w thout the breakage reach

t he

10

15

20

25

the individual members dissemble and investﬁgated, whereby
itwasseenthatsolderpartsformaﬂinfheheaterweremelted
and broken. On the other hand, it was seen that the other
resin members were not broken. While conductors made of
solder were not broken, it was considered that, since the
temperéture rise is higher in the heater, solder parts of
the heater broke at first without the breaka?e reaching the
conductors.

Example 14

While Example 13 used an AlN heater ip which a paft
of the heating circuit was formed from solder, Example 14
used a normal AIN heater. The same experiment as that of
Example 13 was carried out while the leads %or connecting
the ceramics heater 40 to the insulating substrate 50 were
changed fromnormal copperwires to conductorsmadeof solder.
As a result, it was seen that, once the heater temperature
reached210°C,temperaturecﬁxinotriéeanymore. After this

experiment, the individual members dissemble and

investigated, whereby it was seen that the conductors made
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15 conduct or s. Exanpl e 14 Wil e Exanple 13 used an ALN heater..in which a
part of the heating circuit was fornmed from sol der, Exanple 14 used a

normal ALN heater. The sanme experinment as that of | 20 Exanple 1%2 :
carried out while the |Ieads for connecting the ceram cs heater 40 agﬁ%ﬁ356'oo
i nsul ati ng substrate 50 were changed from normal copper wires to

conductors nmade of solder. As a result, it was seen that, once the heater

t enperature reached 210C, tenperature did not rise anynore. After this 25

experi nment, dj vi dual ers dissenble a |nv ti at ed, Mwmhereby it
was seen that On'L erfd‘dgtrgrlgeﬂg%% a}gd% e82568%d:hoet ° F gllla\)\g‘r elvg?ré’latsed and
broken. On the oth a S seen that _the other r menbers were
not broken. ugh g ?ﬁ%e%%?%ﬁ SERIrEvE er?hgerﬁvgﬁFog P? ‘specifically

expl ai ned with refeﬁ$$$§§egh%n?ﬁggggggﬁ a%hE%%ed5§u99§%a'“§v @gﬁgresent

invention is not res he "above-nmenti one | ITEI’]

T é‘éfflcﬂ) r?gf etrnéf%l QE%ﬁ%féﬁ%&?@é ek (Edﬁg%tg%} %Hal SO

optical wavegui de deV|c quartz ica, an

those gade of sfét,&a@ndtt@?gdéegsﬁw Arifin d e, AISSEAL LQ Vet 00 e

applicable to opt wavegul evi ces aV|ng a size small’er or greater

than those ofldi. ApOYe;dRO4T QREDA SR MENkS, FUELNSTe | lneS ROLELLM ! ed

to the above-neniioned enbodinents Iin terms of resins use ondi ng

and the |ike,panch dederdral $4500 f Qhvieh® 163S@a8N8eat not only optical
wavegulide devices made of quartz, silica, and LiNbO;, but
also those made of ;esinsvand the like. Also, the present
10 invention is applicable to optical waveguide devices having -
a size smaller or greater than those of the above-mentioned
embodiments. Further, it 1is not 1limited to the
above—ﬁentioned embodiments in terms of resins used for
bonding and the like, and materials used for the case and
15 the like.
Industrial Applicability
In the heater module and optical waveguide module in.
accordance with the present invention, as explained in the
foregoing, a ceramics layer is formed from AlN having'a high
20 | thermal conductivity, so that the heat transmitted from the
heating circuit diffuses 1into the ceramics layer
substantially uniformly, whereby the optical waveguide
device mounted oﬁ the ceramics layer is heated uniformly.
Also,sincetheceramicsheaterissupport@dbyaninsulating'
25 substrate having a thermal ineulating characteristic, the

heat generated by the heating circuit is prevented frombeing
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15 the like. Industrial Applicability In the heater nodul e and optical
wavegui de nodule in. accordance with the present invention, as explained

in the foregoing, a ceramcs layer is forned from ALN having a mé%}&4%256 0
thermal conductivity, so that the heat transmitted fromthe heati ~00
circuit diffuses into the ceramcs layer substantially uniformy, whereby
the optical wavegui de device nounted on the ceramcs |ayer is heated
uniformy. Also, since the ceranmics heater is supported by an insulating

25 substrate hayin her mal  i.nsul.ati.ng characteristic,,the, heat.

gener at ed by %%%e%%%ﬁi%ﬁg%ﬁﬁgﬂffm#§%%¥e eﬁﬁeé%ﬁ'gﬁ%ﬁ@ﬁnﬁh?ﬁepﬁcﬂé%éég-oo

rel eased fro e.l j r; .and there maki he tenperature
distributionn%$QcE%§§§%§Ehggtggggkééggf%gmﬁg?é%?g¥%g§¥eﬁ%%%%fupgggﬁpfornity
of optical i Vi .t her. i oved . QI ne he ceram cs
heat er of tngmﬁgéée ttﬁgvg%ﬁnggFggefg&ﬁégﬁypgﬁfﬁﬁﬁLo?fég%gegﬁ%F urae
conductivity } L gh o e der whi ch has been i ndi spensabl e
when usi ng ot%§¥f%%e%?€rgﬁ av?ﬂgbg ?%%??ﬁ%@hal conductivity can be

el imnated, wherehy, fhe it ckpess.ofhgal.er gyl gg%& i,eal swavegui de

10 nodul e can dranafica l'y be r%@uge ) Furtﬁe?? g#ﬁ%e tﬁﬁhag%glﬁggﬁg

thermal condugdindd yfr%ﬁfjAlﬁﬂ?qﬁkge@hé‘ﬂngﬁ%o&ﬂi@@g\%t%ti@ HAQHET 56 OPRAE hon

of heater can greatly be reduced when the ceram cs heater esl gne
smaller. 15 4 heat spreader which has been indispensable when using other
heaters having a low thermal conductivity can be eliminated,
whereby the thickness of heater module and optical waveguide

10 module can dramatically be reduced.

Further, since AlN has a high fhermal conductivity and
requires no heat spreader, the power consumption of heater
can gre'atly be reduced when the ceramics heater is designed
smaller.

15
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75 FPOO 0256-00 CLAIMS 1. A heater nodul e for heating an optical wavegui de
devi ce, said heater nodule conprising: a ceram cs heater having a heating
circuit adapted to 5 generate heat when energized, and an AN ce@%ﬂq;b256_oo
| ayer stacked on said heating circuit. 2. A heater nodule according to
claim1l1, further conprising an insulating substrate supporting said -
ceram cs heater and having a thermal insulating characteristic. 10 3. A
heat er nodul e according to claim2, wherein said insulating substrate
contains alumna, or alumna and siliéﬁ%g+§ss. 4. A heater nodul e

according to claim2, wherein said inSulating substrate contains a resin,

or aresin and 15 lsj | Cay %g%%gt“fog%%%@qu?éﬁe{ir’gq).gﬁ;o%ﬁccgarr ggg E?d%l aim

2, wherein said insulating su as a plu ot Ffusrons - for

supporting S@ﬁ@vf@é?ﬂ§§§dh§@£§§ ﬁgguy%ggﬁ*érggiﬁbéilayer is formed about

each of said protrusions. fheat er acco ng to claimy5, wherein

said air layer has cte'ija?nli'&%sﬁegf:ef‘th%\?ﬁ‘?c} aoh%tmbé‘frél?ft agiragﬁte%rt han 5

nm 7. A heater nodule according to claim 2, ereln sald ceramcs heater

and sajd i”;ﬂ%@ﬁéf‘&é“@ééfa&rﬁeﬁr 8nB2BYeE 25 @ eRCI Gt hedrahibs a1pgsin. - 8.

A heater no e according to claim?2, wherein
stacked on sald heating circuit.

2. A heater module according to claim 1, further
comprising an insulating substrate supporting said ceramics
heater and having a thermal insulating charadteristié.

10 3. A heater module according to claim 2, wherein
sald insulating substrate contains alumina, or alumina and
silica glass.

4} A heater module according to claim 2, wherein
said inéulating substrate contains a resin, or a resin and

15 silica glass.

5. A heater module according to claim 2, wherein
sald insulating substrate has a plurality of protrusions
for supporting said ceramics heater, and wherein an air layer
is formed about each of said protrusions.

20 6. A heater module according to claim 5, wherein
said air layer has a thickness of at least 0.0l mm but not
greater than 5 mm.

7. A heater module'according tc claim 2, wherein

saidceraﬁicsheaterandsaidinsulatingsubstratearebonded
25 to each other with a resin. |

‘8. A heater module according to claim 2, wherein
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76 FPOO 0256-00 said ceram cs heater and said insulating substrate are

fastened to each other by screwing. 9. A heater nodule according to claim

2, having pressing neans for pressing said ceram cs heater tomarfh§¢§552§%‘oo
i nsul ati ng substrate. 10. A heater nodul e according to claim2, f er

conprising a tenperature detecting device for detecting a tenperatur
said ceram cs heater; wherein said tenperature detecting device is bo
10 to a surface of said ceram cs heater opposite froma surface noun

wth said optigcal vayegyides, Werei . 3aLd nsulati g sybstial e pas 3,

pr edet er mi ned” “CUt oU

t enperature

heat er nodul e" accor

ereln an el ectrode conne

};sggﬁgghgggegg ;?ﬁ?%g,g&398§891 i thin said cutout. 11.

i to ¢ erern ‘W re connecting said

temerature detectigg dew ag.10. Aol €1 0aloPOYEL BUPRLY:L05 WG,

said tenperature

6550yl Aoty TR S0 Lo gl Ly o

said 20 cer
a second Al

etecting device W CITiCc povier is’in¢to

nbdule5accordigguigt£$@igﬁgstyggégin said heating circuit is mainly
conposed of tungsten, ~25 nolybdenum or silver palladium 14. A heat

modul e according to ¢l ai M hedth8 @ldiulé according to claim 2, further

10

15

20

25

comprising a temperature detecting device for detecting a
temperature of said ceramics heater;

wherein said temperature detecting device is bonded
to a surface of said ceramics heater:oppositelfronla surface
mounted with said optical waveguide;

wherein said insulating substrate has a predetermined
cutout; and

wherein an electrode connected to said temperature
detecting device 1s disposed within said cutout.

11. A heater module according to claim 10, wherein
a wire connecting said temperature detecting device to an
external power supply for supplying said temperature
detecting device with electric power is in contact with said
ceramics heater.

12. A heater module according to claim 1, having a
second AlN ceramics layer beneath said heating circuit.

13. A heater module according to claim 1, wherein
said heating circuit is méinly composed of tungsten,
molybdenum, or silver palladium.

14. A heater module according to claim 1, wherein
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FPOO- 0256- 00 said ceram cs heater has a coating film mainly_conposed of

silica glass on a surface thereof. 15. A heater nodul e according to claim

1, wherein said ceramcs heater has a surface roughness of at le 05 0256 00
0.05 pmbut not greater than 10 pmin terns of Ra. 16. A heater LH
according to claim1l1l, wherein said ceramcs heater has a surface f ormed

with an oxide |layer or glass coat layer. 17. A heater nodule according to
claiml, wherein 10 said ceramcs heater has a surface formed with an Al

| ayer, by vanet, depgsit] o, dfo Ahientetompiibec AL aLA N, LGl b

wherein a cufrent s rou sal at a

predeternlnedsifgpgraiggg 8% ngggﬁac 5tﬂ8reA heat er nodul e according to

claim 18, wherei a’par sal CIrCUIt is formed froman all oy

of tin and |lead. 20; A he ee‘{téP% 1aec%%fc%'r'&n>8° e %'1'5‘1%10’1 wagLeLD, said
na

heating circuit and a’ termi connected to an power ~slppl y

are connect eds {0, €A RLET Uk ED-anNET € LOLFE Lseghﬁgsglb@yaeleaetand

| ead. 21. An optical wavegui nodu conpri sing eater nodu

accordsng to @nes Ofim Chat MRod &pegeeraeﬁagfh@nuﬁpahC%ler}ﬁ@V%URQe devi ce
mount ed on said ceramcs heater of said heater nodule

l6. A heater module according to claim 1, wherein
said ceramics heater has a surface formed with an oxide layer
or glass coat layer.

17. A heater module according to claim 1, wherein

10 " said ceramics heater has a surface formed with an Al layer
by vapor deposition.

18. A heater module according to claim 1, wherein
a currént stops flowing through said_heating circuit at a
predetermined temperature or higher.

15 19. A heater module according to claim 18, wherein
a part of said heating circuit is formed from an alloy of
tin and lead.

20. A heater module according to claim 18, whereinl
said heating circuit and-a terminal connected'to an external

20 power supply are connected to each other with a wire formed
from an alloy ofltin and lead.

21. An optical waveguide module compr;sing:
the heater module according to one of claims 1 to 20;
‘and
25 an optical waveguide device mounted on said ceramics

I

heater of said heater module.
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FPOO- 0256-00 22. An optical wavegui de nodul e according to cLaim 21,

wherein a matching menber, having a difference of 3 x 10-6/C or less from
said optical wavegui de device at room tenperature in the coeffici q{ 00
thermal expansion, is 5 inserted between said optical wavegui de d ce P
said ceramcs heater. 23. An optical wavegui de nodul e according to claim

22, wherein said matching nenber is formed froman Fe-N alloy. 10 24. An
optical wavegui de nodul e according to claim 22, wherein said natching

nb is f df Cu I d dul
ggco?éih; tgrgFain:an &ﬁgr%tg%gé?hagé 5%?85 ﬁ Fer‘%ﬁﬁrsaf%%%bgﬁggpu ©
wavequl 08 12 2L e AL & bonad g Sachoglien oy an adhesiye mge ol a

resin. 26. An optlc wavegul e accor di alm

st ace of Saigerapie, pesey g lfc‘%%e“%%""eé’g E*O%{%.Lfc?’?év 3'5%51“33' -
devi ce faci n%%gﬁgra%ygv\%ﬂgtﬁgrfc%%%fl%z.en'%n k? mé’?"@:@%&%ﬁ&? ence of 3

according to eréln a matching ne avi ng

x 10-§/-C or |gess -4 ”Eé@d«QerEbEé' opRveqy %&e@ul%ee a& F00m 2ot gpgrature
Sl 3

‘in the coefficlent t hermal expansion, is disposed a out 'sald ceram cs
heater, said g&t g g pepber 79 FPOO- 0256- 00

23. An optical waveguide module according te claim
22, wherein said matching member is formed from an Fe-Ni
alloy.

10 24. An optical waveguide module according to claim
22, wherein said matching member is formed from Cu or a Cu
alloy.

25. An optical waveguide module according to claim
21, wherein said ceramics heater and said.optical waveguide

15 device are bonded to each other with an adhesive made of
a resin.

26. An optical waveguide module according to claim
21, wherein a surface of said ceramics heater for mounting
saild optical waveguide device has an area smaller than that

20 of a surface of said optical waveguide device facing said
mounting surface.

27. An optical waveguide moduie according to claim
26, wherein a matching member, having a difference of 3 x
107%/°C or less from said optical waveguide device at room.

25 temperature in the coefficient of thermal expansion, is

disposed about said ceramics heater, said matching member
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and said optical wavegui de devi ce being bonded to each other.. 28. An
opti cal wavegui de nodul e according to claim 27, wherein said matching

menber is fornmed froman Fe-Ni  alloy. 5 29. An optical MBVGQUide&ﬂRﬂﬁ @;5 00
“according to claim 27, wherein said matching nenber is fornmed fr oy
Cu alloy. 30. An optical wavegui de nodul e according to claim 21, further
conprising a case for accommodating said optical 10 wavegui de deV|ce and
said ceram cs heater. 31. An optical wavegui de nodul e according to claim

i o e Sn @At A O L0 AN A SDOOLEL A Sl deq S8TAILER R o and

havi ng a ther I'nsu characteri case accommo sai d

insulating 15 subsfq ateAr?’%gtA%agpfihgé ujaxeg &gfe@%redlﬁ’?i%rdbﬂgl

claim 30, wherein said heat nstltu ald €afe. 33.

An_optical wayggulder Indule: 3oLt h My Refd @ms290§8e WPELE QnogLdygase 1

mai nl y conpose copper tungsten, , iron, nic al G na,
al um num ni trigg,,34. An optical wavegui de nodul e according to claim 30,
wherein said case i's mainly conposed of a resin or silica glass. 25 35. An

02 % et o T € JCORILEN uEVE BB ML g BRI
di sposed about7 sajik heat 8L iPAHkehing member is formed from Cu or a Cu
alloy.
30. An optical waveguide module according to claim
21,furthercompfisingeacaseforaccommodatingsaidoptical
10 waveguide device and said ceramics heater.
31. An optical waveguide module according to claim
30, comprising an insulating substrate supporting said
ceramiés heater and having a thermal insulating
characteristic, said case accommodating said insulating
15 substrate.
32. An optical waveguide module according to claim
30, wherein said heater module constitutes a part of said
case.
33. An optical waveguide module according to claim
20 30, wherein said case is mainly composed of copper tungsten,
cobalt, iron, nickel, alumina, or aluminum nitride.
34. An optical waveguide module according to claim
30, wherein said case ismainly composed of a resinor silica
glass.

25 35. An optical waveguide module according to claim

30, whereinan insulating layer having a thermal conductivity
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36. An optical wavegui de nodul e according to claim 35, wherein said
insulating layer is an air layer having a thickness of at l|least 0.01 nm

but not greater than 5 nm 5 37. An optical wavegui de nodul e accoy .&9b§§6—00
claim 30, wherein said case has therewithin a partition wall extendinhg
froma surface facing said optical wavegui de device toward said optical
wavegui de device. 38. An optical wavegui de nodul e according to claim 10

30, wherein said case conprises a sheet separated froman inner wall face

of Sai case by 6. riggok oL nedh 4. anie o180, ont ol RGOl 5 ol

according to c erern an on’'s P&edptical
b i L G T e G
35, wherein said insulating layer is an air layer having
a thickness of at least 0.0l mm but not greater than 5 mm.
5 . 37. An optical waveguide module according to claim
30, wherein said case has therewithin a partition wall
extending froma surface facing saidoptical waveguide device
toward saild optical waveguide device.
38. An optical waveguide module according fo claim
10 30, wherein said case comprises a sheet separated from an
inner wall face of said casé by a predetermined distance.
39. An optical waveguide module according to claim
30, whérein an optical fiber is clamped on said optical
waveguide device, a clamping position between said optical

15 fiber and said optical waveguide device being inside said

case.
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