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SEMICONDUCTOR DEVICE AND PACKAGE,‘AND
FABRICATION METHOD THEREOF

s

The present inventiﬁn relates to a semiconductor
device including a semiconductor elemenf aisposed on a
‘mounting boaré and a package having the mounting bbard,
and fabrication methods thereqf.

At preéent, semiconductor light emitting devices
are being used in.various industrial fields. Such a
semiconductor light emitting device is generally
configured such thaﬁ a semiconductor iight emitting
élemént is contained in_a package. The package is adap;ed
tQ-achieve simple handling and protection of the light
émitfing eiement,'and to éfficiently radiate.heat
generated in the light emiéting element uﬁon operation éf
the_light_emitting device. In recent yeais, there have
been'strong demands to develop a high output
'semiconductor light emitting device, and to develop a
semiconductor light emitting'device for emission of green
light using a compound semicqnducfor composed of a
compound containing a group iI élement and a'groﬁp v1i
elemént or a semiconductor light emitting device fof
emission of blue color usipé a compound semiconductor

composed of a nitride containing nitrogen and a group III
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element._ To meet such demands, a_power supplied to the
light emitting element tends to be increased, with a
result that the amount of heat generation.from the light
emitting element becomes far larger. From this viewpoint,
it is expected to .enhance the heat radiation effect by
means of the package for radiating the heat generation
from the light emitting element.

Fig. 1 shows a related art semiconductor light
emitting device having a configuration in which a
semiconductor light emitting element 2220 isidisposed.via
a sub-mount 2219 made from an insulator on a conductive
mounting board 2213 made from a metal {see Japanese
Patent La1d open No. Hei8- 321655) Such a semiconductor
1ight emitting device 1s_advantageous in that electrical.
connection to the semiconductor light emitting element
can be easily performed by providing suitable wires on
the sub-mount 2219. Specifically, the technique disclosed
in.this document is particularly effective for a
semiconductor light emitting device in which a
semiconductor light ‘emitting element using a compound
semiconductor composed of a nitride containing a group
III element is formed on an insulating substrate and a p-
side electrode and an n;side electrode are both provided

on the side, opposed to the insulating substrate, of the



3
light emitting element. Since the sub-mount 2219 is
connected to the semiconductor 1ight-emitting element
2110, phe p-side electrode and the n-side electrode méy
be connected to pins by waf of the sub-mount 2219, to
thereﬁy_maké the'afea réguired for wire bonding large on
the sub-mount 2219. A éurreg£ cén be injeCted;into the
semicondudtor light emitting device from the p-side
electrode and the n-side electrode connected to the two
pins shown’in Fig. 1 via fhe sub-mount 2219.

Fig. 2 sﬁows anofher related art method for
elect;ica; connection of a_semicéhductor light emitting
device including a séﬁiconductor light emitting element
ﬁsing a compound_semiconductor composed of a nitride
.containiné'a group III élement. Referring to Fig. 2, a p-
"side electrode of Fhe semiconductor light emit;iné device
is connected to a left pin and an hfside electrode
thereof is cdnnecﬁed‘tq é third.pin {not shbﬁn) via a
éub-mount 2129 . and a cdnductive mounting board 2121. With
this e;ectrical connection, a current can be injected.
into thé sémicondpctor light emitting device. Further, a
photodetécto: {not shown) for monitoring optical output
of the semiconductor light emitting device'is-disposed on
the conductive mounting board 2121, wherein a first

electrode of the photodetector ié_connected, together
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with the semiconductor light emitting device, to the
common third pin not shown, and a_secdﬁd eiectrode of the
photodeteétor is.conneéted to a right pin. With this
configuration,.the optical output of the Semiconductor
liéht emitting device can be monitored by the
photodetegtor.

The'abéve-described techhiQue, however, has a
problem. Since an insulator is lower in both thgrma}
cpnductivity and electriéal conductivity than a metal,
th§ pzside elgctrode and the n-side electrode proﬁided on
" the same side are prevénted:from being sho;t-circuitéd by
usitg'the insulatipg sub-moﬁnt 2219 or 2129, howevei, the
heat raaiation cha;actétistic of the devigé is reduced.
As a result, the teﬁberatute of the semiconductor light
emitting element is raised;_thereby degrading the staﬁie
operation énd reliabilitf of the dgvice for'a longrteriod‘
of time. | |

A known semiconductor Aevicé of this type ié'
configured such that a wi;ing portion is formed on a flat
surfadé of a éonductiﬁg board v;a a thin.insulating film,
and a p-side electrode of a.semiconductor light emitting
elgment is connected to the conductive board and an n-
side électfode of the element is connected to the wiring

portion.- Such a semiconductor device, however, is
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disadvantageous in that since the wiring portion is
formed on the conductive Soard via the thin insuiating
film, it is impossible to ensure the sufficient
insulation of the wiring portion from the conduc;ive

board.

SUMMARY OF THE INVENTION

'An object of the present invention is to provide a
semiconductor device and a paékage, which are capable of
ensuring a ﬁigh heat.radiation effect while preventing
short-circuit between electrodes, and fabrication methods
thereof.

To achieve the aﬁdve'object, aécording_to a first
aspéct of the presént in&entioa, there is pfpvided a
semipohdﬁctor device including a cbnductive mounting
board having.a reéessed portion and a projecting.pdrtion
disposéd on said conductive mounting board; aﬁ insulatiné
mouriting boara disposed_on said recessed portion of said
cpnducti&e mbunfing board; and a_semiconductor element
having one portion disposed on aaid'conductive moantiag
board and the other portion disposéd on said insulating
mounting board. With this configuration, it is possible
to ensure-électrical insulation of the semiconductor

element and radiate heat generated in the semiconductor
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element via the conductive mounting board, and hence to
suppress temperature rise of the semlconductor element
and thereby ensure a stable operatlonal state of the
devioe for a lonngeriod of time. As a result, it is
possible to improve the reliability of the semiconductor
device.

In this semioonductor-device, preferably, the rirst
electrode is disposed on a portion, on the side where the
active layer is provided,.of the first conduction type
semiconductor layer and the second;electrode is disposed
on a portion, on the side opposed.to.the-éctive laver,. of
the second conductlon type semlconductor layer, ahd aiso
:the first electrode is dlsposed on the 1nsu1at1ng
mounting'board ano the second electroae is disposed on
the conductive mopnting board. With this oonfiguratiop,
it is possib;e to ehorten the distance between the active
1ayer and the conductive mounting board_and hence-to
positively radiate teat generated in'the.active laver yia
the conductive mounting board. As a resuitf it is
possib;e to suppress temperature_riee of the
semiconductor element and to prevent short-circuit
between the first electrode apd the second electrode of
the semiconductor element.

In the semiconductor device, preferably,-the
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semicondnctor element is configpred such that a slurality
of the light émitting pbrtions-afe_formed on the same
substra;e. wWith this COnfiguration,.it is possible to
radiate.heat generated in each active layer via ﬁhe
condﬁctive mounting board, and hence to suppress thermal
~interference between the light emitting portions. As a
result, it is possible to suppress an increase in
shreshold current and a-reductisn in luminous éfficiency
in each light emitting ﬁortion, and heﬁde to ensure a
high quality of the device for a long-period of time.

In the semiconductor device,_a separating portioq
is preferébly.prSVided on the COgdus;ive mountihg board
at a position between the recesssd portion and the
pfoiecting portion. With this cohfiguration, it is
possibie to more effedtively'enSufe the insulation-of the
semiconductor elsment,

In the semiconductor device, a positioh fixing
portion.is preferably provided on the conductive mounting
‘board in such a manner as to brovide the recessed porsibn
between the projecting portion apd-the position.fixing
pértion. With this cohfigﬁratién, it is possible to
easily and accurately dispose the insulating mounting
board on the éoﬁductiﬁe mounting board.

In the semiconductor device, the insulating
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mounting board may be formed.on the recessed poftion of
-the condﬁctive mounting'boafd ﬁy depééition; With thié
ponfiéuratioﬁ,.i£.£; poséib1e to easily and accurately
dispose the insulating mounting board at a iow cost.

According ;o a_égcond aspect of the present
inventiqn, there-is provided a packgge including a
conductivé mountipé board having on its one surface a
recessed portion and a projecting portion; and an
insulating mdunting board disposed on the recessed
portion of the conductive moqnting board. With this
configu;ation, it is possible to.énsure eleétrical
insulation of the semiqondugtor eleﬁent by the presence
of the'insulating mounting_board aﬁd to ensure ;he heat
- radiation characteristic by the presence of th;.
-conduétive mounting board;

In this package,-pfeferably, theiconductive
mounting board has the rgcééséd portion on which the
insulating mounting board is to be disposed énd the
projecting portion on which the semiconductor element is
to be dispbsed.' With this'configurdtion, it is possible
to ensure electrical insulation of the semiconductor
element by the insﬁlating mounting bdard disposed on the
recessed pdttion and to pqsitively radiate heat generated

in the semiconductor element via the conductive mounting
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present invention.

The metﬁod of fabricating thelpéckage, ﬁreferahly,
includes the step of: ﬁorﬁiné a conduétiye_mounting bbard
havihg dn'its one éurface a recessed portion on which an
insulating mountinglboard is to be disposed and a
brojecting_portion on which_a semicoqductor.element is to
be disposédf With this confiéuration, it is bossible to
easily fabricate the packége, and hence to easily realize
the package of thé presenf invention.

According to a fifth aspect 6f the present
invention, ﬁhére is pfovided a semiconductor device
inciudingi a. semiconductor element havingfa,p;urality of
Stécked semiconductor layefs and alsq having é fifst
electrode and a éecond electrode provided-bn ;hé same
'side in the stécking direction; and a conductive mounting
board for subporting-the semiconductbr_element in a state
in which one of the first electrddé'and.the second
eléétrode of the semiconductor element is fixed to the
conductive mounting board. With this coﬁfiguratibn, it is
possible to prevént shor£-¢ircuit be;wegn the first
electrode and the second elec;rode and to ppsitively
radiate heat generatéd in the'semidgnﬁuctor element via
the conductive mounting board. This makes it possible to

suppress temperature rise of the semiconductor element
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_bcard.

Accordigg“pque third-aspect df the present
invention, there is provided a method of fabriéating a
semiconductor dévice, including the steps of::forming a
qonductive mounting board having on its:ohe'surféce a
recessed portion and a projecting_portibn; forming an
insulating mounting board disbosed on the recessed
portion of the_conductive mounging board; forming a
semiconductor element; and disposing one portion of the
semiconducto: element on the'conductive;mbﬁnting board
and also diépdsing the other portibn of the semiconductqr
elémént.on the insulating'moﬁnting boérd. with this
configﬁration, it-is.possiblé to'easily.fébricate the
semiconductor device, and hence to easily-realize the
semiconductor deviqé of the pfesent in#ention,

Acéording to a fourth aS?ect of the present
invention, there is provided a method.of fabricating a
package including tﬁe steps of: forming a conductive
mounting board having on its one surface a recessed
portion and a ﬁrojécting_pértion; and forming an
insulating mounting board disposed on the récessed
portion of the conductive mounting board. With this
configuration, it is possible to easily fabricate the

package, and hence to easily realize the package of the
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and to keep a stable operatiocnal :state of the device for
a léng-peridd of time. As a result, it.is possible to
improve the reliability of the semiconductor. device,

In this semiconductof'device, preferably, the first
electrodé is provided on a portion, on thé second
¢onduc;ion type semicondpctor 1ayer_side, of the ﬁirst
conduction  type semicqnductor 1ay¢r; and the second
electrode is provided on a portion, on the side opposed
to the first conduqtioq type, of the second cpnductioh
type semiconductor layer and is also fixed to the
conductife mounting board. With thié configuration, it is
possible to shorten the distance between the active layef
and the conductivé mounting board, ahd hence to more
.effectively-radiate heat generated in the semiconduqﬁor
eiement_#id the coﬁduétive mounting board.

In the semicondﬁctor device, preferably,.a éide
surface of-the conductive mounting board is tilted, from
the mounting éurface side to the opposed ;idé, toward one
of the first electrode and the second electrode. With
this cbqfigﬁration, it is boésible to broaden a sp&ce
near the other electrode, an@ hence to facilitape the
electrical qonnection of the other .electrode to a power
source.

In the semiconductor device, preferably, the
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conductive mounting board is located to be éhifted
rightwafdly from the center of the suppofting_surface”
when the mbuﬁting surface.of thg'conductive mounting__'
board is directed upwardlg. With this configuration, it
is poésible to easily fix one of the first eléétrodg and
the second electrode ﬁo the conductive mount;ng board,
and to eaéily connect the othe; electrode to a power
source in accordance with Japanesé Industrial-Standards.

In the semicon@uctor devige,.preferably,'the
support has ;he fixing g;ﬁove for fixing the conduc%ive
mounting board with the.mounting surface directed
downwardly. With'this configuration, it is possiblé to :
facilitate the eleqtrical cénnection of the other of the’
first électfode and thé second electrode to a pqwer
source.

According to'a sixth éspect of the present
invention, there is proﬁided a package including: a
cpndﬁctive mounting board having a mounting surface on
which a semiconductor elemént is to be disposed; and a
support, having a supportiﬁg,supface perpendicular to the
mounting surféée,.for supporting the condudtive mounting
board by tﬁe éupporting surface; wherein the conductive
mounting board is located in such a manner as to be

shifted rightwardly or leftwardly from the center of the
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supporting surface when the mounting surface is directed
upw;rdlf; and the conductive mounting board has a side
surface At an end,.near the‘center of the support, in the
direction parallel fo the mounting surface and the
supéorting surfacg, the side surface being'tilted, from
the mounting surﬁace side'to the 6pposed sidé, toward the
opbosed end of fhe mounting surface. With this
configuration, in the case of mounting the semiconductor
element having the first electrode and the second
electrode on the same side, one of tﬁe ﬁirst electrode
and.the_second electrode can be eaéily fixed_to the
gonductive.ﬁophting board. .This'makes it.possible to
prevgnt sﬁortlcircuif of the éemiconductor element and to
positivel& ra@iate heat Qenerated in the semiconductor
element via the conductive.mounting board. 'Further, it is
possible to broaden a space near the other electrode, and
hence to faqilitate the eiectrical conneétion of the
other electrode.to a power source.

According to a seventh aspect of the present
invention, thefe is provided a methbd of fabricating a
semiconductor device, including the steps of: stacking a
plurality of semiconductor layers and providiﬁg a first
electrode and a second eléctrode.on the same side in the

stacking direction, to form a semiconductor élement; and
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diséosing.the sgmiconductqr.element on the conductor
mqunting bdard.whi;gmfixing one of_thg-first elect;ode
and the second electrode on the conduétive m@unting board.
with this configurétion, it is péssible to. easily
fapricate the semicdn@uctor device of the present
invention, aﬁd henqe to easily.realizé the Semiconguctor
device of the present inveﬁtion,

In the above fabrication method, prefe;ably, the
semiconductor eleﬁent is located on the lower side and
th; conductive mounting board is located on the upper
side agd in such a state the other eledtrode i§ connected
to a pih by mgané qf the wire. With fhis configuration,
it is posgible_to féﬁiliéape-eleptrical connection of the
.wire, and.heﬁé; fagilitate the electrica;-connection of

the other electrode to a power source.

BRIEF DﬁSCRIPTiON OF THE DRAWINGS

Fig. 1 is a perspective view showing a:
configuration of a related art semiconductor device;

fig. 2 is a perspecﬁive.viéw shoﬁing a
configuration of another related art semicohductor light
emitting device.

Fig. 3 is a partially exploded perspective view

showing a configuration of a semiconductor light emitting
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déviqe according to a first embbdiment of the pré#ent
inventioh; |
 Fig. 4fis a pefSpective view of a condﬁctive
mounting board of the seﬁicondﬁctor iight emitﬁing device
shown in Fig. 3.

Fig. 5 is a’perspecti?e view of an insulating
ﬁounting board of the Semiéonductor light'emitting device
shown in Fig. 3; |

Fig. 6 is a partial sectional view of a
,semiconducto:'lase} of the semicoﬁductor light emitting
device.shdwn in Fig. 3;

| Fig. 7 is an exﬁioded perspecﬁive.view of a bortion
of a semiconductor light emitting deVice.éccording.to a-
second embodiment - of the breséﬁt invention;

'Fig..a is an'exploded berspective viéw of a
portion-of a seﬁiconductor-light emitting device
according to'a third embodiment of the'present invention;

Fig. 9 is an exploded perspective view of a portion
of a seﬁicdnduétor light eﬁiéting device according to a
fourth embodiment of the piesent.inQention;

Fig. 10 is a perspecti?e view showing one step of
fabricating the seﬁiconductor light emitting device shown
in Fig. 9;

Fig. 11 is a perspective view showing a fabrication
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step subsequent to that shown iﬁ Fig. 10;

Fig. 12 ie_e_éerspective view showing a fabrication
step subsequent to that shown in Fig. 11;

'.Fig. 13 is.a partially exploded pe:Spective view
showing the entire cenfiguration_of a semiconductor light
emitting device eccording to a ﬁifth embodimeht of the
present inventibn; |
| Fig. 14 is a partial sectional view showing a
semiconductor laser of the semiconductor light emittin§
device shown in Fig. 13;

Fig. 15 is an ekploded perspective view of a
pertion of a semiconductor light emitting device
éecording to a sixth embediment of the present invention;

‘Fig. 16 is a bersgective'view:shéwing a verietidn
of the semiconducter device of the present invention;

Fig. 17 is a perspecti§e view showiné_another
varieﬁion of the semiconductor device of the present -
invention:;

Fig. 18 is a partially exﬁloded perspective view
showing a configuration of a semicoﬁduetor iight emitfing
device according to one embodiment of the present
invention; |

Fig. 19 is a pertial sectional view of a

semiconductor laser of the semiconductor light emitting
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device shown in Fig. 18;

Fig. 20 is atpartial exploded perépective view of a
‘portion of a packagé of the semiconduqtor light emitting
device shown in FiQ.'l&; |

Fig. 21 is a front view illﬁstrating the.positiOnal
-relationship'between a conductive mounting board and a
semiconductor laser;

Fig. 22 is a.perspective view showing one steb of
fabricating the semiconductor light emitting device shown
in Fig. 18. |

Fig. 23 is a.perspective view showing a fabricating
_étep subséquenﬁ to that shown in'Figﬁ 22;

Fig. 24.is a perspgctive view showihg a fabricating
step éubsequent tb-that shown in Fig. 23;
| | Fié. 25 is a front view shoWinQ a configuration of

a comparative example of the semiconductor device shown

in Pig. 18.

ﬁETAILED DESCRIPTION OF_ THE .P_R_EFERRED EMBODIMENTS
Hereinafter, gmbodiﬁents bf the present invention
will be'described iﬁ detail ﬁith reference to the
"drawings. It should be noted that in the following
embodiments, a package combined with a semiconductor

device of the present invention will be described
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simultaneously_with description of thé semiqqnductor
-device}

(First Embodiment)

| Fig. 3 shows the entire éonfiguration of a

semiconductor light emittihbldeﬁice as a semiconductor
device and a package 10 accordiﬁg to a first. embodiment
of-the present invention. The semiconductar light
emittiné device includes a semiconductor laser 20 as a
semiconductor element in the package 10. The package 10
'has a disk shéped support 11 anh a hollowed cylinder
.shaped cover body 12. One ena s;de pf the cover body 12
is'opengd and the éther end side thé?eof is cloged. The
end portion of the cover body 12 on the open side ig in
contact'with one surface of the.supporf 11.? The gnd |
portioﬁ'of the.cover body 12 on the Closed side is
provided with an.extraction window 12a for extracting a
lasef beam,'émittéd from the semiconduqtér laser 20
contained in the package 10, out .of the package 10. The
cover body 12 is made frqm a metal such as a copper (Cu).
or iroﬁ (Fe) based metal, and the e#traction-window 12a
is made from é material allowing transmission of a laser
beam emitfed from the semiconduetor.laser 20, for example,
glass or plastic. |

Inside the cover body 12, a conductive mounting
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board 13 on which the semiconductdr laser 20 is to be
mounted is formed over one sﬁrface.of the sucport 11. The
conductiye mounting board 13 is}adapted to electrically
connect the semiconductor 1aser 20 to a power source (not
shown) and to radiate heat generated in the semiconductor
laser 20. The conductive moqnting boafd}13 and the
eupport 11 are integrally cast from a metal such as a
copper or iron based metal, on the surfaces of which a
solder film made from -a solder material and having a
thickness  of 5 ltm-is formed. Specific examplee of the
solderxr materials mey include tin {Sn), lead (Pb), a_tin-
lead alloy, a gold (Au)xtin alloy, an indium (Iﬁ)-cin
alloy, and an indium-lead. \

As enlargedly shown in Fig. 4, the conductive
mounting boerd 13 has, on thelsurface on thch the
semiconductor laser 20 is to.be mounted, a recessed
portion 135 and a projécting portion-13b. These recessed
portion,13a_and the projecting portion 13b are parallel
ﬁo the surface of the support.ll. The size of each of the
recessed porticn 13a end the projecting éortion 13b is
set such that the width in the direction parallel to the
surface of the suppoft 11 is 0.8 mm and the depth in the
direction perpendicular to the surface of the support 11

is 1 mm. The difference ‘in height between the mounting
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surfaqes of tne recessed portion 13a énd the-projecting
poition 13b is set at 300 4m. In addinion, the thickness
of the conductive mounting board 13 in the direcnion.
perpendicular to the mounting surface of the conductive
mounting board 13 méy be suitably.deteimined depending on
the size of the covef body l2, however; it is preferred.
to make it as large as possible in ordér to increase the
heat radiation effect.

An insnlating mounting board 14 is mounted on Fhe
recessed portion 13a of the condnctive mounting bbardf13.
As enlargedly shown in Fig. 5, the insulating mounting
poard 14'haé an insulating boérd.i4a mgae from'an?
insulating'material such as aluminum nitride {(a1N), noron
nitride (BN), or silicon carbide (SiC). An édhesine;layer.
l4b is provided on the surface, on the conductive
" mounting board 13 side, of the insulating board 1l4a, and
is adépned to fix the insulating-mounting boérd 14 to the
conductive mounting board 13. The adhesive layer 14b is
formed by stacking a titanium (Ti)llayer having a
thickness.of 100 nm,-a'plaﬁinnm thl.layer having a
thickness of 200 nm, and a gold (Au) layer having a
thickness of 500 nm on the insulating board 14a in this
order. A wiring portion lic is formed on the surface,

opposed to the conductive mounting board 13, of the
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insulating board 14a. The wiring portion 14c is formed by
stacking a titanium layer ha%ihg a thickness of 100 nm, a
platinum 1éyer'having a thickness of 200 nm, and a gold
layer having é thicknesé of 500 nm on the insulatiné
- board 14a in this.orde;.

A solder adhesive layer 14d méée'from a solder
m#terial is.provided on a poitiop of Ehe surface, opposed
to the insulating board layer 14a, of the wiring portion
l4c, which solder adhesive layer 14d is éQapted-to be
adhesively bonded to the semiédnéuctor laser 20. The
thickness of the s§1¢er adhesive layer 144 is preferably
set at a vglue_of 4 Um or more_for_ensuriﬁg a sufficient
adhesive strength of the solder adhesive lavyer 14d. The
'soldef material for forming the.soldé; adhesive layer 14d
may be the same as that for férming the éoider filﬁ of
the conductive mounting board 13, however, the solaer
material_i§ prefgrﬁbly selected to have.a melting point
lower than that of the solder material for'forming'the
solder f£ilm of the conducﬁive mounting board 13. The
reason for this is that, as will.be.later'appafent in
description of the fabrication method, . in the case of
adhésively bopding the conductive mouﬁting board 13,~the
insulating ﬁoﬁnting boara 14, and the semiconductor 1asé¥

20 to each other, the insulating mounting board 14 is
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less in therﬁal conduction thaﬁ the conductive mounting
board 13. The_sq;@g;ing_temperapu:es of the above solder
materials become lower in the oraer.of In-Sn alloy (for'
. example, 52 wt% In and 48 wt% -Sn), InePﬁ alloy (for
example, 75 wt% In énd 25 wt% Pb), Sn-Pb élloy (for
example, Soxwt% Sn and 50 wt% Pb), Sn, Au—Sn ailoy (for
example, 80 wt% Au aﬁd 20 wt% Sﬂ),'anleb. For example,
if the solder film on the surface of the conduétive
mounting board 13 is made from Sn, the solder adhesive
layer 144 of the insulating mounting board 14 is
‘preferably made_from a Sn-Pb_éllpy.

;The size of the insuléting mounting_board i4 is set
such tﬁat the width in thé.direction parallel to the
surface of the Suppoft 11 is 0.é mm each_and the -depth in
‘the direction perpendiculgr to the surface of the support
11 is 1 mm. The thickness 6f the insulating mounting
board 14 in the direction perpendiculaf to the mounting
surface of the insuléting mounting board 14 is preferably
set to be equal to or more th#n the difference in height
between the mounting surfaces of;thé recessed portion 13a
and the projeéting portion 13b of the conductive'mounting
boar@ 13? Here, since the'difference in height between
the mouqting surfaces.of the recessed portion 13a and the

projecting portion 13b is set at 300 #m, the thickness of .
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the insulating mounting board 14 -is preferably set at a
value of 300.l£m or more. For the purpose of ensuring the
insulation of ﬁhe insulating mounting bdard i4 against
the conducti?e mounting board 13, the thickpess'of the
insulating mounting board_14 is preferably set at a vaiue
of 500 4m or more.

As shqwn in ?ig. 3, the éupport 11 is provided with
a pair of pins 15 and 16 extending from inside to outsiaé
of the cover body 12. Each of the pins 15 and 16_is made
‘from a metal such as a copper or.iron.based metal_and the
surface thereof is coated with a thin film.madé-from gold.
Insulating rings 15a and 165 madé irom glass are inserted
between the support il and thé pins 15 and 16,
respéctively, for elgctricélly insulating the support 11
from the pins 15'ana.16. .That is to say, the conductive
mounting boarq 13 is electrical;y insulated from the pins
15 and 16. One end 6f a wire 17 made from gold having a
thickness of 20 Um is connected to the pin 15, and the
other end of the wire 17 is connectedfto the wiring
portion 14c of the insulating mountlng board 14 for
-electrlcally connecting the pin 15 to the wiring portion
l4c. The_support 11 is also.provided with a pin 18 which
is electrically connected to both the support 11 énd the

conductive mounting board 13.
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As shown in Fig; 6, the semiconductor laser 20 is
forméd-by sequgnyig};y stacking-a buffer layer 22a, a
'backing layer 22b, a.mask layer 23, a coatiﬁg growth
1ayér-24, an n-type séhiéonductor layer Zs'és a fi;st
conduction type semiconductor 1ayer, an active laYer-zs,
and a b-tjpe semiéondﬁc;or 1aYer 27.as_a second
condﬁction type semiconductor layer on one surface of a
‘pair of opposed surfaces of a substrate 21 in this order.
The_substréte 21 is formed of a sapphire having a
thickness;in the stacking direction (hereéinafter,
referréd to si@ply as fthickneSs") of 300 Mnn.and the
Buﬁfer:layer 25a is formea.on the C-face éf the substrate
- _ .

The buffe;.laye; 22a, which has a thicknesé of 30
nm, is made from an undoped GaN. The backing layer éZb,
which has a-thickhess of 2 fm, is made from a crystal of
undoped GaN. The mask 1ayer:23, which has a-thicknesé'of
0.1 Um, is made from silicon nitride (siog. The mask
layer 23 has a plurality of stripe-shaped obenings 23a -
extéhding in the direction'perpepdicular to the_paper
plane in Fig. 6, and a plurality of étripe shaped mask
portions 25b each forméd between adjacent two of the
openingé 23a. The coating growth layer 24 grows latefally

on the hask layer 23, to thereby cutoff penetration of
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dislocations from the backing layer 22b. The coating“
growth layer 24, which has é thickness of 10 im, is made
from undoped GaN.

| The n-typé semiconduqtor.layer 25 is formed by .
stacking an'n:side'contaqf layer 25a, an n-tyﬁe clad
layer 25b, and a firsﬁ guide layer 25c _on the coating
growth layer 24 in this order. The n-side contéct'layer.
25a, which hés a thickness of 3 Um, is maﬁe from n-type
GaN doped with an n-type impurity such as siligon (si).
The n-fype clad layer 25bi which-has a thickness of 1 Um,
is médé from a mixed crystal, n-tjpe.Alo#GaoJN doped with
an n-type impurity such as sif&con._ The firsf éuide layer
25c,_Which has a thickﬁess of 0.1 4m, is madé frqm n-typé
GaN doped with an n-type impﬁrit& such as silicon.

The active layér 26 is made from a mixed cffétal,
undoped InGaN, aﬁa has a multiple quantum well structure
inclgding a well 1ayer having a thickness of 3 hﬁ and
made from a mixed crystal, InmwGamuN,.and a barrier layer
having a thickness of 4 nm and made from a mixed crystal,
inm”Géﬂ_”N. The active layer 26 functions as a light
emitting layer. For example, upon laser oscillation, the
emission wavelength is sef at about 405 nm.

The p-type semiconductor layer 27 is formed by

stacking a deterioration preventive layer 27a, a second
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guide layer 27b, a p-type.clad layer 27¢, and a p-side
contact layer 27d bﬁ the active layer 26 in ﬁhis order.
The deterioration prgventive layer 27a, which has a
thickness of 20 nm, is méde from a mixed éryStal, p-type
AlojGa,Jﬁ doped with a p-fype impurity such as magnesium ’
(Mg) . The second guide iayer 27b, which has a thickness
of 0.1 U4m, is made from p-type GaN dopéd with é.p-type
impurity such-as magnesium. The p-type clad layer 27c,
which has a thickness of 0.8 im, is made from a mixed
crystal, p-gype Al, ,Ga, ,N doped with a p-type impurity
such as maghesium, The p-side contact layer 274, which
has a thickness of O.S.ﬂnh is.made from a mixed crystal,
p-type GaN doped with an impuriﬁy such as magnesium.

An n-side electrode 28a as a first elecpréde is
provided on thé surface, on the.active layer 26 side in
the stacking direction, of the n-side contact layef 25a.
The n-side electrode 28; is'formed by stacking a titanium_
layer, an aluﬁinum (Al).layer, and a gold layer on the n-
side contact.lager 25a in this érder and alloying these
metals by heating, to be thus elgct#ically connectéd to
the n-side contact layer 25a. A.p-side eleétrode 28b as a
second electrode is provided on the surface, opposed to
the active lafer 26 in the stacking direction, of the p-

side contact layer 274. The p-side electrode 28b is
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formed by st;cking a nickel (Ni) -layer and a gold layer
on the p-side contact layer 27d in this ordef and
_élloying these me£a1s by heating, to bé thus electrically
connécted to the p-side contaétplayér 27d. The p-side
electrode 28b is formed into a stripe Shape extending in
the direction perpéhdicular to the paper plane in Figﬂ_G
for éurrent constriction, and-a”reéion of the active |
laye; 26 corresponding to the p-side electrode 28b
becomes a light emission region.

'Tﬁe semiconductor laser 20 has-a pair of reflegtor
films 29 (only one is shown_in Fig. 6) at both ends of
the p-side electrode 28b in the lépgth directiqn. Each
rgflector.film 29 is formed by alternateiy_staéking
silicon nitride films and zirconium oxide (Zro0) films.-
The reflectance of Qne réflector £film 29 is set at a low
value and the reflectance oﬁ the other reflector film
(not shown) is set Atha-high vaiue, so that.light
geﬁeratgd from the.active layer 26 is recipiocated
between the pair_of reflector filﬁs 29 to be amplified,
aﬁd i§ emittéd.ffom éne reflecfor film 29 as a laser beam.
That is to say, the 1enth diréction-of'the p-side
: electroae 28b becomes the resonator orientation.

The semiconductor laser 20 is, as shown in Fig. 3,

disposed in the package 10 in such a manner that the n-
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side électrode 28a is in contact with the solder adhesive
layer 144 of thg_iggplating mouﬁtipg béard 14 and the p-
side electrode 28b is in contact with the_pipjecting
portion 13b of the condﬁctive mounting boara 13. To be
more specific, the n-side electrode 28a is connected to
tﬂe power source (not shown) by means of the pin 15 via
the wiring portion l4c bf the insulating mounting board
14 and the wire 17, and the p-side electrode 28b is
electrically connected to the power source (not shown) by
:méaﬂs 6f'the pin 18 via the qonducti;e mounting board 13.
The rgasén why the-p-side electrode-28b is in cohtac;
with the conductive moﬁntiﬁg'board 13 istﬁhat the active
iayer 26 actipg as a main heat genération source is
disposed between the p-side electrode 28b ahd tﬂé
substrate '21. That is to say, it is possible to obtain a
high-heAt fadiation effect by shortening the distance
between tﬁe active layer 26 and the conductive mounting
board 13 having a high heat radiation characteristic.

The semiconductor device and the packége 10 having
the above cénfigurations are fabricated in accordance
with the following procedure:

First, a semigonductor laser éo is formed as
follows: A substrate 21 made from a sapphire having-a

plurality of semiconductor laser formation regions is



29

-brépared. A buffer layer 22a'made from undoped GaN and a
backiﬁg layer 22b made from undoped GaN are allowed to
sequentially grow on one surfacé (C;facey of the
substrate 21 by MOCVD (Metal Organic Chemical Vapof
Deposition). A mask layer 23 héﬁing a plur&liﬁy of s;ripe
shaped mask portions 23b made from silicoﬁ dioxide is
seiectiﬁely formed_on'the backing layer 22b by CVD
(Chemical Vapor Deéosition). A coéting_growth layer 24
made from undoped GaN is allowed to laterally grow on the
mask 1ayér 23.b§ MOCVD.

Tben, an n-side cbﬁtaét layer 25a made frdm n-type_
. GaN, én n-type clad layer 25b made from n-type Al, ,Ga, N :
(mixed_crystali, a first guide'layéf 25c made from n;typé
. GaN, an active layer 26 made from undoped GéInN (mixed
. crystai), a detérioration preventive iayer 27a made from
p-type Al; ,Ga, N (mixed crystal), a second guide léyer 27b
made-from p-type GaN; a p-type clad layer 27c¢ made from
p-type A1°4GaoJN (mixed crystal); and a p-side contact
layer 27d made from p-type GaN are allowed to
sequéntia;ly to Qrow on thé-coating-growtﬁ layer 24 by
MOCVD.

After growing.the layers in the order from the-n-
side confact layer 25a to.;he p-side contact layers 274,

the p-side contact layer 27d, the'p-type qlad layer 27c,
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thé second guide layer 27b, the deterioration preventive
layer zfa, thg'aCtive layer 26, the first guide layer 25c,
and the n-type clad layer 25b are selecfi#ely removeé in
séquencé correspondjngly to a formation position of an.nf
side electrode 12 by lithography, to expose the n-sidé
contact layer 25a. An n-side glectrode 28b is then
seléctively formed on the n-side contact layer 25a. After
formaing of the n-side electrode 28a, a p-side electrode
28b is selectively formed on the p-side contact layer 274.
The n-side electrode Zéa and the p-side electrode 28b are
- then each alloyed by heating.

After forming.the:n-sidé electrode 28a aﬁd thé'pf.
side electrode 28b, the substrate.21 is divided, iﬁ ﬁhe
direction perpendicular'to the length direction of thg.p-
side eiectrode 28b, iptq parts each having a specific
length correspoﬁd;ng to_thgt of each semiconductor laser
formatisn region. A pair of réflector f£ilms 29.are formed
on a pair of side surfaées of tﬁe dividéd.part by, for
example, an electron beam evaporétion process. Then, the
substrate 21 is divided, in the §iréction paréllei to the
length direction of the p-side electrode 28b, into parts
having a épecific width corresponding to that of each
sémiconductor'laser formation region, to form a |

semiconductor laser 20.
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After that, a support 11 and_a conductive mounting
boardllé'having a receségd portion 13a and a.projecting
portion 13b are.integrally ca#t,'and a.soldér-film'is
vapor-deposited on the_suifaces_of'the supbqrt 11,and the
conduﬁtive mounting board 13. Pimns 15, 16 and 18
separately fofmed are mounted to_fhe support 11. Then, an
insulating board 1l4a is separéﬁely formed, ahd an
adhesive layer 14b is vapor-deposited on one surface of
the insulatiﬁg board 14a and a wiring portion 1l4c and a
solde} adhesive layer 144d are sequentially vapor-
deposited on the cher surféce of the iﬁsulating board
14a, to fgrm.an insulating mountiﬁg bqard.14. After
forming the.insulgting ﬁo#ntipg board 14,-thé cdndﬁctive
mounting boaid 1é-integfated wiﬁh the supbort 11 is put
in a heating apparatus (not'shqwn), and thé-insulating.
mounting board 14 is.mdﬁnted on a'récessed portion 13a of
the conductive mounting board.13, ané the p-side
‘electrode 285 of the semiconductor laser 20 is brought
into contact with'the projecting portion 13b of the
' conductive mounting board 13 and_thé n-side elec£rode 28a
of the semiconducﬁor laser 20 is brought into contact
with fhe solder adhesive layer i4d of the insulating
mounting board 14.

The conductive mounting board 13 is heated for 5 to



ZQ seconds up to a temperéture ranging from 240 to 300C
and held ﬁt thg_;ggygrature for 10_£o 60 seconds by the
heafing apparatus (not shown). With this héat-treatment,
the solder film of the conductive moﬁntiné board 13 is
melted to'adhesively bénd the conductive mbunting}board
13 to the insulating mounting board 14 and also tol
adhesively bond the.conductive.moun;ing board 13 to the
p-side electrode 28b of the semiconductor laser Zb, and
simultaneously the solder adhesive layer 144 of-the
'insuiating mounting board ;4ﬂis melted to adhesively bond
the insulating.mounting board 14 to éhe n-#ide_elecﬁrode
28#“of’the_semiconauctor laser 20..

In-éhis case, by settiné the_hel;ing.poiht of a
solder matgrial of the solder adhesive layer 144 of ‘the
insulating-mounting board 14 to be lower than that of é
soldgr material of_thg solder f£ilm of‘the con@uptive
mounting béard 13, both solder materials can'be'desiraﬁly
melted without ekcessively increasing the heating
tempefature. The'heating is preferably performed in an
atmosphere of a nitrﬁgen Qés (N,) or-hydrogen gas (H,) or
é mixed gas thereof for preventing oxidation of the
solder materials. Also the semiconductor laser 20 may be
pushed down, for example, by applying a load thereon for

preventing the positions  of the'insulating mounting board
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14 and the semiconductor laser 20 from beihg deviatéd due
to the surface tension of the solder materials.

A wire 17 is then laid o;t to connect the wiring
porﬁibn l4c of the insulating mountin§ board 14 to the
pin 15. After that, a cover body 12 séparﬁtely,formed is
" disposed on the support li in_an dried nitrogen
atmosphere, thereby_completing fab:icatipn.of the
semiconductor light_emitting device and the package
thereof_as shown in Fig. 3.

The functions of the semiéonductor light emitting
_device ;nd the package 10 thﬁs obtained will be descfibed
below.

In.ﬁhe seﬁiconductor light emitting device, when a
specific voltage is-applieq between the n-side électrode'
28a and the p-side eieétrode'ZSb of the semicoﬁductor
laser 20 via the pins 15 and_18 of thé backage 10, a
current is injectéd into the,éctive lafer 26.to cause -
light emission by recombination of electrons with
bositive holes. The-light is reéiprocated between the
pair of reflector films 29 to be amplified, and is
emitted from one reflector film 29 as a laser beam. The
laser beam thus emitted from the semiconductor laser 20
is extracted outwardly from the package 10 via the

extraction window 12a of the package 10.
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At this time, in the semiconductor lasér 20, heat
generatioA occq;g_pginly at the active layer 26. In this
embodiment, since the conductive mounting board.13'is |
directly connected to the p-side eléctrode-28b'to shorten
the_diétancé bétween the active layer 26 and ﬁhe
conductivé mounting board 13,_  heat generated in the
active laver 26 is positiiély radiatéd.via the conductive
mounting board 13. As a-result, the temperature rise of
the semiconductor laser 20 is suppressed, so that the
sgmiconductor 1£ser 20 can be stably. operated for a long:

'period of time.

Further, in tﬁis emquimént, since the insuléting
"mounting poard_14 is.disposéd on the reqessed poftion i3a
of the conducﬁi#é mounfing goérd 13 and fhe n-side
electrode 28a is electrically connected to the wiring
porﬁion l14c of the insulating mountipg board 14, the |
insulation between'the.conductive mouﬁting board-13 and
the wiring portién l14c is ensured, to thereby prevent
short-circuit between the n-side elec£rode 28a'§nd the p-
side electrode 28b.

‘ In this way, according to the sémiconductbr light
emitting'device in this embodiment, since the p-side
eléctrode 28b is directly.éonnected to the conductive

mounting board 13, the distance between the active layer
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26 and the_conducti§e mounting board 13 can bg shortened,
and consequently, heat generated in the active layer 26
can be positively ;adiatéd via tﬁe COndﬁctive mdunting'
board 13. As é iesult,'iﬁ is p&ssible to supﬁress the
témperature rise of the semicoﬁductqr laser 20 and. to
stably operate the sémicénducyor laser 20 for_a lopg-
period_of tiﬁe, and hence tO'improve the reliability of
‘"the semiconductor light emitting device.

Also since the insulating mounfing board 14 is
disposed on thé recessed portion=13a of. the conductive
mounﬁing—board 13 and the n-side electrode 28a is
connected to the wiring porfion 1l4c¢ gf the insulating
moun;ing board 14; it is possiblg to ensure_insulatiop
between the conductive mounting board i3 ané the wiring
portidn 14c, and henée to prevent éhort-circuit between
the n-side electrode 28a and .the p-side electrode 28b of
the semicondqctor laser 20.

According to the package 10 in this embodiment,
since the recessed portion 13a and the projecting portion
13b aré formed on the condﬁdtive_moﬁnting board 13 and
the insulating mounting board 14 is disposed on the
recessed portion 13a, it is poséible to prevent short-
circﬁit befwéen the n-side electrode éBa and the p-side

electrode 28b of the semiconductor laser 20 by disposing
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ﬁhe n-side electrode‘zsa'of the semiconductor laser 20 on
the wiring portion provided on the insﬁlating mounting
boafd 14 and dieboeing the b;sideleleétrode 28b on the
conductive mounting board 13. " Also it is possible to
positively radiate heet generatea_in the active layer 26
of the semiconductor laser 20 via'the conductive mounting
board 13.

(Second Embodiment)

Fig. 7 shows a portion of a semiconductor light
emitting device and a'porﬁion of a package according to a
second embodiment of the present invention. The
semiconductor light emitting device and tﬁe package in
this embodiment have the same coﬁfigufations and the
functions ef those in the first eﬁbbdiment,.except-that a
sepera;ing portioﬁ 33¢c is provided on. a donductife-
mouﬁting board 33. And also they'can be fabricated in the
same manner as that in the first embodimeﬁt. In this
embodiment, therefore, parts corresponding to those in
the first embediment are deeignated by the same reference
numerals as those.in the first embodiment, and the
detailed explanation thereof is omitted:

The separating portion 335 is_formed between a
recessed'pertion 13a aﬁd a projecting portion'13b formed

on the mounting surface of the conductive mounting board
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33 in such a manner.as to have.a'ﬁedian height between
heights'of.the reéeésed portion'13a and the profeétiné
portion 135. The séparating portion 33c is aéﬁptéd to
sep#rate the conduétive mounting boaﬁd 33 from an
insulating moﬁnting board 14 with a gap kept therebetween,
thereby preventing sﬁort—éirduit between the n-side
electrode 28& and the p-side eiecﬁrbde 28b of thg
semiconductor laser 20.

In this way, according to this embodiment,.since
the separating portion 33¢c is provided between the
recessed portion 13a an@ the projecting portion 13b of
the cohductive mounting boa#d 33, it is possible nét_only
to.obtain the same effects as those obtained in the first
embddiment, but also ﬁo further efféctively prevent
shoftfcircuit between the n-side'electrcde 28a and the P-
side_electrode 28b of the semiconductor laser 20.

(Third ﬁmbodiment)

Fig. 8 shows a portion of a semiconductor 1ight_
emitting device and a portion'oﬁ a package according to a
third gmbodiment of the présént_invéﬁtion. The
semicqnductor light emitting device énd the package in
this emﬁodiméqt have the same cohfigurations as those in
the secondlembodiment, except that a position fixing

portion 434 is provided on a conductive mounting board 43,
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having the same_fugcgions as those in the first
embodiment aﬁq.qgg_ye fabricated in the'sam? manner as
that in the firét embodiment. Accordingly, parts
corresponding té thosé in thg fifst and second
embodimenté are designated by fhe ;ame refereﬁce numerals
as those in the first and second embodiﬁenté, and the
detailed descriptioﬁ thereof is omitted.t

The position fixing pqrtiop 434 is formed on the
mounting surface of the qonductive mounting board 43 in-
such a manner as. to provide a recessed portaon 13a
between a projecting portion 13b and the positiqn fixing
porﬁion 434. The position fixing portion 434 pggjects
upwafdly from the recessed portion_13a, and holds an
insulating ﬁountiﬁg'bo#rd 14 between a separating bortibn
33c_and the position fixiﬁg portion 43d for preveﬁting
_the bosition of the insulating mouﬁting.boafd 14 from-
5eing deviated ﬁpoﬁ SOIdering the insulafing mounting
board 14 to the conductive mounting board 13.

In this way, acéording to this embodiment, since
the position fixiné portioh 434 is ﬁrovided on the
conductive mounting board 33 in such a manner as to
provide the recessed portion 13a between the projecting

portion 13b and the position fixing portion 434, it is

possible not only to obtain the same effects as those
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obtained in the first embodinent[ but also to easi;y and
accufately dispose the insulating mounting board 14 on.
the conductive mounting board 43.
(Fonrth Embodiment)

Fig. 9 shows a nortion of-a semiconductor light
.emitting device and a portion of a packege according to a
fourth embodiment of tne present invention. fhe
semiconduetor light emitting device and.the package in
this'embodiment have the same configurations and the
functions as those in the first embodiment, except that
the confignrations of a_conductive mounting board 53land
an insnlating mounting bOard 54 are different from those
in the first embodiment} Accordingly,-parts corresponding
to those in the first embodiment are'designated-by the
sane reference.numerals as those in the first embodiment,.
" and the detailed explanation thereof is omitted.

The conductive monnting boand 53 is cast,
integrally'with a support 11, from a metal sucn as a
copper or iron based metal. A thin film made from a metal
such as gold of-nickel (Nij is forned on the surfaces of
the conductive mounting board 53 and the snpport 11. Then,
a solder adhesive layer 53e made from a solder material
as desecribed in the-first-embodiment is provided on the

surface of a projeoting portion 13b. The solder adhesive
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layer 53e is adapted to adhesively bond a'p;éide
_electrodé.zsb gf”q.ggmicohductor.laser Zd.to the
'projecting portion\13b. The_other cbnfiguration of the
conductife mounting board 53 is the samé as that of the
conductive mounting board 13 descriﬁed in the first
embodiment.

The inéu;ating mounting board 54-has'an insulating
board 54a made from silicon.dioxide being formed on a
receésed portion 13a of the conductive mounting board 53
by deposition. A wiring portion 54é is pr@vided on the
side, opposed to the conducfive mounting board 53, of the
insulating'board 545. The wiiing portion 54c is formed by
stacking a titanium layer having a thigkness of 50 nm and
a gold layver héving a thickness of 500 nm on the
insulating bqafd 54a in this order. A solder édhesive
layer 54& made from the same soldér_@aﬁerial as that for-
forming the solaerladhesive layer 53e is provided on a
portion of the wiring portionlsdc on the side opposed to
the insulating board 54a. The solder adhesive layer 544
is adapted to adhesively bénd an n-side electrode 28a of
the éemiconductor laser 20 to the wiring portion 54c. The
solder material for forming the solder adhesive layer 544
may be diffefent from that for forming'the solder

adhesive layer 53e, however, the solder material is
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preferably the same as that for forming the solder
adhesivé layer 53e in order to form the solder adhesive
layer.54d tbgeﬁher with the_soldef adhesive layer 53e at
_thé same step in the fabrication method to be described.
later. The_thickness'of the solder adhesive layer 54d is
set at the same value as. that of the solder adhesive
layer 144 in the first embodiment. The size of the
insulating mounting board 54 is set at the same value as
that of_the_insulating mounting board 14 imn the first
embodimentf
.Thé semiqbnductor light emitting device and tﬁe

péckage having ;he-above COnfigurations are fébric#ted in
the following pfocedﬁre:

| First, a seﬁicqﬁéucﬁbr laser 20 is-formed:in the
same manner as that in the first embodiménf. Then, a
support 11 and a conductive mounting board.53 are
integraliy cast, and a thin film made from metal such as
gold is formed on the surfaces of the support 11 and the
conductive mounting board 53 by plating.

The Supbort 11 and the cqnducﬁive mounting board 53
are cleaned; and as shown in Fig. 10, a mold 61 haVing an
opening 6la formed correspondingly to a recessed portion
13a of thé conductive mpunting'board 53 is placed on fﬁe

conductive mounting board 53 with the opening 6la aligned
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with the recessed portipn 13a. In this case, it may be
desirable that one side of the 6pening.61a-be positioned
at the boundéri-gééééenlthe ;edesséd portion iBa and a
projecting'portioh 13b pf the CQﬁductiye mounting béard
53. After that, silicon dioxide is vapor-deposited from
above onto the mold 61 at 290?3 by the electron beam
evaporatidn process,-to form‘an.insulating board 54; on a

crosshatched portion in Fig, 10. In addition, the size of

.the opening 61la of the mold 61 is preferably larger than

that of the recessed portion 13a.. The reason for this is
that if the size of the opening 6la is smaller than that

of the recessed portion 13a, the size of an inéulating

mounting board 54 becomes smallef, thereby making it

iﬁpossible to'pfevént short-circuit between the n-side
electrode 28a ané the p-side electrode 28b of the
semiconduct¢r_1aser.20; Here, fﬁe width of the opening
Gia.in the direction parallel tq‘the support 11 is set at
0.8 mm, and the depth-of the opening 6la in the direction
perpendicular to the support 11 is set at 1.1 mm.

After forming the inéulat;ﬁg'board 54a, as shown in
Fig. 11, a mold 62 having én_opening 62a formed
correspondingly to the insulating sgbstrate 54a is placed
on the conductive mounting board 53 .with the opening 62a

aligned with the insulating board 54a. Then, titanium,
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platinum and gold are sequentially vapor-dgposited from
above onto the mold 62, to form a wiring portion 54c on a
crosshatched portion as shownAin Fig. 11. In addition,
éﬂe_size_of the opening 62& is preferabiy smaller than
. that of the opening 61la of the mold Gi.for.breventing
shbrt-circui; between the n-side elegtrode.28a and the p-
side electrode 28b of the semiconductor laser 20. Here,
the width of the 6peﬂing 62a is set at 0.7 mm and the
depth theéreof is set at 1.0 mm. In other words, the
opening 62a of the mold 62 is positioned inside of the
openiﬁg 6la of the mold ¢€1l.

After forming the wiring portion'54c,'as shown in
Fig. 12, a mold 63 having an opeﬁing 63a formed
éorrespondingly.to the wirin§ po;tioﬁ 54c and having an
opening Gﬁb formed correspondingly to ;he projecting'
bortion 13b of the conductive mounting board 53 is placed
on the conductive mounting board 53 in suéh a manner that
the opening 63a is aligned with the wiring portion 54c
and the opening 63b is aligned with the projecting
portion 13b. Then, a solder matgrial is vapor-deposited
from above onto the mold 63 by the vapor-deposition
process, to form a solder adhesiye layer 54d and a solder
adhesive layer 53é at crosshatched portions as shown in

Fig. 12. In addition, the size of the opening 63a is
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preferably smaller than that of.the.opening 61a of the
mold 61 for prgvgp?%gg shorﬁ-circuit between the n-side'
electrode 28a and the p-side glectfode 28b of the
semiconductor laser 20. Here, the width of the opening
63a is set at 0.35 mm and the depth thereof is set at 1.0
hm. In other words, the'opéning 63a of the mold 63 is -
positioned inside of ﬁhe openiné 61a of the mold 61. The
size of the opening 63b is set such that the width is
0.80 mm and the depth is 1.0 mm.

After forming theisqlaer-adhesive layers 53e and
544, pigs 15, 16. and 18 sepa;ately formed are disposed to.
the support-ll. Then, the's;micbﬁdgctor laser 20 is.
disposed.on the cdnductive mdunting_board 53 an@ the
'insulating.mounting board 54 iﬁ theisame manner as ﬁhat
‘described in the first.émbodiménf.. After that, like.the
first embodimgnt, a wire 1? is laid out to connect the
wiring portion §4c to the pin 15 therébetween, and then a.
cover body 12 éeparately f§rmed is disposed on the
support 11. In this way, the semiconductor light emitting
device and the package shown in_Fig; 9 is obtained.

In this way, according to this embodiment, since'
the insulaﬁing mouhtiné board 54 is.forﬁed on the
recessed pértion 13a of the conductive mounting board 53

by vapor-deposition, it is possible -not only to obtain
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tﬁe same effeéts_as those obtained in the first
embodiment, but aiso to easily fofm the insqlating
mounting board 54 at a low cost.
(Fifth Embodiment)

Fig. 13 showé the entire configurations of a
semiconductor light emitting device and 'a package 70 _
according to a fifth embodiment of the present_invéntion.
The semiconductor light emitting device and the package
70 in this embodiment have the same configurations as
those.described.in the first embodiment: except that the
configura;ioﬁ of a semiconductof 1aser.80_is different
from that in the first embodiment and corres;ondingly the
configurations of a conductive mounting board 73-and an
insulating mounting board 74 are different from tho;e in
_thé_first embodiménf. In this embodiment, parts
gprresponding ;o those in.the first embd&iment are
designated bf the same reference numerals as those in the
first embodiment, and the detailed description there of
is omitted.

Ag enlaiéedly shown in Fig. 14, thé semiconductor
laser 80 has, on one surface of thg same substrate 81, a-
plurality (two in ;his embodiment) of 1ight emitting
portions Bda and 80b arrangéd in the direction

perpendicular to the resonator orientation. It should be
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noted that the resonator is oriented in the direction
perpgndicular to the paper plane in Fig. 14. The
substraté 81, which has a thicknes; of about 100 Xm, is
madg from semi-insulaﬁing GaAs. The light_emitting.
portions 80a aﬁd 80b are formed on the (100) face of the
substfafe 81. ‘

. Each of the light emitting portions 80a and 80b
héving the same structure is férmed by séquentially
stacking a buffer layer 82, an n-fype semiconductor layer
83 as a first conduction tyﬁe semiconductor 1ayér, an
acti#e layér 84, and a p-type semiconductor layer 85 as a
-segond condﬁétion type semiconductor layer §n_the
substrate 8i in tﬁis order. The buffer layer.82, which
ha; a thickness of 50 nm, is made from ﬁ-t&pe;GaAs doped
with'an_n;type impu;iﬁy such as silicén (Si) or selenium
(Se), respectively. |

The n-type semiconductor layer 83 is formed by
stacking an n-type clad layer 835 and a first guide 1aye;
83b on the buffer layer 82 in this ordef. The n-type clad
layer séa; which has a thiéknéss_of 1.0 #4m, is made from
a mixed crystél, ﬁ-type Aim“Gam“As doped with an n-type
impurity such as silicon'or selenium. The first guide
laver 83b,.which has a thickness of 10-nm, is made from a

mixed crystal, n-type Al;,,Ga, ,As doped with an n-type
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impurity such as silicon or selenium,-respectiVely.

The -active layer 84, which is made frqm a mixed
crystal, undoped AiGaAs, has ; multiplé quantum well
structure composed of a well léyer having a thicﬁness éf
10 nm and h&de from Al;mGam”As and a barrier 1ayer hﬁving
a thickness of 5 nm and made from Al,,,Ga,.As. The active
layer 84 in eadh of ‘the light gmitting portions 80a and
80b functions as a light émitting layer which emits light
having a wafelength of about 790 nm, respectively.

The p-type semiconduéto: layer 85 ié fofmed by
séquentially stacking a second-guide layer 85a, a p-type
cléd layer 85b and a cap 1ayer 85c on thé active layér 84
.in tpis.order. The second guide layer 85a, which has a-
.thicihess of 10 nm, is made-froﬁ a_miked crystal, p-typé
Al, ;,Ga, s3AS éoped.with-a p-type impuxity suéh as zinc.(Zn).
.The p-type clad layer 85b, whiéh has a thickness of 1.0 U
m, is made.f:om a mixed crystal, p-type Al, ,Ga, As doped
wifh a p-type impurity such as zinc. The cap layer 85c,
which has a thickness of 50 nm, is made from p-type GaAs
doped with a p-type impurity such as zinc, respectively.

Current block layers 86 extending along thé
resonator orientation are iﬁsérted in both sides of a
portion of the p-type clad layer 85b in the stacking

direction. To be more specific, the portion of the p-type
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clad layer 85b in the stacking direction has a narrow
width in the directiop perpendicular ﬁo the resonator
orientation for the purpose of'éurrent constriction. BEach
current block 1éy¢r 86, which has a thickness of-fOO nm,
and is made from n-type GaAs doped with an n-type
impurity.such as silicon or selenium, respectively.

Eacﬁ of the light emitting portions 80a and 80b has
an n-side electrode 87a as a first electrode on a portioh,
on the side where the active layer 84 is'provided iﬁ-;he
stacking direction, of the_ﬁ-tyée clad laver 83a. 'Thé n-
side electrode 87a is forﬁed by sequentially-stacking a
_gold-gerﬁénium (Ge) alloy layer, a nickei layer, and a
gold layer on the n-type clad layer 83a in this order,
_and alloying the layers by heating. The n-side elecirode
-§7a is éléctrically connected to the n-type clad layer
83a, respectively.

Each of the light emitting bortiéns 80a aﬁd 80b has 
a p-side elgétrode 87b as a second electrode oﬁ a portion,
on the side opposed to the active layer 84 of the cap
layer 85c¢c. The p-side eleét?ode:875 is formed by stacking
a titanium layer, a platinum (Pt) layer, and a géld layer
.on the cap l#yer 85¢c in this order,  and élloying the.
layers by heating. The p-side electrode 87b is

electrically connected to the cap layer 85c¢c, respectively.

-
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The reason why the n;side electrode 87a and the p-
side electrode 87b afe formed on the same side .in the
stacking diréction is-thgt the-dis£ance'between each
electrode and the active layer 84 is shortened to make
the respénsivity_of each of the'iight emitting portions
80a.and 80b enhanced. Further, in the:light emitting,
portions'BOE and 80b, tﬁe two p-side electrodes 87b are
adjacent to eéch other, and the two n-side electrodes 87a
are diéppsed in.such a manner és to provide the two p-
' side electrodes 87b therebetween.

Each of the light emitting portions 80a and 80b has
é pair.of reflector-films 88 (only one is shown .in Fig.
14) at end portions in the.resgnatOr orientation. One
reflector film;88, having a low reflectance, is made from
aluminum Qkide-(Algk). The other reflector film (not
"shown), having a high refléctanceﬁ is formed by
éltefnately stacking alﬁminum oxidé'layers-and amoxrphous
silicpn layers. pight genefated from the'active layer 84
is reciprocated between the pair of reflector films 88 to
be amplified, and is emitted fqu Qﬁe refleétor film 86
as a laser beam.

Aé shown in Fig. 13, a conductive mounting board 73
of the package 70 has on its mouhting sﬁrface a pair of

recessed portions 73a and one projecting portion 73b
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prov1ded therebetween. The pair of recessed portions 73a
are formed correspondingly to the n- side electrodes 87a
of the seniconductor laser 80, and the projecting portion

-_f§ﬁ is formed correspgnding%yhto the p-side electrodes

"87b of the semiconductor 1aser.80. The size of each
recessed portion 73a is set such that the width is 0.2 mm
and the depth is'lzmm, and the size of the projecting
.portion 73b is set such that the width is 0.4 mm and the
depth is 1 mm. A difference in height between the
mounting surfaces of the recessed portion 73a and the
pro;ectlng portion 73b 1s 300 M4m. The sizes of each of.
recessed portions 73a may be different from each other,
however, they are preferably.ldentlcal to each other in
order to reduce the number of kinds of insulating
'hounting boards 74 to be mounted on the recessed portions
73a, thereby improving the productivity. The other
configuration of the conductive mounting board 73 is the
same as that of the'conductive mounting board 13 in the
first embodiment.

The insulating mounting board 74 of the package 70
is disposed on each of theipair of the recessed portions
73a of the conductive mounting board 73. While not shown,
like the insulating mounting board 14 in the first

embodiment, the insulating mounting board 74 has an
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insulating board made from an igsulating material; an
adhesive layer formed on the surface, on the conductive
mounting board 74 siae, of the insulafing board} a.wiring
portion formed on the surface, opposed to the.cqnductive
mounting board 73, of the insulating board; and a solder
adhesive 1aye: formed on a portion of the surface,
opposed to the insulating board, of the wiring porfion.
The configuration of the insulating mounting board 74 is
the same as that of the insulating mounting board 14 ip
the first embodimenti The si;é.of the insulating mounting
board 74 is set such that the width is 0.2 mm and the
depth is.l mm. The thick;ess of the insulatiﬁé mounting
board 74 is the samé as that of the insulating mounting
board 14 in the first embodiment:

| The wirihg portion_of one iﬁsulating mounting board
74 is connected t6 a pin 15 by means of a wire 17, and:
the wirin§ pértion of the other inéulating mounting board
74 is connected'to a pin 16 by means of é wire 77. The
semiconductor léser 80 is disposed.such that n-side
electrodes 87a are in contact with the solder aahésive
layers of the insu;ating mQunting boards 74 and the p;
side electrodes 87b ére in contact with the projecéing
portion 73b of the conductive mounﬁing board 73. That ié

to say, the n-side electrode 87a of the light emitting
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portion 80a is connected to a power source (not shown)
from the pin 16 by way of the wiring portion provided on
the insulating.ﬁéu#fing board 74 and the wire 77,'and the
n-side electrode 87a of the light emitting portion 80b is
connected to a power source (not shown) from the pin 15
by Qay.of the wiring portion provided on the insulating
mounting board 74 and the wire 17. On the other hand, the
' p-side electrodes 87b of the light emitting portions 80a
and 80b are connected to a power source (not'éhowni from
the'pin 18 by way of the conductive mounting board 73,
respectively.

In this embodiﬁent,.since each p-side electrode 87b
including the active layef 84 between the.substrate 81.
and the same is in coﬁtac; with the conductive mounfing'
board 73 like the firé£ embodiment, it is possible to
positively radiate heat generated in each active iayer 84
via the gonductive mounting board 73.

The semiconductor light emitting device and the
package 70 having the above configurations are fabricated
in the following'procedurei

First, the semiconductor laser 80 is fabricated as
follows: A substrate 81 made from semi-insulating GaAs
and-having a plurality of_semiconductér laser formation

regions is prepared. A buffer layer 82 made f:om\n-tYpe
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GaAs; an n-type c;ad layer 83a.made from a mixed crystal,
n-type AlmnGaL“As; a first éuide laQer 83b made from a
mixed crystal, n-type Alm“GaL”As;.an~actiye layer 84 made
from a mixed crystal, unddped AlGaAs; a second éuide
layer 85a made from a mixed crystal; p-type AlmnGam“Aé;
and part of a p-type clad_iayér 85b made from a mixéd
crystal, p-type Al, ,,Ga; ¢AS éré allowed to sequentially
grow on one surface (100 face) of the substrate 81 by
MOCVD. |

A cur;ent block layer 86 made from n-type GalAs is
allowed to selecti&ely.grow on the p-type ciad layer 85b
by ﬁQCVD. Aftef selective;y growing the current'bloqk
layer 86, the remainder of the p-éype claé layer 85b made
from a mixed c;ystal, p-type Al, ,,Ga, ¢AS agd a cap layer
‘850.made from p-type GaAé are allowed:tb sequentially
groﬁ on the current block layer 86 and the p-type clad
layer 85b by MOCVﬁ.

After forming the layers up to the cap layer 85c,
the cap layer 85c¢, the current block layer 36, ﬁhe P-type
clad layer 85b, the second'guide_lajer 85a, the active
layer 84, the first guide layer.83b, the n-type clad
layer 83a, and thé buffer layer 82 are selectively
removed in sequence correspondingly to formation

positions of light emitting portions 80a and 80b by .
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lithography, to separate the light emitting portioms 80a
and 80b from each other. | | |

After éeparating the light emitting poftions 80a
,énd 80b from each other,.thé cap laver 85c, the current
block layer 86, the p-type clad layer 85b, the seéond
guide layer 85a, the active layer 84, the first guide
'1ayer 83b,-and part of the n-type clad layer 83a are
selectively femoved in sequence correspondingly to
formation positions of n-side electroées 87a in the light
emitting portions 80a and'80b,byilithography, to expose
the ﬁetype clad layers 83a in the light émitting portions
80a and 80b. Then, the n-side'electrgde 87a is
selectively formed on each n-type clad layer_83a, aﬁd
then a piéide electrodé 87b is selectivély f;rmed on each
.cap layer 85c. After that, the n-side electrodes 87a and
the p~side,e1éctrodes 875 in the light emitting portions
80a and 805 are each alloyed by heating.

After forming the n-side electrodes 87a ané the p-
side electrqdes 87b, the substrate 81 is divided in the
directién perpéndicular to the rgsohator orientation into
parts each having a specific length corresponding to the
length of each semiconductor 1ésér formation fegion. A
pair of'reflector,films 88 are formed on a pair of side

surfaces of the divided part by CVD. Then, the substrate
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81 of eéch part is divided in the direction parallel-to
the resonator orientation intp parts'each haﬁing a
.specific width corfeSponding to thé width of each |
semiéonductor laser formgtion regioﬁ. In this way, the
semiconductor laser Bo_is obt#inéd.

Next, like the-first embodiment, a support 11 and a
conductive mounting board 73 are integrally cast, énd a
solder film is vabor-depdsited on the surfaces of thé
support 11 and the conductive mounting board 73. Pins 15,
16 and 18-separaté1y formed are disposed on thé support
11. Subsequently, iike the first embodiment, insulatipg
‘mounting boafds'74 are separately formed.

After forming the inéulatihg_mounting.boaids 74,
like the first émbodimént, the insulating mounting bbérd
74 is mounﬁed on a'recesséd portion 73a of each
_condﬁctive mounting board 73, énd gach p-side eleétrode
é?b of ;he'semiconductor laserl80 is-bfought into contact
with a projecting.poftion 73b of the conductive mounting
board 73 and each n-side electrode 87a is brouéht into
contact with a solder-adheéive 1ayef of each insulating
mounting anrd 74. The assembly is heated by a hééting
apparatus (not shown), so that a solder film of'the
conductive ﬁounting board 73 is melted to adheéively bond

each insulating mqunting-board'74 to the conductive
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mounting board 73 and to-adhesively bond each p-siae'
electrode 87b of the semicondﬁctor laser 80 to thel
conductive mounting board 73. Besides, the SQlder
adhesive layer of each ineulating mountingiboard 74 is
melted to.adhesively bond eacb n-side elecﬁrode.87a of

\

the semiconductor laser 80 to each insulating mounting
board 74.

After that, a wire 17 is laid out to connect a
wiring portion of one insulating mounting board 74 to the
bin 15, and ‘a wire 77 is laid ouﬁ to connect a wiring
pértiqn of the other'insulating mounting boa;d 74 to the
pin 16. After gonﬁecting the wires 17 and 77, like the
first eﬁbodiment, a cover body 12 separately formed is
disposed'te'the support 11. In this way, the
semiconduetor light emitting device and the packege 70
shown in Figf 13 are formed.

- The functions of ehe semiconductor light emitting
device and the package 70 thus formed will be described
below.

In this semiconductdr light emitting device, when a
specific voltage is applied to between each n-side.
electrode 87a and the aesociated p-side electrode 87b of
the semiconductor laser 80-via the pins 15, 16 end iB qf

the package 70, a current is injected in the associated
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active layer 84 of the semiconductor laser 80, to cause
light emission by recombination of electfons with
.positive holes. Light thus generated_is reciprocated
between the pair of reflgctor films 88 to be amplified,
. and is emitted from oné reflector filﬁ 88 as a léser beam.
' The laser beam thus emitted from the semiConductqi laser
80 is extracted outwafdly from the package 70 via an
extraction window 12a af the package 70.

At this time, in the semiconductbr laser 80; heat
generation occurs mainly at the active layer 84 of each
of Ehe light emitting portions 86a and éOb; In this
emb;diment; sincg each p-side éiectrode 87b is directly
conﬁected to the conduqtive ﬁounting board 73 and thereby
the distanée betwegn-each activellayer 84 ahd thé
conductive moﬁnting board 73 isishortened, and thus heat
generated in each active iayer 84 is positively radiated
via the conductive mounting board 73. Accordingly, it is
possible to suppress .thermal interference between ﬁhe
light emitting éortions 80a and 80b of the'Semiconducﬁor
_1aser_80, and hencé ﬁo supﬁreSS an increase in threshold
current and also. suppress a reduction in luminous
efficiency.

In this embodiment,.since the insulating mounting

board 74 is disposed on each recessed portion 73a of the
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conductive mounting board 73 and each n-side electrode
87a is electrically connecfed to the wiring portion
provided on'the insulating mounting board 74, it'is
pdssible to ensure electrical insulation betwéen the
conductive mounting board 73 and the wiriﬁg-portidn, and
hence to prevent.short-circuiﬁ between the n-side. .
electrode 87a and the p-side electrode 87b. In addition,
it is possible to ensure electrical insulation between
the wiring portions provided on both the insulating
mounﬁing board 74, and to ensure independent drive of the;
light emitting portiomns 80a and 80b.

In this wéy, according to the semiconductor light
emitting device in this embodimént, since eaéh p-side
eleqtrode 87b ig di?ectly connected to the.conductive
'mounting boa;d 73, the distance between each active layer
84 and the conductive mounting béard 73 cén be shortened
to thereby positively radiate heaf génefated in the
active layer 84 via the conductivé mounting board 73.' As
a result, it is possible to suppress therﬁal interference
between the light emitting.portiénslsoa and 80b. That is
to say, it is possible to suppress an increase in
‘threshold current and a reduction in luminous efficiency,
and hence to maintain a high quality.of the device for a

long-period of time.
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Also since the insulating mounting_board 74 is
diéposed on each recessed portio@ 73a of the conductive
mqunting board 73 aﬂd each n-side electrode 87a is
copneéted to the &iringlportion provided on the
insulating mountih§ boérd 74, it is.possible to ensﬁrg
electrical insulation between each wiring portion and the
conductive mountiné boa;d.73, and hence to prevent short-
circuit between each n-side'électrédg 87a-and the
associated p-side electrode 87b of the semiconductor
laser 80. Furtﬂer, it is possible to ensure electrical
insulation between the wiring portioﬁs for thé light
emitting portions-80a andIBOb, and hénce to ensure
. independent drive of the light emitting portions 80a and
80b. |

According'£o the péckaée 70 in this embodiment,
since the two recessed portions 73a and the projecting
po;tion 73b are formed on the'conductive mounting board
73, and the insulating mounting board 74 is disposed on
each recessed portion 73a, it is possible to prevent
short-circuit between each'n-side electrode 87a énd thg
associated p-side electrode 87b of the semicpnducéor
laser 80 by disposing thé n-sidé electrode 87a on the
wiring portion pfovided on the insulating mounting board

74 and disposing the associated p-side electrode 87b on
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the conductivé mounting board 53.- Also it is possible to
ensure eieqtfical insulatibn between both the n-side
electrodes 87a provided in thé light emitting por;ions
80a and 80b and hence tb ensure-independent.drive of the
1light emi;ﬁing_éortions 80a éndIQOb. Further, it is
possible to positively radiate heat generated in each-
active layer of the ;emiconduptor laser 80 wvia the
conductive mounting board 13.

Althouéh not described in detail, the semiconductor -
light emiétiné device in this embodiment may be
eonfiguréd such thaf the saﬁe separa;ing portion as that
in the second Zmboaimgnt is provided on thé conductivé
mounting bqard 73. Besides, the same pogiﬁiqn fixing
portion as thaé in.thé fhird emquiment may bé provided
oﬁ the conductive mounting board 73} and the insulating
mounting board 74 may be formed on each :ecessed portion
73a of thé conductive mounting board 73 by deposition,
like the fourth emquiment. i

(sixth Embodiment)

Fig. 15 shows a portipn_oﬁ a semiconductor light
emitting device and a portion of a package according to a
sixth embodiment‘df the present invention. The
semiconductor light emitting device and the package in

this embodiment have the -same configurations and
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functions as those in the fifﬁh embodiment, except that a
semiconductor }agg;“}oﬁ has three or more light emitting.
portioné 160a and cqrréspéndingiy, tpe configﬁrations of
a cqnductive qounting bpard.93 and an insuléting mountiﬁg
‘board 94 are differeht frpm';hose in the fifth embodiment,
aﬁd théy can be fabricaféa in the same;manner as that
described in the fifth embodiment. Accordingly,.in this
eﬁbodimént, parts co:respbnding to those in the fifth
embodiment are designated by the same-referenée numeréls
as those in the fifth embbdiment; and the detai;ea
gxplanation thereof is omit;ed.

The semicbnducfor 1ase£:100 has, in this embodiment,
five light emitting portions 100a each of which has_the
same Eonfiguration. In these liéht e&itting'poréions 1065,.
naside'electrodes and p-side electrédes are. formed so as_
to be alternately arranged. The other copfiguratioﬁ of
the semiconductor laser 100 is the same as that of the
semiconductor laser 80 iﬁ the fifth embodiment. |

The conductive mounting board 93 has on its
hounting surface five projécting'portions 93b and.
recessed portions 93a forméd to surround each projecting
pbrtion 93b in an U;shape; The recessed portions 93a are
formed coriespondingly to the n-side electfodes of the

semiconductor laser 100, -and the projecting portions 93b
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are formed cérrespondinély'to_the p-side elect;odes of
the semiconductﬁr laser 100. The oﬁhg; configuration of
the conductive.mounting board 93 is the same as that of
the conductive mounting board-73'describea.in the fifth 
. embodiment.

The insulating mounting board 94,.which ié“diéposed
on the recessed portions 93; of the conductive mountiné
board 93; has an insulating board 9%94a made froﬁ an
insulating material and formed into a domb-shape
corresponding tp the recessed portions 93a of the
conductive mounfing boaid 93. An adhesive layer 94b is
formed all over the surface,.on the conductive mbunting
board 94 Side,-of the insulatiﬁg’board 94a. Wiring -
portions 94c, which are indepéndent from each other
correspondingly provided to ;he n-side electrodes of the
sémiconductor laser 100, are formed on the surface{
opposed to thé_conductive mountiﬁg board 93, of the
insulating board 94a. A solder adhesive layer 944 is
formed on a portion of tﬁe surface, opposed to the
insulating board 94a of each wi;ing portion 94c. The
materials for forming the insulatihg board 94a; the
adhesive 1ayer.94b, each wiring portion 944, and each
solder adhesive layer 94d_are the same as those used .in

the fifth embodiment. The thickness of the insulating
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mougting'board 94 is the same as ‘that 'in the £ifth
-embodiment.

Thé.semiconductor laser 100 is disposed such that
each n-side electrode is in contact with the aésoéiatea.
soldexr aéhesive layer 944 oﬁ the insuléting moupting
. board 94 énd each p-side electrode is in contact with ﬁhe
associated projecting portion 73b of the conductive
moﬁnting board 73. While not shown, each wiring portion
94& of the insulating mounting board 94 is connectgd to
different pins. That is to say, according té this
embodiment, even the seﬁicon&uctor laser havjné.three or
more 1ight émitting portions iOOa can exhiSit_the same
effect as that in the fifth embodiment.

While not described in detail, the semiconductor
light emitting device in this embodiment hay be
configﬁred such that the. same séparating portion as that
'iﬁ the second embodimeﬁt.may be provided on the
conductive mounting board 93; the same positioﬁ'ﬁixihg
pqrtion as that in the third embodiment may be provided
on the conductive mountingibbard_93; and the insulating
mounting board 94 may be formed on the recessed portion
93a of the'conductive mounting board 93 by-dgpositioh,
like the fourth embodiment.

While the embodiments of the present invention have



64

been described, the present invention is not limited
thereto, and it is to be ﬁnderstood that various changes
may be made with departing from'the spirit or scope of
the present invention; For example, although each 6f the
cohductive moﬁntiﬁg Boards 13, 33, 43, 53, 73f 93 is made
from the metal, it may be made from a conductive @éﬁerial
other than the metal.

In each of the first, second, third, fifth, and
sixth embodiments, each of the insulating mounting boards
14, 74 aﬁd 94 is made from the insulating méterial'such
as alumiﬁum_nitride, bd?on nitride or silicon carbide,
howéver,.it may be made from a diffefenf:énsulating~
‘ material such as silieon dioxide, silicon nitride (Si;N,),
aiumiﬁum oxide (Al,0,), amorphéus silicon, zircoﬁiuﬁ oxide
_(Zro)-or titaﬁium oxide (Tiq). |

In the fourth embodiment, the iﬁsnlating mounting
.board 54 is made_from'silicon_dioxide, howéver, it ﬁay be
made from a different insulating material such as
aluminum nitride, boron nitride, silicon carbide, silicon
nitride, alﬁminum oxide, amorphous Silicop, zirconium
oxide or titanium oxide.

Ip each of the'embodiment§, the recessed portions.
13a, 73a and 93a and the projecting portions 13b, 73b and

93b of the conductive mounting boards 13, 33, 43, 53, 73
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and 93 are each flattened, hoﬁever. as shown in Figs. 16
and 17, recessed portions 113a and 123a and projecting
portions 115b and 123b of conductive mounting boards 113"
and 123 may be each Eonfigﬁred to have oné or more
recesses and one oOr more érojections. However, each?of a
contact area between the coﬁductive mounting board and
the inéul#ting mounting boafd and a contact area between
the conductive moﬁnting boara and the sémiconductor
element may be made.large for increasing the heat
radiation effect. - _ ) : b

In each of thé emﬁodimént; the first conduction
type semidonductor.laﬁef is taken as the'ﬁLter
semiébnduétor laygr 25 or 83 and the second conduction
typé sémiconducto; layer is t;ken as thé p-type
sgmiéonductor layer-27'or gs; however,.thé first
conduction,typé séﬁicohductof layer may be taken as a p-
type semiconductor layer and the sécond cdndﬁction type
seﬁiéohductor layer Be taken as an ﬁ-type semicénductor
layer. However, in the case whe*e the.crystaliinity of
the n-type semiconaﬁctor 1é§er is superior to that of the
p-type semicondudtof layer, for examﬁle, in the case of a
compound semiconductor composed of a nitride containing
nitrogen and a group III element, it may be ‘desirable

that ‘an n-type semiconductor layer, an active layer; and
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a p-type semiconductor layer sequentially grow on a
substrate, in 9F§¢;.Fo suitably obpaiﬁ a desirable
semiéénductor light emitting élement.-

In each of the first to foﬁrth embodiments, the
compbuﬁd semiconductor composéd of the group III based_
nitride for.fofmihg each of the n-type semiconductor
léyer 25, the active layer 26, the p-type semiconductor
layer 27, and the like of the éemiconductor laser 20 is
exemplarily describgd, however, according to the present-
invention, it may be feplacgd with a sﬁitable compound
semiconductor comppsed of a differept gxoqp iII based
nitfide containinéinitrbéen {N) and a?_lgast one kind of?
group Iwaelemgﬂt selected from the group consisting of
gallium (Ga), aluminum (a1), Bofon (B) and:indium (In).

-Further, in gaéh of.;he first to fourth embodimehts;.'
each of the n-type éemiconductor layer 25, the active
layer 26, the p-typé sémiconductor’iéyér 27, and the 1like
of the'semiconductor laser 20 is made f:om the compound
semiconductor composed of the group III based nitride,
however, according to the presenp iﬁvention, the above
layer maﬁ be made from a differeht éemiconductor. However,
it sﬁould be noted tha; the present.invehtion_is
" particularly effective t&_a semiconductor light emitting

device in which a semiconductor element is configured
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_such that the first eiectrode and the second electrode
~are positioneq_qn”Fye same side in the stacking direction,
more specifically, in Which the semiconductor element has
the fifst conduétion type semiconductor layer, the active
layer, an& the second conduction type semicoﬁductbr layer
sequenti&lly stécke@,.and the fiist electrode is
positioned on the side, on the side wheré the active
layer is provided, of the first conduction type
semiconductor layer and the second electrode is
pOSitiéned pn.fhe side, opposed to the active layer, of
the second ponductidn type.semicbnductor layer.

In each of ;hé fifth and sixgh embodiments, the
semiconductor for gbrming each_pf the n-type
semiconductof.laye; 83;.the active 1ayerﬁ84, the p-type’
semiconductor layer 85, and-the like of each of the light

emiﬁﬁiﬁg portions 80a, 80b and 100a ié exemplarily
described, however, according td the presenﬁ invention,
it may be repiacea with a different semiconductor, for
example, a group II-V compopnd semiconductor or a group
II-VI compound semiconductor.

In each of the embodiments, thé configuration of
thé seﬁiéondqctor lase; i§ exemplirily_described, however,'
the present invention is not limited thereto. For example,

the semiconductor laser of the preSenf invention may be
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configured such thét the deterioration preventive iayer
27a mdy'noﬁ be providea; each of the first guide layer
Zsc and.ééb and the second guide layer 27b and 85a may'be
.made.from a undoped éemiconductor; or the cﬁrfent
congtriction'may be performed in a maﬁner different from
that déscribed in the embodimenfs.

In each of the embodiments, the.semiconductor
device is configured as a semiconductor light emitting
deviéé including a semiconductor laser, howéver, Fhe
present invention is applicable to a semiqonductor light
emitting device including a different semiconductor light
emitting elgment such as a lighf emitéing diéde, aﬁd-élsé
applicable to a semiconductof.device.includinQ a
semiconductor element other than the semidonductor_light
emittiné device. | "

Additionally;'in each of the.embodiments, each §f-
fhe first conduction’tﬁpe seﬁicbnductor iéYer, the acti&e
layer, the Secona conduction type semicohductor layer,
and the like of each of the seﬁiconductdr lasers'zo, 80
and 100 is formed by MOCVD; however; it Qay be formed by
a different vapor-phase growth process such as a MBE
process or a halide vapor-phase growth_process, also
called a hydride vapor-phase Qréwth_process, in which

halogen contributes to transportation or reaction of a
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raw m;terial.
(Seventh Embodiment)

Fig. 18 shows the’entire-configuration of a
semiconductor light emiﬁting device as a semiconductor
device according to one émbbdiment of the present
‘invention. The semiconductor 1ight emitting device
inciudes a semicondﬁctpr laser 210 as a semiconductor
elémeﬁt and a package 220 for containing the
semiconductor laser 210.

Fig. 19 shows a partial cross-sectionél strxructure
of the semiconductdr laser 210. The sémicbhductor lééér
210 is fprmed by sequentially stacking a plurality of
semiconductor layers on pne.su£f§ce of a-pair of oppésed.
surfaces of a substrate'z;ié via a buffe¥'iayer 212a, a
backing lafer ziZb, a mask laygr 213; and a coating
groyth layer 2i4. Tﬁe:plurality df semicondﬁctor 1ayers
are composed of an n-type semicénductor layer 215 as a
first conduction typé semiconductor layer, an active
layer 216, and a p-type semiconductor layer 217 as a
second condﬁction type semiconductof layer, which are
stacked on the substrate 211 in this order. The substratg
211 is formed of a sapphire having a thickness in the
sfacking direction (hereinafter, referred to simply as

“thickness”) of 300 Um, and the buffer layer 212a is
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forméd on ;he C-face of the substrate 211f
The buffer layer 212a, whiéh.has a thickness of 30

nm, is made.from an undoped GaN. Thé backing-léyer 212Db,
whiéh has a thickness of.2 fm, is madé from a cr&stal §fl
undoped GaN. The mask layer 213, which has a thickness of
0.1 U4m, is.made from silicon dioxide (SiO,). The mask
layer 213 has a plurali;y'of stripe-shaped openings 21$a
extending in the direction perpendicular to the paper
plane in Fig. 19, and a pluralipy of stripe-shaped mask
portions 213b'eac£ formed be;ween adjacent two of the
openings 2;3&! fhe coating Q;owth layer 2i4 grows
laterally on the mask:layer.2;3,ato thgregy cufoff
penetration of disloéations frpm.thé backing layer 212b.
fhe qoating growth léye:5214,'which has a thickness of 10
Um, is made'froﬁ undoped'GaN.'

| The n-type-semicondhctor layer 215 is formed by
stacking an n-side contact layer 215a, an n-type claa
layer 215b, and a first guide layer 215c on the coating
growth layer 214 in tﬁis order. The n-sidg contact layer
215a, which has a thicknesé of 3.unﬂ is made from n-type
GaN.AOped with an n-type impurity such as}silicon (si).
The n-type clad laygr 215b, which has a thickness of 1 Um,
is made froﬁ é'mixed crystal, n-type Al, ,Ga, N doped with

an n-type impurity such as silicon. The first guide layer
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215c, which has a thickness of 0.1 4m, is made from n- '
type GaN doped with an ﬁ-tYpe impurity such as silicon.

.The-active 1ayer.216 is made from a_mixed crystal,
- undoped InGaN, and has a muitiple guantum well sﬁ?ﬁcture
inclﬁding a weli layer_haviﬁg a thiekness of 3 nﬁ and
made from a mixed crystal, InmuGaduN, and a barrier layer
having a thickness of 7 nm and made from a mixed crystal,
In, ,,Ga, ,N. The active layern216 functions as a light
’emitting layer. .For'example, upon laser oscillation, the
eﬁission wavelength is set at aboué 405'nm.

The pftfpe semiconductor laver 217'is ﬁpfmed by
,staeking a deterioratioh preventive le;er 217a, a second
guide layer 217b, a p-type clad layer 215c, and a p-side
contact layer 2174 en the active layer 21% in.this order.
The deteriération pre#entive layer Zl%a, which has a
thicknesé Of'zo.nm, is made from a mixed crystal, p-type
Al, ,Ga, (N doped with a p;type impurity such as magnesiﬁm
(Mg). The second.guide layer 217b,_whicﬁ has a thickness
of-Orl Um, is made from p-type GaN doped with a p-type
impurity euch as magneéium; The .p-type clad layer 217c,
which ﬁes a thickness of 0.8 Um, is made from a mixed.
erystal, p-type Al, ,Ga,  ,N doped with a p-type impurity
sueh as magnesium. The p-side contact layer 217d; which

has a thickness of 0.1 unL is made from a mixed crystal,
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p-type GaN doped with a p-type impurity such as magnesium.

An n;side electrbde,ZlSa as a first eleétrode is
provided on the éurface; on the p-type semiqonductof
layer.217 éide in the étacking direétion, of the n-side
contact-layer 215a. Aan iﬁéulating layer 218b made froﬁ
siiicon diokiﬁe is formed on the side,'oppoéed to tﬁe n-
type semiéonductorllayer 215 in the stacking direction,
of fhe p-side contacf layer 2174, and a p-side electrode
218c as a second electrode is provided on the p-side
contact layer 2;7@ throgghfan opening formed in the
insulating layer 218b. That is to séy; in~thg
semiconductor.laser 210, the n-side élect;ode 218a and
the p-side eiectrode 218c are formeq on ﬁhe same side in
the stacking directioh._' |

The n-side giectrodé.218a ié'formed by stacking a
titénium (Ti) layer, an.aluminum (Aij'layer, a platinum
ziét) layer, and a gold'(Au) layer on-the.n-sidé éontact
layer 215a in this ofder and alloying these metals by
heating, to be thus electrically conhected to the n-side
contact layer 215a. The p:side elecfrode 218c is formed
by Stacking a nickel (Ni) layer, a platinum laver and a
gold.layer on the p-side contact layer 2174 in this order
and alloying.these_metals by heéating, to be thus

electrically connected to the p-side contact layer 217d.
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The p-side élect£ode 218c is formed into a stripe'shape
'extending in_thehdi;gctiqh perpendicular:to the paper
plane in Fié. 19 for cu:féht constriction, and a region
of the active layéf 216_C§rrésponding to the p-éide
eléctrode 218c becomes a 1ight emission~region.

The semicéﬁductof laser 210 has a pair pf reflector
films 219 (only one is shown in'Fig. 19) at both ends éf
the p;side eleétrode 218c in the lengtﬁ direction. Eaéh
reflector film 219 is formed by alternately stacking
silicon dioxide films and zircoﬁium oxidé'(ZrOQ) films.
The reflectance of one reflector film 219 is set at a low
. value and the reflectance of ﬁﬁe othet refiector £ilm
{not shown) is set'at a high value; $o that iiéht
generated from the'éctiVe layer 216 is. reciprocated
between the paif'of reflector f£ilms 215 to be amplified;
and is émitted fro& one reflectorlfilm 219 as a laser
beam. That is to say, the length direction of the p-side
electrode 218c becomes the résonator orientation.

Fig. 20 is an exploded view of a pqrtion of the
package 220: The package 220 includés a conductive
mounting board 221 for supporting the sehiéonductor laser
210 and radiating heat generated in -the semiconductor
laser 210; and a support 222, formed into a circular ring

shape, for supporting the conductive mounting board 221
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by a supporting surface 222a. |

| The conductive mounting board 221 has a mounting.
surface 221a on yhich the semiconductor laser 210 is to
be disposed. The mgunping'surface 22l1la is perpendicplar
to the suppor#ing sdrfacé ;22a. 'As shown in Fig. 18, of
‘the n-side eléctrode 218a and'fhe p-side elecﬁrode 218c
of the semiconduétor laser.21b, the p-side eleqtrode 218c
{({including ;he insulating layer 2;8b) is fixed on the |
mounting surface 221a. Specifically, the conduétive
mountipg-board 221 supports the semicbﬁductor'laser 210
in.é state in which the n-side electrode 218a projects
from the condﬁctive mouﬁting board 221 in the direction
paréliel to the mounfing surface 221a and thé.supporting_
surface 222a¥ The reason why fhe p-side elebtrade 2i8c i;
~in contact.witﬁ tﬁe conductive mounting béard 221 is that
fhe active layer 216 as a main hegt §eﬁeration éource'is
located between the'p-side electrode 218c and the
substrate 211. That is to say, by shortening the distance
between the active layer 216fand the copductive mounting
board 221 having a'high heét radiation effect, it is
possible to effectively radiate héat'generated in the
acFive layer 216 via the conductive mounting Soard 221.

When éhe mounting surface 221a of the conductive

mounting board 221 is located in such a manner as to
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‘extend in the horizontal direction, that is, to be
directed uan;@}yingye-qonduCtive modhting board 221 is
shifted rightwardly, downwardly from ﬁhe center of the
-éﬁpporting suffacé,zzza of the Support 222. The féason
for this is that even if the semiconductor laser 210 is
disposed on the conductive mouhting board 221 with the n-
side electrode 218a projecting thgreffoﬁ,'the |
semiconductor lasef 210 is locatgd'at the central portion
of the support 222. The conductive mQuﬁting board 221-has
a side surface\zzlb at an end ﬁértion, near the center of
the. support 222; in the direction.parallel to the
mounting surface 5213 and thelsuppofting surface é22a;
That is to say, the cénductive mounting board 221 has the
side surface 221b on the side on which the n-side |
electrode 218a of the semiponductor laser éio projects.
The side surfége 221b is tiltéd, ifom the mpun;ing.
surface 221a side to the opposed side, toward the gpposed
end of the moqnting surface 221a, that ié, toward the p-
side electrode:218c side. The reason for this is to, as
will be apparent in thg deécriptipn Bf the fabricatién
steps, easily connect a wire 227 to thé_n-side electrode
2léa of the sémiconductor laser 210.

As shown in Fig.'él, the end, on the sidé surface

221b side, of the mounting surface 221a may be desired to
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project leftﬁardly from a center perpendicular line I of
the~support 222 when the mounting surface 221a is
directed upwardly, in order ﬁo lqcate the light emitting
reéion of the active léyer 2i6 of the semicénduc?or laser
210 at thé center of the support 222.. Further, a width
“w” between the end, on the side surfacé 221b side, of
thé mounting surface 221a and the end, épposed to the
side sufface-221b, of the n-side electrode 218a is
limited depending on the size of a cépillary (ﬁot shown)-
used for éonnectiop'of the wire 227 in the fabrication
steps to be described later. Here, the disténce il o
between the center perpehdiculér line I of ﬁhe support
222 and the eﬁd; on the side surface 221b side, of the
mounéing Surfécé 221a whén.tﬁe mountiﬁé surface 221a is
directed upwardly is set at about 50 4m, and the ébové
width."w" is set at gbout 390 HHL.

As shown' in Fig. 20, one of a pair of opposed side
surfaces of the support 222 is taken as the support
surface 222a. The outer peripheral surface of the support
222 h;s.a plﬁrality of fixing-grooves 222b, 22¢, 224 and
22e. The fixing groove 222b is adépted to f£ix the
conductive mounting boafd.221 with the mounting surface
221a directed aownwardly in the fabrication steps to be

~described later. The fixing groove 222c¢ is adapted to fix
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_the_conductive mounting board 221 with the mounting
surface 221a directed upwardly;’-The fixiﬁg gfooves~222d
and 222e are used for dispoéing_the package 220.

The conductive mounting board 221 and the support
222 are integrally éast from a metal suqh copper (Cui,
;and a thin filh made from nickel is.formed on the
sﬁrfaces of the cbnduétive mounting board 221 and the
support 222. A solder film (not shown) made from a.solder
material énd having a thickness of 4 to 6 #4m is formed on
the mounting s;rface Zzia of the conductive mounting
béard 221 Specifig examples of.the so}def materials may
incluae_tin (Sﬁ), féad_(Pb), a tin-lead alloy, é gold;tin
alloy, an indium (Iﬁ);tin allpy,'and an indium-;ead alloy.

A disk member 523 is mounted on the inner
peribhera; surface of the support 222. A pin 224 is
formed on oné.surface; opposed to’ the conductive mpunting
board 221, of a pair of side surfaces of the.disk member
223. The pin‘224 is electrically co@neCted to a pbwer
source (not shown) and'is also electrically connected to
the conductive mounting bo&rd 221. épecifically, the p-
side electrode 218c of the-semiconductor laser 210 is
electrically connécted to the‘power-source {not shown) by
means of the pin 224 via the conductive mounting board

221. In addition, the disk member 223 and the pin 224 are
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integrally cast from a metal such as an iron (Fe) based
metal? The reaéon why the disk mémber 223 is separated
from the support 222 is to facilitate the work of forming
the solder £ilm on the mounting surface 22la of the
conductive mounting board 221 and hence to improve the
producﬁivity;

A pair of~piné 225 and 226 to be elecﬁ;icaliy‘
connected to power sources (not shown) are provided on
the disk'member_223 in such a manner as to pass through
the disk member 223 from oné side surface to the other
side surface'thereof. ‘Each of the pins 225 and 226 is
madé ffom a metal'sqch as coppéf, 6n the surface’of-whichl
.a thin film ﬁadelfrsm gold is formed. Insulating riﬁgs
225a and 226a made ﬁrom glass are inserted between the
disk member 223.apd'the pins 225 and 226, respectiﬁely,
for electrically insulating the disk member 223 from the
pins 225 énd 226. In other words, the conductive mounting
boafd 221 is electrically insulated from the'pins 225 and
226.

One end of a wire 227 made frém gold and having a
thickness of 30 Um is connected-to the pin 225, and the
other end of the wire 227 is connected to the n-side
e1ec£rode 218a of the semiconductor laser 210. That is to

say, the n-side electfodé 218a is electrically connected
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to the power source (not shown) by means of the pin 225
via the wire.2277 | |

As shownliﬁ Fig. 18, a hollowed cylinder shaped
cover bddy 228 for éové¥ing.the semiconductor laser 210
and ;hé.conductive mounting board 221 is mounted on the.
supporting surface 222a of the support 222. The cover
body 228 is provided for preventing both contamination
and oxidation dﬁe to atmospheric air of the éemiconductof
laser 210 and for preventing whisker-like gréwth of .
solder on the mqunting surface 221a of the conductive-
mounting board 221. .The cover body 228 15 made from a
‘metal such as a'cbbper or ifon-based;metal. Oﬁe end
portion of the cover body 228_is opeﬁed and is in contact
with the supporting surface 222a of ghe support 222, and
the other end portion of the cover body_228 is ciosed.and
has an extractidn window 228a for extracting a iaser beam
emitted from the semiconductor laser 216 contained iﬁ the
cover body 228 outwérdly from the package_zéo. The
extraction window 228a is made from a material allowing
transmission of a laser beam emi;ted from the
semiconductor laéer 210, for example, glaés or plastic.
. In addition, a reflection preventiﬁe film for preventing
reflection of a laser beam emitted from the semiconductor

laser 210 is preferably formed on the extraction window
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228a in order to prevent degradation of ;he
charactéfistic:théreof and oécurrence'bf stray light.

ihe semiconductoi device haviﬁg the above
configurations is fabricated in accordance with the
following procedure:

First, a semiconductor laser 210 is formed as
follows: A substrate 211 made from a sapphire haviné.a
plurality of semiconductor laser formatioﬁ regions is
prepared. A buffer.laﬁer 212a made from undoped GaN and a
backing layer 212b made fr&m uhdoped GAN are ailowed to
sequentially grow on one surfacg (C-face) of the
substrate 211 by'MOCVD (Mgtal'ozéanic Qhemical vapor
DepoSition). ‘Thén, a silicéﬁ‘dioxide iayer is'formed'on
the backing layer 212b by an elecéron Aeam'evapoiation
process and is-patterhéd by lithqgraphy fo selectively
form a mask-lhyer 213 having a plurality of'stripe-shaped
mask portions 13b: A coatiﬁg growth layer 214 made from
undoped GaN is allowed to selectively grow in the lateral
direction ffom the openings 13a on the mask léyer 213 by

ﬁdCVD .

Then, an n-side contact layer 215a made from n-type

GaN, an n-type clad layer 2i5b made:from n-type Al, ,Ga, ,N

(mixed crystal), a first guide layer 215c made from n-

type GaN, an active layer 216 made from undoped GaInN
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(mixed crystal), a deterioration preventive layer 217a
made from p;type Al, .Ga, N {mixed crystal), a second guide
layer 217b made from p-type GaN, a p-typé clad laver 217c
made from p-type AIDJGanéN (mixed crystal), and a p-g;dé
contact iayer 217d made from p-type GaN afe_allowed to
sequentially to grow oﬁ the goatin§ growth layer 214 by _
MOCVD. | | |

After growth éf-the layers in the order from the n-
side contact layer 215a to the p-side contact layer 174,
it may. be desirable to activaté carriers by;heating in.a
nitrogen (N,) afmoSphere at a temperature ranging.ffom 800
to 900TC as needed, fheﬂ, an-insulatipg iayer_éféb madg
from silicon'dioxidé is formgd'on the p-side contact

layer 2174 by electron beam evaporation. Next, thé

'insulating_iayer 218b, the p-side contact layer 2174, the

p-typé_clad-layer 217¢, the_secdnd guide layer 217b, fhe
deterioration prevéntive layer 217a, the active iayer 216,
the first guide layer 215c¢, and the n-type clad layer
215b are selectiyely removed in sequence corréspondingly
to a formation ppsition of an n-gidé'electrode 218a by
lithography and RIE (Reactive Ion Etching), to ekpose the
n-side contact léyer 215ka. | |
After exposure of the n-side contact layer 215a,

the n-side electrode 218a is selectively formed on the n-



82

~side contact layer 215a by lift-off and electron beam

evapprationT Aftef forming the_n-side_contaét_layer 215a,
the iﬁsulating'layer 218b is seléctively rémoved
correspondingiy to a formation position of a stide
electrode 218c by lithograﬁhy. ~Then, the p-side electrode
218c is selectively formed.on the p-side contact laye;
2174 by lift-off and-eleétron beam evaporation. The n-
side electrode 218a and the p-side electrode 218c are
eachlallo&ed by heating. |

| After heat-treatment, lapping is made to make thin
the thickness of the substrate 211. The substrate 211 is
.thenldivided; in the direction perpendicular to';he
length direction of the p-si@e electrode 218c, iﬁﬁo parts
each having a specific length corresponding to that of
each semiconductor laser.fo¥mation fegion. A pair of
reflectof films 219 are formed on a'pair of side surfaces
.6f the divided part by electrbn_beam evaporation. Then,
the.substrate 211 is divided, in the direction parallel
to_the length direction of the p-side electrode 218c¢c,
into parts having a specific wid;h corresponding to that
of each éemicondﬁctor lasef formation region, to form a
Semicon&uctor laser 210.

After that, a conductive mounting board 221.and a

support 222 are integrally cast, and a thin film made
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fromlpickél is formed on the éurﬁaces of the conductive
mounting board 221 and the'supp&rt 222 by platipg. Next,
as shown in Fig. 22, the support 222'and the conductive
méunting bo;rd 221 are inserted in a mounting hole.231$
of a holding jig 231 with the mounting sufface 22lé
directed;upwardly. Iﬁ this case, the fixing groove 222c
of the supbort 222 iS-fiEted around a fixing projeétion
231b_of the holding jig 231, so.that the support 222 and
the conductive mounting board 221 are fixed on the
holding jig 231. A mold 232 having an opening 232a
corresponding tb the mounting surface 22l1a is placed on
‘the conductive mouhting board 221, and a solder £ilm made
fromstin is fapor-depésitedlon the mounting surface 221a
by a.résiétanCe heating type vapor;depositidn apparatus.
on the othér hand, a disk member 223 and a pin 224
are integrally cast, and pins 225 and 226 are prepared.
The pins 225 and 226 are mounted to the disk member 223
via insulating rings 225a and 226a, respectively. As
shown in Fig. 23, the disk member 223 thus prepared is
mounted to the support 222. The_semiconductor laser 210
is then disposed such that the n-side electro&e 218a
projecté from the conductive mounting board 221 in the
direction parallel to the mounting surface 221a and the

supporting surface 222a and the p-side electrode 218c¢c and
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the insulating 1ayér 218b are in contact with the
moﬁnting surface 22l1a. That is to say, of the n-side
electrode 218a and the p-side eiectrode 218c, pnly thé p-
side electrode 218c is, together with the_insulating
layer 218b, brought into con;act witﬁ the méunting
surface 221l1a.

| The assembly:thus prepared is then he#ted ﬁor 10 to
30 sec at a temperature of 23573 or more to melt the
soldef.film, whereby the p-side electrode.218c and the
insulating 1ay§r 218b are fixed Qﬁ the conductive ’
mouﬂting board 2;1 by sqldefing.' The heating fqr
spidering:is préferablylberfsrmed in an atmosphére
éontaining nitrogen gas, hyd:ogéﬁ gas (H;), or a mixéd gas
;hereof for preventing oxidation of the,éolder material.
For example, in the'éase-usiné tin as the solder material,
it may bé'desirable to'ﬁse a mixed gas containing
ﬁitrdgen gas and hydrogen gas at a mixing ratio of N, : H,
= 16 : 1. Also it may be desirable to usually keep the
fléw state of the mixed gas. Further, the semiconductor
laser 210 is preferabiy pushed dpwn, for éxamplé, by
applying a load'thereon for preventing the positional.
offset of the semiconductor lase¥ 210 due to the surface

'tension of the molten solder material.

After the semiconductor laser 210 is mounted on the
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conducﬁivé mounting board 221, as.shown'in Fig. 24, the
supporf 222 is insefted in a mountiﬁg hole 233a of a
- holding jig 233 with the mountinglsurface 221a directed
downwardl&. Thaf is to say, the'sémiconductorllqser-zio
is-positioned on the lower side and tﬁe conductive
mounting board 221 is positioned on the upﬁer sidéf At
thié time, the fixing groove 222b of the Supporﬁ 222 is
fittéd around a fixing projection 233b of the_holding jig
233, so_fhat the suppért 222 is fixed on the holding jig
233. At this time, the subst#ate 211 side of the
semiconductor laser 210 is supported By an ﬁbper surface
233c of the holding jig 233.

The suppo:t 211 is heated at 100T3, and the n-side
electrode 218a .of thé semiconductqr laser 210-is-
connected to the pin 225 with a wi;e 227 b? using a
capillary 234. In this embodiﬁent, the side.surface 221b
.of the conductivg mdunting board 221 is tilted, from the
mounting sufface 221a side to the:opposed side, toward
the opposed end of the mounting surfaqe 22la, and
accordingly a space near the n—side-electrode 218a is
broadened, so that the capiilary é34'can be easily moved
closer to the n-side electrode.218a, After conﬁection of
the wire 227, a cbver bodi'228 separately formed is

mounted to the support 222 in a dry nitrogen atmosphere.
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In this way, the semiconducto: light emiﬁting device
ghown_in Fig. 18 is obtained. |

The functions of the semicénductpr light emitting
device fhus obtained will be described‘below.

‘In the semiconductor light emitting aevice, when a
speeifid voltage is applied between the n-sidé electrode
218a and.the p-side electrode 2180:of the semiconductor
laser 210 vig the pins 225 and 224 of the package 220, a
current'is.injected in the active layer 216 to cause
light eﬁissipn Sy recombination of electrons with.
positive holes. The'iight,is reciprocated between the
'.pair_of refléctor films 219 to be amplified, and is
emitted from'bne reflector film 219 as a laser beam. .The
laser beam thué emiéted from the semiconductor laser .210
is'exfracted outwardly froﬁ the_packaée 220 via the.
extraction wiﬁdow 228a of the package 220.

At this time, inlthe semiéonductor 1asér 210,'he§t
geheration occurs mainly at the aﬁ?ive layer 216. In this
embodiﬁent, since the p-side électfode 218c is Qirectly
connected to the condﬁctivé mounpin§ board 221 to shorten
the distance between the active layer 216 and the
conducti§e mounting board 221, heat_generaﬁed in ﬁhe
active layer 216 is positively radiated via the

conductive mounting board 221. As a result, the
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temperature rise-of the semiconductor laser 210 is
suppressed, so that the semicondugtor iaser 210 can
stably operafeuésg-; léﬁg-period of timé.
Further[_in_thisnémbodiment, since the p-side
electrode 218c of the se@icondﬁctor 1aser'216 i§ fixed to
the conductive mounting board 221 ahd-thé n-side
elecfrode 218a of the semiconductor laser 210 projects
from the conductive mounting board 221, it is possible to
prevent sﬁortfcircuit between the ﬁ-side electrode 218a
and the-p-side electrode;zléc.
In this way, aécording to the'semicondﬁctor light

emitting device in this embodiment, since the p-side

electrode 218c is fixed to the conductive mounting board

221 and the n-side electrode 218a projects from the
conductive mounting board 221, it is possible to prevént
short-circuit between the n-side electrode 218a and the
p-side electrode 218c and to pbsitively'radiafe heat
generated'in-fhe semiconductor laser 210 via the
conductive mounting board 221. Accordingly, it is
-possible to suppress temperature.riSe.of the
semiconductor laser 210 and keep a stable operational
_staté of the device for a long-period of time, and hence
to improve'the.reliability of the device.

In particular, since the p-side electrode 218c¢c is

&
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fixed to the conductive moun;ing board 221; it is
possible to shorten the distance betwéen.the active lafer
216 and the conductive mountihg board 221, agd heﬁce to
effectively radiate heat generated in thé active layer
216.

Since the side surface 221b of the conductive
mounﬁiné board 221.is tilted, from the mounting surface
221la side to the opposed side, toward the b-side |
electrode 218c side, it is possible to broaden a space
near the n-side eiectr&de 218a and hence to'facilitaté
the connection of tﬁe wire to the n-side electrode 218a;
‘This makes it possible to facilitéte‘the electrical
connection of the n-Qide=electrode 218a to a power source.

since the cqnductive mbpnting board 221 is,located
in.such.a manner asftb be shifted rightwafdly from the
center of the sqppor;ing'surface 222a with the mounting
' surféce 221a directed upwardly, it is possible to easily
fix the p-side electrode 218c to the conductive mounting
board 221 in the state in which.the n-side electrode 218a
_projects from the conductive mounting board 221 in the
direction parallel to the méunting_surface‘221§ and the
supporting surface é22a, and to locate thé semiconductor
laser 210 at the centfal portion of the support 222.

Since the support 222 has the fixing groove 222b
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for:fixiﬁg thé conductive ﬁounting board 221 with the
méunting Suriag¢_22}§ directed downwardly, it is ﬁossible
to fix the n-sidé eiect?bde 218a énd the. pin 225 on thg
holding.jig 233_upon connection of Ehe wire 227 betﬁeen
.the n-side electrode 218@ and the pin 225. Accordingly,
it is possible to facilitate the work for connecting the
wire 227.and hence to facilitate the electrical
connection of the n-side_electrode 218a to a power source._

According to the method of fabricatigg a
semiconductor light.emitting device in this embodiment,
siﬁée the semiconductor laser 210 is formed and then the
p—sidg electrode 218& is fixed to the“conduhti;e mounting
board 22; in the state iﬁ which.the n-side-eléctrode 218a
proﬂects from the conductive moﬁntiﬁg board 2?1, it is
possible to easily fabricate the semiconductor light
_emitting dgvice in this embodiment. Further, sinc¢e the
semiconductor laser 210 is located on the lower side and
the conductive mounting board 221 is located on the upper
side and in such a state the n-side electrode 218a is
connected to the pin 224 by means of the wiré 227, it is
possible to facilitate the connection of the wiré 227,
and hence to facilitate the electrical connection of the
n-side glectrode 218a to a power source.

To confirm the heat radiation effect of the



96

semiconductor'light emitting device in this embodimgnt,
the following comparative experiment was_performed.. First,
a semiconduétor light emitting deVice according.to_this
embodiment shoﬁh in Fié._18 was prepared, and a
semiconducﬁor light emitting aevice ghoWn in Fig. 25 was
prepared as a comparative example. In_this compapgtivé
eiampie, the same semiconductor 1aser.210 as that -
described in this emﬁédiment was mounted on a conductive
mounting board 2221 via a sub-mount 2229'made from
.aluminum nitfidé (AIN). A p;sidé electrode 218c was
connected to a wiring pértioﬁ 2229%a dis§§éed on the Sub~.
ﬁoﬁnt 2229 and the wi;ing bbrtion 2229%a ﬁ%é'connecteé té
the EOnductiQe mounting board 2221 wvia a Wiré 22?7a. 'An
n-side electrode 2iaa Qas connected to a wiiing ﬁortion
- 2229b disposed on the sﬁb-mount'2229 and the wifing
portion 2229b Qas connected to a pin 2225 via a wire
2227b. | |

Each semiconductor light emitting device was put in
a thermostat (not shown) kept at a temperature 20C and
driyen. In-this drive-state, thg temperature changes of
' ﬁhe semiconductor lasers 210 and the conductive mounting
boards 221 and 2221 were obsefved. fn addition, a direct
.curfent of 300 mA was allowed to flow in each

semiconductor laser 210. . At this time, the operational



91

voltage of each seﬁicondﬁctor laser 210 was about 8 V.
The temperature Was_méasurea by using ;hermocouples
attached to the Subsfrate 211 and the c@gducéive mounting
board 221 (or 2221) of each semiconductor laser 210.

As a reéul;, it.wa§ revealed that the tempera%ure.
of each semiconducfor light emitting deviée bepamé stable
.after an elapsé'of about 10 sec since application of the .
voltage. In the semiconductor light emitting device in
this embodiment, the témpérapure of the semiconductor
laser 210 was BOTi and the temperature of the conducfive
mounting board 221 was'zét?. That is to_say; the
temperature of the semicondgctor laser 2ldIWas raised by
10C and the temperatﬁré of.the conductive mounting board
221 waé :aised'by_423. On.thé cohtrary,_inithe
semiconductor light emitting -device ih the comﬁarative
exampie, fhe.temperaturg of the.sémicdnductor laser 210
ﬁas 3573 and the ﬁémperaturé of.the conéuctive mouﬁting
board 2221 was 25C. That is to say, the temperature of
the semiconductor laser 210 was raised by 151: and the
temperature of the conducti@e mogntiﬁg‘board 2221 was
raiséd by 5C. as a result, it was revealed that the
semiqonductor ligh£ emitting device_in this embodimeﬁt
exhibited a high heat radiation effect capable of

effectively suppressing temperature rise of the
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semiconductor laser 210.

| While the embodiment of the present inﬁention-has
been descfibed, ﬁhe present invention is not limited
theféto, and it is to be.gndersfood thét Qarious changes '
may bé made ﬁith departing from'fhe spirit or scope of
;pe present- invention. Fér.example} although the entire
side surﬁace 221b of the conductive'mounting board 221 is
tilted in the embodiment, oniy a portion of the side
surface 221b may be tilted.

In ;he embodimeqt, the conductive mounting board

221 is located in such a manner ‘as to bé shifted
rightwardly from the center of the énppo:ting surface
1222a when the mounting.surface 221a is dirécted upwardly,“
fhowevér, it:may be locéted in sucﬁ a manner as to be
shifted leftwardlyf That is to say,-tﬁe'conductive
mountiﬁé board 221 may be shifted rightwardly or
1ef£waraly so that one of the n-side electrode 218a and
the p-side electrode 218c can be fixed thereto. However,
"in the case where the ﬁ-side'electrode 218a or the p-side
electrode 218c is connected to the pin 225 in accordance
with Japanese Industrial Standards, it may be desirable
to shift the conductive mounting board 221 on the right
side opposed to the pin 225 for facilitating the

connection of the wire between the elect:ode and the pin
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225.

In the embodiment, the conductive mounting board
221 is made from a metal, hoﬁever, it may be made from a
conductive material'éthqf tﬁan a metal.

In the embodiment, the p-side .electrode 218c is
fixed to the conduct;ve mounting board 221 and the n;side
electrode 218a projects f:om the conductive mounting
board 221, hoWe§ef, the_n-side.glect;ode 218a may be
fixed-to_the conductive mounting board 221 and the p-side
elecérode'may project from tﬁe conductive moﬁnting board
221.

In.the embodiment, the first ébndﬁction tyge
semicondﬁdtor layer is téken as the n-type semicondhctdr_
Iayef 215 and the secand condudtion t&pe semigonducﬁor. :
layer is taken as the é-type semiconductor léyer 217,
however, the firét conduction type semiconductor layer
may be taken as a p-typée semiconductor laygr'and thé
second conduction type semiconductor layer may be taken.
as an n-type semicondpc;or layer. However, in the case
wheré the crystalliﬁity of'thé n;type semiconductor layer
is'sﬁpefior to that of the p-type semiconduétor iayer,
for example, in the case of-é compound semiCoﬁductof
composed of a nitride containing nitrogen and a group III

element, it may be desirable that an n-type semiconductor
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1a§er, an active layér,'and a p-type semiconductor layer
sequeptiall& grow on a substrate, in order to obféin a
desirable semicOnductér light emitting element.

In the eﬁbodiment, the compound seﬁicénductor
composed of the éroup III baséd nitride for férming each
of the n-type semiconductor laf@r 215, the active layer
216, the p-type semiconductor layer 217, and the like of
the semiconductor laser 210 is exemplarily described,
however, according to the present inv;ntion, it may be
replaced with a suitable'compound semiconductor composed
of a different group III based nitride containing
nitrqgeﬁ (N) and at le;;t one kind of group III eieﬁent'
selected from thg'groﬁp consisting of gallium (Ga),
aluminﬁm'(Al), boron (B) énd i;diumf(In).

'Further, in the embodiment, each of the n-type
semiconductqr layer 215, the active layer 216, the ﬁ—type
semiconductor layer 217, and tﬁé iiké‘of the
semiconductor }aser 210 is made from the compound
semiconductor composed.of the group III based nitride,
ﬁowever,-accordiﬁg to the present iﬁ%ention, the above
layer may be made from a different semiconductor. However,
it should be noted that as described in the embodiment,
the present invention is particularly effective to a

semiconductor light emitting device in which a
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semiconductor element is configured such that the first
electrode and the second electrode are positioned on the
same side in the stacking diredtion.

| Iﬁ the embodiﬁent, the configurétion of fhe
‘semiconductor laser 210 is exemplariiy;described,.hoWever,
the present invention is nqt limited thereto. For example,
the semiconductor laser of.the_present invention may be.
configﬁred such that the deterioration preventive layer
217a . is not pfovided; each of ;he first guide ‘layer 215c
and the second guide layer él?b is made from an undoped
semiconductor; or fhe current constriction is performed
i;'a manner different féém_thaf described in the
embodiment.

Injthe embodiment, the semiconductor devicé-is
configured as a semiconductor light emitting device
inciuding~a semicondﬁctqf laser 210, however,:the present
invéntion ié applicable to a semiconductor light emitting
device including a aifferent semiconductor light emitting
element such as a light emittigg diode, and.also
abplicable to a sehiconducéor,device inciuding a
semiconductor element other than the_éemiconductor iight
emitting device.

Additionally; in the embodiment; each of the first

conduction type semiconductor layer 215, the active layer
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216, the second conduction typé semiconductor layer 217{
and the like of the éemicohdﬁctor_laégr 210 is formed by
Mocva;'however, it may be formed by a different vépor-
phase growth process such as an MBE process or a.halide,
vapor-phase growth pfécess, also.calle@ua hydride wvapor-
phase growth-proéess, in which halégén conﬁributes to

transportation or reaction of a raw material.



97

What is Claimed is:

1. A semiconductor device comprisihgﬁ

a conduﬁfive moun;ing board having a recessed
portién_and a projecting portion disﬁosgd on one surface
léf said éonductive méuhting board;

an insulatiﬁg mounting boafd disposed on the
recessed portion of said conductive mounting board; and
| a semiconductor element having one portion disposed
on said conductive mounting soard and the other portion
disposed omn said insulating mounting board.

2. A.semicondugtor device according to claim 1,
wherein.séid insnlgting mountiﬁg bpard comprises a wiring
portion securely iﬁsulated from said conductive mounting
56afd;

3. A semicqnductor deviée according to claim 2;
wherein said semicbnductor element cbmprisés a first
eléctrode electrically.conneéted to.said wiring portion
of said insulating mounting board; and a second electrodé
electrically connected £o said condﬁctive mounting board.

4. A semiconductor devicg acéording to claim 3,
wherein said semiconductor_element comprises a first
conduction type sem?conductor layer, an active layer, and
a second conduction tyﬁe semiconductor layer which are

stacked in sequence, wherein said first electrode being

RN A0
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electrically conneéted to said first conduction type-
semiconductor layer, said second electrode being
elect#ically connécted to.said-second conduction type
semiconduétor layer.

5. A semiconductor device aécording to glaim 4,
wheréin said semieonductor element has sgid first
électrodé on a portion, on the side where said active
layer is ﬁrovided, of said first conduction tYpe
semicénductor layer, and said second electrode on a
portion, on the side opposed to said active'layér, of
said second conduction type-semiconductdr layer.

6.- A semiconductor deficelaecording'to Claimis,
wherein said first condﬁction type semiconductor layer is
aﬁ n-type semiconduétor:iafer-ana said secqhd éonductibn
type semicdndugtér layer is a p-tfpe semiconductor layer,
and,said first eiectrode is an n-side electrode and éaid
second electrode is_a p-side eleétrode.

7. A semiconductor device according to claim 4,
wherein each 6f said first conduction type semiconductor
layer, said active.layéf, and said second conduction type
semiconductor layer is made from a compound semiconductor .
composed of a nitride containing nitrogen-(N) and at
1e§st one kind 6f group III elements selected ffom a

group consisting of gallium (Ga), aluminum (Al), boron
S

N
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(B) an@ indium (In).

8. A sgmigggﬁnctq; device according to claimll,
wherein said gemiéonduhtor element comprises a plurality
of light emitting portiong eéch'having a first conduction
type sémiconductor layer, gn_active layer, énd a second
conduction tyée semicoﬁductor layer bei?g disposed on the
same_substrate,. | |

| 9. A semiconductor device according to claim 8,
wherein said insulating méunting bqard has a plurality of
.wiring portions insulated ‘from said conductive mounting
boérd;

said semicbnddcﬁor.eleﬁé;t has, in-eaéh light
emitting portion, a first elect:bde oﬂ_a portiop{ on the
siaé.where said active layer is piovidéd, of said first
conduction type semicénductof la&er, and has a second

;electrode on a §¢r:ion, on the si@e opposed to said
active lajer;_of said second conducfion type
semiconductor layer; and

said first electrode in each light gmitting portion
is electrically connected to thelaséociaﬁed one of said
p;urality of wiring portiohs'of é#id insuiating mounting
board, and said secoﬁd eleétrode in.each.light emitting
portion is electfically cqnhected té said conductive_

mounting board;

\
\
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10. A semiconductor device according to claim 1,

100

wherein said conductive mounting board has on said one
surface a separating portion for separating said
insulating mounting board from said conductive mounting
board with a gap kept therebetween, said separating
portion being disposed between the recessed portion and
the project;ng portion.

11. A semiconductor device according to claim 1,
wherein said conductive mounting board has on said one
surface a projecting position fixing portion for
preventing the positional offset of said insulating
mdunting board, said position fixing portion being
disposed in such a manner as to provide the recessed
portidn beéween the projecting portion and said position
fixing portion.

12. A semiconducéor device accofding to claim 1,
wherein said insulating mounting board is formed on the
recessed portion of said conductive mounting board by
deposition.

13. A packagé comprising:

a conduétive mounting board having on its one
suxface é recessed portion and a projecting portion; and

an insﬁlating mounting board disposed on the

recessed portion of said conductive mounting board.

Iy
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14. A package according to claim 13, wherein said
insulating mounting board comprises a wiring portion
securely insulated from said conductive mounting board.

15. A package according to claim 13, wherein said
conductive mounting board has on said one surface a
separating portion for separating said insulating
mounting board from said conductive mounting board with a
gap kept therebetween, said separating portion being
disposed between the recessed portion and the projecting
portion.

| 16. A package comprising:

a conductive mounting board having on its one
surface a recessed portion on which an insulatiﬁg
mounting board is to be disposed and a projecting portion
on which a semiconductor element is to be disposed.

17. A package according to claim 16, wherein said
conducfive mounting board has, between the recessed
portion and the projecting portion, a separating portion
for separating said insulating mounting board disposed on
the recessed portion from said cpnductive nmounting board
with a gap kept therebetween. -

18. A method of fabricating a semiconductor device,
comprising the steps of:

forming a conductive mounting board having on its

Ay
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one surface a recessed portion and a projecting portion;
forming an insulating mounting board disposed on
the recessed portion of said conductive mounting board;
fo;ming a semiconductor element; and

disposing one portion of said semiconductor eiement
on the conductive mounting board and also disposing the
other portion of said semiconductor element on said
insulating mounting board.

19. A method of fabricating a semiconductor device
according to claim 18, wherein said step of forming the
semiconductor element qompfises the step of sequentially
stacking a first conduction type semiconductor layer, an
active layer, and a éecond conduction type semiconductof
layer on a substrate;-and providing a first electrode on
a portion, on the side where said active layer is
provided, of said first coﬁductiop type semiconductor
layer and providing a second electrode on a portion, on
said side opposed to said active layer, of said second
conduction type semiconductor layer, to thereby form said
semiconductor element; and

said step of disposing the semiconductor element
comprises the steps of disposing said second electrode on
said conductive mounting board and disposing said first

electrode on said insulating mounting board.
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20. A method of fabricating a semiconductor device
according to claim 19, wherein said first conduction type
semiconductor layer.is formed of an n-type semiconductor
layer, and said second conduction type semiconductor
layer is formed of a p-type semiconductor layer.

21. A method of fabricating a semicondqctor device
according to.claim 19, wherein each of said first
conduction type semiconductor layer, said active layer,
and said second conduction type semiconductor layer is
made from a compound semiconductor composed of a nitride
chtaining nitrogeh {N) and at least one kina of group
III eiements selected f£rom a group consisting of gallium'r
(Ga), aluminum (al}, boron (ﬁ) and indium (In).

'22. A method of fabricating a semiconductor device
according to claim 18, wherein said step of forming the
semiconductor element comprises the steps of forming a
plurality oﬁ light emitting portions, each having a first
conduction type semiconductor layer, an active layer, and
a second conduction type semiconductor layer, which are
sequentially stacked on the'samelsubstrate, and providing
a first electrode on a portion, on the side where said
active layer is provided, of said first conduction type
semiconductor layer and providing a second electrode on a

portion, on the side opposed to said active layer, of

—_—

—_—
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said second conduction type semiconductor layer, to
thereby form said semiconductor elemént; and

said step_of'dispoéing said semicopductor element
comprises the step of disposing said second eiectrode on
said conductive mounting board and disposing said first
electrode on said ipsulating mounting board.

23. A method of fabricating a semiconductor device
according to élaim 18, further comprising the step of
forming a separating portion, between the recessed
portion and the projecting portion of said conductive
mounting board, for separating said insulating mounting
board from said ¢onductive mou%ting board with a gap kept
therebetween. ;

24. A method of fabricatihg a ;emiconductor device
according to claim 18, further comprising the step of
forming a pfojecting position fixing portion for
preventing the positional offset of said insulatiﬁg
mounting board, on one surface of said condugtive
mounting board in such a manner as to provide the
fecessed portion between the projecting portion and said
position fixing portion.

25. A method of fabricating a semiconductor device
according to claim i8, wherein said step of forming the

insulating mounting board comprises the step of forming

AR O R
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said insulating mounting board on the recessed portion of
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said conductive mounting board by deposition.

26. A method of fabficating a package comprising
the steps of:

forming a conductive mounting board having on its
one surface a recessed portion and a projecting portion;
and |

forming an insulating mounting board disposed on
the recessed portion of said conductive mounting board.

27. A method of fabricating a package according to
claim 26, further comprising the step of forming, between
the reces;ed portion and the projecting portion of said
conductive mounting board, a_separating portion for
separating éaid insulating mounting board from said
conductive mounting board with a gap kept therebetween. 

28. A method of fabricating a package comprising
the step of:

forming a conductive mounting board having on its
one surface a recessed portion on which an insulating
mounting board is to be diéposed_and a projecting portion
on which a semiconductor element is to be disposed.

29. A method of fabricating a package according to
claim 28, further comprising the step of forming, between

the recessed portion and the projecting portion of said

AT
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conductive mounting board, a separating portion for
separating said insulatinglmounting board disposed on the
recessed portion from said conductive mounting board with
a gap kept therebetween.

30. A semiconductor device comprising:

a semiconductor element having a plurality of
stacked semiconductor layers and also having a first
electrode and a second electrode provided on the same
side in the stacking direction; and

a conductive mounting board for supporting said
semiconductor element in a state in which one of said
first electrode and said second electrode of said
semiconductor element is fixed to said conducti?e
mounting board.

31. A semiconductor device according to claim 30,
wherein said semiconductor element has, as the
semiconductor layers, a first conduction type
semiconductor layexr, an active 1ayef, and a second
conduction type semiconductor layer which are
sequentially stacked; and

said first electrode is provided on a portion, on
the side where. said second conduction type semiconductor
layer is provided, of said first conduction type

semiconductor layer, and said second electrode is
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provided on a portion, on the side opposed to said first
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conduction typg_ggm?gonductor 1aye:, of said second
conduction type semiconductor laver, said second
electrode being fixed on said conductive mounting board.

32. A semiconductor device according to claim 31,
wherein said first conduction type semiconductor layer is
an n-type semiconductor layer and said second conduction
type semiconductor layer is a p-type semiconductor layer;
and

said first electrode is an n-side electrode and
said second electrode is a p-side electrode.

53. A semiconductor'device according to claim 31,
wherein each of said first.conduction type semiconductor
layer, said active layer, and said second conduction type
semiconductor layer is made from a compound semiconductor
composed of a nitride containing nitrogen (N) and at
least éne kind of group III element selected from a group
consisting of gallium (Ga), aluminum (Al), boron (B) and
indium (In).

34. A semiéonductor'de&iqe according to claim 30;
wherein said conductive mounting board has a mounting
surface on which said semiconductor element is to be
disposed; and

said semiconductor element is disposed on said

N R R
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conductive mounfing board in such a manner that either
said firét electrode or said second electrode is fixed on
said mounting surface of said conductive mounting board,
and the other electrode projects from said conductive
mounting board in the direction parallel to said mounting
surface.

35. A semiconductor device according to claim 34,
wherein said conductive mounting board has a side.surface
on the side where the other of said first electrode and
said second electrode of said semiconductor element
projects; and

said side surface is tilted, from said mounting .
surface side to the opposed side, toward one of said
first electrode and said second electrode.

36. A semiconductor device according to claim 30,
further comprising a pin electrically insulated from said
conductive mounting board;

wherein the other of said first electrode and said
second electrode of said semiconductor element is
electrically connected to éaié pin via a wire.

37. A semiconductof device accoxding to claim 30,
further comprising a support having a supporting surface
on which said conductive mounﬁing board is to be

supported;
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wherein said conductive mounting board has a
mounting surface on which said semiconductor element is
to be dispbsed;.;éia.mounting surface being perpendicular
to said supporting surface; and

said conductive mounting board is located in such a
manner as to be shifted rightwardly from the center of
the sugporting surface when said mounting surface is
directed upwardly.

38. A semiconductqr device according to claim 30,
fﬁrther comprising a support haviﬁg a supporting surface
on which said conductive mounting board is to be
supported; :

wherein said conductive mounting board has a
mounting surface on which said semiconduétor'élement is
to be disposed, said'mounting surface being perpendicular
to said supporting'éurface; and.

said support has a fixing groove for fixing said
conductive mounting board with said mounting surface
directed downwardly.

39. A backage comprising:

a conductive mounting board having a mounting
surface on which a semiconductor element is to be
disposed; and

a support, having a supporting surface

_—
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perpendicular to said mounting surface, for supporting
said conductive mounting board by'Said supﬁorting
surface;

wherein said conductive mounting board is located
in sucy a manner as to be shifted rightﬁardly or
}eftwardly from the_penter of said supporting surface
when said mounting surface is directed upwardly; and

said conductive mounting board has a side surface
at an end, towards the center of said support, in the
direction parallel to said mounting surface and said
supporting surface, and said side surface is tilted, from
said mountigg surface side to the opposed side, along the
opposed end of saié mounting surface.

40. A backaée according to claim 39, wherein said
conductive mounting board is located to be shifted
rightwardly from the center of said supporting surface
when said mounting surface is directed upwardly.

41. A package according to claim 39, wherein said
support has a fixing groove for fixing said conductive
mounting boérd with said mdunting surface directed
downwardly.

42. A method of.fabricating a semiconductor device,
comprising the steps of:

stacking a plurality of semiconductor layers while
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same side in the_stégking direction, to form a
semiconductor element; and

disposing said semiconductor element on said
conductor mounting board while fixing either said first
electrode or said second electrode on said conductive
mounting board.

43. A method of fabricating a semiconductor device
according to claim 42, wherein said step of forming the
semiconductor element comprises the steps of:

sequentially stacking a firsf conduction type
semiconductor layer, an active layer, and a second
conduction type semiconductor layer; and

providing a first electrode on a portion, on the.
side where said second conduction type semiconductor
layer-is provided, of said first conduction type
semiconductor layer, and providing a second electrode on
a portion, on the side opposed to said first conduction
type semiconductor laver, of said second conduction type
semiconductor layer.

44. A method of fabricating a semiconductor device
according to_claim 43, wherein said first conduction type
semiconductor layer is an n-type semiconductor layer, and

said second conduction type semiconductor layver is a p-
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"type semiconductor layer.

45. A method of fabricating a semiconductor device
according to claim 43, wherein each of said first
éénduction type semiconductor'layer, said active layer,
and said second conduction type semiéonductor layer is
made from a cdmppund semiconductor compo;ed of a nitride
coﬁtaining.nitrogen (N) and at least one kind of group
III element selected from a group consisting of gallium
(Ga), aluminum (Al), boron (B) and indium (In).

46. A method of fabricating_a semiconductor devige
according to claim 42, further gomprising,the steps of:

fixing eipher said fi;st electrode or said second
electrode of said seﬁiconducﬁor_element to said mounting
sufface of said conductive mounting board; and

allowing the other eleﬁtrode to project from said
conductive mounting board in the direction parallel to
said mouhting surface.

47. A ﬁethpd of fabricating a semiconductor device
according to claim 42, further comprising the steps of:

setting said conductive ﬁquﬁting board on which
said semiconductor element has been mounted, in such a
manner that said semiconductor element is located on the
lower side and said conductive mounting board is located

on the upper side; and

———

\\\l\l\ﬂ\—l—\\ | \\l\l I

v



113

connecting the other of said first electrode and"
said second eleétrode by means of a wire to a pin
electrically insulated from said conductive mounting

board.
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