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(57) L invention concerne un laser a semiconducteur que (57) A semiconductor laser in which a semiconductor
[’on obtient en formant, d’une part, une structure multilayer structure having an active layer and being a
multicouche de semiconducteurs comportant une couche strained multiplex quantum well structure 1s formed over
active, et une structure de puits quantiques multiplex a a substrate (1) the cavity length L 1s 1,000 um or more
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contrainte sur un substrat (1), la longueur L de la cavite
¢tant comprise entre 1000 pm au moins et 18300 um au
plus, d’autre part, un film (Sl) a faible réflectivite ayant

une reflectivite de 3 % au plus sur 1'une des faces
d’extremite, et enfin un film (Sz) a haute reflectivite

ayant une réflectivite de 90 % au moins sur 1’autre face
d’extremite. L mvention concerne €¢galement un module
de  semiconducteur comprenant un laser a
semiconducteur de ce type monte sur une unite de
refroidissement comprenant quarante paires au moins
d’¢léements a effet Peltier dispos€s en alternance
clectrique, et deux feulles ceramiques prises
verticalement en sandwich entre les €léments a effet
Peltier. Le laser a semiconducteur et 1'unit¢ de
refroidissement sont encapsules. Pour [’assemblage
d’une fibre optique, on ajoute un réseau de diffraction
avant une bande de reflexion mifénieure ou ¢gale a
1.5 nm.
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and 1,800 um or less, a low reflectivity film (Sl) having

a reflectivity of 3 % or less 1s formed on one end face,
and a high reflectivity film (82) having a reflectivity of

90 % or more 1s formed on the other end face. A
semiconductor module has a structure 1n which such a
semiconductor laser 1s mounted on a cooling unit
comprising forty pairs or more of Peltier elements
clectrically alternately arranged and two ceramic sheets
vertically sandwiching the Peltier elements, and the
semiconductor laser and the cooling unit are packaged.
In an optical fiber assembled, a diffraction grating
having a reflection band width of 1.5 nm or less 1s
incorporated.
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ABSTRACT

In Lhe semiconductor laser device of the prcscent
inveniion, a semiconductor stacked structure including an
active layer comprising a straincd multi-quantum well
structure i1s formed on a substrate 1, a cavity length is

largar Than 1000 pym but egual Lo or smaller than 1800 um,
and a low=rAaflection £ilm S, having a reflectance of 3% or
Jass 18 formed on one facet and a high-reflection £ilm S,
having a reflectance of 90% or morc is formed on the other
facet. The semiconductor lascr module has a structure in
which the scmioconductor laser device is set to a cooling
devicce congotituted by electrically alternately arranging 40
pairs or more of the Peltier elemAanTs and holding them by
top and bottom ceramic plates and sealed in the package. A
grating having a reflection bandwidlh of 1.5 nm or less 1is
formed on An optical fiber to be built in.
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SPECIFICATION

SEMICONDUCTOR LASER DEVICE AND SEMICONDUCTOR LASER MODULE
USTNG THRE SAME

Taechnical Fleld

Thes present invention relates to a semiconductor lasecr
device and a semiconductor lascr module ucing the
semiconductor laserxr device, particularly to a semiconductor
lascr dcvice free from output reduction due to intarnal
absorption and a gemiconductor laser module wWhose power
consumption required for dAriving 1s raduced. whouse failure
rate 1s halved compared to a conventional failure rate.
whose 1088 can be reduced even wheus mulliplexing a laser
baam, and whose waximum optical-fiber output is 180 mW or

more, siuce the semiconductor laser device is built thercecin.

Prior Axt

Becoauge a gsemiconductor laser device having an active
layer (luminoue region) comprising a multi-gquantum well
structure operates at a high optical outpurt compared to Lhe
cagse of a semiconductor laser device having an active lavyer
of a bulk semiconductor, the sludy for practically using
Lhe semicunduclor laser device as a light source of a
erbium-doped optical-fiber amplifier is progresascd. For

cxample, in the case of a lagscer device to be cperated at a

ranga off 1.48 um, by foruing a two~dimensional
heleruslLruclure having a lattice-matched multi-quantum wecll
slruclLure using GalInAsP material system on an InP gubstrate,
a burled heterostructure (DH structurec) lascr device in

which a single trensversc modc ie controlled is practically
used as a pumping light gource for an optical-tiber
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amplificr. Moreover, it is requested to further increase
the optical output of the semiconductor 1Asar device.

To realize high-output power of the semiconductor
laser device having an active layaAar comprising a multi-
quantum well structureae, 1t i1is effective to increase the
cavity length onf tha Taser device. This is because, by
inaraasing the cavity leuaylh, @ larger current can be
Injected even willi the same threshold currcnt denesity and
thereby, an optical output is raised.

However, when a multi-gquantum wsesll structure of an
active laver is conatituted of a lattice-matching system, A
driving current at which optical ournput power is salurated
increascee by increasing a cavity 1Aangth bul & problem
occurs that reduction of the external quanlum elfLlficiency
becomes prsdeminant due to inlernal absorption and an
optical output rathar lowers. Therefore, in the casc of a
samiconduclLur laser device having a multi-quantum well
struclure 0of the lattice-matching aystem, i1t ig avoided to

set the cavity length of thec semiconductor laser device to
1000 pum or mnra.

Meanwhile, a pumping light source for an optical-fibex
amplifier having the structure schcmatically shown in Flg.
1 is known. The light source cobtains an optical output of
250 mW or more from an optical fiber F by multiplaxing
optical outputs supplied from two laser moduleas M and M
respectively having an optical outpul of approximately 140
mW by an optical coupler C. The roguest [0or higher output
is intensified to the lighl source.

In Tha caAasa of ithe llight source shown in Fig., 1,
optical outputs supplied Lfrom the laser modulcs M and M are
dtienuated when multiplexed by thce optical coupler C.
Theresfore. an optical cutput of a ugable light source

becomes smallcr than an optical output (sum of opricAal
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cutputs o0f two laser modules) which can be essentially
expected from lassar modules used. Thal 1s. an energy
conversion efficlency which is defined by the ratio of an
optical acutpnt powar from an optical-~fiber end to the total
driving power of laser modules is lowercd. Moreover, the
funclion as a light source dlsappears 1if one of the two
modules M and M which are used in Fig.l faile. That is,
the light scurce is lacking in the resliabllity as a high-
output light source.

Moreover, as a pumping light source 3in which oplical
outpute from a plurality of laser modules are couplsd, LoX
example, U.S. Patent No. 5,936.763 discloses an art for
fabricating a nigh-output pumping light source by using a
phirality of semiconducior laselr modules having oscillation
wavelenylhis different £from each othcr, the oscillation
laser beams of which are wavelength-multiplexed by a
wavelength-multiplexing coupler.

In this prior art, ogscillation laser baams Ifrom
gcmiconduotor laser davices in samicondnotor laser modules
are fixed by a diffraction grating and then. wavelength-
multiplexed bY a'wavelength-hultiplexlng cuuplelr,

However, when fixing (or locking) an oscillation
wavelength of A semlconductor laser device, it 1s difficult
Lo sLably contrcl an optical ocutput bocoause the change in
driving current and in ambient tcmperature could cauge the
longitudinal modes of the ogeillating laser light of the
semiconductor laser to ghift accordingly thereby giving
rise to kinks in light output varsus 1njection current
charactaristics as shown in ¥Fig. 2.

As a laser module for sSnlvinyg such problems., the
following semiconductor lasel module is disclosed in U.S.
ratent No. 5,845.030.
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That is, the module discluosed in the U.S5. Patent has a
structure obtained by darranyging optical f£ibers with a
grating formed Lherein at the output facct of a
samiconductor laser device. In this casc, a reflection
bandwidth of the grating is sct to a value larger than a
wavelength interval of longitudinal modes ot a laser beam
osclllated from the semiconductor laser device,
specifically to a value of 2 nm or more so As tn mitigale
the influcncce of the longitudainal-mode fluctuatlion on ai
optical output trom an optical fiber of Lhe module when the
gemiconductor laser device 1s driven.

The ahnve-darcribed ygrating shows a reflcotlon

spectrum having a reflectance only in a wavelength range

about a specific wavelengrth (A,) as showuy in Flg. 3. In
Fig. 3, the wavelength width hetween the wavelength at
which the reflectance is half Lhe peak reflectance is
referred to aAs rTeflecLion bandwidth.

Howavar, when wavelength-multiplexing is performed by
Lhe module of the prior art, thc following problems occur.

That is. as a result of scetting the retflection
bandwidth 6£ the grating to 2 nm or more., the spectral
width of a laser beam output f£rom the optical fiber ol the
module increases and thereby, the niimber uf vsclllated
wavelengths which can ha mullliplexed by a wavelength:
multiplexing coupler having a narrow transmission band
decreases., a. deygree of multiplexing lowers, and the loss of
the wavelength-multiplexing couplcr inoreaces.

It is an object of the pregent invention to solve the’
above-described problcems of a semiconductor laser dmvice
having a multi-quantum well gtructure and tTo provide a
acmiconductor lasger device in which an oplLical output is

not lowered even if a cavity length is sel Lo a value

larger than 1000 um.

Racalvad Sap=28~00 03:08am From=03 3459 7524 To=-Smart & Blggar Paga 008

CA

T RS A M I TN TS IS S ARG BT~ 2yl e R
IvAnY L AT P “ MAT T n AR Vs Iy e S

02326723 2000-10-02

. T ey e e A B WYY UM W{Mm:w A 3 R IERAAL T L 5430 AR TPLS A S T b P A Dby et g g -t

A 008/0567



2000 03/28 TI 16:08 TAX 03 3459 7524 BPIER4SFEFIFR A 010/0a7

S5

Moreover, it 1s annther oubjsct of the present

invention to provide by using the above-~described

semiconductor laser device a semiconductor lascr module in
which tha device driving currents can be dcorxcased to

5 provide high driving reliability, and wavelength-
multiplexing coupler has o amall lose in wavelength-
multiplexing. The semiconductor lasar module of the
present invention can be ueed as a high-output pumping
light source for an optical-fiber amplifier compared Lo a

10 conventlional pumping light source which has a maximum

ocptical-fiber output of 180 mW or mure, [ol example.

Disclosura of the Invention

To achieve Lhe above-described objcots, the precent
1% diuventors made intensive studics and in the course of their
ragsearclhi, they noticed the fact that an optica; output of A
semliconductor lagcr device is specified by an intagraled
value of an cfficiency and an injected currant densily of
the cemiconductor laser device and examined the relation
20 between eifficlencies anda cavity leagths of a semiconductor
laser device having a lattice-malching-system quantum well
structure and a semiconductor laser device having a
lattica-mismalching-system gquantum well structure with
respect to the noticed fact. As a result, thevy haa an idaa
25 that it is possible to fabricate a semiconductor lagser
device for cmitting light at a hign output comparsd to a
conventional device by setting a cavity leunygllh Lo a value
equal to or more than a certain value and then, further
continued the studies and finally developed a semiconductor
30 laser device and a samiconductor laser module using the
semlconduclor laswr device of the precacnt invention.
Thal 1s, in the semiconductor laser device of the

Present invention, a stackcd ctructure of a gsemicondauctTor
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including an active layer comprising a strainad mullli-

quantum well structure is tormed on a suhstrate. a cavily

length is larqger than 1000 um but 1800 pum or less, a low-
reflection film having a reflcotance of 3% or less 1s
formed on one facct, and a high-reflection f£film having A
reflectance of 90% or more ip formed on the other facaft.
Particularly, a gsemiconductoxr laser devica which has a
comprecsced gtrained multi-gquantum well struclure in which
the strained multi-gquantum well stm™mcture has a lattice-
mismatching rate of 0.5 to 1.5%, preferably 0.5 to 1.1% is
provided.

Moreover, thie present invention providec a
semiconductor laser module in which a cemiconductor Llaser
device is sealed in a package while set to a coolling adevice
comprising Peltier clcmente (thermoelectric effect
ecelements) and an optical fiber is opposed to the outputl
facet of the gemiconductor laser device. The present
invention provides a semicondAuctor laser module in which
the cooling device 1s praferably constituted by
electrically altAarnately arranging 40 pairs or morc of p-
type and n-LlLype conductive Peltier clcmente and holding
these wlements by top and bottom ccramic gubstrates and in
which a grating having a rcflcction bandwidth of 2 nm oOr
less, prefcrably 1.5 nm or less and larger than the
longitudinal-mode wavelength interval of A laser beam
cgcillatad trom the semiconfictor laser device is formed on
the fiber. I1n the subsaquent description., the number of
pairs of a p~-type and an n-type Peltier elemcnts is defined

as "tha numher of pairs”.

BRIEF DBSCRIPTION OF THE DRAWINGS
Fig. 1 is a schematio view showing a light source fTox
pumping an optical-fiber amplifier;
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Flg. 2 1s a graph showing the light output versus
injaction current characleristic of a conventional
semicunductor laser module having an optical fiber with a
graling:

S5 Fig. 3 is an illustration for explaining a reflection
bandwidth of an optical fibcer with a grating:

I'ig. 4 is a sidc vicw showing a samicondauctor laser
device A of the present invention:

Flg. 5 is a cross-sectional view along tha line IV-IV

10 in Fig. 3;

Fig. b 18 a schematic view showlng a semiconductor
lasAr module B, of Lhe present invention;

Fig. 7 is a schematic view showing anothcr
seindconduclour laser module D, of the prcacnt invention)

15 Fig. 8 1s a cross scotional view showing an optical
£fiber to be built in a module:

Fig. 9 1le a graph showing relations heatwean cavity
lengthe and maximum optical output powar of a device of
Example and a device 1 of Comparalive example:;

20 Fig. 10 1s a graph showiny relations between cavity
langths and maximum optical output power of a device of
Example and a device 2 of Comparative example;

Flg. 1l is a graph showing thc wavelength dependency
of the maximum optical output of a semiconductor laser

25 device of the prcgcnt invention;

Fig. 12 is a graph showing the rTalation belween the

number of pairs or Feltier elemants used aund Lhie Peltier
powar consumption in a laser module:
Flg- 13 18 an illuslration showing an electrical
30 connaction aof Pellier elesments in a cooler used for a lacer
nodule of Example 2; and
Fig. 14 is a graph showing thce relation between the

amount of heat gencrated at a gemiconductor laser device
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and the power consumption of A cooler in a semiconductor

laser module fabricated for Rxample 2.

'BEST MODE FOR CARRYING OUT THE INVENTION

A cross-sectional structure of one cxamplc of a
Saemiconductor laser device of the prcscnt invention is
shown 1in rlg. 4 and Fig. 5 that i3 a cross-sectional view
along the line V-V in Fig. 4.

The device A has a structure in which a stacked
structure to be mentioned lLater is formed by parforming
eplitaxial growth ot a predetermined semiconductor o a
subgstrate 1 made of ThAa preadetermined semiconductor by
well-known epiltax1al growlih methods such as metal-organic
chemical vapor deposlllou wmwelhod, liquid phase epitaxy
meLhod, molecular-beam eplitaxy, gas sourcce molecular-beam
epitaxy. or chemical-beam epitaxy., thon oleavage is
performed to set a prcdctermined cavity length (L), and
moreover a low rcflcotion £film S, to be mentioned later is
formed on one c¢leaved facet, a high-raefleaction film S, is
formed on the other cleaved facet, Aand furihermors a lower
electrode 9 1§ formed on the back of Llie substirate 1 and an
upper electrodea 8 is formed on the upper face of the
stackad structure.

The stacked structure shown in Fig. 4 has a buried
heterostructure (DIl structurc) in which a lower ciad layer
2 made of, for cxample, n-InP, a lower Grin-~-SCH layer 3
madc of, for example, non-doped GaInAsP. an active layer 4
of a lattice-mismatching-systam multi-quantum well
structure made of, for exampla, GalnAsP, and an upper Grin-
SCH layer 5 made of, for axample, noun-doped GaInAsP are
sequantially siacked un Lhe substrate 1 made of, for
axample, n-IuP. Moursovelr. an upper clad layer 6 made of,

Lor example. p-InP and a cap laycr 7 made of, for example,
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p-GalInAsy are stacked on the upper Grin-SCH layer 5. Tliess: .
an upper electrode 8 is formad on the cap layer 7 and a
lower electrode 9 1s formed uu the back of the substrate 1.

Furthermora, by stackiny in order a p-InP layer 11 and
an n-InP layer 12 on the side faces of the lower clad layer
2, lower Grin-SCH layer 3. active layer 4, and upper Grin-
SCH layer 5, a current confinement portion for supplying
current to the active lavecr 4 is formed.

In the above-describcd stacked structure, the active
layer 4 is constituted of a strained multi-quantum well
etructure. Specifically, a compressed sSTrainad multi-
guantum well structure 18 formed in which a lattice-
mismatchling rate hacomas +0.5 Lo +1.53. preferably 0.5 to
1.1% to the substrate 1. Moureouver, it is preferable that
LIie number of wells is 3 to 5.

When the absolute value of the lattiocc-mismatching

rate is smaller than 0.5%, the active layar 4 shows the

same behavior as the caosc of a lattice-matching system.

For example. when a cavity length (L) ig cqual to 1000 um,
Lhe oplical output 1is 200 mW at most. When the lattice-
mismatching rate is larger than 1.5%, problams accur that a
crystal strain of thc active layer is relaxed,.
crystallinity is deteriorated, and laser device
characteristics are deteriorated. Particularly, Lhe larger
the number or wells and the Thickar the well-layelr
Thickness, the more crilical the problem is.

Moreover., in Lhe case of a semiconductor laser device
oL the present invention, by constituting the active layer
4 of the above-described latticc mismatching-system multi-
quantum well structure and simultaneouely setting the
reflectancc of the low-reflection tilm S, formed on a
light-output facet to 3% or lass as described later, 1t is

pPoseible TOo realize high-output 1ight emisasion evenn when
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incraasing the cavily length (L) to a value larger than

1000 pm. However, when setting the cavity length (L) to a

value larger than 1800 um, detcricoration of an optical

output due to internal absorption i3 rcocognized even if the

above-described requisitcs arc met. Therefore, the cavity
length () 1s set to a value larger than 1000 um but equal

to or lesg than 1800 um.

In thie cacse, the reflectance of the low-rafiaction
film S, formed on the light-output facet 1s saet to 3% or
less and the reflectance of the higlhi-reflection £ilm S,
formed on the other faceat is xwel Lo 90% or more.

Particularly, 1t 1ls necessary to set tho rcflcotance
of Lhe low-reflflectlon f£film 5, to 3% or less. If the
reflectance is set to a valuc largexr than 3%, the
cefficiency is lowered and an optical output 1s deteriorated.

It is preferable that the low-reflection film S, 1s
constituted 0f, for example, a single layer of Al,O, or a
dlelectric multilayer f£ilm obtained of alternaiely
laminated Al,0, and S10,. Mnreovur,. to form the low-
reflaectlion f£film S,, 1t 1s poussible to use the plasma CVD
meLhod (PCVD method) or electronic cyclotron rosonance
sputtering method (ECR sputtering mcthod). Among which the
ECR sputtering mcthod i5 preferable bacause a high-
reliability low roflcotion f£ilm can be formed.

Then, an cxample of the semiconductor laser modula R,
of the present invention shown 1n Fig. 6 is described below.

The module B, has a struacture iun which the laser
device A of the present invention already described is
sealed in A package 13 while it is set to a cooling dcvice
14 cumprising a plurality of pairs of Pcltier elements 1l4a

to be described later,
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A collimator lens 15a 1s set to the lighrt-output farcer
Oof the laser dewvice A, an optical fiber 16 t0o he describad
later is set to the front of the package 13 Lhrougl a
focusing lens 15b, and a photndiode 17 is sal Lo the back
Of the 1ARar device A.

Tn the module B,, Lhe cooling device 14 is set in
order Lo absourb Lhe lieat produced during the operation of
the laser device A operates and thcreby moderate the heat
saturation of the laser device A. This is realized by
monitoring the tcecmperature of the semicondauctor laser
dcvicce A with a thermiestor (temperature sensor) 18 fixed 1in
the vicinlity of the semiconductar 1aser davice A while
controlling a current to be suppliad to Lhe Pellier wlament
l14a s0o ThAT Tha Ttemperature 1lndicaled Ly Lhe Lhermistoxr
hacomas constanl.

In Lhis case, the larger the difference between thc
temperature of the environment wherce the laser module B, is
set and the temperature at which the semiconductor laser
devicce A 15 congtantly controllad (the temparatura
indicatced by the thermistor 18), the larger a load appliad
to the cooling device 14. As a résn1t, the power
consumption of the cooling davice 14 increases and the

total power consumption nf the wlhiule laser module B, also

increases.

Tlims puweXr consumption of the cooling device 14 under a

certalin overating condition (wherein the amount of heat
produced by the scmiconductor laser device A ana
environmental temperature are definite) depends on the size
of the Peltier elament and the characteristics thereof such
ag magnitude of a Seebeck coefficient, hut generally it
becomaes larger wnen the numbar of pairs used in cooling
device 18 smaller than 40, aund Lhe total pawer consumption

of Lhe wmudule Bl also become large accordingly. Thercfore,
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it is prefarable to 8T The niimbher of palilrs of Peltier
elements to be used to 40 or more.

Tn the above-described structure, by increasing the
Thicknass of a base plale 13a made of Cu-W of a package to
which the cooling device 14 comprising thc Pclticr clement
l14a 1s [fixed. the heat discharged to a hcat sink (not
shown) outside of the laser madulc through the bage plate
l1Ja from the cooling dcvice 14 le so diffused while passing
through the bagc plate 13a that it is possible To lower the
effective thermal impedance of the above-~describad haat-

discharge path. Thereby, ths load of the cooling device 14

is mitigated and the rnnooling effaect 1s i1mproved. Therefore,

1Tt 18 possibleae to dacrease Lhe power consumption of the
cooling device 14 and slably coperate the laser module D,
also in a higher-temperature environmecnt.

However, when extremely incrcasing the thickneses of
the base plate l3a, inocreace of thae thermal impedance due
to incrcaac of the length of a heat-discharge path bacomes
more dominant than the reduction of a tharmal impedance dus
to the above-described heat difrusion and thereby, Lhe
cooling effect by the cooling device l4 daecreaseaes rather.

Tt 1s prafarable to set the thickness of the base
plate 134 in an oplimum range in such a trade-off rclation.

Fig. 7 shows another semiconductor laser module B, of

the present invention.

The modulec B, hae a structure in which a cooler 14A
compriecing plural pairs of VPeltier elements l1l4a and A
cooler l1l4B comprising plural pAairs of Peltlier elsments 140
are electrically arranged in a package 13 in parallel.

In the case of this struolLure, the total power
consumption of Lhe woudule under a certain coperating
condilion (wherein the amount of heat produced by a

semiconductor laser device 1l4A, tcmperature of a thermistor
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18, and environmental tempetrature i1n which the laser module
B, 18 set are definite) 1s almuslL egual to the case of the
module B, 1f the total uumber of Peltier elements arc the
same. But thilrs struclure has the advantages of lowcring
the operating voltage of a cooler, making i1t poselble to
drive the cooler by a versatile incxpeneive 5-volt power
supply.

In the case of thc above-described modulsa, it 1S
preferable to usc as an optical fiber 1l to be bullt-in the
optical fiberxr with a grating 16bd formed on a ceunlral core
l6a thereof as shown in Fig. 8. Tn this case, 1t is
preferablae that the raflectiuvun bandwidth of the grating lé6b
is 2 nm or less, particularly 1.5 nm or less and larger
Than the wavelenglh lulsisval of the longitudinal modco of a

laser Deam 9scillated £from the lager device A.
The reason is described beclow.

First, the wavelength interval (AA) of thc
longitudinal mode of a laser beam oscillated from the lacex
device A 1s shown by the following cgquation:

AN = A'/2n°L
(wherein A dcenotes an oscillateda wavelength, n denoles Lhe

effective refractive index of the active laver 4, and L

denotes a cavity length.)

Thaen, because the cavirty langlh (L) 1s longer than thc

cavity length of the prior axrt (900 pm) disclosed 1in the

official gagctte of the above-degcribeda U.S. Patant No.

5.485,030, Lhe wavelength interval (AA) in the longitudinal
modes 1s smaller than the casc of the prioxr art.

Therefore, in the casc of this module, it is possible
to include morc longitudinal modes in the reflection
bandwidth of the grating léb tformed on the optical fiber 16
compared to the case of the prior art. In other words, it
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la possible to mitigate the Kinks in the 1ight outpul

versus injection current characteristic of a laser beau

emitted from the optical fiber 16.
Moreover, in the case nf this module, because the

S5 wavelcength interval (AA) in the longitudinal mndas of a
laser beam o3acillatcd of the semiconductor laser device A
is narrow, it is also possible to sat tha reflection
bandwidth of a grating to a small valune of 2 nmu vr lass
without decreasing the number of Tongitudinal modes present

10 in the reflection bhandwidth of the grating 16b. in other
words, while pravanting Lhe generation of kinks in the
llghl vulput versus injection curxrcent characterietic.

Furthermore, in the case ¢of this module, by saetting
the reflection bandwidth of the grating 16 to 1.5 nm or

15 less, particularly to 1 nm or less, it is possible to
completely dcorcase the spectral width of a lasar baam
emitted from the optical fivber 16. Therefoure, 1t 1s
possibla to increase the degrees of mulliplexing under
wavaelengrh mualtipleaxing and Lo decrease the loas of a

20 wavelengrh-rmltiplexing coupler used.

Exanmple 1
(1) Fabrication of semicondauctor lTaser dev.ics

''he buried heterostructure (BE structure) shown in Fig,.

45 5 was fabricated by forming a stacked structure on an n InP
suhstrate 1 Ly use of the MOCVD method, the strﬁbtura
caomprising a lowelr clad layer 2 of n InP, a lower GRIN-SCH
layer 3 of non-doped GalInAsP, an active layer 4 of a
compressed strained multi-guantum well structure having

J0 five quantum wclls of a lattice-mismatching rate of +0.8%
with barrier laver of GalnAsP having band gap euaergy of
1.0V, an upper GRIN-SCH layer 5 of non-doped GaInAsP. an
upper ¢lad layer 6 of p~-TnP., and a cap layer 7 of p-GalndsP,
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and then forming a current confinement porrtion with a p-Tn?P
layer ll and an n-.Lny laver 12.
Then, the Example device shown iun Fiy. 4 was
fabricated by cleaving tha whole slriuclLure Lo form various
5 cavity lenglhs (L), forming a low-reflection £ilm S; having
a refleclance of 3% on one cleaved face with Al.0O, by the
ECR sputtering method, and forming a high—reflectidn £11lm
3, having a reflectance of 98% on thec other ocleaved face
also by the ECR sputtering method.

10 For comparison, a device was fabricated similarly to
the case of Example except that the active layer 4 had a
lLattice-matching-systam gquantum wall structure made of
GalnaAspP. The device was Adsasignated as Comparalive axample
adavice 1.

15 (2) Clharacteristics of device

Maximum optical outputs of these two devices werce
measured whlle changing cavity lengths (L). Fig. 9 shows
the measurement results.

Ac ic apparent from Fig. 9, in the casa of Comparativa

20 exXxample device l, not only the maximum optical outpur 1=
low ags a whole but also it is ohserﬁed that the maximun

optical output lowers due to internal absorption when the

cavity length (L) becomeg 800 pum oxr more. In the case oOf
Example device, howaver, lowering of the optical outpulL due

25 to intaernal absorption is not observed hefore the cavily

lcngth (L) cxoceeds 1200 um and moreover, the maximum
optical output of the device iz approximately 310 mw and
thus, the device pertorms high-ocutput operations.

(3) Intluence of Llow-reflection fi1im S,

30 When the Example davica was fabricated. a low-
reflection f£ilm S, having a refleclLance of 5% was formed
whlila kaaping tha refleclLance of the high-reflection £ilm
S2 all 983 tu [abricate a device different in cavity lcngth
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(L). The low=-reflection film having A reflectance of 5%
was dssignated as Comparative exampla device 2. TIun Lhis
casa, tha low-reflection f1lm S, was formed by the PCVD
method.

Maximum oplical outputs of the above-described Example
davice and Lhe Cumparative example device 2 werc mcasurcd
for various cavity lengths (L). The results arc shown in
Fig. 10.

As is apparent from Fig. 10, even if the stacked
structurc is the same as that of Example davice. when the
rcfloctance of the low-reflaection f£film S, exreaAads 3%,
internal abksorption becomes dominant and Lhe maximum

optical output is greatly lowared.

In tTha case of Example device having a cavity length
(L) of 1200 pum, a low=-reflection f£film (A1,0,) S, having a
rcflecotance of 3% was formed by the electron-heaam (FEB)
vacuum evaporation method and FCR spullering method
regpectively to perform an APC (AuLoumatlic Power Control)
ralianility tast.

While Lhe change rate of an operating currcnt after
operation for 1000 hours was 0.6% in the case of the former
method, 1t was 0% in the cagc of the lattsr method.

As is apparcnt from the above, it is necessary to set
the reflectance of the low-reflaction fi1m S, to 3% vr less.
In thisg casa, 1t igs found that tha Tow-refleclioun f£film S,
can ba formed preferably by Llhis ECR sputtering method,

Exauple 2

Reseaxch and development in a Raman amplifier is
recently actively performed in addition to an erbium-doped
optical-fiber amplificr. In Raman amplitfiers, a pumping

light source having a high output in any wavalangth band is
roquected.
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Thaeretfore, a laser device for osclllaliny wavelsngths
orf 1.50 To 1550 nm by changing active-layer cuowmpositions

was fabricated as the Example device. The cavity length

(L) of the laser device was set at 1200 um and the facet
5 raeflactance of it was set at 3% on the lonw-Tveflerction side
and at 98% on thae high-retlection sgide.

Fig. 11 shows the oscillatTed-wavelength dependency of
the maximum optical ourput of the abuve-described laser
device. A maximum optical outpul of 300 mW or more was

10 obtained aut an oscillated wavelength of 1200 to 1550 nm.
Hawever, an ovptlical output has a tendency of lowecring ags
the oscillated wavelength becomes chorter. This is because
a heterobarrier that i3s3 an cnergy difference between an Jn»
cladding layer and an optical confinament lLayer aecrerRAsSas

15 in a short-wavelength region and thereby., a non tTadliative
current component going over the hetearabarrier helght
between p-InFP cladding layar and upper optical confinement
layer inoreases.

Moreover, increasing the thickneas of a well layer in

20 a gquaunlum well structure is considered as an cxcmplary
method to further lengthening an oecillated wavelength. In
this exemplary method, howoever, it is estimated that the
longcr the wavelength, the larger the strain enerqgy
accumulated in an active layver AQue o 1ncrease i a wall-

25 layser thickness, thus providaling A faclor fur crystallinity-
deterioration. |

A light-receiving element in an optical communication
System uses a light-receiving elemcecnt made of GalnAege which
has an absorption end in the vicinity of 1650 nm, bevond

30 which the light-receiving scngitivity abruptly lowers.
Thereforc, approximately 1650 nm is a limit as a wavelangth
of a signal light source at the long-wavelength sg1de.

Under such Jlimitation, the pumping 11ght source fur a Raman
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amplitler necessary to amplify the signal shivuld be a high
optical output pumping light source al approximately 1550
nm which 1s approximately 100 nm shorter than 1650 nm.

Thearaforae an optical semiconductor laser device of thc
presenl inventlon can provide a high-output power in a
wavelength band between 1200 and 1550 nm, and therefore it
can be preferably applied not only to a pumping Jlight
source that oscillatcs in 1480 nm band for an erbium-doped
optical-fiber amplificr but also to a high-output light
source for a Raman amplitiler.

Though the above-describsd Examplia davice uses a
GalnAsP-~-bass2d marterial, 1t 1is also possible to fabricate a
lasar dAevice 1n Tha ahove-described wavelength band by
1sing a material sucli asy GaIaNAs or AlGalnAs.

Though the above-described Examplc device usesg an n-
InP substrate, it is also possiblc to obtain the same

advantage by using a p-InP substrata.

Example 3

Laser modules E, and B, shown in Figs. 6 and 7 were
assambled by using tha Example device liaving a cavity
length (L) of 1200 um.,

It should be noted that the Example device 15 A
semiconductor lasger Jdavice operating al au optical output
from a tacet of 280 mW for A driving vollage of 2.5 V and a
ariving current of 1.1 A. Therefore, the Example device

has a heat generation (Q,,) of 1.1 (A) x 2.5% (V) -0.28 (=
0.3) W = 2.5W.

In this ocase, a Peltiexr element l4a according o the

following specification was uged to constitute the cooliny
device l4.
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Shape: Rectanqular-parallelepiped bulk having
dimensions of 0.64 mm 1in lengtli, 0.64 mm in width, and 0.82
mm in height

Characteristics: Seebeck coafficiant of 2.0 x 10°* v/K,.

$1

performance index of 2.8 x 107°/K, recistivity of 1.1 % 10 °
2m, and heat conductivity of 1.3 W/K/u

A driving current (Tc). a driving voltage (Vc), and a
power consumprion (Wc) of a couulelr were estimated when

driving the cooler while keeping the thermistor temperature

10 at 25°C, with the amount of heArt(Q,,) generalsd at the

Example device of ZL.5 Watts in an anvirommenlal Leapearature

of 50"C for the case of a cooler with 40 or 50 Peltler
elements conncoted in ceries in the lagser module of Bl
cehown in ¥Fig. 6 and tor the case of twn coonlers connecled

15 in parallel, each comprising 25 pairs of serially connected
FPaeltisr elements., In the laser module of B2 shown in Fig. 7.

The same study was perfurmed for a case of using a

cooler of the conventitional design having 30 pairs of
Pullier elements as Caomparative examplc.

20 Table 1 shows the above results.
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The following are clarified f£from Fig. 12 and Tahle 1.

(1) When the number of pairs ot Peltier elements 1s smaller

than 40, the driving current and power consunmplion of Lhe
ccoling device increase in both lTAasaAar modules B, aund B, and
The total power consumption of (Lhe laser modules also
increases.

(2) On the other hand, when Lhs number of pairs of Peltier
elemenls exvesds 40, the driving voltage of thc cooling

device rises but the power consumption of thec cooling

device and the total power consumption of modules decrease.

The power consumption ig improved by 1 W or more for both
caces of 40 palrs and 50 pairs compared tn thea casa of

ueing 30 pairs.

(3) Whan the numberxr or pPaltier elements connecled 1ln serlies

is increased, series rasistaunce increases. Therefore,

particularly, whan a laser module is operated under a high

lLewperalure environment, & problem occurs that voltage

CA

drops at both ends of a cooler incrcagsc and thereby., a
versatile inexpensivec § volt powexr supply cannot be used.
Therefore, by opcrating two coolers connected in parallel
ac chown in Table 1 and Fig. 7, each coolar comprising 25
palrs of Paltlier elements connected in series, Lhe power
consumption of the cooling dAevica and Lhe total power
consumptlon of the modules result in the same advantagc ac
The case of operaling oune cooler comprising 50 pairs of
Peltier .elements. Moreover, also by using a cooler as
shown in Fig. 13 wherein each half of the Peltiear slements
in one coolcxr is clectrically connected in series so thar
P-typc and n-type elements are alternate and wherain these
gcrics arc electrically arranged 1in parallel, 1t is

possible to dArive the cooler at a4 louwer voullage without

lowerling the cooling performance of Lhe cooling device, and
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tTherefora to darive The conlar by a versallile inexpensive 5-
valt pawer supply.

When Lwo cuoulers are used, Peltier elements may be
eleclrically arranged in parallel in at least one of the
coolerxs.

Then, a laser module using a coolcxr comprising 30
pairs of Peltier elements which 13 Comparative example
(conventional cxample) and a lacer module using a cooler
comprising 50 pairs of Peltier elements were tabricated.
Samiconductor laser devices used for the above-dascrihed

Jaser modules are semiconductor laser devicas raspectively

having a cavity length of 1200 um shown for kxamples 1, 2,
and 3. For thecse lacer moduleg, power consumption of the

cooler when controlled so that the temperature indicartad hy
the thermistor 18 is kept at 25C at an environmental

tamperature of 65°C were sxamined bLy changing amount ol
heat ganaratad at a semiconduclor laser device. The
ragults are shown 1in Fig. 14.

As 1s apparent from Fig. 14, in thc casc of the laser
module using the cooler comprising 30 pairg of Peltier
clcmenta, i1t was impossible to discharge the generated heat
in the region where the amount of heat generatad at a
semiconductor laser device was Z2.75 W or mora. On the
other hand, in the casa of the lasar module using Lhe
cooler comprising 50 pairs of Pelltier elemenls, the power
consumption was kepl lower than the case of the comparative
exauple in the raegion where the amount of heat generated
was 2 W or more. Moreover, the laser module had a
sufficient cooling performance cven for an amount of heat
gencrated of 2.5 W and made it possible to cool a

gscmiconduoctor laser device up to an amount of heat

generated of 2.9 W or more. ‘Therxrefors, 1n order to canl a
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samicondqucror laser device of Lhe present invention in a
particularily high optical oulpul region, it is preferable
to use a covler comprlsing 40 pairs or more of I'elticr
elemenls shown 1n thlis Example.

In this Example, Peltier clcments respectively having
a length of 0.64 mm and a width of 0.64 mm were used. ‘''he

s51ze 0f a Peltier element i3 not restricted to guch

dimcngions. That ic, in the case of a cooler comprising 4n

palirs of Peltier elements, the total cross-sectional area
of Peltler elements contributring to heat dischargye (in tLhe
case or the prasent invention, the crouss-seclional area is
referrad to as "heat-dlscliarge cross-sectional area®") is
0.64 (mm) x 0.64 (mm) > 40 (pairs) x 2 = 32_.8 mm’.
Therafore, it is clear that a coanlar having a heat-
discharge crogs-sectional area nf appruximalely 30 mm? or

more shows the advantage of the present invention even if

1t comprires lesds Lhan 40 palrs of Peltier elements.

Then, Lwo uvplical-Liber amplifier pumping light
sources esach having the optical output of 250 mW £rom each
fiber output end are fabricatcd by ueing one lasaer module
B, of Examplc 3 and by using two laser moduleé each having

2 cooler comprieing Peltier elements and an optical-fiber
output of 140 mW shown in Fig. 1. Tabla 2 shows

operational specifications of boull: light sources at an

environmcntal temperature of 50°C ana a thermistor

Lamperature of 25°C respectively.
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As is apparent [rom Table 2, the total power
consumption of system with the pumping light source
operated at more than required 250 mW of optical output
from fiber output end is smaller for the ocase with single
lagcr modulc of Example 2 than for the conventional case.

Then, temperaturees of active layers of gsemiconductor
lacser devicee of laser moduleg constituting the above-
described optical-fiber-amplifier pumping l1ight souraces
were compared and failure rates of both systems were
calculated whan assuming thal Llie above-described optical-
fibar-amplifier pumping light sources had the same
activation energy (Ea) for wear-out failurc of
semiconductor lasexr devices. The recgults arce shown in
Table J,

The thermal impedance in Table 3 shows the thermal

impedance between a gemiconductor laser device and a

thermistor when keeping the thermistor temperature at 25°C.
In Bxample 2, the thermal impedancc gshows 12 (K/W) which is
2/3 of thc thcrmal impedance of Comparative example. ‘“his
is boocause the cavity length of a semiconductor laser

device of Example 2 is 1200 um and thereby, the heat-
discharge area increases comparcd to the casce of the

semiconductor laser devicc of Comparative example having a

cavity length of 800 mwm. In this case, the temperaturc
Tj(X) of the active layer of the semiconductor laser deviecc
is calculated by the following cxpresscion.

TI(X) = Tharmistor Lewmperature (25°C) + 273(K) +
Thermal impedance (W/K) x Amount of heat generated at lasar
(W)

Iherefore, in the case of Example 2, Tj(K) is
calculatad as follows.
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T4(K) = 25 ("C) + 273 (K) + 12 (XK/W) x 2_.45 (W) 327

b

(K)

In the case of Comparative example, T3I(K) 1s

calculated simlilarly as follows.

Tj(K) = 25 (°C) + 273 (K) + 8 (K/W) x 1.45 (W) = 344
(K)

Whcen both cages are compared, it i1is tound thar the
amount of hcat generated at laser of kExample 2 is
approximately 1.7 times larger than that of Comparative
example but temperatures of acrive layers uf Examples 2 and
comparativa axampla are aluuvst egual to sach other.
Tharafore, 1t 1s pousslible to prevent a temperature rise of
ail active layer by increasing the cavity length.

Moreover, a failure rate of a laser module ieg shown bY
the following expression.

Lascr modulc £ailure rate (FlLl') = Laser wear-out
failure rate (FIT) + Laser random failure rate (FTT) +
faillure rate or coupling-system (¥FIT)

Moreover, the total faliure rale uf Lhe optical-~-fiber-
amplifier pumping lighl source is shown by the following

expression.

Tolal fallure rate (FIT) = Laser-modulc failure rate

(FIT) x (Number of laser modules to be constituted)

Therefore, as 1s apparenl from Table 3, a pumping
Tight: source of high-reliability is realizcd with thc 250
wW=-pumping light source for optical: fibcr amplifier as
configured in Example 2 sgsincc the total failure rate
thereof is 1960FIT, bcing approximately 50% of that of the
pumping light eource wherein 2 of the conventionnal Jlaser
module (140 mW) are usad.
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IL is uesedless lLlu say that the present inventicn is
advantageous i respsct of the total failure rate as the

number of laser modules to be constituted increases.

Tablc 3
Pumping light Pumping light
source using source in Fiqg.
| Examplc 2 1 using

conventionAa)
lagscr modulc

(Comparvative
i example)

| Thermal impedance (K/W) | 18
| Amount of heat generated 2.45 1.45
at laser (W)

Active layer temperature 327 3 2 4
(T]: K)

Activation enexrgy (Ea : 0.6 2 0.6 2
eV)

T.ARAT waAar-out failura 2 8B 4 S 8
rate (FIT) |

Laser randam failura rata 28 4 | 2 8 4
(FIT) |

Fallure rate of coupling- 1400 1400

gsystem (FIT)

Laser-module failure rate
(FLll')

Total fajilure rate (FIT)

Moreover. a cooler comprising 50 pailrs of Peltier
elements was used for the laser module B, shown in Fig. 6,
and driving conditionz (driving current of the
scmioconductor laser device, temperature of the thermistor,
and driving current of the cooler) of the laser module B,
was set so that the amount of heat transmitted from the
lower portion of the cooler to the base plate 13a mada of
Cu-W war 10 W. Tn thir cAra. Lhe Lemperalure at the lower
face of the base plate 13a, Lhial is, the temperature of an

unillustrated heat sink to which the laser module B;:hs
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fixed was controllcd to be kept at 20°C. Unaer the above-
described state, tcmpcratures of the lowar frace of the
coelcer, that is, temperatures ot the upper face of the base

plate 13a were measured for wvarious thickness of the base

plate l3a bslow the cCcooler.
As Comparative example, a hase plate having Llhe
thickness of 1 mm of tha conventional struclure was

measured simiTariy. The resulls are shown in Table 4.

Table 4
.fhiokncas of basce Temperature or upper face o0f hase
plato (mm) - plate (°C) (Lemperature af lowar
face 18 kept constant at 20°C)
0.1 5 2.3 83
1 n0.22
Comparalive eaxample
2 47.8
| 47.16
46.97
d7.85 5
4 8.3

I'rom Table 4, thcec following can be found. ‘that is, by
increasing thc thickness of the base plate l1l3a starting
with 0.1 mm, the ditrterence between the tamparature uf Lhe

upper face of and the temparature of tha lower face

(conatant at 20°C) of the base plate decreases. However,
when thce thicknesa of the base plate becomes 10 mm Or mare,
the temperature difference increasaes rather. The reason
why the temperature diffarence between the upper and lowsx

faces of the basgse plate shows such Lendeuncy cann bs thought

as follows. That 1s, hy increasing the thickness of the
Cu-W hase plate 13a. Lhe heat dlischarged from the lower
face of the cooler through the baac platc 13a to a heat
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sink (not shown) outside of the laser module diffuses while
passing through the base plate 13a and therefore, it is
po33iblc to dcecrcasc the cffcotive thermal impedance of the
above decgoribed hecat discharge path. However, by extremely
increasing the thickness of the base plate 13a, increase in
the Tthermal impedance due to 1ncrease in the length of the
heat-dilischarge path becomas dominant over the raduction
effect of the effective thermal 1mpAadance Mua tn ahova-
described heat diffusion. It 1s preferable that the
Liickness of Llis bLase plate l3a 1s decided in an optimum
range 1ln the trade-off relation. Specifically., it is
preferable to set the thickness of basc platec 13a in a
range of 3 to 10 mm. A lascer module in which the thioknerns
of thc baac platc 13a iz gcleected in the above-decoribed
range can be driven at a low power consumption because the
tempaerature diifterence between the upper and lower faces of
a base plate is small and thareby, the lcocad on a cooler is

Temiced .

Example 4

Three typeé of semiconductor laser devices having

cavity lengths (L) of 1000. 1300, and 1800 jm and
slLructures shown in Figs. 4 and 5 are fabricated similarly
to the case of Example 1. Moreover, the optical fibers
shown in Fig. 80 were prepared in which gratings with
rcflcotion bandwidths of 1, 1.5, and 2 nm were formed.
Then, modules chown in Fig. 6 were fabricatad by combining
them. Spectral widths of laser beams emirtted from the

optical fibers were measurgd by driving these modules.

Moreover, longitudinal-mode wavclcngth intervals (AA) of

the acmiconductor lascr devicee and the number of
longitudinal modes present in reflection bandwidth of the

gratings were calculatad.
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TAbhle 5 collectively shows both the measurement and
calenliation results. Refleclances of the gratings used

were respectlvely set to 5%.

5 Table 3

Cavity length of laser
device (L : )

Longitudinal-moda wavelength interval of
semiconductor laser device (AA : nm
Numbexr of Retflection bandwidth of
longitudinal grating: 1 nm

modeco present | Reflection bandwidth of
grating: 1.5 nm

i1nn reflection
bangd of Reflection bandwidth of
gralings: 2 nm

[ ] 6 [ | /1 8 » 4
jraling#*1
Reflcotion bandwidth of
[ | 1 L 4 0 0 v 8
Jralliiig: 1 1am
1. 2 1. O

Spectral
width of

light emitted
from laser

module*2 (nm)

Recflcection bandwidth of
grating: 1.5 nm

Reflecotion bandwidth of
grating: 2 1un |

*l: Defined by (Reflection bandwidrh or grating:

nm)/(LangitiudinAal mode interval olf semliconductor laser

device: rnum)

10 *2: Wavelength width where intcnsity of reflectance
gspectrum lowecrs £from peak intensity by 10 4B

The 11ght aoantput versus ilujection current
characTATistic measuremesnnl done for any of semiconductor
15 laser modules corresponding to design paramcter shown in
Table {5 showed no kinks like in Fig. 2.

The following arc oclarified from these results.
That 13, inocreacing the cavity length of the

semiconductor laser device to 1,000 um or mora reduces the

20 iongitudinal-mode wavelanagtrth Iinterval AA of a semicunductor

laser device. thereby mAaking 1t possible to increase Lhe
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number of longitudinal modes present in the reflection
bandwidth of a grating compared to the laser of
conventional number of longitudinal modca. Thercfore, the
number of longitudinal modes prcscnt in the refleoction
bandwidth of the grating can be encugh to prevent
genexration of Kinke in light output versus i1njection
current characteristice sven when the retlection bandwidth
0L tThe grating is set to a small value of ? nm or 1aRSs.
Tharafora, in the present invention hawving a

semiconductor laser device whose cavity length ranges

between 1000 and 1800 uym and a grating whosa reflaction
bandwidth is 2 nm or less and larger than the Tongitindinal-
mode wavaelength interval of the gsemiconductor laser davice,
Tha following advantages can be obtained: (1) the lighit
outpul from a sewmicouduclor laser device is increased; and
moreover (2) gensration of kinks in the light output versus
injection current characteristic is controllcd bccaugc a
plurality of longitudinal modes arc always proscent in the
rcfloction band of the grating;, and (3) it is possible to
decreace the cpectral width of a laser beam emitted from an
optical fiber can be narrowed because the rafliacarion |
bandwidth of the grating is 2 nm or Iass.

Theraefara, a coupling loss when mulliplexing laser
Dwams [rom semiconductor laser modules by use of a
wavelength-multiplexing couplers can be lowered, thus is
provided @ semiconductor lascr modulc ocapable of augmenting
Q degrce of multiplexing and therefore suitable for
obtaining higher output by wavelength-multiplexing.

Moreover, as 1s apparent from Table 5, even when the
reriection bandawidth of a grating 1s set to 1.5 nm or l1ass,
the number of longitudinal mndes enouyl: Lo preveul
ganararion of kinks in the light oulpul versus injection

current characterlstic 1s present in the reflection
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bandwidth of a grating and Lliereby, 1t is possible to
greatly decrease the speclral width of the light emitted
[rom a semiconductor laser module while preventing

generation of the kinks. Particularly, when setting the

3

reflection bandwidth of a grating to 1.5 nm or lese and the
cavity langth of a samiconduclour laser device to 1300 pm or

more or when setting the cavity length to 1000 um or maore

and the refleotion bandwidth of the grating to 1L nm or less,
it i1e poseeible to greatly dacrease the spectral width of

10 the light emitted from an optical fiber to 1.0 nm or less
iln any case. Tharefore. 1t 18 possible Lu fabricalLe a
ramliconductor laser module which is further preferable to

obLain a higher vulpul by wavelength multiplexing.

15 Industrial Applicability
The semiconductor lascr device of the present
invention hardly cauees deterioration in an output due to
internal abgorption. Theretore, it can be driven at a high

output and thus it 1s useful As A high-oulpul lighl sogurce
20 for optical-fimer ampliftication.

Morsover, with the semiconductor module of thc prxcsent
invention [abricated by using the semiconductor laser
device, the total powcr congumption for driving can be

25 amall and thec failurc rate of a gystam 1n which the lasar
module ig built can be halved compared to the conventional
system failure rate, so the reliahility 1s improved.

Furthermore, bacause of a high optical output obtained
from a lasar modnla of the pressnt invention, it is

30 possible to substitute sinygle module for a plurality of
lassr modules used being wavelength-multiplcxed or
polarlzation-multiplexed. Thereforc, with a lascr module

of the present invcantion, it ic poegible to decrease the
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numbexr of optical parts used for an optical-fiher amplifier
and realize a low-cost and compact pumping light source.
Moreovar, by using an optical fibler in which a grating
having a reflection bandwidth of 2 mw or less. particularxly
1.5 nm or Tess when Lthe moudule 1s fabricated, it is
possinlea to decrease Lhe spectral width of a laser beam
emitted frowm Lhe oplical fiber. Thus can be providecd a
pumping light source having a small logas when wavelength-
multiplexed by use of a wavelength-multiplexing coupler
with a narrow transmission band and thereby having a nigher
optical output compared to a conventional light source.
Thus, according to the present 1nvention, it iy
possible To provide a compact, inexpensive, bul high-output
optical-fihar amplifier when consillluliny an ovptical-Liber

ampiifiar such as an «rbium-doped optical-fiber amplifier

Or Ramdan amplifiar.
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CLAIMS

1. A semiconduclLor lassr device comprising:

a semiconduclor stacked structure including an active

5 layer constituted of a strained multi gquantum wcll

structure, formed on a substrate;

whereln a cavity length is laryer Lthan 1000 um but

1800 pum or lesc; and

@ low rcflcotion film having a retlectance of 3% or

10 Legs is formed on one facet and a reflection f11m having a

rerlectance of 9U% or more 1s Fformed on the other Ffacet.

2. The semiconiator laser device according to claim 1.

whAarein the strained mulli-guantum well structure is a

cumpressed strained multi-gquantum well structurc having =
15 degree of 0.5 to 1.5% of lattice mismatching.

3. The semiconductor laser devicc according to claim 1 or

2, wherein thc sgubgstratc is made of InP and the active

laycr is made of GalInAeP.

4. The semicondauctor lasgser device according to claim 1, 2,

20 or 3, wherein the active layer 1naiudes 3 to 5 guaulum
wells.

3. The semiconduclor laser device according to claim 1, 2,
3. or 4, whersin the low-reflection £ilm is an Al.O, £ilm
or a dielectric multilayer film formed by the electron-

25 cyclotron-resonance sputtcring method.

6. The semiconductor lagser device according to any one of
claime 1 to 5, wherein the wavelendagth band of an ascillated
lasexr beam ranges between 1200 and 1550 i1uu.

/. A semiconductor lager module cowmprising:

30 rhe semiconductor laser device according to any one of

Claims 1 Lo 6 sealed in a package while being set on a
couvling devices comprising Peltier elements,
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an incident Adistal end surfarce of ai oplical [l1berx
belng opposad to the ocutput facet of Lhe semiconductor
laser devica.
8. Tha samiconductor laser wmodule according to claim 7.
wherein lhe coolling device has a structure in which at
lesast two coolers respectively comprising plural paire of
Peltler elements and being arranged in parallel.
2. The semiconductor lascr module according to cliaim / or
8, wherein the cooling decvice is constituted DY
electrically arranging esach half the number of the Paltier
elements in series and arranging the fsarially=-connected
Peltier eleaments in paralleal.
10. The semlcondnarnr laser module according to claim 7 or
9. wherein the cooliny deviue comprises 40 pairs or more of
Pelllier elements,
11. The semiconductor laser modulc according to any one of
claims 7 to 10, whercin the Peltier elements have a heat-
discharge cross acotional area of 30 mm® or more.
12. The semiconductor laser module according tao any one of
claime 7 to 11, wherein the base plate SATViIing as Lhe
bottom plate of the packaga has a thickness vof 3 to 10 mm.
13. The semiconductor laser module according to any one of
Claims 7 to 12, whereiun a grating having a reflection
bandwidth of 2 nm or less but larger than the longitudinal-
mode wavelength interval of the lasocr beam oeclllated from
the semiconductor lascr device is tormed on the optical
fiber.
14. The semiconductor laser modulim according to claim 13.
whereln the grating has a refleation bandwidlh of 1.5 nm or
legs.
15. Tha samiconductor lassr module according te claim 13
or 14, whereiln a laser beam emitted £rom the optical fiber

has a spectral width of 1 nm or lecas.
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1l6. '"The semiconductor laser moduls according to any one of

claims 7 to 15. wherein an optical output of the optical

Fibar 1s 180 mW or more.

Smart & Biggar
Ottawa, Canada

Patent Agents
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