
EP 0 293 144 B1                     2 Description
ness is zero is equal to that of GaAs, which constitutes the semiconductor
laser element 11. This invention relates to semiconductor laser      As can
be seen from Figure 1, for example, a ref- apparatus.
lectivity represented by a curve 22 becomes at a mini- Figure 4 of the
accompanying drawings shows a   5   mum  when the film  thickness is about
1200 previously proposed semiconductor laser apparatus  Angstroms, and is
such as to have an identical value which detects a laser beam from a
semiconductor    for two different film thicknesses. In a previously pro-
laser element 11 using a monitor light-receiving ele-  posed apparatus, In
order to obtain a desired reflec- ment 16 so as to perform automatic light
power con-  tivity, the thickness of the [err] film Is set to be less trol.
The semiconductor laser element 11 has an  10  than 1200 Angstroms. output
end face 12 for emitting output light and an out-  The reflectivity. of
[err] also changes in accord- put end face 13 for emitting monitor light.
ance with the wavelength of the Incident light. The ref- An end face
protection film 14 (which Is an [err]  lectivity curve 22 corresponds to
Incident light having film) is formed on the output end face 12 and an end
a wavelength of 790 nm. A reflectivity curve 23 corres- face protection
film 15 (consisting of or Including an   15  ponds to Incident light having
a wavelength of 800 nm. [err] film 15a and an amorphous Si film 15b) is
for-  For this reason, the power of the semiconductor laser med on the
output end face 13.                     element 11 on which the end face
protection films 14 The monitor light-receiving element 16 is       and 15
are formed also has a temperature depen- arranged obliquely with respect to
the semiconductor  dency. laser element 11 at the side of the output end
face 13   20  Since the end face protection film 15 comprises of the
element 11. A surface protection film 17 is for-  the amorphous Si film 15b
in addition to the [err] film med on a light-receiving surface of the
light-receiving  15a, inorderto Increase the ratioof a laserbeam emit-
element 16.                                        ted from the output end
face 12, and thus has a higher The light-receiving element 16 is arranged
obli-  reflectivity than that of the end face protection film 14, quely so
as to prevent monitor light reflected by the   25  It has a smaller
temperature dependency than the end light-receiving element 16 from
returning to the semi-  face protection film 14. conductor laser element
11.                            Therefore, if a current Is supplied to the
semicon- The wavelength of the laser beam emitted from   ductor laser
element 11 to obtain a constant power of the semiconductor laser element 11
has a tempera-  the output light emitted from the output end face 12, ture
dependency of about 2.5 Angstroms per degree,  30  the power of the monitor
light emitted from the output as shown in Figure 5 of the accompanying
drawings.  end face 13 has a temperature dependency with res- If the
light-receiving element 16 is arranged obliquely  pect to the thickness of
the end face protection film 14, as described above, the reflectivity of
the surface pro-  as shown in Figure 2 of the accompanying drawings.
tection film 17 will differ in dependence on the       Since the thickness
of the [err] film constituting wavelength of the incident light. Therefore,
the detec-  35  the end face protection film 14 is less than 1200 Ang- tion
power of the light-receiving element 16 also has  stroms, as mentioned
above, the temperature depen- a temperature dependency.
dency of the power of the semiconductor laser The temperature dependency of
the detection     element 11 is positive with respect to a change In tem-
power of the light-receiving element 16 may be posi-  perature, as can be
seen from Figure 2. tive or negative with respect to a change in tempera-
40  As a result, the temperature dependency of the ture, depending on
individual light-receiving elements  power of the semiconductorlaser
element 11 is super- 16.
posed on that of the light-receiving element 16 as rep- Assuming that the
temperature dependency of     resented by the line 21 in Figure 3.
Therefore, the the detection power of the light-receiving element 16
power of the semiconductor laser apparatus, as rep- is positive with
respect to a change in temperature,  45  resented by a line 24 in Figure 3,
has a very large tem- then, even if the powerof the semiconductor laser
ele-  perature dependency. ment 11 is constant, the detection power of the
light-  In the semiconductor laser apparatus according receiving element 16
is increased as the temperature  to the Invention, each end face protection
film of a Increases, as represented by a line 21 (detection  semiconductor
laser element has a thickness such power/temperature characteristic) in
Figure 3 of the   50  that the temperature dependency of the power of the
accompanying drawings, which is a power/tempera-   laser beam transmitted
through the end face protec- ture graph.
tion film and the temperature dependency of a detec- The reflectivities of
the end face protection films  tion power of an output control
light-receiving element 14 and 15 of the semiconductor laser element 11
have inverse characteristics to each other. change in accordance with their
thicknesses. Figure  55  As a result, the temperature dependencies at 1 of
the accompanying drawings shows the relation-  least partially cancel each
other, whereby variation of ship between the thickness of the [err] film
and the  the power of the output light due to a change In tem- 



reflectivity. Note that the reflectivity when the thick-  perature can be
minimised. 2    3                   EP0293144B1                    4 The
invention will now be further described, by  In that each of the end face
protection films (14, 15) way of illustrative and non-limiting example,
with  has a thickness such that the temperature depen- reference to the
accompanying drawings, In which:  dency of the power of the laser beam
transmitted Figure 1 is a graph showing the reflectivity of an  through
said end face protection film and the tempera- end face protection film of
a semiconductor laser   5   ture dependency of a detection power of the
light- element;                                       receiving element
(16) have inverse characteristics to Figure 2 is a graph showing
temperature charac-  each other. teristics of the power of monitor light of
the semi-  2. Apparatus according to claim 1, wherein the conductor laser
element;                       end face protection film (14) formed on the
first output Figure 3 Is a graph showing temperature charac-  10  end face
(12) comprises an [err] film and the end teristics of the semiconductor
laser element and  face protection film (15) formed on the second output a
light-receiving element;                     end face (13) comprises a
two-layered film formed by Figure 4 Is a schematic side view of a semicon-
an [err] film (1 5a) and an amorphous Si film (1 5b). ductor laser
apparatus; and                        3. Apparatus according to claim 2,
wherein the Figure 5 is a graph showing the relationship be-  15  thickness
of at least one of said [err] films is greater tween the wavelength of a
laser beam and tem-  than 120 nm (1200 Angstroms). perature. A
semiconductor laser apparatus embodying the Invention will now be described
with reference to Fig-  Patentanspriche ures 1 and 4. The apparatus
embodying the Invention   20 is of substantially the same arrangement as
the pre-   1. Halbleitelaservorichtung mit: viously proposed apparatus
shown in and described  elnem  Halbleiterlaserslement (11), welches sine
with reference to Figure 4, except that the end face  erste und zwelte
Ausgangsendflache (12, 13), auf protection film 14 and the [err] film 15a
of the semi-  welchen EndflAchenschutzflime (14, 15) ausgebildet conductor
laser element 11 have the same reflectivity  25  sind, aufweist, und
welches zur Erzeugung von Aus- as that In the previously proposed apparatus
but have  gangslicht in Form sines von der ersten Aus- a thickness of
greater than 1200 Angstroms.        gangsendflafche  (12)  emittierten
Laserstrahis In this embodiment, as can be seen from Figures  betreibbar
ist, und einem Lichtempfangselement (16) 1 and 2, the temperature
dependency of the power of  zum  Detktleren sines von der zweiten Aus- the
semiconductor laser element 11 is negative with  30  gangsendflAche (13)
emittierten Laserstrahis, um die respect to a change in temperature.
Leistung des Ausgangsilchts zu steuem, wobel das Therefore, as shown In
Figure 3, even If the term-  Lichtempfangselement in einem Winkel zum
emittler- perature dependency (as represented by the line 21)  ton Strahl
ist und sinen Schutzfilm (17) aufweist, of the light-receiving element 16
Is the same as that  dadurch gekennzrichnet, daS jeder der EndflM- in the
previously proposed apparatus, the tempera-  35  chenschutzfilme (14, 15)
sine soiche Dicke aufweist, ture dependency (as represented by the line 21)
of the  dag die TemperaturabhAngigkelt der Lelstung des light-receiving
element 16 cancels that of the powerof  durch  den  EndflAchenschutzfilm
transmittierten the semiconductor laser element 11.
Laserstrahis und die TemperaturabhAngigkeit elner As a result, the
temperature dependency of the  Detektionsleistung des Lichtempfangselements
(16) semiconductor laser apparatus according to this  40  zueinander
Inverse Charakteristiken aufwelsen. embodiment as represented by a line 25
in Figure 3,   2. Vorrichtung nach Anspruch 1, wobsl der auf is very small.
der ersten Ausgangsendlilche (12) ausgebildete EndflAchenschutzfilm (14)
einen Ai203-Film und der auf der zwelten AusgangsendflAche (13) ausgebil-
Claims                                        45  dete Endfllchenschutzfllm
(16) eonen durch eonen A1203-Film (15a) und elnen amorphen Si-Film (15b) 1.
A semiconductor laser apparatus comprising:  gebildeten zweischichtigen
Film aufwelst. a semiconductor laser element (11) which has first    3.
Vonichtung nach Anspruch 2, wobel die Dicke and second output end faces
(12, 13) on which end  wenigatens sines der AI203-Filme gr5Mer ats 120 nm
face protection films (14, 15) are formed, and which  50  (1200 Angstrom)
let is operative to produce output light In the form of a laser beam
emitted from the first output end face (12); 



and                                                Revendicatlons a
light-receiving element (16) for detecting a laser beam emitted from the
second output end face (13) In  55  1. Apparnil A laser a semi-conducteurs
compre- order to control the power of the output light the light  nant:
receiving element being at an angle to the emitted  un 61ement A laser A
semi-conducteurs (11) qui beam and having a protective film (17),
characterised  comporte des premilre stsecondefaces exbtmes de 3
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4          C     L  M       S The Invention will now be further described,
by  in that each of the end face protection films (14, 15) way of
illustrative and non-limiting example, with  has a thickness such that the
temperature depen- reference to the accompanying drawings, in which:  dency
of the power of the laser beam transmitted Figure 1 is a graph showing the
reflectivity of an  through said end face protection film and the tempera-
end face protection film of a semiconductor laser   5   ture dependency of
a detection power of the light- element;
receiving element (16) have Inverse characteristics to Figure 2 is a graph
showing temperature charac-  each other. teristics of the power of monitor
light of the semi-  2. Apparatus according to claim 1, wherein the
conductor laser element;                        end face protection film
(14) formed on the first output Figure 3 is a graph showing temperature
charac-  10  end face (12) comprises an [err] film and the end teristics of
the semiconductor laser element and  face protection film (15) formed on
the second output a light-receiving element;                      end face
(13) comprises a two-layered film formed by Figure 4 is a schematic side
view of a semicon-  an [err] film (15a) and an amorphous Si film (1 5b).
ductor laser apparatus; and                        3. Apparatus according
to claim 2, wherein the Figure 5 is a graph showing the relationship be-
15  thickness of at least one of said [err] films is greater tween the
wavelength of a laser beam and tem-   than 120 nm (1200 Angstroms).
perature. A semiconductor laser apparatus embodying the invention will now
be described with reference to Fig-  Patentansprache ures 1 and 4. The
apparatus embodying the invention   20 is of substantially the same
arrangement as the pre-   1. Halbleiteriaservorrichtung mit: viously
proposed apparatus shown in and described   einem  Halbleiterlaserelement
(11), welches eine with reference to Figure 4, except that the end face  .
erste und zweite AusgangsendflAche (12, 13), auf protection film 14 and the
[err] film 15a of the semi-  welchen Endfiichenschutzfilme (14, 15)
ausgebildet conductor laser element 11 have the same reflectivity  25
sind, aufweist, und welches zur Erzeugung von Aus- as that in the
previously proposed apparatus but have  gangslicht in Form eines von der
ersten Aus- a thickness of greater than 1200 Angstroms.
gangsendflache  (12)  emittierten  Laserstrahis In this embodiment, as can
be seen from Figures  betreibbar ist, und einem Lichtempfangselement (16) 1
and 2, the temperature dependency of the power of  zum  Detektieren eines
von der zweiten Aus- the semiconductor laser element 11 is negative with
30  gangsendfiache (13) emittierten Laserstrahls, urn die respect to a
change in temperature.                Leistung des Ausgangslichts zu
steuern, wobel das Therefore, as shown in Figure 3, even if the tern-
Lichtempfangselement in einem Winkel zum emittier- perature dependency (as
represented by the line 21)  ten Strahl ist und einen Schutzfilm (17)
aufweist, of the light-receiving element 16 is the same as that  dadurch
gekennzeichnet, dail jeder der Endfli- in the previously proposed
apparatus, the tempera-  35  chenschutzfilme (14, 15) eine solche Dicke
aufweist, ture dependency (as represented by the line 21) of the  dag die
TemperaturabhAngigkeit der Leistung des light-receiving element
16cancelsthatofthe powerof  durch  den  Endfifchenschutzfilm
transmittierten the semiconductor laser element 11.
Laserstrahis und die Temperaturabhdngigkeit einer As a result, the
temperature dependency of the  &Detektionsieistung des
Lichtempfangselements (16) semiconductor laser apparatus according to this
40  zuelnander inverse Charakteristiken aufweisen. embodiment, as
represented by a line 25 in Figure 3,   2. Vorrichtung nach Anspruch 1,
wobei der auf is very small.                                     der ersten
AusgangsendflAche (12) ausgebildete Endfiachenschutzfilm (14) einen
A1203-Film und der auf der zweiten Ausgangsendfliche (13) ausgebil- Claims
45  dete Endifichenschutzfilm (15) einen durch einen A1203-Film (15a) und
einen amorphen Si-Film (15b) 



1. A semiconductor laser apparatus comprising:  gebildeten zweischichtigen
Film aufweist. a semiconductor laser element (11) which has first     3.
Vorrichtung nach Anspruch 2, wobei die Dicke and second output end faces
(12, 13) on which end  wenigstens eines der A1203-Filme groiier als 120 nm
face protection films (14, 15) are formed, and which  so  (1200 Angstrom)
ist. is operative to produce output light in the form of a laser beam
emitted from the first output end face (12); and
Revendications a light-receiving element (16) for detecting a laser beam
emitted from the second output end face (13) in  55  1. Appareil A laser a
semi-conducteurs compre- order to control the power of the output light,
the light  nant: receiving element being at an angle to the emitted  un
6lement a laser a semi-conducteurs (11) qui beam and having a protective
film (17), characterised  comports des premiere et seconde faces extremes
de 3    5                   EP 0 293 144 B1                   6       *
C     L   M        S   * sortie (12, 13) sur lesquelles sontformes des
films de protection de face extreme (14, 15), et qui est capable de
produire une lumiere de sortie sous forme d'un rayon laser emls depuis la
premibre face extreme de sortie (12) ; et un element riceptour de lumibre
(16)   6 destine A ddtecter un rayon laser emls depuls la seconde face
extrime de sortie (13) afin de comman- der la puissance de la lumiere de
sortie, I'element rdceptsur de lumibre etant indlin par rapport au rayon
emis et comportant un film protecteur (17),  10 caracterise en ce quo
chacun des films de protection de face extrOme (14, 15) a une epalsseur
tolle que la dependance vis-A-vis de la temperature de la puis- sance du
rayon laser transmis a travers ledit film de protection de face extreme et
la dependance vis-A-vis  15 de la temperature de la puissance de ddtectlon
de 1'dldment ricepteur de lumlbre (16) ont des caracte- ristiques inverses
les unes des autres. 2. Appareil solon la revendbcation 1, dans lequel le
film de protection de face exbrme (14) forme sur la  20 premibre face
extreme de sortie (12) comprend un film do A1203, et le film de protection
de face extreme (15) fomme sur la seconde face extrAme de sortie (13)
comprend un film de couche forme par un film de A1203 (15a) et parun film
de Si amorphe (15b).  25 3. Apparell selon Ia revendlcation 2, dans lequel
l'epaisseur d'au moins desdits films de A1203 est supdrieure A 120 nm (1
200 A). 30 35 40 45 50 55 4    


