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| nvéntion: The present invention relates to a triangul ar pyranﬂﬁ}&ys, éﬁf%?/
sem.conductor structure and an optical device using the sane, suitable flo

use_.in an optical apparatus such as, for exanple, an optical pickup.
Descrlptlon of the Related Art: In a conventional optical apparatus, for
exanpl e, an optical pickup used in an optical disk drive or in a nagnet-
optical disk drive such as a so-called conpact disc (CD) player, si nce
optical assenblies such as a grating, or a beamsplitter are individually
assenbl ed, the structure of the whol e apparatus becomes extrenely
conplicated and large. In addi®¥HE OF FHE ENVENTINent accuracy is required
to set optical positioning of these optical assenblies when the optical
assenblies are @Bééﬂﬁﬂh@ﬂiﬁfRﬁMﬁﬁA@ PEMECGONRUCTOR SERHCTUYRE AND ORTILABkup on
a substrate. On_the other hand norder to return emtted |ight back to a

light-emtting BﬁVECEUE$FqQEEHqIﬁ@MFeturned light is received by a
| i ght-receiving unit p03|t|(g%?*g&9§ﬁnt5p o WvERSESL I N9 unit for detecting

I nformati on recorded on a di I'1 ght nust be separated by a beamsplitter
or a hol ogreimld wft bhe Tawentidns splitting of |ight inconveniently results

in a reduction of anyagount. ofe I gt SReLYRMkAY NG Lidflgurar

pyramidal semiconductor structure and an optical device using
the same, éuitable for use in an optical apparatus such as,
for example, an optical pickup.

Description of the Related Art:

In a conventional optical apparatus, for example, an
optical pickup used in an optical disk drive or in a magnet-
optical disk drive such as a so-called compact disc (CD)
player, since optical assemblies such as a grating, or a
beam spiitter are individually assembled, the structure of the
whole apparatus becomes extremely complicated and large. 1In
addition, a strict alignment accuracy is required to set
optical positioning of these optical assemblies when the
optical assemblies are assembled in hybrid processes to form
the optical pickup on a substrate.

On the other hand, in order to return emitted light
back to a light-~emitting unit swuch thatﬁthe returned light is
received by a 1ight-réceiving unit positioned near the light-
emitting unit for detecting information recorded on a disk,
light must bé separated by a beam splitter or a hologram. In
this case, the splitting of light inconveniently results in a

réduction of an amount of light received by the light-
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2 receiving unit. In view of the inconvenience nentioned above, a so-

call ed CLC (confocal |aser coupler) configuration has been proposed in
order to allow for a reduced nunmber of optical assenblies, sinple alignnent
in optical positioning of the optical assenblies, as well as sinplification
and, reduction in size of the entire structure of the apparatus. The CLC
configuration is forned in a manner that a light-emtting unit is |ocated
at a confocal point of a converging neans_such as a |lens, and a -
light-receiving unit is fornmed in the vi ni2city of the confocal point where
the light-em tiin neans exi sts. The sane assignee of this application has
pr oposed, 10 r‘r’pnlle'of an optical assenbly having the CLC
configuration, an o ¢3kwaBPatid Ushcdnviehlidhiés aiditionel! &bode ] m Iapanese
Pat ent Application No. 7-37017. FIG 1 schematically illustrates a

per spect i vealledv CXC t(vondptat alasgpacpderyhéont imragipnghas épgen i ng unit

52 having a sem conductor laser_ LD, a triangula ram dal _sem conduct or
structure BUORESSHGS oxderetPi ALLPW (3 & ng‘éﬁ%‘s Jp%b&ﬁ 9?e88‘ﬂ7??1]g unit 53

having |ight-r i Vi Nng.. . . Qi I [ are
monol [t hi CAPPERREeR bl X Tadal, % RRLOM) it ionifl 4! B
triangul ar opysagl did sea@liice)dust W61 Bidsl Gipeiflcation R@d3reabtessn Nt

mrrors M Is |located near a confocal point of a |light convergi ng neans and

formed suclsizkatfttheentiide strhatese tofrtdef apparature s@hec6huct or | aser
LD and theconfigurat'i.on is formed in a manner that a light-emitting unit

is located at a confocal point of a converging means such as a
lens, and a light-receiving unit i; formed in the vinicity of
the confocal point ﬁhere the light-emitting means exists.

The same assignee of this applicafion has proposed,
as an example of an optical assembly héving the CLC
configuration, an optical apparatus as illustrated in FIG. 1
in Japanese Patent Application No. 7-37017.

FIG. 1 schematically illustrates a perspective view
of the optical apparatus which has a'light—emitting unit 52
having a semiconductor laser LD, a triangular pyramidal
semiconductor structﬁre 60 having 3 reflecting mirrors M, and
a light-receiving unit 53 having light-receiving elements such
as photodiodes all of which are monolithigally'formed on a
common semicoﬁductor substrate 51.

The triangular pyramidal semiconductor structure 60,
having 3 reflecting mirrors M, is located near a confocal point
of a light converging means and formed such that three side
surfaces thereof face the semiconductor laser LD and the

light-receiving elements having two pairs of bisected



| ight-receiving elenments having two pairs of bisected 3 phot odi odes
[err], respectively. Emtted laser light [err] fromthe sem conductor |aser
LD of the light-emtting elenent 52 is reflected by the side surface of the
reflecting mrror Mopposite thereto and redirected upwardly. Reflected
|ight is converged by a I'ight convergi ng neans, not shown, to be irradiated
on an irradi ated body such as an optical disk, and reflected by the

i rradi ated body to produce returned-light [err]. The returned light [err]
is converged by the light converging means3to a size within a |ight

di ffracti opnbtBifodés ®p, ! 22 @ndTBHE, £H Leféslpeeme«(e&yLerr] is the
wavel ength of the l[aser *ight® and NR'is ¥he nunerical "aperture of the

| i ght convergi ng nedimsitdred laskastight de. £¥oe the memddohdgbtor exagexpassi ng
t hrough the |ight converging neans is irradiated onto the reflecting mrror
M of the tmHPaR§uFa? bighimerttting ebemert 2 46 geflpetednt dhengifet he

conf ocal PYlescS! 0FCLAD AR ot LEAL PicciiR:Le" cearmactdl Scs (D) has

an obj ective T'ens having anl or "a | Ight conver gi ng neans,
returned | il rbBré@vigiailgi.anebeleoted O iy kisi Gohvéaghdalisd aon.t;ghﬁhe
reflecting mrror M The returned light LR 1s divided by the boundary

bet ween t weonivérging fmeans ofnathehpwnantelke igpedidtied omfdreduinadistedor M

other than g sudp i ch Lellegts Lhe LLON JAmANg, SN COUNGLEL, ! aser

body to produce returned light L .. The returned light L is
converged by the light converging means to a size within a
.1ight diffraction limit, i.e., to a diametexr of 1.22)/NA,
where ) is the wavelength of the laser light, and NA is the
ﬁumerical aperture of the light coﬁverging means on the laser
side. The returned light L passing through the light
converging means is irradiated onto the reflecting mirroxr M of
the triangular pyramidal semiconductor structure located near
the confogal point.
- Since an'ordinary optical pickup for compact discs
(CD) -has an objective lens having an NA equal to 0.09 for a
light converging means, returned light L, having a diameter of
10 um ié irradiated onto the reflecting mirror M.

The returned light L is divided py the boundary
between twblside surfaces of th; ﬁriangulaf pyramidal reflecting
nirror M other than the side which reflects the light from the
semiconductor laser LD, and ref;ected by the respective side
surfaces so that divided light rays are received by the two
pairs of bisected photodiodes PD , PD, and PD,, PD,, ,

respectively.



surfaces so that divided light rays are received by the two pairs of

bi sect ed phot odi odes [err] respectively. 4 Since the triangul ar :
pyram dal sem conductor structure 60 is |ocated near the confocal point of
the returned light [err], and the returned light [err] is split by the
boundary between the two side surfaces of the triangular pyramd, a focus
servo can be perforned in accordance with a knife edge nethod. The
foregoi ng optical apparatus can be formed in such a manner that when, for
exanpl e, the substrate surface is a (100) érystal pl ane, respective side

f f th ' | | dal ) 60
A‘crystal plane o1 Saiq Tl ARt B EGS Jentbbligittds ) TR D, CncY

63, respeciiMRlthredsol Lk UBdéatiad nedrFife donfdtadd@olinenos Wan the {110}
crystal plane 63 formng an angle of [err] with respect to the substrate
surface i sretsehesis 1igbtrBf,| enti thesvetwmoweddpgbttl, tie shéitdpy cdveduct or

| aser LD of the light-emtting unit, such_that the emtted Ijght [err] can
be enittedPHPdary BeEWeeR ot MR RiCeuPEFERSEE IRF H6s FFh?’ég‘%Jcﬁ’g’? ace.

However, i{@%}é}ﬁ&} iaa?guhgfsmﬂqaqé'bes gg@:faﬂﬁé&fjﬂ{ _a%%ga%g}mﬂ $ grown

usi ng the regoi’ng ree crys pl an an additiona crystal plane
63a is proghicesl Qiye Retheandary between the {111} A crystal plane 61 and

the {111} B

The foregoing optical apparatus can be formed in
such a manner that when, for example, the substrate surface is
a (100) crystal plane, respective side surfaces of the
triangular pyramidal semiconductor structure 60 are a {111} A
crystal plane 61, a {111} B crystal plane 62, and a {110}
crystal plane 63, respectively, as illusﬁrated-in FIG. 2. 1In
addition, when the {110}.crystal plane 63 forming an angle of
45° with respect to the ‘substrate surface is used as the
reflective surface opposite to the semiconductor laser LD of
the light-emitting unit, such that the emitted light L_can be
emitted in the direction perpendicular to the substréte
sufface.

However, if the triangular pyramidal Sémiconductor
structure 60 is grown using the foregoing thrée crystal planes,
an additional {110} crystal plane 63a is produced on the °
boundafy between the {111} A créstal plane 61 and the {111} B
crystal plane 62, as can be seen in FIG. 2 illustrating a top
plan view of the triangular pyramidal sémiconductor structure
60. Due to the presence of the {110} crystal plane 63a thus

" produced, when the returned light L, is split, a bart of the

light L, is reflected on this {110} crystal plane 63a and

N



crystal plane 62, as can be seen in FIG 2 illustrating a top plan view of
the triangul ar pyram dal sem conductor structure 60. Due to the presence of
the {110} crystal plane 63a thus produced, when the returned light [err] is
split, a part of the light [err] is reflected on this {110} crystal plane
63a and 5 therefore cannot be received by an associated |ight-receiving
el ement. Thus, an anount of |ight reaching the light- receiving elenent is
reduced. In addition, the light reflected gn the {110} crystal plane 63a
may act as stray light to adversely affect the operation of the optical

apparatus._ Further, when the ar ty | S, AL a5 > A ar
pyramd beASHEL® Fgﬁ%‘rm%f olger é%&%%??.ﬁfﬁadt %éggg\%gﬁ?? loﬁ}ge%e,rdetq&gﬂ 110}
crystal plansmddda JrRYS, i dritene b Lightliddachéngetheé igisi-al pl ane growth
rate between the {111} A crystal plane and the {111} B crystal plane. Thus,
t he apex aofeddisring ehguént i redudedevi ates from a desi gned apex setting

PoSLLI 20 C o the | gherahs lectian e (G ofo e B Pest Lo
o oo 20" i GPRAY K5 g ey SUGMEL o oy b o ot v e
gener at e agpé¥dsiRin iof 8hdesPeiddln appgraktusor the focus servo based on the
knife edge nethod. In order to avoid the forpatton.of t he 3110} crystal
Further, when the growth time is increased, the
triangular pyramid becomes bigger progressively. In this event;
however, the {110} crystal plane 63a grows and there is the
difference in crystal plane growth rate between the {111} A
crystal plane and the {ill} B crystal plane. Thus, the apex of
the triangular pyramid deviates from a designed apex setting
position C in the lateral direction in the figure, as can be
seen from FIGS. 3A, 3B illustrgting a designed triangular
pyramid and an actually grown pyramid, respectively.
| Thus, amounts of two portions of returned light
separated by the triangular pyramid differ from each other to
generate an offset in a detection signal for the focus servo
based on the knife edge method. -
In order to avoid the formation of the {110} crystal
plane 63a on the boundary, it can be considered to increase the
- crystal growth rate on the {110{ crystal plane 63a. However,
the {110} crystal plane 63 and the {111} A crystal plane 61
exhibit substantiall& the same tendency with respect to the
growth rate. Thus, as the growth rate on the {110} crystal
plane 63a is increased, the growth rate on the {111} A crystal

plane 61 is also increased. As a consequence, the {110}



pl ane 63a on the boundary, it can be considered to increase the crystal
growh rate on the {110} crystal plane 63a. However, the {110} crystal

pl ene 63 and the {111} A crystal plane 61 exhibit substantlally t he sane
tendency with respect to the growh rate. Thus, as the growh rate on the
{110} crystal plane 63a'is increased, the gromﬁh rate on the {111} A
crystal plane 61 is also increased. As a consequence, the {110} 6
crystal plane 63a still renmains on the bowdary of the two crystal planes.
To sol ve the foregoing problem a condition which prevents the {111} A

crystal éﬁgmer %nbheséléﬁhfrﬂé&aaﬂnspbﬁnehé%&{m:eoaﬁl ghé! QT OWi NQ,

i.e., high ture growt be enpl oyed. However, since the
triangularc§¥-agn@ummegrown after the laser is formed, the high tenperature
grow h significantly affects the |laser. Specifically, the high tenperature
woul d cause i npuri t iTes sPdvei £hasEoTepaing Pﬁ?@iathEKeﬁﬁltﬁ89|V¥&ﬁ

ff h I i | f the | I d
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growth on gﬁsnélé—al}f&nprasabahteh @E&Aﬂ 9, Im aiéﬁfﬂ)e&ﬁthhét the {110}

crystal 3a agai h appears AND SUMVBRY OF THE | NVENTI ON To
sol ve the QtebtﬁnmayﬁbﬁlemymbyahoveHOWéver; @inck| the tofiangmlprepgnamid

i nvention to provide a triangular
is grown after the laser is formed, the high temperature
growth significantly affects the laser. Specifically, the
high temperature would cause impurities to diffuse in the
laser, thefeby inévitably affectiné the reliability of the
laser. .

In addition, if the hiéh temperature growth is
conducted at excessively high temperatures, the growth on the
{111} B crystal plane 62 is also initiated so that the {110}
crystal plane 63a again appears. |

OBJECTS AND SUMMARY OF THE INVENTION

To solve the problems mentioned above, it is an
object of the present invention to provide a triangular
pyramidal semiconductor structure which is capable of
precisely splitting light by preventing an unnecessary crystal
plane from growing on the boundary between side surfaces of
the triangular pyramid. )

It is another object of the present invention to
provide an optical device employihg such a triangular pyramidai
semiconductor structure.

According to an aspect of the present invention,

there is provided a triangular pyramidal semiconductor



pyram dal sem conductor structure which is capable of precisely splitting
light by preventing an unnecessary crystal plane fromgrow ng on the
boundary between side surfaces of the triangular pyramd. It is another

obj ect of the present invention to provide an optical device enploying such
a triangular pyram dal sem conductor structure. According to an aspect of
the present invention, there is provided a triangular pyram dal '

sem conduct or 7 structure which is surrgunded by either one of a {111} A
crystal plane and a {111} B crystal plane-znd two {110} crystal planes

formed on &ﬁ&%&fea%icﬁ@% Al B0 dufh SRR bY L1 AR Tnebt Be I PH

i nvention, there Is provided an optical device which includes a
~light-eniteipgeal @imtie, andr &f {ET1Y By axiystel , pkarte &nid girb- {1EeEi Vi ng

el ement, wherein the reflecting mrror is formed of a triangular pyram dal
senm conductoystak whanes fRrwadi en Aursuhstdedeby either one of a {111} A

crystal plane and fi?{%%’ll. .Flg(r:]{__ s%rzlitl)thol a%%ngg 5@&&%%@%P%g¥stal pl anes, .t he

reflecting mrror i € o feflect all fromthe
light-em t§,L,0enel SAEherdNds! pbgbvidda tdrebphied) tdevideghieR Lhéngasd enent

and returned froman irradiated body is reflected by the reflecting mrror
such that sheéighghemitreiog elegestenentefilectingsniryn, ead eclédhby t he
reflectlngrgkggggﬁg element, wherein the reflecting mirror is formed of
a triangular pyramidal semiconductor structure which is
surrounded by either one of a {111} A crystal plane and'a
{111} B crystal plane and two {110} crystal plapes, the
reflecting mirror is positioned to reflect a light emitted
from the light-emitting element, and light emitted from the
1ight-emittin§ element and returned from an irradiated body is
reflected by the reflecting mirror such that the light-
.receivigg element receives light reflected by the reflecting
mirror.
According to the above-mentioned structure of the
present invention, the triangular pyramid is formed of the
{111} A crystal plane or the {111} B crystal plafie and the two
{110}.crysta1 planes, go that the triangular pyramid can be
fabricated without producing another crystal plane on the
boundary between the two crystai planes. J
Also, since the returned light from the irradiated
body is reflected by the reflecting mirror having the triangular
pyramidal semiconductor structure surrounded by either one of
the {111} A crystal plane and the {111} B crystal plane and
the two {110} crystal planes, the returned light is split by

7.



According to the above-nentioned structure of the present invention, the
triangular pyramd is formed of the {111} A crystal plane or the {111} B
crystal plane and the two {110} crystal planes, so that the triangular
pyram d can be fabricated w thout producing another crystal plane on the
boundary between the two crystal planes. Also, since the returned |ight
fromthe irradiated body is reflected by the reflecting mrror having the
triangul ar pyranidal sem conductor structuge surrounded by either one of
the {111} A crystal plane and the {111} B crystal plane and the two {110}

crystal pl S, . retur i ghty i t t LHe faces of
the {110} %ﬁ%s%‘é‘% h%r‘%enésl‘;l‘rgggﬁgtﬁgttﬁsezﬁsltﬁoﬁi SE?SB%% tllﬁgar#gggrs gbﬁeggﬁed by the
l'i ght -receis}phmﬁ Bl g Portibher aby reddingd bypehei bight-redetiethga focus
servo signal according to a knife edge nethod. BRI EF DESCRI PTI ON OF THE
DRAW NGS FleGenénts, sthpmrebyesakingviewaessidde: teatetect |a focasi Agryde

structure of optical apparatus;_ Fl 2.is a.topg plan view of a triangul ar
pyrani dal SEARESNATCRTAH ﬁ?c?u?‘ﬁ}gﬁl?gg%ﬂ'ﬁtbog't op plan view illustrating

a designed triangul ar p)ﬁﬁl@ﬂ%hFﬁﬂﬁfﬁtﬂl&l PueShrafingse: FIG 3B is a top

plan view illustrating an actually grown triangul ar pyram dal sem conduct or
structure; FIGS. 4A pngl. 4B iy @ perspectiwe wiletwschehasicaliliyng tri angul ar

pyram dal sem conduct or ‘structures according to the,
illustrating the structure of optical apparatus;

FIG. 2 is a top plan view of a triangular pyramidal
semiconductor structure; '

FIG. 3A is a top plan view.illustrating a designed
triangular pyramidal semiconductor structure;

FIG. 3B is a top plan view illustrating an aétually
grown triangular pyramidal semiconductor structure;

FIGS. 4A and 4B are perspective views illustrating
triangulaf pyramidal semiconductor structures according to the
present invention;

FIG. 5 is a perspective view schematically
illustrating an e#ample of an optical device using the
triangular pyramidal semiconductor structure'adabrding to the
present invention;

FIG. 6 is a schematic diagram illustrating light.
paths in the optical device of FIG. 5;

FIGS. 7 to 9 are perspective views illustrating a
variety of steps in a manufacturing process for an exemplary
6ptical device'using the triangular pyramidal semiconductor

structure according to the present invention; and

FIGS. 10 to 12 are perspective views illustrating a



present invention; FIG 5 is a perspective view schematically illustrating
an exanple of an optical device using the triangular pyram dal
sem conductor structure according to the present invention; FIG 6 is a
schematic diagramillustrating light. paths in the optical device of FIG
5, FIGS. 7 to 9 are perspective views illustrating a variety of steps in a
manuf acturing process for an exenplary optical device using the triangul ar
pyram dal sem conductor structure according to the present invention; and
r

FIGS. 10 to 12 are perspective views illustrating a 9 variety of steps
I n anot her manuf ac proces for Yol ledeyl.ce using the
triangul a?’aﬂr?ﬁh I 838?% arrh‘%: us:g%.@ d&%%s(%?ofo%h\éhpr esent

i nventiong Qﬁg H %EF.(' 'a-Eeré‘eCEsiHF MEERRE%ME&«B@MM&A triangul ar
Se a

pyr am dal conductor structure and an optic devi ce using the sane
accor di ng gefiabnéadestt rentuctiurehecpoeding tonthat poesent |inyenddoori bed with

reference to the acconpanyi ng drawi n Briefl the triangul ar pyram dal
sem conduct or st MFFAILED,BE WQ%%Fh MM%WPB&F@ T surrounded by

SRR B R
optical device us;ng the same according to an embodiment of the
present invention will be described with reference to the
accompanying drawings.

Briefly, the triangular pyramidal semiconductor
structure accordlng to the present invention is surrounded by
elther of a {111} A.crystal plane and a {111} B crystal plane
and two {110} crystal planes. |

Specifically, as illustrated in a perspective_view of
a triangular pyramidal semicondﬁctor structure of FIG. 4A, three
side surfaces of a triangular pyramid are formed of a_{111} A
crystal plane 2 and two {110} crystal planes 1 to construct a
triangular pyramidal semiconductor structure 11.

Alternatively, as illustrated in a perspective view of
another triangular pyramidal semiconductor structure of FIG.
4B, three side surfaces of a triangular pyramid of the .
semiconductor structure are formed of a {111} B crystal plane
3 and two {110} crystal planes 1 to construct a triangular
pyramidal semiconductor structure 12.

Since the triangular pyramid are formed by these
crystal planes, an additional plane hardly appears on the

boundary between the two crystal planes, an apex of the

triangular pyramid is difficult to be displaced.



a triangul ar pyram dal sem conductor structure of FIG 4A, three side
surfaces of a triangular pyramd are forned of a {111} A crystal plane 2
and two {110} crystal planes 1 to construct a triangular pyrani dal

sem conductor structure 11. Alternatively, as illustrated in a perspective
vi ew of another triangular pyram dal sem conductor structure of FIG 4B,
three side surfaces of a triangular pyramd of the sem conductor structure
are forned of a {111} B crystal plane 3 ah® two {110} crystal planes 1 to
construct a triangular pyram dal sem conductor structure 12. Since the

triangul ar pyram d aree ftriamdulirt bpfaniclals sahipbmhatorastaddthtromal pl ane
hardly appears on the boundary between the two crystal planes, an apex of
t he triang@rad2pyayinkel vaedditof fegnt ar epd.cals grutesl havingoaThéghtt angul ar

pyram dal sem,conductor structure,11 or 12 may be used to form an optical
devi ce havisig Ta PP Rt ARG Ef‘gﬁ’éﬁe%lggl PRl ecei ving el enent. FIG

5 schematically illusié Al SdranBeL SRELY | MO sk ELER £XPBNsPeOtid8 AR Cal
devi ce 20 according to the present invention. The optical "device 20

i |l ustrat ecan exhinfbleSoficen guighal- devide P weicbrdPndans rhea presenvnduct or
laser LD, 3 reflecting mirrors Mnade of a triangular pyram dal
seni conductigwesntigature, and a |ight-receiving el ement 23 having two pairs

S phOtOdlogﬁé éé%féafa%%vggério illustrated in FIG. 5 has a

light-emitting unit 22 having a semiconductor laser LD, 3
reflecting mirrors M made of.a triangular pyramidal
semiconductor structure, and a light-receiving element 23
having two pairs of bisected photodiodes PD , PD# aﬁd PD, ,
PD, , formed in a monolithic structure on a semiconductor
substrate 21 having a substrate surface forming an angle of
9.7° with respect to a (109)'crystal plane.

The reflecting mirror M has the triangular pyramidal
semicoﬂductor structure 11 or 12, the three side surfaces of
which are formed of one of a {111} A crystal plane 2 and a {111}
B crystal plane 3 and two {110} crystal planes 1. Among these
side surfaces, the side surface formed of the {I1l1} A crystal
plane 2 oxr the {111} B crystal plane 3 is oriented to the
light-emitting unit 22, and the two side surfacés formed of
the {110} crystal planes 1 are ;riented to the two pairs of
bisected photodiodes PD,,, PD, and PD,, PD, of the light-
receiving unit 23, respectively.

~ The optical device 20 is provided with an objective
lens (not shown) as a light converging means and other optical

assemblies (not shown) to complete an optical apparatus such as



[err], formed in a nonolithic structure on a sem conductor substrate 21
havi ng a substrate surface formng an angle of [err] with respect to a
(100) crystal plane. The reflecting mrror Mhas the triangular pyram dal
sem conductor structure 11 or 12, the three side.surfaces of which are
formed of one of a {111} A crystal plane 2 and a {111} B crystal plane 3
and two {110} crystal planes 1. Anmong these side surfaces, the side surface
formed of the {111} A crystal plane 2 or the {111} B crystal plane 3 is
oriented to the light-emtting unit 22, anklthe two side surfaces forned of

the {110} crystal _plan are oriented to the two pairs of bisected

phot odi 0déS % &’rlfagfg)f‘ﬁg“ql'i ght- receiving unit 23, respectively. The
optical device 20 ifigho\i deflivtéd Pronohecsémbodmhr-torollasbovil) a5 a | i ght
convergi ng means and ot her” optical assenblies (not shown) to conplete an
optical apger dtightsembtabng urdit gt Lgarefiedtgd byi ghe $ide |sunfaceed from
the sem conductor |aser LD of the | ight-em’ tii r}gtﬁnii fﬁl? refleit ed by
the side stpmmede ofoFhed{bl) e F¥EERLPIFRR 1% P MR 1D KEYEFRL B
crystal plane 3.0of ct r | 5 ls 3 ' PRI ¥ni N the
figure. Th%afaenrﬁ t3t 85 Fﬁahf%géﬁﬂ%a?égggﬁh%ﬂoﬁgﬂ ltrﬁéalmiig%?qéonverlg’! ng nmeans
(not showngna@ngigusel.ef | ected by an irradiated body to produce returned
light [err]. Then, the returned light [err] is irradiated onto the
triangul ar pyram d fibenemitted Yighteds papses through the light

converging means (not shown) and is reflected by an irradiated
body to produce returned light L. Then, the returned light L
is irradiated onto the triéngular pyramid forming the reflecting
mirror M from the upward direction, as indicated by a light path
in the optical device of FIG. 5 illustrated in FIG. 6. In this
event, the returned light L is converged to the light
diffraction limit of the light converging means, as mentioned
above. The returned light L is.then reflected by the
reflecting mirror M, and light rays reflected by two side
surfaces formed of the {110} crystal planes 1 are irradiated

to the bisected photodiodes PD _, PD, and PD,, PD, of the
light-receiving element 23, respectively. -

The bisected photodiodes PD, , PD and PD, , PD, are
located and formed at positions such that light amounts received
by the bisected photodiodes in the respective pairs are equal,
i.e., PD_= PD, and PD, = PD, when the focus of the light
converging means is just on the irradiated body.

A variety of signals generated by the irradiated body,

for example, an optical disk can be detected, for example, in

the following manner.



mrror Mfromthe upward direction, as indicated by a light path in the

optical device of FIG 5 illustrated in FIG 6. In this event,
light LR is converged to the light diffraction limt of the |ight
convergi ng nmeans, as nentioned above. The returned light [err]

t he returned

is then

reflected by the reflecting mrror M and light rays reflected by two side
surfaces fornmed of the {110} crystal planes 1 are irradiated to the

bi sect ed photodi odes [err] of the |ight-rek2iving el enent 23,

respectively.

The bi sected phot odi odes [err] Iocated and formed at. positions such that

| i ght anbunts received by t f ect ed hotod
are equal, i.e., [ePP]REh

espective pairs

des i h
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A focus servo signal can be detected, for example, by the

difference in light-receiving amount between the two

photodiodes in the respective pairs, i.e., ((PD - PD,)+(PD, -

PD,)) as a detection signal.

Since the angle formed by the substrate surface of the

semiconductor substrate 21 and the (100) crystal plane is 9.

'7° , an angle formed by the substrate surface and the {111} A

crystal plane 2 or the {111} B crystal plane 3 is 45° , whereby

the emitted light L_ can be directed perpendicularly to the

substrate surxface.

Next, an exemplary manufacturing process of the

optical device 20 will be described below with reference to

FIGS. 7 to 9. -

First, a semiconductor substrate 21 made, for

example, of GaAs and having a substrate surface deviated by

9.7- from a (100) crystal plane is prepared.

As illustrated in FIG. 7, a first cladding layer of a

first conductivity type, an active layer, a second cladding

layer of a second conductivity type, and so on (not shown) are

stacked in sequence on the semiconductor substrate 21.

Then, a

horixontal resonator 15 is formed in the second cladding layer



phot odi odes in the respective pairs, i.e., [err] PD2b)) as a detection
signal. Since the angle forned by the substrate surface of the

sem conductor substrate 21 and the (100) crystal plane is 9. [err] , an
angle formed by the substrate surface and the {111} A crystal plane 2 or
the {111} B crystal plane 3 is [err] , whereby the emtted light [err] can

be directed perpendicularly to the substrate surface. Next, an exenplary

manuf acturing process of the optical devigg 20 will be described below with

reference to FIGS. 7 to 9. First, a sem conductor substrate 21 nade,

exanpl e, of GaAs and hayinpg a suhstrate surface deviated by 9.7- froma
1hneh the btk £orF

(100) crysP¥%I2 SURFEnts 1prehhings l]',5@"3?‘] Pls

for

layer of aséﬁiéﬁqfqggégcihyéfyéééﬂ%*ff&ﬁ 261 Lot ARl inga SEEREbHdRADNY

| ayer of a secon
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sequence ODa&dre M Tandhis osveanithstthel Ao2izoMteh, redohatoxons als r esonat or
is formed in the second cl adding | ayer 13 by a current limttingg |ayer
or the |ikerientest ding thend 8bhluEmchigreprsinckhe i[0h-14 dbreetiqn. ng a
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usi ng a mask, for exanple, by an

RIE (reactive ion etching) or the like to form a resonator end

surface of the semiconductor laser LD perpendicular to the

direction of the horizontal resonator 15.

Next, a triangular pyramidal semiconductor structure

is grown in crystals. As illustrated in FIG. 9, a mask 17

made of an insulating material such as SiNx, SiO,, or the like

is formed such that an isosceles triangle portion remains on

the surface of the etched substrate 21.

The mask 17 is used to grow in crystals a triangular

- pyramidal semiconductor structure made, for example, of GaAs by

an MOCVD (Metal Organic Chemical Vapor Deposition) method using,
for example; a methyl based source material. In this case, when
the direction of the resonator is determined to be in the [{011]
direction, the triangular pyramidal semiconductor structure 11
formed of the {111} A 'crystal p%ene 2 and the two {110} crystal
planes 1 as illustrated -in FIG. 4A is grown. On the other hand,
when the direction of the resonator is determined to be in the
[01-1]) direction, the triangular pyramidal semiconductor
structure. 12 formed of the {;11} B crystal plane 3 and the tﬁo
{110} crystal planes 1 as illustrated in FIG. 4B is grown.

Alternatively, a triangular step may be formed on the

MR a first cladding

15



RIE (reactive ion etching) or the like to forma resonator end surface of
the sem conductor |aser LD perpendicular to the direction of the horizontal
resonat or -15. Next, a triangular pyram dal sem conductor structure is grown
in crystals. As illustrated in FIG 9, a mask 17 made of an insul ating
material such as [err] or the like is forned such that an isosceles
triangle portion remains on the surface of the etched substrate 21. The
mask 17 is used to grow in crystals a triaggular pyram dal sem conduct or
structure made, for exanple, of GaAs by an*MocvD (Metal Organic Chenica

Vapor Depogg}:ﬁq@g JEtaed ﬁgﬁgegﬁgé o %mbst?a%ﬁtéwm asgd Ptifaal

mat eri al . 'S case, en t irection o r esonat or eterm ned

to be in tbemi&dddudstiorestiraBrutbetidtetigul an pyisrdadal, thei coneyeiny
structure 11 formed of the {111} A crystal plane 2 and the two {110}
crystal pl aaesfdctasring methatdedisimoddidediguch thaguwhemn theeresoratarand,

when the di ti f th t | s det | ped to.be in th 01-1
i oot | on, SPACSRRHRT e EoRPP APt Ui R0 RUTRLDY STRERPe P15 8 rod of

the {111} (Ejéhlgf xﬁg.e@iéﬁqﬁuees!aem iNedcl1@), ehYSE@dniNGRAR8S pdraSrmed

illustrate n Is grown. Alternatively, a triangular step may be
forned on tiketwo d¥agey fRcEorin the srihmiguliae beep adn i tiad eubBeratéangul ar
pyram dal sem conductor structure thereon. In this case, the foregoing
manuf act uri ng nmet hodFixstpdist iddustcatedidmn FREn 10e & epxtacdr thAd surface

's formed Q%m&ihﬂgugibé“f§¥é" s %%E”kﬂﬂ& f%“?% %%ched away by the first
etching process to form a step.between the upper surface of the
semiconductor layer stack film 16'constituting the semiconductor
.laser LD and the etched surface. |

Next, as illustrated in FIG. 11, the remaining
portion of the semiconductor layer stack film 16 is further.
etched by the second etching procesé so as to leave the step
formed in the first etching stage in an isosceles triangle
shape. In this process, the step left in-the isosceles
triangle shape is formed aé a triangular pole shaped step 18.

Then, the triangular pyramidal semiconductor
structure 11 or 12 is grown in crystals on the triangular pole
shaped step 18 by an MOCVD method or the like similar to the
aforementioned manufacturing method. Thus, the.triangular
pyramidal semiconductor structuge 11 or 12 is formed on the
triangular pole shaped step 18 as illustrated in FIG. 12.

Referring specifically to FIG. 12, when the triangular
pyramidal semiconductor structure 11 or 12 is formed on the
triangular pole shaped step 18 and it is applied to the optical

device 20 as illustrated in FIG. 5, the triangular pole shaped



the RIE nethod illustrated in FIG 8, the etching is perforned in two
stages to formthe triangular step on the substrate. First, as illustrated
in ¥l G 10, a part of the sem conductor |layer stack film 16 is etched away
by the first etching process to forma step between the upper surface of
the sem conductor |layer stack film 16 constituting the sem conductor |aser
LD and the etched surface. Next, as illustrated in FIG 11, the renmaining
portion of the sem conductor |ayer stack fiss m16 is further etched by the
second etching process so as to | eave the step fornmed in the first etching

stage in afd5q8cebeged 'd Nl H13RErehde WhidROERESLoidifrilup eft in the
i soscel es 111 angl e shape i's forned as a triangul ar pole shaped step 18.
Then, the gyi-aiddhasenyéamdstiiors @tiractdtet IY o n2candetid surfizd ®ngrown in
crystals on the triangul ar pole shaped step 18 by an MOCVD net hod or the
| i ke si i |wiridlo thiee 1agbt erecsivdmed edementc2drisfommetodi - Thusthe he
triangul ar pyram dal sem conductor structure 11%%1_‘12 I s, fornmed an_ the

[ I

triangul ar SyRtFrale, sugtace 4 &hg sﬁm!iﬁgf‘ UeRIF E2t4221 Ro B NS
speci fi cal Jﬁ %hgi{'}%?g?di%g@eﬁé&' tJilaRRY gga{s ¥ alighia! caR b oA ed

structure formed on t'he triangular polé shaped step 18 and it

i s appli eded o esudpitragt Seviace heds thel Usghntiod deflBbGed Shy tilee
triangul ar pol e shaped 15 step 18 causes a | evel difference between the
tri angul ar reflestide mdawpsoMderviong dtheytripagular Pyramidalt he surface on

semiconductor substrate 11 or 12. Thus, when the wider spots
of light are received by the bisected photodiodes to detect a
focus servo signal, larger charges in spot positions are
detected when the spots are defocused, to facilitate the
detection of the focus servo signal.

While in the foregoing embodiment, thé triangular
pyramidal semiconductor structure has been used as a reflecting.
mirror for an optical device forming the CLC configuration, the
triangular pyramidal semiconductor structure of the present
invention can be applied to an optical apparatus which does not
have a 1ight-emitting unit and a light-receiving unit formed
in a monolithic structure, for example, an optiégl device_
having a light-emitting unit and a light-receiving unit formed
6n a substrate in a hybrid struunre, an optical device having
a light-emitting unit and a light-receiving unit separated from
each other, and so on. In these applications, the triangular
pyramidal semiconductor structure can be similarly used, for
example, as a reflecting mirror for redirecting emitted light to
the;upward direction and for separating returned light.

In addition, the triangular pyramidal semiconductor



which the light-receiving element 23 is forned, i.e., the substrate surface
of the sem conductor substrate 21. By virtue of this |evel difference,

wi der spots of light can be irradiated to the substrate surface when the
light is reflected by the reflecting mrror M having the triangul ar

pyr.am dal semiconductor substrate 11 or 12. Thus, when the wi der spots of
light are received by the bisected photodi odes to detect a focus servo
signal, larger changes in spot positions at@& detected when the spots are
defocused, to facilitate the detection of the focus servo signal. Wiile in

the for egoém&mr&adha?nﬁe s ol %RQH#J@;{cWréﬂl@rQﬂlt g6p gﬁhﬁ%&g agt ructure
e

has been used as a reflecting mrror Tor an optical device ng the CLC
confi gur atepiicalhpathi dmige | thresy madi dppl bexdnasoaycbohest semidonduetothe
present invention can be applied to an optical apparatus whi ch does not
have a |i gHt=¥H%®irng unit and a light-receiving unit forned in a

nonol ithic structur I n ' device_havj ng a .
light-enitting uni tsgnégécfiligéﬁ)-a%gggi’vgﬁéﬁ E"?ﬁetn faoFﬁéan%‘hi‘?gW&Fé in a
hybrid st ragiidonduelo?Pét i@t lay iiGe £BaMbd sepdratal £86ht 4 | dihiHiniudtd,-2

i ght-receiving unit separated fromeach other, and so on. In these

appl i cat i okrgen APt thantoiangypham pydanideli sovidwatioctet r siotugtmreagahe
simlarly used, for exaggéfkﬁas a reflecting mirror for redirecting emtted

light to t#e iledd gt thdheoforegatag imagufactnring Imeghod,| by
add'?'on: idrildd %“QEkﬂﬁgfuléﬂaﬁkﬂ r%%gbﬁoﬂg%g%%Ek mad® of an insulating

material to selectively grow the structure on the triangle-
shaped region or by forming a triangular pole shaped step on the
semiconductor substrate to grow the structure on the step in
crystal. |

It should be further noted that the triangular
pyramidal semiconductor structure and an optical device using
the same, according to the present invention, are not limited
to the specific examples described above, and a variety of other
modifications in form and details may be made without departing
from the spirit and scope of the invention.

According to the triangular pyramidal Semiconductor
structure of the present invention described above, the side
surfaces of the triangular.pyraqéd are formed of either the
{111} A crystal plane or the {111} B crystal plane and the two
{110}'cfysta1 planes to eliminate the formation of an additional
crystal plane on the boundary between the crystal planes.

. Therefore, when the trianguiar pyramidal semiconductor
structure of the present invention is_used as a reflecting

mirror in an optical device, returned light from an irradiated



structure may be used as an optical element for splitting an optical path
into three and applied as any other sem conductor structure. As descri bed
above, even when a triangul ar pyram dal sem conductor structure is fornmed
separate froma sem conductor |aser LD, the triangular pyram dal

sem conductor structure can be forned, simlarly to the foregoing

manuf acturing nmethod, by leaving a triangl e-shaped region in a nask nmade of
an insulating nmaterial to selectively growthe structure on the triangle-
shaped region or by formng a triangul ar pol e shaped step on the

sem oonducl ol MACKEALEeL 0 HAY LBT1STLYCHIL Sl bhen! gheldl glystal - 1t

her not e Ian ar pyram sem cohauct or

structure i eBElEdted Mgt U BPol AEr&iRnsaCCRhd REF1&ddE Present
invention, are not limted to the specific exanples described above, and a

vari ety oflightednnbeofdizectitns wahobe aeceidetdiblys asagchbateddiightt-hout
departing fromthe sgirit and scope of the invention. According to the
t ri angul arr9iAiyingarleraned i detecst puEPER - Vn&igradeh? i nvention

descri bed above,  the side I s aof t 1L | ar ramid. are formed of
ei t her theac{'elﬁanﬁecw% aTﬁpI]%n?\igieeoF thﬁeggiﬁ% %&SLC% P ;%'t %n%%%én%mad' the two
{110} crysépésdgd.anes to elimnate the fornmation of an additional crystal

pl ane on the boundary between the crystal planes. Therefore, when the
triangul ar pyran daWhesnactnihnguwiars pyrenidal fenilpondugtent stmwenixeonsi s

used as a reflecting mrror,in an optical_device, returned |light from an
irradiatedfabricatedgon a triangularl%ole shapeé step formeg on éhe

surface of a semiconductor substrate and applied to an optical
device having light-receiving elements, light reflected by the
side surfaces of the triangular pyramidal semiconductor
structure is irradiated to the surface of the substrate as
wider spots because of a level difference between the
triangular pyramidal semiéonductor structure and the surface
of the semiconductor substrate. It is therefore possible to
facilitate the detection of a focus sexrvo signal and so on
with the wider spots of light.

Also, since the ahgle formed by a feflective surface
of thg triangular pyramidal semiconductor structure and the
substrate surface of the semiconductor substrate is selected ;o
be 45° , emitted light can be difected perpendicularly to the
substrate éﬁrface.
| Having described a preferred embodiment of the
invention with reference to the accomparying drawingé, it is
to be underétood that the invention is not limited to that
precise embodiment and that various changes and modifications

could be effected therein by one skilled in the art without



17 body can be efficiently split by the reflecting mrror to provide
reflected light in tw directions. The reflected light in tw directions
carr be received by associated |ight- receiving el ements to detect a focus
servo signal in accordance with the knife edge nethod w thout generating an
offset. When a triangular pyram dal sem conductor structure is fabricated
on a triangular pole shaped step fornmed on the surface of a sem conduct or
substrate and applied to an optical devicé8having |light-receiving el enents,
light reflected by the side surfaces of the triangular pyram dal

sem conduGidia AhYCEYER tife | dpiaditabedstops Nox vl ancentidhass desinate as

w der spots "because of a level difference between the triangular pyram dal
sem conduciwrtisd appeuded aobhins surface of the sem conductor substrate. It
is therefore possible to facilitate the detection of a focus servo signal
and so on with the wi der spots of light. Also, since the angle forned by a
reflective surface of the triangular pyram dal sem conductor structure and
the substrate surface of the sem conductor substrate is selected to be
[err] , emtted light can be directed perpendicularly to the substrate
surface. Having described a preferred enbodi nent of the invention with
reference to the acconparying drawings, it is to be understood that the
invention is not limted to that precise enbodi nent and that various
changes and nodi fications could be effected therein by one skilled in the
art w thout



18 departlngfromthe spirit or scope of the in rn the
appended cl ai ns. 19 What is clainmed is: 1. Atr pdal

sem conductor structure surrounded by either one mmm stal pl ane
and a {111} B crystal plane and two {110} crystal

substrate. 2. A triangular pyram dal sem conductor structure accord| ng to
claim1, further having a step fornmed on the substrate, said step having a
triangul ar upper surface, wherein said trigggular pyram dal seniconductor

structure is fornmed on said triangular upper surface of said step. 3. A
triangul ar whatatsdelasesd derduct or structure accordi ng to claim1, wherein

sai d substrate has a substrate surface deviated by 9.7. froma (100)

crystal plane 4. An bptd ddiiapgples Eﬁﬁi‘iﬁ%qlngemacﬂ“éﬂﬁt‘é?nstttmﬁﬁu@errent a

reflecting mrror a.|| ceLvin l.e nt eflectlng mrror

I ncl udi ng Y rrrloélﬁaﬁ eJ'rtam dé’lngsg?n co%l tcrlgr3 gjflﬁ ansfeurrouﬁ'ded by

ei ther one @f113 bléﬁisfhlﬂﬂmiﬁﬂ ahbagfo ath & crystal planes formed on a
substrate.

2. A triangular pyramidal sémiconductor structure
according to claim 1, further having a steplformed on the
substrate, said step having a triangular upper surface, wherein
said triangular pyramidal semiconductor structure is formed on

said triangular upper surface of said step.

3. A triangular pyramidal semiconductor structure
according to claim 1, wherein said substrate has a substrate

surface deviated by 9.7- from a (100) crystal plane .

4. An optical device comprising:

a light-emitting element;

a reflecting mirror: and B

a light-receivihg element, said reflecting mirror
including a triangular pyramidal semiconductor structure
surrounded by either one of a {fll} A crystal plane and a
{111} B crystal plane and two {110} crystal planes, wherein
said reflecting mirror is positioned to reflect light emitted
from said;light-emitting element, and light emitted from said
light-emitting element and returned from an irradiated body is

reflected by said reflecting mirror such that said light-



{111} B crystal plane and two {110} crystal planes., wherei
reflecting mrror is positioned to reflect light emtted f-‘rﬂmﬂ:i’i"

d
light-enitting el enent, and |ight enitted f id light- Hrﬂﬁ"ﬂ
tgnt-emtting el enment, and 11ght emtited tromsai said r ,',! ﬂﬂ"’

and returned froman irradiated body is reflected by said r
such that said |ight- 20 receiving el enent receives the |ight et 'ect ed*
by said reflecting mrror. 5. An optical device according to claim4,
wherein an angle fornmed by a reflective s?éace of said reflecting mrror
and the substrate surface of said sem conductor substrate is substantially
[err]. 6. Aecefivifgl elawime recedrdsnghé Ol Medlevbed ey saildher one of
said {111} A crystal plane and said {111} B crystal plane is positioned
opposi te t FefAeeHing i WERA%ne of said |ight-emtting el ement, and said two
{110} crystal planes are positjoned opposite to said |light-receiving

el ement . '

5. An optical device according to claim 4, wherein an
angle formed by a reflective surface of said reflecting mirror
and the substrate surface of said semiconductor substrate is

substantially 45° .

6. An optical device according to claim 4, wherein
either one of said {111} A crystal plane and said {111} B
crystal plane is positioned opposite to an emitting plane of
said light-emitting element, and éaid two {110} crystal planes

are positioned opposite to said light-receiving element.



