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TI TLE OF THE | NVENTI ON SEM CONDUCTOR LASER UNI T AND
OPTI CAL PI CKUP DEVI CE | NCLUDI NG THE SEM CONDUCTOR
LASER UNIT 5 BACKGROUND OF THE I NVENTION (1) Field of
the I nvention The present invention relates to a

sem conductor |aser unit, and particularly to a

sem conduct or | aser unit used for an optical pickup

| L ' ' to and reading the witten 10
TI'}ﬂian#atl'll-EE #ﬂ&%m@rdi ng nmedium for exanple, an
SEPRUORDULCFOR SLASER ¥NIT! MDVPTICAE PRKUPVIDEVICE

npact disc (CD), an optical pickup
IN@bUDd&Gn’EIHEdSEQILﬂQN[Hé&T&R}dMER UBISr  unit. 15
(2) Description of the Related Art In recent years,
recordi ng nedia of CD type (such as CD-ROM CD-R and
BAUKGHOEINDDWF THE INVIENTION>- ROM  DVD- RW and
have spread, rapidly, as recording media not
(lbrﬁ'?lﬂo‘l’frﬁﬁtﬁ INveBtiRMi on but also for video
i nf ‘
& Pr@EeQ@QnWeﬁ'{tl c'gﬁéégfég%érgves ?c&ﬁdﬁﬁ?g%aser unit,

recor or wi
and r;fammauhaarw tto ansiennadnnlgjdtbe \rsiert anit glsfexd fratiam optical
herec rdin di a,have al so spread ra
pickisBl " prEREID o0t (0 DAL < toneanal o SRAIGT ik wiitten
inf@ha¢Rin FAOEK adFéd@rdin gShidan, rf@ﬂtékﬁﬁgﬁlé hayY®ptical disc

hi gher power for faster 25 recof di n

sucfens ¢ figidel yarsetilerdjssotPVED) and aammptaa:rhdhsasccahdand

to SFEAHCE 'l cRUAT dsich bR Tl ahiFaRdulidpr raser

unibptical pickup device is required to inprove the heat
di ssipation efficiency of the package for achieving
hi gher optical power, to increase the 30 integration
9% of pins for achieving

(2) e‘;yﬁ P@pgg@&ﬁiégapgﬁt’g Sce t he package w dth
forInacecemtngeaeducreoordmgl readidl-of CD type (such as

- CD-ROM, CD-R and CD-RW) and DVD type (such as DVD-ROM,

DVD-RW and DVD-RAM) have spread rapidly, as recording media
not only for music information but also for video information.
With the increasing use of such recording media, optical disk
drives for writing information to 'and reading the written
information from the recording media have also spread rapidly.
An optical pickup device that is the main part of such an optical
disk drive is strongly required to have higher power for faster
recording, higher performance satisfying both CD and DVD
standards, and reduction in size for a slimmer optical disk drive.
Therefore, a semiconductor laser unit used for such optical pickup
device is required to improve the heat dissipation efficiency of the
package for achieving higher optical power, to increase the

-integration density of an increased number of pins for achieving

higher performance, and to reduce the package width for
achieving reduction in size.
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A description of a conventional sem conductor |aser
unit in an optical pickup device is as follows, with
reference to FIGS. 1A and 1B, taking a sem conduct or
| aser unit described in Japanese Patent No. 3412609
Publ i cation (Reference 1) as an exanple. 5 FIG 1A is
atop VIeM/Of a conventional sem conduct or Iaser

unit nd FIG 1B_is a SeCtlonaYIGMI (section X-X in

o1 oA dRSCIPHTRE OE N ARYIONal SN can g Ucka’ Iaser unit in
an %ﬂi"ﬂlé@f“ﬂﬁék@ &Ié»?f e W@'éfogBﬂWé ”\C/ﬁc]ﬁeféﬁeﬁﬁg ﬂc?FIGS 1A

i ncl esi n_packag
andrle ataﬁlngcarselrﬂcenusmtarelam bat n@asa:rlbed |n Japanese

Patelt Nt~ ¥ B PuBliciudfrérarantei STa i Exameles

t he FIGaCKAg@ é']t(bp @néwaoﬁlar evinlveritioh8f 8eYhtbrdldctor laser
lig eflected froman optical disk;

roce E% t he
unif, eid E36dLLBgs aas@qthuonmds@@tlmh%ﬁ Ha EIGi do‘h) of the
H.g)sﬁ ed on the center of the 15 package
aaﬁl %?gﬁaﬁﬂ%%e Si ?con substrate 730; and a hol ogram
el eiféret smlctmvdugtar graaerng{matshaownﬂiﬁbFGGStslA and 1B
rn 750a on the underside

inc@f&éggaf@@aa te o ,n ?rtpt@?dgggrﬁw pﬁ@k@gﬁ,&e 10; a “silicon
sub%%ﬁb@é’”?@)@tﬁévh?@%" I%@rﬂq-recéwlﬁr ‘e'“@n%zér%t?#(‘ﬁoaeg@-ﬁ%ree

fromthe sem conduct aser is 0 reflecte

anglpwaeflestingenpacaadors reflactimg taserdight upwand afd the

Packaias it pahth o SRl o EEERSIRgnaRY PrOREEMTE the light

reﬂelcaeda‘im)nwrofmca andi; aﬁem@@ﬁdu@nopbagérlm IABinted
and arriyves at the ogtl cal di sk (not shown in

ontg; dhearllicorhsubsfrate7enderdisased rom the d:@nt@n of the
packetle POFRARA S ARCAN ypifatdomal | fhgos. Bhlogram
elenrmnﬂ |7g.ﬂﬁ haaueuguaw@raltﬁr@rpaﬁthl mamdtsmﬂotﬁm and a
oIy fHdPREESE wrade @ th ipdetsines Rectongher

oINS, GRS et N S R AGRT 80 On
aftas“eﬁheohghcttBESOl aseittadi frcsnrdeeUsemla:sncbmanndaaser 740 is
refi8RE¥E ufN&rd of the package 710 by the reflecting mirror and
diffracted by the grating pattern 750b, it passes through optical
components (not shown in the diagrams) such as a collimator and
an objective lens and arrives at the optical disk (not shown in the
diagrams). The light 770 reflected from the optical disk returns
the same path, and then after being diffracted by the hologram
pattern 750a, it enters the light-receiving element 720 integrated
in the signal processing circuit.

Two major problems to be solved occur when trying to
achieve the higher optical power, higher performance and
reduction in size of the optical pickup device including the
semiconductor laser unit structured as mentioned above. One

problem is to improve the heat dissipation efficiency for higher

-2-



10

15

20

25

30

problemis to inprove the heat dissipation efficiency
for higher 2 optical power, and another is to reduce
the pin pitch for higher performance and reduction in
size. Cenerally speaking, an optical disk drive for

hi gh-speed recording requires high power |ight of 200
mNVor nore emtted s froma sem conductor |aser unit.

.n_order to achieve such hi gh power |ight, the driving
: OPbEF‘Fd?QWSﬂ m@] |apekhends| i resliice the pipericmiforehigher

peFf'Eﬁh?é)ﬁcélaSﬁé . t‘i@H%ntE eliability thereof

decr eases. order to sta |ze the driving of the
| aséiermoallyhspeadxamggeaarametd:aln dibk dabez IO High-speed

reciahaEeR kst highy BRI Lo F cE R et O kaGre pmitted
fromncd udeniddved netdedgsétumrde ph dfdh tof abRYEVEE B high

conduct|V|ty (about 0.5 Wnideg), its structure has
Poweghlighér die dréing emcre*eanéh he nases 74O dntreasas, the

[ [ I n
tenfisehalyse! RAE BB | <80 R, (M0, LAY, iy, thereor
deare adles . abdmea nobart ltorrethmulzeememmngejﬁ tl@@dla@é@rMO the
l.aser unit ing to reduce the w

healf SEmSTREEHal0 Wi 1a5R8 74D DasetorbR Atm Pared REfiEiNtly.
HOWE%?V saﬁ@éfﬂf%é%gﬁﬂéﬁgd EBﬁK/eﬁ&rc?r‘?ﬁF‘%%‘f"nhconductor

al t ough there is a nee red

~ laser dle"rlttloca@d%eth&e;)amcagweo'a‘l@hmqmmfgee:ﬁ@l Mdoamcthermai

I d b
congfUETR, (AER0 T sk, RscstriichBe of9s Bidlh thermal
resistdneid, on hbely Hifd e s4tHendfsicyeny Hidi U%&lbatwt a

descrlgtl on of a sem conductor |aser unit whi

sol s dﬁétfgnobwélﬁrbftrmgoxton@“llfuatunnzgssutb@t .p:ackage 710
havgéb' Ctﬁé‘cystfrﬁlétﬂ\“@ 125 £t rbecfve%ﬁﬂf%%gjecg%ﬂjSgﬁoﬁﬁemlonaI

a sem con uctor ser
semnza:pmmscd:dralas—emoamPatm lﬂpWh@attlrvmg’ttbl redbicenti®.width

of §if RACKAGE 4 LsbrtBeniA fé‘é’sé‘zgéﬁnatﬂﬁ{ferd%?w%éd'f& higher
perfiﬂfrﬁéﬁ%elflmfit@d 2BThatisSBelheke’ b d PR HE e is"a need
to reduce the pin pitch in order to reduce the width of the package
710 and increase the number of pins, this is limited to about 0.4
mm in the current processing technology, and reduction beyond
0.4 mm is very difficult.

Next, a description of a semiconductor laser unit which
solves the problem of improving heat dissipation efficiency follows,
with reference to FIGS. 2A to 2C, taking a semiconductor laser unit
described in Japanese Laid-Open Patent Application Publication No.
2003-67959 (Reference 2) as an example.

FIG. 2A is a top view of a semiconductor laser unit described
in Reference 2, FIG. 2B is a section view (section Y-Y’ in FIG. 2A) of
the semiconductor laser unit, and FIG. 2C is another section view
(section Z-Z’ in FIG. 2A) of the semiconductor laser unit.

The semiconductor laser unit shown in FIGS. 2A to 2C
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30 the sem conductor |laser unit, and FIG 2C is
anot her section view (section Z-Z in FIG 2A) of the
sem conductor |l aser unit. The sem conductor |aser unit
shown in FIGS. 2A to 2C -3 includes: a sem conductor
| aser unit 800 including a sem conductor |aser; a
photodetector 810 including a light-receiving

a net al, substrate 20 on which the

'nciléﬁ?ﬁond@ct oFCMUSRPAYSEOr 800020 t HBThhoBO&Lt ett@Wrding a
serdiCod B eiaddi A hesighotbabtatab3%tp chimdadiy  a

aperture forned i'n t ere the sem conduc
lightreceiving seEment; ha miedabdetbstrate31828r omowttiett, the

inted wiri att is,f
serfiicdibfifedt MAdBCditel Bt P ahC s | Bnotedstesfd 810 are
modtmeet; BNt Pnedis S rdue 1830 VeBRTh Wid ahsapaPeteféFmed
10 d|SS|pat|ng the heat generated in the sem conductor

in thge@res r\whieskt |ti7=efrsﬁﬂ1ﬂmndu§§@rs|kaeseﬁ umig 800 and the

photitie(ibr L0 HX mBaREEN” " PEEE PIBLEENALIRL battern
is fbamkdpandPatteich Bpptooatedoubld eadtainshbstrate 820.

08- 22753 O&Eefere ce 3) discloses an %)tl cal  head

devi @Flen SEMRIGINFHEPIC Hnikig ggpable of
d:s@i‘iid%h?& P 'rﬁea"t“g%"h%?' a?Bd2 ll‘El %h% m@gc?u@%@”tﬁaser

are nounted on the plate throu

effigientlie fogpmi <té'e|e &l reghersideanf the metaiblsmtmtlratedSZO and

thefafdit coRing ellie: Tty car Hoth GRing oheats Jissiaation

eﬁﬂjeﬁ&ﬁerence 3. The optical head device shown in FIG
3 includes: pl ate 900 made of netal; a flexible
pr.Jﬁ@an@ﬁﬁcuwld@@emm%te%t abplication oheblcasiasr No.

085759 31 B3 VB, QBRI 8L IOFRH ich

- a fledibleprintédetierait hed0g %@cﬁuﬁe%@;amum ettaohtbeon a

platf 6pticel €l EBkneate L RIOWNESH  PEathEomase: BArpagDs the
not@lﬁeﬂhﬁ%?t,olﬁgﬂ&aih@'@ﬁﬁﬁta? elements and the flexible printed
circuit are connected by bonding wires.

FIG. 3 is an externai view of an optical head device
described in Reference 3. The optical head device shown in FIG.
3 includes: a plate 900 made of metal; a flexible printed circuit
920 which is attached on one side of the plate 900, and on a part
of which a notched part 910 is formed for exposing the surface of
the plate 900; optical elements 930, 940 and 950 mounted on the
plate 900 through the notched part 910; and bonding wires used
to connect the electrical connection parts of these optical elements

- 930, 940 and 950 and the wiring of the flexible printed circuit 920.

Since the optical elements 930, 940 and 950 are mounted on the
metal plate 900, the optical head device described in Reference 3
has the high heat dissipation efficiency.

Furthermore, Japanese Laid-Open Patent Application
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' prolbggé{] ohi {§ ugngl thEheP& r B
. serhRIAAUOIdr IRRsEr badid Nis R@{agb ®se o &ﬁ%ﬁpéfﬂﬁd‘gtﬁe heat

930, 940 and 950 and the wiring of the flexible
printed circuit 920. Since the optical elenents 930,
940 and 950 are nounted on the 30 netal plate 900, the
opti cal head device described in Reference 3 has the
hi gh heat dissipation efficiency. Furthernore,
Japanese Lai d- Qpen Patent Application 4 Publication
PUMslicR00R- N@%@@Zﬂ@%ﬁmﬁkéﬁer@'r&@ 258fisc|e£X éﬁa ple,
a sem conductor laser unit which soI es the pro em an
a peficongluctes [asenpunih wiFidh solvesathexprabismvotweducing
f]‘.&l}puctor | aser unit 5 described in Reference
th% 6% serfi conductor laser unit showmn in FIG 4
i ncl BH@s:4 aigveiralextdrard ¥ROQ; of 4| §éhhb@n@md“tg€?dlaser unit

circu 3% i ncl udi ng_outer sections 1010 an
deﬁ&ﬁ@?‘%fi;'@ efegencde hE&%@eml@an&wt@@rhasafsumdgshown in
A | 500 -
FIED kN S metsiafo>sabeRnsple iffed iy 1040

ingudémgoduter santemnseb@ilﬁnanmb@nchnsgeiselcmrcms i1020 having
IS

o B 5, SR SRR G55Ta ‘b Encctor
lasalro¥ 85T NhineN ed |igdit- ﬁ@é@i’whgfelé‘m@nﬂiﬁ'dﬁo nelydiddthe wire

the flexible printed circul as a wring
pltgnb@,E thecottet sratiensfl018 iscaetilaggenin wonsideration that
; I € f.. sal yj bl em of
the A E ARk B S . itebiEnBeficF TaRcoptical disk
drigem conductor |aser unit is capable of dissipating the

hea r@g srat ed in t hedjem' conductor | aser 1050 ]
. ef fliG eAPPYer MentineedireRimdrandsictone lager unil dngluding

R PP ARUAE A4 0 B Ap B e capapte o

di ssipation e
rediuVeEgT itoR mum/qmchheaadarthetrlaéofel tapahde dofinveatking the
abov - descr.i, bed conveEtlonaI sen1éonductor

¢he ofNt RAJEIPRon&iRESr this

reduce the width of the whole unit fo
generated in the semiconductor laser 1050 efficiently from the

' underside of the metal island 1000, another problem of improving

the heat dissipation efficiency is also solved.

-SUMMARY OF THE INVENTION

~However, there are the following drawbacks in the
above-described conventional semiconductor laser units.

--In the structure of the semiconductor laser unit described in
Reference 2, when trying to reduce the width of the whole unit for

-miniaturization of the unit, only the width of the aperture of the

resin substrate 830 needs to be reduced. In other words, only

- the area where the laser unit 800 and the photodetector 810 are
-mounted has to be reduced. However, as far as enhancement of
. performance concerned, the area where the laser unit 800 and the

photodetector 810 are mounted can not be reduced. Therefore,
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- joi oWhic 1'?13@ gg 1t difficult to ensure

mniaturization of the unit, only the width of the
aperture of the resin substrate 830 needs to be
reduced. In other words, only the area where the

| aser unit 800 and the photodetector 810 are 30
nounted has to be reduced. However, as far as
enhancenent of perfornance concerned, the area where

enEnEehaESh ook 403t e AR £ e Bscrbea In

Refenénoedlids avot aaplabllleldfzbbladmelrfgo@(ﬁlgfted?tg@ in size and
eI STBaRL TR TERaBCEnd Lo AAdIERToNEhBRe is no description
in PREfEFERAEED b%cﬁ.ﬁd'at'%mlwﬁﬁ%c'térn%é@scuhﬁt '|HFIudd*?Igg an

Ref erence 2 about a sem conductor |aser unit
opéicad epement «ugtenas sacldiffsaation” fgeatingn giTatémefore, the

* seIFBIos ke R TR RSPLLEHBad T nablrbrie S 858, bfotner

prebrmnttat a 1oe dyptied|idlehhenPPtbadé meivslted | IrYQhe optical
annot be firmy fixed in the package when consi dering
'Sﬁﬁ ﬁ@fe @élﬁmqg/blenflé'gﬂﬂtﬂﬁﬁdom thenpagkagsl wdneamrmrﬁldermg

escr %ﬂkét?t'ﬁ&% etﬁ‘éﬁf:‘éf %%cﬁfbb‘f?dgi}@%%ugf\‘f{sb slimthe

opt iloalthkeeatrbetuns eof e fdphichl eheadntdalicer ddidcrf?®d in
ough t he eat

RefBHeEites ol E??ﬂ?f@@pgﬂ?ﬁ Afina s e Optials heakk harause the
fleﬁ'bﬁlgﬁlﬁlﬁtéﬂecﬁ‘@ Oéxtaﬁde'@fecrf&gylaté‘ dq-?tg@ J%'(I)ﬂ{bugh the

he Op I cal Eead eVI ce I's nanu ture
heaat pdtﬁrsaplatgprbf affigie ngg (|sotenbanmdi nbelaudieagthes)optical

th I, €l fo
elefREhRS ArBuidfabRh. i e BIFTE 300 orithedditisn cbite gptical
P R T R e 5 JO NG b | ATty OF MRS (not
shoyri (Y fhepedingsams) sicantaining t Hhreoreptical t elements.

TReIBOEENALSE ik aite 058 HREHb BT BiBERs hmpuntes
on &he - phatd i YDO- beeepuilaged evieht dLEOwden nEHitiedlusihgs are

di {feren ortions, and the flexible ﬁ:é nctigglrgdr %l,llﬂlotpe "
rties

stably.

Furthermore, in the semiconductor laser unit described in
Reference 4, the semiconductor laser 1050 (light-emitting
element) and the light-receiving element 1060 are mounted on
different portions, and the flexible printed circuit 1040 is attached
to still another portion. Therefore, the process for manufacturing
the semiconductor laser unit is complicated, which makes it

- difficult not only to reduce working hours but also to ensure the
‘positional accuracy. There is another problem that the working

processes become complicated and thus the adhesion strength can
hardly be maintained because the top end portions 1030 of the
flexible printed circuit 1040, which are electrically connected to
the semiconductor laser 1050 and the light-receiving element

-6-



25 to still another portion. Therefore, the process
for manufacturing the sem conductor laser unit is
conplicated, which makes it difficult not only to
reduce wor ki ng hours but also to ensure the

posi ti onal accuracy There is anot her problemthat the
d thus the

d
108 84 WireChRERI ot BRThaBCHYOR I A b ctingaed to

thd heetidpsiemd POODi ons 1030 of the flexible printed
(of rcw t. 1040, which are electrical lé connected to the
sem f

Ro¥ieue e thasabovespreblemse empadimends vohghe present
mV‘é'nfﬂB?'f‘%eetholgﬁngH’ Y %%pkﬂ%ﬂ'd ’tofar andﬂmggvrﬁgﬁmgcﬂé%ves

and

betiertlmeahubseumm eermcnenbga,dlmdmrtcsslomf mhelzw,ehdagher -density
it

kK t d m conduct or | aser ,
!nt%\ﬁy{tﬂé chi T.\e/e pgbc{)r]g\r” f §’S| p&t i of Ustrnese light-
emittihgltéosiving Slément aher acéﬁﬁﬁjlb)’struﬁﬁ.ﬁ@fﬁir' é’é‘s@fassembiy

opti,cal, el enents, a dust - r esi st ant lig
oni ¢ {4t ecaSRERy Aermihe, BRESENS wﬁw@némmmrmldes a

serﬁﬁ%ndi?ét%‘?bb’seﬁtfdlfséorﬁ??ﬁ‘f of4 tlﬂ%t%%%%% hgvﬁ'g:f'émﬁrst

provid sem conduct o
recgssad postienhizviengeatifalrpart oécaarssmqumsuriace rmfathe metal

piafEr Bt PIE 1] cLROB, PR ERs k1 B Bnn PuECh et
apeanhdre pfosnts:bnedp@m ttheeflmtsrécem“wﬂ portibe, fdndlis RofssEboth
ends and_in contact wth

endand i ed S%%@%@n&%@tfiré '86§S8eFaPPIi®N AR a pair of side

surfafdAce il thetart@hd! & eh?ﬁt emitting/receiving_ unit which
light-em tting/receiving uni
mChU.d(gﬁﬁ adightrendtting edementdand 15 bght-rrecelwnggeielreanhtand is

e e I R T

fraraet having side pdrtiensi dadpartbpopertidn the 9°dé'fbdrgicﬂf‘s fixing
X1 e

f"m:ﬁ{’]f bR Sl it iares ot e mellabaate . the rdexinle printed
circaitr hasies, |é hf comtaer WRA theVsine Jurpsoss Qﬁér h% > *partion

and being placed on a protruding portion of
.havm&@esgéonﬁlaap@ﬂéreuarm breéagspslaceﬁo@n.amroi:rucbmgrmmuon of

the }’P‘ia%brlg lt%ﬁg ?c?rtfsi%rtttggggmdréé@s§§&%bqtl%ef§ Yoter8GoRith the
top portion and the second aperture faces toward the first recessed
portion; and an optical element which covers the second aperture.

The semiconductor laser unit according to the embodiments
of the present invention having the above structure achieves better
heat dissipation efficiency, reduction in size, higher-density
integration of optical elements, a light-emitting/receiving element
which prevents to attach dust, gas of an adhesive and the like, and
-easy assembly.

The protruding portion of the metal plate, surrounding the



portion; and an optical elenment which covers the
second aperture. The sem conductor | aser unit
according to the enbodi nents of the present invention
havi ng the above structure achi eves better heat
di ssi pation efficiency, reduction in size,
hi gher-density integration of optical elenents, a
firdti rpoesseid pontibneeoeay iay eleseodbndwe cds gy pentisnt Baving a

tach f dhesj dthe |lik d
defitl frdatéliino e tyEBrBS: ab tRer i pastiomaf dBecframe, so
thatl thiee top U o AW TTtHE Gramé 14 fhcEACBRSATE RYAIY reBBYsed

qave a second recessed portion having a depth greater
POKIKYh the t hickness of the top portion of the frame, so

t hat r . f fr [ of. .t ;
Lhat e bancaprLaRer ey YA |3, WiAteth o Miagiing
incideyat ighty for diffracting incident light. The netal

pl at e, may_ be de of tal ipcluyding copper.. A second

aspe theo%?%é'@?ﬁ%&ﬁﬁ%}ﬂ%ﬁw%%ldsgﬁééinap@@eaer-

pi ckidpsdevnecaSpBRE iofi the BreSEhE ANFBIGIioh ;}r%??&eg%ﬁ optical
. Wherein said sem conductor [aser unit i1ncludes: a
PickHPal EPMIGE hagatgPriging r star eceeéeonpdueiamn i flaser  unit,

SR S P3eim BB Bie M AR el & it Bling
a fiasdracessedtpayton in ea mesitralopad of dmeifperssurfacessédaid
i.n contﬁct W th

ri.on. d is bent, af .both ends and
mefflbiedfs o fexible diisd pirkinaPRRAH uiifing: Betiems, and a
firsbaipfert@® positdbdedrdmlthel kst récessed portion, and is bent at
‘_II h -em(it,l ng/ recei Vi ng unit which includes a ]
bot i‘%ﬁéséﬁ {7 fPrdpskevith 4he Arsti aessatporiigneardenpair of
idé i | St heae: nant | :
sid@ Mt e ASSUTAIEDl 2l IERESARRURRIHAl S ymicn
 incladespa gightremitting etémentand enkghtxeogivihgrellement) and is
_ i d ugf ac f id netal  pl at aid.flexible
plagdl, Shathe il Feafpadd) Lomfiofoislich B list chgridre: a
frameriiaviegy side portioper 4hdna tbpvpoEticn SEFO@RIJERSEAISS fixing
nﬁgfl be n% pl.aced on a pigotr,udl ng@portl on of said _
firmbyr g Hieusddeosyrfacesnal saidimeakplaie. sidi Baxibje printed
circGfty WHehWd Nnt B¥ntact with the side surfaces, the top portion
“having a second aperture and being placed on a protruding portion of
said metal plate so that the first recessed portion is covered with the
top portion and the second aperture faces toward the first recessed
portion; and an optical element which covers the second aperture.

In the semiconductor laser unit according to the embodiments
of the present invention, the light-emitting/receiving unit that is a heat
generating source is placed in the first recessed portion of the metal
plate. Therefore, embodiments of the present invention produce an
effect of realizing a semiconductor laser unit capable of achieving
better heat dissipation efficiency. In other words, embodiments of the
present invention realize an optical disk drive which can be used at a
higher temperature than ever before.
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top portion and the second aperture faces toward the
first recessed portion; and an optical el enent which
covers the second aperture. In the sem conductor | aser
unit according to the enbodi nents of the present
invention, the light-emtting/receiving unit that is a
heat generating source is placed in the first

r ecedpditepsemicandiictdrel aserainit @oatordifg ¢o eher embodiments

h d
of SREBIEERNT iy IR nd s, NeSidR- 6infee giemit are
berft andithe framdeixed bbaterdts soptdtomess b€ iigontalch along
ot her Wogﬂa ?bodl rregt s of the present invention
a palf iofesige spiifaaes apkither m%takmlaﬁecéfrh%r@fgséd the Hexible
prirtadecircamP aoisUhot t ok rRY & tign%% |ga$h;5|'&kpr% device in its

sem conductor | aser unit accor
th'@ﬂ(nﬁ% girestion, | ane thusnit lbechmajposslblleetcﬁ laotiibve a slim

it are bent and the frane fixes both
ggpggklﬁhzﬁ ﬁgy are in contact along a pair of side
surf Sieseothé hﬁramae atoperd ethellrgittt onsitiridreetering! amt it
begrl nted ci rcEf oes not extend off éhe opti.cal prck
OMGR iRPSSIRIe { [P c IS ESSr e8P rYn, © né‘uﬁﬁuéntq the hght-

enﬂﬁmﬁ’gﬁécéﬂﬁﬁgbhﬁltt AN INSYENBNg tHB Ui GHd R YRser unit
in I'i?’@nto Sincé the frame covers™the

Riteak inigkvpc dievieg. uBherefme btcbesones spbbeille to
o ehop FERLP M WRChath Hakle Rbopseties.
seni Eanthertord, ssieceuttié s einmiciomel Lagibt dabeplmuaccordmg to

0 S BR85S or BB SRR et o 2Lt Hiring

fleXibie hesrimterd  irmest,t he %ﬁmcbﬁf éﬁé@[ Wt trealizing a
according to the enbodinments of the present |nvent|oﬁ

SemILon PP - A% URit iwgichy ladlaws dnpegratien cof @il dncreased
nuﬁl'b@US ﬁé‘)f "Righed Ez?ﬁnlrh?ér‘i‘@? An Stﬁﬂ]e?oﬁgytgé,o itu h%g?ﬁnes

uni t aI I o [ nt gration an 1 ncrease
possibpe ﬁie I”fe@lizmgher performance. In other words, it
beconmes possible to realize a -8a slimand

mul ti functional optical disk drive.
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In addition, since the sem conductor |aser unit
according to the enbodinents of the present invention
i ncludes optical elenents for diffracting the |ight
emtted froma light-emtting element and the |ight
incident to a light-receiving elenent, it is capable
of integrating a diffraction grating and a hol ogram
elenment into itself, although they have been nounted

JJimsant naukidunctinoat optidadsisk whrive. convent i onal | y. As
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t nhod nt f.th
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g‘i‘éﬁﬁf’gngoh}eellg}gf@raﬂ feiaﬁd%dtght eaditing @rhemamu and the
Ilgilﬁmrﬂcﬁéehheéo @H’@ﬁ't r@Ee?\ﬂg@‘)@I%?ﬁénPflta}Q d%ﬁ:ﬁét?l%' %PJ%%Hatmg

a@gb_ hefefore rediices cost’s escri
a @thpﬁegé%ﬁgl aagk @ bolegeamr esementi intenitself, natthough

t n per f Qr
th%gflductlgn t{%ﬁ]& Erg&f‘?tfegf sglrﬁ%ggkdu%t & rﬁ%%i}%l%ﬁs{ I%%?r unit
canentwnaiige 4s @asgsul; a!;hsemﬂmbedrmeumsiuctforthleas;snresent

B B AT, o 60T o
wfaim:butedmd&mﬂhelnmmrdfuﬁdnftnbﬁém% oRapl d:p‘ﬁééapﬁlskt Bfive. In

g iscl os B nese Pa Fnt | i cati on No.
othgg JuaT §,| iI4bgRO %&@%qug e 480 @m@,q@nlconductor laser
urﬂpﬁmathcﬁéd@ébs dhavhafherof %ér%E@f:gBE@EﬂC%% Rigkup

herein by reference inits entirety
depjicepnorharRisyerreducansastier obj ects, advant ages

and jeat t vept i o Ll Parent
P STt 4 b b BETE P brosen
_ln\{ﬁ:fﬁjltllmmﬂobnom}t tmele¢ Hoeonpedyg Hgr dhimhergpddiatmance and

R S L T N T )

eas?rtbeaséemme | 3eehicomtilctees Cradesd 'u'mﬁefv@l"tﬁncﬁlglh 9heat
a section view (section X-X in FIG

d'%@“'@ﬂrﬁfi‘ﬂ‘?%ﬁ&l agdiite practical Vel is ey h}l@bcrl bed
in 4 efiRReSr linformation about technical background to this

application, the disclosure of Japanese Patent Application No. 2004-
298498 filed on October 13, 2004 including specification, drawings
and claims is incorporated herein by reference in its entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, advantages and features of the
invention will become apparent from the following description thereof
taken in conjunction with the accompanying drawings that illustrate a
specific embodiment of the invention. In the Drawings:

FIG. 1A is a top view of a conventional semiconductor laser

unit described in Reference 1;
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FIG 2Ais a top view of a conventional sem conductor

| aser unit described in Reference 2; 5 FIG 2B is a
section view (section Y-Y in FIG 2A) of the

conventi onal sem conductor |aser unit described in
Reference 2; FIG 2C is another section view (section
Z-Z' in FIG 2A) of the sem conductor |aser unit
described in Reference 2; FIG 3.is an external view

of &I éiamlgnﬁ e pen culewetsecliond¥vXidndEde.i bAJ of the
comFeSEIBNGH semitdhdbictsr ﬁ‘é‘sé?‘ﬁ:?%eé’dr‘?ﬁ’gafnﬁiﬂ%gr?ﬂce 1;

conventi ona sem conduct or [Faser  uni't escri .
Ref dllenc2Adis &lt@p Yhewsof & costvenipbndbdepricnegtictsr laser

w of,a, se onductor laser unit of a first
un'érfi FRRC. Enlge&pf;:ngg s a second expl oded

per spext bpe |§'£V§@étléhewéﬁ”£§@&%ﬁt Lyt HeF] ani %A?fof the
the first enbodi nment Is athird expo
comanrfiestl semicanductor lasemunihdlesaibedsier Referente 2;

Senf SGnatcc B o NRRBPH atatTan Ve Gl Ztln i 2a) of

the%@nfﬁBnldSJcttOﬁrlié@e‘rl @i tofl e 5 bE bekiTi s Rshediepicd @ser unit
E first embodinent; FIG 7 is a diag ramshovmn
ano ér 3l e aremxtenal viaw caf ae@@m\éﬂﬂtnqnad optlcal head
r ich has the sane effect as
de\ﬁgglcﬁat ontahled? rsrégrl(%%o%hnent; FIG 8Ais a first
expFb@edt peraslpe&:xtemadl eiewfofaa senveotibcabsenakmnductor

nit.of . as dinent; FIG 8B is a second
Iasé&b’lr’dg CIPI gg?@F%ﬂF%fﬂ he semi conductor |aser

uni F1@f tﬁm Si%COEd argpdidEiodetd sggeﬁé ived Vi d of a

expl oded perspective view of the uctor | aser
Semuf|¢OmCB4CHGfe!a§@j'oualtamﬁo’:tufrrshtemfblo@hn%nts a top view

of ENg. S8E GRMUICLOEhE Uxpiided” pEtEpectiie view of the
semiconductor laser unit of the first embodiment;

FIG. 5C is a third exploded perspective view of the
semiconductor laser unit of the first embodiment;

FIG. 6A is a top view of the semiconductor laser unit of the
first embodiment;

FIG. 6B is a side view of the semiconductor laser unit of the
first embodiment;

FIG. 7 is a diagram showing another placement of an optical
element in a semiconductor laser unit which has the same effect as
that of the first embodiment;

FIG. 8A is a first exploded perspective view of a
semiconductor laser unit of a second embodiment;

FIG. 8B is a second exploded perspective view of the
semiconductor laser unit of the second embodiment;

FIG. 8C is a third exploded perspective view of the
semiconductor laser unit of the second embodiment;

FIG. 9A is a top view of the semiconductor laser unit of the
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second enbodinent; FIG 9B is a side view of the

senm conductor |laser unit of the second enbodi ment;
FIG 10A is a top view of an optical pickup device of
athird 5 enmbodinent; and FIG 10B is a section view
of the optical pickup device of the third enbodi nent.
DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) 10 The best

node. for garrying out the present invention is
Se%k‘iﬁrﬁg’@ddﬂ? mith reference to the drawi ngs. (First

Enb g4 )icFh I, ] i i £

e ot Carpad o e Yy O RE I BeGir, Mber Bnit OF the
seqargbeshodinshgnd FIGS. 6A and 6B. FIGS. 5A to 5C

s EXCh P ORI B Kk ob e rical Bi AU PGS 8f g thir

embiceipént;hgngem conduct or | aser unit of the first
di_ment and FIG 6B is a side view of the

enbo

senfdGadiRBJs 2 sestiamviewr of iBe optical pickhpodenisr of the
thif@%rﬁﬁ@d‘? tor laser unit of the first enbodi nent

has an~ "easy-to-assenble sinple structure, and

achi eves easy heat dissipation, high performance and

' [ N_S] sfructur f th

pESEREBTIMGOH 1Tk BREFerRED EMBODIMENE S )en:

S ' W £k t ial t 2N i i

perggggﬁﬁd\fﬁg\?g S?FFF%FSﬁ@ to ;SCEfPIéFir}:r?rst, atgqgﬂ'g\mlon 'S
descritrRGbaaw whight refereece bd theedecamtingls. portion

(hereinafter also referred to as "a recessed portion")

100a in the length direction of a netal plate 100 is
(Firshi Fvpdyodif@enthat of 3o both end portions of the netal

plate 100. A flexible Erinted circuit 130 with an_ .

apeftrigteths semicenductandasee uhitaf dhafisshenthadiment is
des%gﬁqdéafvﬁﬁiﬁé‘?ér@no@ B FIS. 'sh b 8ENSHAOPIERE 68T 6B,

FIGS. 5A to 5C are exploded perspective views of the

- semiconductor laser unit of the first embodiment. FIG. 6A is a

top view of the semiconductor laser unit of the first embodiment,
and FIG. 6B is a side view of the semiconductor laser unit of the
first embodiment.

The semiconductor laser unit of the first embodiment has an
easy-to-assemble simple structure, and achieves easy heat
dissipation, high performance and reduction in size thereof.

The structure of the semiconductor laser unit of the first
embodiment is described below with reference to the exploded
perspective views of FIGS. 5A to 5C.

First, as shown in FIG. 5A, the thickness of the central
portion (hereinafter also referred to as “a recessed portion”) 100a
in the length direction of a metal plate 100 is thinner than that of
both end portions of the metal plate 100. A flexible printed
circuit 130 with an aperture in the center and the greater width
than that of the metal plate 100 is attached on the central portion
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100a so that the aperture of the flexible printed
circuit 130 is positioned on the recessed portion
100a of the netal plate 100. Note that both end
portions of the netal plate 100 are also referred to
as a protruding portion 100b and a protrudi ng portion
s 100c hereinafter. Next, as shown in FIG 5B, a
106i|icon substrate 120 on which_a_sem conductor | aser

3 RBukhal the raperture ofqthe flexibie dydpgedpeincush 130 is

. t.al X
posmel SRAE et pHiRd 0n shensepetieatlts 100,
Notm thet thbwoth oepdr tiamsoiSeof t tleei nMmetalp@lateond 0BOaref aiso

refbifed 48 38 € W OLRuAg SrionelBPb.Antes protiuding Bortion
100¢ n—péﬁetiné?&,-i_ n the length direction are connected to

the termnals on the silicon substrate 120 by wires
140Nexdxtas shompvin FEGFIZB, 8Gsiliaen pabistrate t10 on which

o KRR SEIA: 1 Aty 1M ERbS3R, 4 Hissec
pontlcat e1008. of ther deetdloplate IGO0 heniouigh tthedfapgdi@ure of the

flexible printed circuit 130 on the sides_ of the netal
ﬂe)ﬁbf\%epi eq Hirculicebd@ panambn thsoXaTminaisndanl the two
. : iy ¢ _ . _

portei€ (S0t (e oMbl 30B,GH thE AR VAR Arcur
13GHe Ftes54g pocatedh a0bside® afhéheebgentlaceofOkhé sflexible

. d_w f 150 which is | h h
prifE GEette, a3 Gn' 1685 IOHheIFERHRN AT COIPEiRE Hes the
termifibls ohaped gifliedh sabstiste A egopates a4@e | ength

direction, so that the side portions of the frane 150
ar eNexste o8 howen IndEEGefS Ehdheepartiaft tha dtexidle peinted

circhlit 1 3QGMER eRBENG i tHE ple i plateP PSR Bdrtialong the

side];sDO.f ﬂl'i:tlesmn@tdo : Idptzt;]elwnleld tmg:otd‘@ztgﬁiﬁggw Bteint_qﬁatt{sﬁof the
[ S (he Vva e o al ne a I N W Cce e

f iexmﬁ'cnﬁﬁgst@cbﬁ?‘w 430 om the sidesecar ghecrmett%mat:a 10Q, the

recab i GEgton O o e HBLaThrpt JOROL (B vt
metiadi framef 1560 hend ngo i itops plgntim wain dgsice tpetsodd0b More
spegﬁgca]]?ﬁc)chgf recessed portion 100a of the metal plate 100 is
covered with the frame 150 which is longer than the recessed
portion 100a in the length direction and has a “U”-shaped cross
section orthogonal to the length direction, so that the side portions
of the frame 150 are fixed on the sides of the metal plate 100, and
thus the bent parts of the flexible printed circuit 130 are firmly
fixed on the sides of the metal plate 100.

It should be noted that the inside width of the frame 150
has the value obtained by adding twice the thickness of the flexible
printed circuit 130 to the width of the metal plate 100. The
height of the frame 150 is greater than the difference between the
height of the end portions (protruding portions 100b and 100c) of
the metal plate 100 and the height of the recessed portion 100a.
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the nmetal plate 100 and the height of the recessed
portion 100a. 12 The frane 150 covers the netal plate
100 so that the top portion of the frame 150 is
positioned on the protruding portions 100b and 100c
of the netal plate 100. Therefore, the frame 150
covers the recessed portion 100a so as to keep the
space above the recessed 5 portion 100a of the netal

Th%ﬁéemqokﬁo (GOVRTH ENermetA HAkeel Q8o taatathegen mostion
of e HRS 15.0ls PosifSReSPEN Bk (POENLARE Dotng 1g0b ana

1006@fvitice mekal platget OOhanThleee&pm,t the fozﬁmmti 50 aowers the

oo A R BB B e e e

por@ibh CEH08! S BAL rlﬁQal'}!%fce &b@ St;II Céaa?cngﬁ It frame 150

sen conductor | aser unit of rst enbodi nent
hasiestrapestune rior heetsen wift H:Sr &0pr poctiaro whids. fms the

recBRdeBbofoieahaR: or ks Bl BBl SpfieptdE6 iicn is
largebadiarerthe apardaset b theefedme arso 480fiw |9h fixedasie the

of nlcEeI- and gol d- pl at ed copper and has the
UPR&IC S4LEACE oPF | the f00R9 ot pRdSe nthats thenapgrtpaet is nevered

Witﬁﬁdﬂ%??g“ﬁ'gé'éfﬁ%?{t yYapt of the first emnbodinent also

Silicon substrate 120, on which the
senN@xtdud'te)rstlraseturam tbezse%rcmmthoaﬂMSaer unit of the

irsE SR et Rk Sol BEIE T 3h0% DRl WIBE rlEibhce to

FIGQhogndghgcggng circuit and a signal processing
circuit are integrated. The sem conductor |aser unit

of ABRe desstibedbowitientefi¢eance ndbudeEGEhe FA estobl BC, the

senfEHGal st g ot 0 R RER e B0 the

meaaa! pl:dbe! miode, wBith tisemede ofLAKkéli-cAndr ?om@dﬁlatfecgeb%per
and ectrically connect the sem conductor |laser 110
and’Rasshe FeresSedqontian io0adormedindisential mait. ' The

serrﬁ't:b?ﬂc'i|.¥ctt%ﬁ’(e)la%i%Ir g@ﬁg:ngggﬁb fl{§¢‘urtﬁ%?ﬂéq+t°5%o ificfldes the
silicon substrate 120, on which the semiconductor laser 110, a
45-degree angle micromirror which .is formed using the silicon
(111) surface, a light-receiving element that is a photodetecting
circuit and a signal processing circuit are integrated.

The semiconductor laser unit of the first embodiment also
includes the flexible printed circuit 130 in which the wiring made of
metal such as copper is sandwiched between resin such as
polyimide, and the wires 140 which are made of gold and
electrically connect the semiconductor laser 110, the silicon
substrate 120 and the flexible printed circuit 130 to each other.
The semiconductor laser unit of the first embodiment further
includes the frame 150 which is made of metal and used for fixing
the flexible printed circuit 130, with its end portions being bent, on
the sides of the metal plate 100, and the optical element 160 ofa
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30 includes the frame 150 which is nmade of netal and
used for fixing the flexible printed circuit 130,
with its end portions being bent, on the sides of the
netal plate 100, and the optical elenent 160 of a -13
gl ass plate which is placed on the upper surface of
the frame 150 so as to cover the aperture thereof and

[ the light emtted fromthe sem conductor | aser
glagsoblate h"gbﬂwp la¢Rd hthenupper sugiace eéding figgme 150

SO %se'l%”&o(/@ﬁe netéaﬂ[fér‘t'tﬂ% tli%ééois'é orélfb\ﬁlsethﬁq &ﬁﬂ emitted

FIG 6B "ate med So 't
fronmlzi‘lmm“naxtomdachmealaeenMOrralrm thleat gHtDOncidenie on the

bl 130 dth |
ligliﬂ-g'gfg%g%bglg '%’Eé}téte CI rcu%%mg P:Qesseg ;Iorltlcgﬂ 100a

of e siRhvih M RIG1GH d5d FIGNEH, tth@PﬁEBél ¢latde100 is

areas where the frame 150 i s nounted
forpied rswutrh@tpblneu Yrickness efidhwares afhthesratapl piate 100

P8k e 3 A S50 SRR LbRE 120
arepamu;nmcﬂ f(tblef feresged portiorall Q04 ?ggl.gwe Eﬂgret%!(glaﬂdln@o) is

thiRREE TN At 5B iNGrAH °Wa883urrrw.tr9nae 150, maneunted
(th8 Hfdﬁ‘hﬂlﬁg3mlbﬂssié@baéﬁdaib@%egt tRe @Lgeoegfdﬁl%te 100).

direction I n each outer
pl UASSO t yaS)fshmds;l oh FIGS.MmHA nanm 61137 dhe flaxgbée printed

circlljb 30 hpS P ByBencht Mirfad terRitl iy ts ceift veferent

termhﬂal geieEhesdudiat id aﬁrﬁﬁeﬁrbdrtlléns ”PBGEEHh%d o'Lftetl'h?ortlons
optical disk drive. 20 The frame 150 has an apertu

t f@raex@opler dnt @@cﬁbrm.n@r petitisrn £ 530g, t aeplurality of

eGP 5 AR L BB e cvon,
wh:té inheach rcamerlﬁﬁrtliohhlaOba@Qﬂumhw@f |§i§d9|dﬂ ev39l®eim in
ure re ins

wid Flened B & ;ﬁﬁ%ﬁ;@ Ded ﬁnﬁtghurlgzsovdge@ Brevant a
pobfsesiepe biSeiel SRIBARLUIL HIER AR A the
semdpondudtosflasier uhitaieinmplemented in the optical disk drive.

The frame 150 has an aperture in the area of its top portion
which faces the recessed portion 100a of the metal plate 100.
The optical element 160 is attached to the upper surface of the
frame 150 with an adhesive such as ultraviolet cure resin so as to
cover the aperture. It is preferable to use an adhesive of high

viscosity and thixotropy in order to prevent it from spreading over

~ the metal frame 150 or being squeezed out of the aperture of the

frame 150.
The frame 150 is fixed on the metal plate 100 by adhesion
or laser welding.
~In the semiconductor laser unit of the first embodiment as
described above, the light emitted from the semiconductor laser
110 rises vertically by a reflecting mirror (not shown in the

-14 -



- 10

15

20

25

30

The frame 150 is fixed on the netal plate 100 by
adhesion or |aser welding. 30 In the sem conduct or

| aser unit of the first enbodi nent as described
above, the light emtted fromthe sem conductor |aser
110 rises vertically by a reflecting mrror (not shown
in the -14 diagran), passes through the optica

el ement 160 and oes utsi de the sem conductar | aser

diagpm) THRaFsERt tHEPHE: did r BREIGK cdpment dbd ahdr goes
ouﬁ:l?@\é’”cﬁé“ sbRSi ORIl @O 12| ”%taheTﬁ%”ﬁﬂH?tr%f ed%%%eﬁ%rg the

ro%Ph the optica elenen en en ers
Opilicght IBkcénot @@Wmmthmmt@'amn)tmLmris the same path,

bed ab
pageit’ PthéSoPtli: et “16be, SBfbdleEnters the
ligﬁﬂ-eétbhﬁ e gt itolhtddbn dhagilfdbisrdbdipate OP;%O

extend off the netal plate 100 and are bent along t
si dé&$ gescribetaboyeatn e semicorductartinsesidelt of the
h I
firstnEnfBollmehit: 21€ 28R R isd RecHlt oo Erdlaifush end
por&uim&\msterrmﬂtmﬁﬂ tinei metid plae 100G ardessedbenttalong t

ot i S5 R o i
plaﬂéolOG (9P Y fir dPnteh 1 55iE Omﬁési:%lgo?be'fﬁ@ séﬁ?co&uslgctor laser

herefore, it 15 becones 'e to prevent

unlt o th&élmt(ﬁnm@magttammlweghreductrnmgﬂ s sizéng

ros INE HEtEtned AdBME SRS Gt 0P rer Biite 10d'is covered

withethe ofirdmeé o1 50gsgnduthé aberhﬁréldrsttlﬁm@b thcblﬁ‘ of the
the optical pickup device w thout |oss

frarﬁﬁoééﬂ i SOyEreRew Ity t|h|egﬁptg;ﬁltelerrg;emcb60| ngTbmrefore it
bec5ﬁe§egbr%§[tﬂ§°tt8r Pé@ Htuapﬁt%rt{hee fliﬁétfrﬁﬁtghgﬁhg the

|ng € Silicon sSub
lig hdmelmmbnfg/eecbi\ﬂ ngorlunttednmurctled 4A0 thie trergsyembspdrtion

10085 confi cf eBesklan| GueDECOTREgeaPPBFIlIS £ | MStall the
senﬂlépghfcﬂfét‘dfr' 195 SR OftsICfiPét |nBlodiMénelint *Re optical
pickup device without loss of the properties of the
light-emitting/receiving unit.

The semiconductor laser unit of the first embodiment is
assembled by mounting the silicon substrate 120 and the flexible
printed circuit 130 on the recessed portion 100a of the metal plate
100. In this manner, no complicated technique is needed for
manufacturing the semiconductor laser unit of the first
embodiment.

The semiconductor laser unit of the first embodiment uses
the fiexible printed circuit 130 which allows fine-pitch wiring, as a
wiring substrate. Therefore, it becomes possible to reduce the
wiring pitch in the inner portion to about one fifth the conventional
pitches. As a result, the semiconductor laser unit of the first
embodiment achieves both further reduction in size and
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enbodi nent. The sem conductor |aser unit of the first
enbodi nent uses the flexible printed circuit 130
which allows fine-pitch wiring, as a wring
substrate. Therefore, it becomes possible to reduce
the 30 wiring pitch in the inner portion to about one
fifth the conventi onal pltches As a result, the

er u of the first enbodi

hi G SaEY Thehor aE ohebF am festansas Rymbatar nins for higher

pefio¥h4ggpsity integration of an increased nunber of
pins for higher performance. In the sem conductor
| asdn the sesnicanddcian lassounikof thehirst kinoboeémaerit, the

enit QR BESAPLAE 42T ShePkiiis LBRREFGB MBRrL VS stihe 150

is hsownted et aordtiradin b@tmrﬁaa vé@bheahlde 1f0®) Gkegreater
hﬁted cgrcuﬁ?—lso ang P [ icon substra#gzhzo gﬁe

@E@f(mﬁear@ée\yb@epm@. tﬁx@@mrmtera@mrtewotang the
f |
g LS4 i G 0 A i B o 100
ThasForg| |itls tpagsibte riayeap the LﬂramehESDeeeﬁ:Set;he optical
0Pa d ee ortion
eleffént Ted Mo meo T d 18t cobBacE i Enes BPeroAd0. Al
tha€agi PaqiiFed FORhagt thé tr’éc‘e‘%@e‘ﬁ‘ tl%‘i'p I%a 3§' d’l‘@?bh@nough

sem conduct or | aser unit of the rst
to keeprihe rt@paﬂ@\rémeafrth)@cfram@rﬂtﬁ@ea;nd rthen cgticabelement

o Trdht B e Tortact i dthof b vl ! ™ °
Fur Biyer oeiieg i thd hesanitcaddetber bager uRit of thee first
first odiment, the silicon substrate 120 is
em%gmwtggaw'ne the ahaverdreeiibad 1@daa@rtﬁgﬁsetmara|optlcai

plci@u t@e@ﬁ% Fhﬁ?eéglfﬁ:alaﬁf K R0 ¢ §ﬂﬁ’?t$ ﬁ'ﬁﬁ‘:iﬁlnctlonal

OWt ttlng rece|V|ng uni t

optlt@tdlgdmdrme g realizee.are made of netal, and thus the

i:p dqur?nt'l%?el, aisnerthuemstenglfrcctalﬁgut:lt{)?tIaes%?'oﬂnr{%nof t%e first
embodiment, the silicon substrate 120 is mounted on (the
recessed portion 100a of) the metal plate 100. Therefore, all the
elements directly below the light-emitting/receiving unit that is a
heat generating source are made of metal, and thus the
semiconductor laser unit of the first embodiment is capable of
dissipating the heat easily. As a result, by using the
semiconductor laser unit of the first embodiment in an optical
pickup device of an optical disk drive, it becomes possible to
realize an optical disk drive which can be used at a higher
temperature,

It should be noted that, in the above description of the
assembly processes using FIG. 5, the flexible printed circuit 130 is
mounted on the metal plate 100 before the silicon substrate 120 is
mounted thereon, but the silicon substrate 120 may be mounted

on the metal plate 100 before the flexible printed circuit 130 is
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di ssipating the heat easily. As a result, by using the
sem conductor laser unit of the first enbodinent in an
optical 25 pickup device of an optical disk drive, it

becones possible to realize an optical disk drive

whi ch can be used at a higher tenperature. It should

be noted that, in the above description of the

ocesses using FIG 5, the flexible printed
mo&msf@mH g%o 30 mounted on the netal plate 100
bef Wseshbﬁvﬁ'ﬂn' Fo0, Soeshhat p1&205BS Y :Eﬁc@cdélhéf&?%nt 160
te

but the silicon subsirate 120 nmay be nou
mage: af tsaaspareothgiasseis m:OtlhéadkxDle thvé e res ufaside of the

fragi sy in Hig BESt BinbBRLTRNt (oo aTEronS SRR b bG. 7,
thegbmssalseimuemdleo mqyéerhowtfe@p@rpfthbhﬁméf%w%ce of

0 |nhLE§ first enmbodi nent. However, as shown in
the7 ragnepkS@pt j SHICR tBReRReBU el the tammardion aftde frame

150 898U ey QU AP 00 BRI 0 i

pOStshbla)pttOc:apreVentntdtlﬂo iamd hltslecahke i from poterine the
dust ent.eri t he

ent and th
lignt R ELRY/rERE VR UAIE, (el eRis ettoheChinGseassible to
instfthel sefficoRduttior I'as‘é?euﬁﬁ”‘sﬁ%ﬂ’t‘%oﬁd;as?eﬁn q{i'Lé optical
shown in FIG 7 in the optical pickup device w
pickgs stevige prwpdauites ss heof the  properties of the

ol ghtam tA L nglrecel ving unit. Also, in the above
“gh&e%ﬁ??@ﬁk%FEEgﬁh?@ﬁpﬁég element 160 is firmy fixed
to Ahs&) f franth el b ow & hd escrightesn) VQh@:f opticde eflém@wtl%o is
fixed to the metal pl ate 00.” However, the frane

f'r”ils’o% ixgd tihitbe ftfﬁénspﬁeawﬂél éﬂeﬁﬂh;@@@we@fﬁeé\th@&aﬁe 150
is ﬂ&'e%lefjo ‘ﬂﬁb”ﬁwé‘cgg‘iﬂ(lﬁ?'ﬁ@' fﬂ) QP@?@V%FQ%@?%%@’I ei' ttélhﬁg‘llch

at e he ne
thetchptlpladatelerraeatoﬂ Gazospprevictusly pos=d lisinigo ar dduﬁ—eneltmg

- olasy il be ERBS g aheRaLpfare 1B M e T

20

25

30

The metal plate 100 is not limited to the plate made of
copper. It is possible to reduce the cost if copper is used.

Transparent resin may be filled in the space created
between the metal plate 100 and the frame 150.

The frame 150 also has an effect of preventing unnecessary
light from entering the light-receiving element placed in the
recessed portion 100a. The frame 150 does not need to be made
of metal.

Furthermore, in the first embodiment, the recessed portion
100a is formed between the protruding portions 100b and 100c in
the metal plate 100, as shown in FIG. 5A. However, the recessed
portion 100a may be surrounded by one protruding portion.

{Second Embodiment)
Next, a semiconductor laser unit of a second embodiment is
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between the netal plate 100 and the frame 150. The

frame 150 al so has an effect of preventing unnecessary

light fromentering the Iight-receiving elenment placed

in the recessed portion 100a. The frame 150 does not

need to be made 25 of netal. Furthernore, in the

first enbodi nent, the recessed portlon 100a IS forned

bet we ot rudj n ortions 100b a 100c in
desriiBrarraln Weh EaresRoRe o FRGG- BA to Sheond, FIGS. DA and
gprecessed portion 100a may be surrounded by one

protruding portion. 30 (Second Enbodi nent) Next, a

seniFdGtducBAr ticas8C uare ekpdodeconpeesmediiventviews 16f a

serf BRI ki SEE ok eSS e PFLE b ks o

toppeiéweéflmwlﬁml&%n@uc‘é@fniﬁgéﬁ%h&r éﬁéeFIGn'QB% a side
the second enbodinent. FIG 9A is a s top view of

Vle%@ﬁ thensepHgondsctosdasernit. andt Eh@UIQBfJesn@teﬂ dbat the

sarfe e R Rnce, B EARE FEres st Rhine UelEUL staman to

thoskeineFEGENt SAdon68) drod thieodetailelll Gschption €Rerand is not
ai |l ed description thereof is not repeated

e
repﬁgig% %’l@r% with the semiconductor laser unit of the

finasd Mﬁﬂﬂ?gﬁm@mohﬁld& rSIS QEWECGPEQé ?ﬁg"t él'ﬂ'btocﬂfnent

t he secon ment ness ar eas
in the Smtrticopdaitcéomoltasxﬂreualt tm‘ ﬁ:hensel:ﬁm@md |eamrlumd1hednt the

i R PR R0 00R R YR 818, frame 150

is nsopatedt@ht2frendiding poriibes Pb@boéhﬁt fdo%’) rl§‘é|§o]§’ﬁéater
are nounted (the recéssed portion Oa). HOowever

tha@eﬁh@én@ﬁc&hﬁ ateawhere shet ﬁéli%@ﬁoﬁubsémﬂﬁjll%ﬁtand the

flexibld SHrinte@MciAdlitCh 30 % d "o IR [BY 1dbdd¥d portion

100a).

However, the semiconductor laser unit of the second
embodiment differs from that of the first embodiment in that
second recessed portions 101 are formed on the opposing side
surfaces of the protruding portions 100b and 100c of the metal

- plate 100 where the frame 150 is placed. The depth of each

second recessed portion 101 (difference in level between the top
of each of the protruding portions 100b and 100¢ and the bottom
of each second recessed portion 101) is greater than the thickness
of the top portion of the frame 150, and the frame 150 is placed on
these second recessed portions 101. Therefore, as shown in FIG.
8C and FIG. 9B, it becomes possible to firmly fix a plate-type
optical element 500 on the thickest parts (the thickest parts of the
protruding portions 100b and 100c¢) of the metal plate 100.

The semiconductor laser unit of the second embodiment as
mentioned above includes: the metal plate 100; the
semiconductor laser 110; the silicon substrate 120; the flexible
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second recessed portions 101 are formed on the
opposi ng side 20 surfaces of the protrudi ng portions
100b and 100c of the nmetal plate 100 where the frane
150 is placed. The depth of each second recessed
portion 101 (difference in |level between the top of
each of the protrudi ng portions 100b and 100c and the

prigfeddlredis£ 300 P8 Mites 44 G5 e W€ dp G idn ipmade of
methe dn@Bsd&0foRFkinee th@a%rﬂ@ drt pbﬁO&fé Ci=ﬂc?]xﬂ:ﬂ@8ﬁrmted

second recessed portions 101. Therefore,
cirgyig 138omtbhersidesosf the matalr&lat@@(bj éhea)pt[cai glement

164§ ALt 83arRh ibsch AR 2o e d W KGR mner

surtﬁab ahdhB0fame 13@; i@l a phRite-tPpPe 8Pttt element 500

m,conduct or | aser unlt of the second enmbodi nent as

1% JHégesheve thecHpaes: Suﬁ@a%& af prateratygdingeportions

Ry o i e 1 PR gy o

to passﬁhanugtﬁanmhddﬁrastnade of netal and used for
f he bent t th fl 'bI .printe circuyjt
130Po Rl aEr St edtBers Sball for ikt@clisty et ligsit aeflected
froml Eﬁ@%ptnéﬁ@ diEkasd '@Eotg@ﬁﬁ?% ‘Pﬁ‘to Qh@sﬁgwtal‘@%&vlﬁﬂdumt

is placed on the |Inner surface of the

- Is pgoyided- @Qﬂ@%pﬂdﬁ‘ls@eem%hlneamp ofirtibeh optigalaekement 500

(end T SARCE LRl L S BRI o420 than
thei baittent $m|tg’{atce tcﬁsfogthﬁg é;big@fafghemtfrﬂ@tz LB;@(?} AThe optical
rn a T1.o0r | ractin |
e’em@fnotg[éﬁgdpaﬁ&%%ﬁm%dofgxesaondm&( rsetak gﬂ@?@d}% with an
adisbife! ch, 68! LABSINGIOPEL ot IRKE 811 e, o ene
protruding porttams 1&Ghend r1@0¢ lof Herimetalplate 14ERaNd the

optiEXF N ARt 2dap ek cehe: dBtEriingrec Mixed
e %?E'Fbé%'gt"?sé?%gﬂi s HladedBRCERY Criutel ate 100,
not p/adt r GARNSfrponei &&anwmaombeofdtstenm abepwaten the
lighi}oé)mfi‘ﬂ‘i'nbyleecelwng unit and the hologram pattern 500a is
important for effective use of light beam and it becomes possible
to raise the accuracy of the distance if the optical element 500 is
placed on the metal plate 100. If the optical element 500 is
placed on the frame 150 of the semiconductor laser unit of the first
embodiment, the thickness of the top portion of the frame 150 and
the variations in the thicknesses affect the distance between the

light-emitting/receiving unit and the hologram pattern 500a, and

- therefore it becomes impossible to obtain desired light-receiving

properties stably.

As described above, the semiconductor laser unit of the
second embodiment includes the optical element 500 having the
hologram pattern 500a for diffracting the light reflected from the
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optical axis thereof is adjusted to the light-emtting
poi nt. The optical elenent 500 is placed on the netal
plate 100, not on the frame 150, because the distance
between the 20 light-emtting/receiving unit and the
hol ogram pattern 500a is inportant for effective use

of light beamand it becones possible to raise the
| epent 500 is

f.the dist f th t | .
op{FELeliShn’ 1 Shiter Wiids Hbdha SamEanAVEHT dasReinit of
thebQBchbhid éhﬂSSGlrﬁ@ﬁthﬁthfer ég?lcjaﬁoel@fméﬁﬁ |§‘%Wtéﬁ gEﬁ&%to the

| aser unit of first mbodi ment ess
magh tlh@dis/opOborthEonsefnltcm;ld‘m‘atmr 1BGemdunite although the

j S t hi se af ct the d st.anc
con e EhaTheOPHical, | Bl  Tecep(iund urpttSHE CRoe  unit.
Thdﬂmf@geanbpatjsm ﬂi@asemndontih@t@f’ol%%ert uh’ﬁt?%‘feithe second
i mp SSIb|e to obtain deS|re ght -recei vi

- emBosiBenbsthe Jpgcess rag mé@waswrlm)\tbe pRical disk drive

is %ﬁﬁiﬂ’ﬁﬂgauﬂ e Eﬁéﬁr?% thorkhe second enbodi ment

es e optica enent 500 having the hol ogram
pat H@mos@ﬂmlfeﬂerﬂehtrﬁﬁﬁ isglabed ogtthe probaucithd portions

1048 5nd FhEF s e dhbal plafe 1l Bt B dmentso. As
a thssw@eli ceheel %@;’Ura'c%/'”éﬁgrﬁﬁéd 'd"l%t’aﬁt‘é r@éﬁ%é’@ﬁy the

of the seniconductor I'aser unit, alt hough t
lighdopmeittinglaecepyingundt mtthueshpﬂ@@mp&tteim tiseensured,

whith mg3SHEL0Nfe RS Hch e BV SHRELiTogl W patrerr
reliabhyfaciarsi tige Ughtoptceiling ehketieame is sinplified

n ever befor The optical elenment 500 is
pl aEHqu%rmﬁ’é'epréﬂr erwgs%%@ﬂﬂor%mbﬂﬁ)‘lﬁnﬁﬁ& 1the ¢ecessed

porE*th ”fb@'a péiatﬁeloﬁwe%qt tpﬂﬁt%hﬂdd T fotmed tq]éeﬂvé‘en the

, the accuracy I stance

-protmmhmgsmmlthmgsré@é)tylaugdumcmcand tthe mkbal sphagat 1@0) as

e TEFE e ORIl 165y o
sur*@@ﬁﬁeﬂeqw VbR %Wﬂblnﬁurﬂ&%r&ﬁr €, Thn duts s§ceiage,

nbodi nent’, the recessed
second recessed portion 101 is formed on the inner wall of the

protruding portion, and the top portion of the frame 150 is placed

- on such second recessed portion 101.

(Third Embodiment)

An optical pickup device of the third embodiment is
described below with reference to FIGS. 10A and 10B.

FIG. 10A is a top view of an optical pickup device 600 of the
third embodiment, and FIG. 10B is a section view of the optical
pickup device 600 of the third embodiment.

The optical pickup device 600 is a device for reading data
from an optical disk 670, and includes: a collimating iens 610; a
reflecting mirror 620; an objective lens 630; a semiconductor
laser unit 640 of the first or second embodiment; and a heat
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15 portion 100a of the netal plate 100 is forned
between the protruding portions 100b and 100c in the
netal plate 100, as shown in FIG 8A However, the
recessed portion 100a nay be surrounded by one
protruding portion. In such a case, the second
recessed portion 101 is fornmed on the inner wall of

e 20 protruding portion, and the top portion of th

dlstﬁﬂ%@r‘ﬁoﬂsb loek SAE uehichnissatta Ghedand sbeed an ﬁbewaﬂersnde
f
of H§ pfdbiy BISEbosk BRR! LeARRidselq AP it B with an
adln?sleneeeueht asH @Slj(cd@#tyep@l tﬂlggma'-ll contiostive acthmswleew
evl] ce
Lo dhe e X hieh rlted Ghrfdic . theodprical mickye and the

ﬂe;@mecghnﬂ@cpl@ipc@i%watr@@Os@ﬁntBﬂddatb@l p0di iR 640 are

he optical pickup device 600 a device for reading

corum@tedsdcor reaehanodpen day wirgs eazlo thanduten gpaydions of the

fleSR1e LS B i s s ditbERoPIaser it Bothnt is

at stéreatc@nneetmd psipgdi 660t oside beathe ical picku
|55|a§t| on bl ock 650 whi ch is attached and f?eted onp P

devige oHHeras 530"6‘? ‘ﬂh@I(ﬁetleQ plate of the seniconductor
| asar ﬁggq n
s?l %goﬁ@FEB écgﬂ ?lﬁl\‘/:\é?a%hesw é“[‘ﬁe P %?IUdeS
thepheat elissipation bl‘octlhéSdbbumh!hepundapsM&iof%e Bnetal plate
f.lexible print rcuit .of e sem onduc
of i Segnirdhlean iatetain 64l 414 FLpIdfc and the
optiedier pRNUp Orfe\Atet NS00 | 26 bhig r&drmae@t CW‘EH“ teacahtt’a%her

seni conductor | aser unit 640, that is, at sol dered
Therefinee: the eahdissipation drea stgniftcasply dacreasramnd the

neslp SRR TR ickdaEhS i eld pdERBLL R hssivte to

efﬂb@itlvlldﬂssn@at@mhbl ekt Gdheratidt inndey Seﬁﬁ?[c@nd@@tor laser
of the sem conductor |aser unit 640, and

Outsﬁ At %f‘ée aYiceandAgha respilite dheppokigaldeickitp alryigec60
of the pPakant é’h%o%‘f@n?&ﬂférates stably.

In the semiconductor laser unit 640 in the optical pickup
device 600 of the present embodiment, the flexible printed circuit
is used as a wiring substrate. The flexible printed circuit of the
semiconductor laser unit 640 and the flexible printed circuit of the
optical pickup device 600 are connected by wires at the soldered
connection points 660 outside of the optical pickup device 600.
As a result, it becomes possible to ensure twice the distance
between the optical element and the outer portion of the flexible
printed circuit that is the soldered connection point at which they

. are connected to each other than the conventional structure, and

therefore the optical pickup device 600 of the present embodiment
significantly reduces the thermal load on the semiconductor laser

_unit 640.

More specifically, the optical element and the outer portion
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Therefore, the heat dissipation area significantly

i ncreases and the 1s head dissipation effect

i ncreases, and thus it becones possible to

efficiently dissipate the heat generated in the

sem conductor |aser outside of the device. As a

result the optical pickup device 600 of the present
i ment operates stably. In the sem conductor |aser

of ﬁhﬁ fleeqbfe Primedpinedt qyecnmect@m\tufé@mscﬁarm other, and
thePéFéFé‘tth%'f%%q“\éﬁ% 6|hef|£l| ed‘.f:ﬁ' ep?giéﬁbleg:!éh{ g)y hermal

ed as a Wi ring su strate prin
com:lua:tuon 0§ nlod heetierbnbeybond Itar@ra_UDWaIﬂéO edttregistant

erX|bIe pr nteg cirguit of the &é a$ .devic
tenyRBr el & JHAER: BACHYITES care COMRCCER AP RSO IdRHBE: | oAS
resQPd fﬁﬁ a@ﬁ@r@ﬂvéét.% gimt aae@pﬁbﬁagll%ﬁm g%tﬁfg\;M?)%Qtern or

a resul t, econes possi e to enSure
thEt h@lrdgi;amwdhatt@enm@éntheeoppmadaelmh@rmnt nandis ke optical

elefif gkt Bhuse 65 EEbMG ot AdhERlGR. ap Bletdfore

neitlvanetiee hriopaatds ohbertidarelidisiiggnventhenaptical element
structure, and therefore the optical pickup device

detgpioratesne present enbodi ment 30 significantly reduces

Uher BRpTRY HaAToBN WS A RN A bRSBip 4BUIcEH0 of

e specifically he op nent he o
theppresent eﬂﬂb@rﬂlmbatf |the netpl | plate ofr Cloet senﬂconductor

lasdt i8R 636 Bt i bt aSsiShLion Blerk RS bareddrmy bonded
by é@ﬁééh'-%é%d}‘i)émwt@m e mgﬂeéé‘ﬁt@hb@%mr? is not limited

heat - r esi st ant nﬁerat ure wres are
to suahesiléiconytyyme déd egives aAByr d¥ghly &hermal conductive

o BB EFTEEaFRold, AAIREY e B AS Bhdce sheet,

ma;el[ﬁr@@_@,d_nor is the op_tl cal elenent displ ac_ed due to
softening of the adhesive, and therefore neither the
properties nor the reliability of the optical elenment

t be noted that in the
IN[%BF?@% Ni' %’Pi‘ged\figgnggyof the present enbodi nent,
theThnet%mpd:cmeuotorc tesere nindbofuticopresent invention can be
used for an optical pickup device of an optical disk drtve and the

like.
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| aser unit 640 and the heat dissipation block 650 are

firmy bonded by a silicon-type adhesive, but the
present invention is not limted to such silicon-type

adhesi ve. Any highly thermal conductive 15 adhesive,

wWhatdsatiaimediidtl ghl y thermal conductive graphite
sheet, may be used. | NDUSTRI AL APPLI CABI LI TY The
i nvention can

1sem ﬁ%g@ﬂ%k@ﬁk%?hbﬁ&ﬁ%@sﬂﬁ 2SPEe of an opt| cal

dISkdrlﬁ@gthe I|k 22V\hat|scla|rred|s )

seni 2AREHR) RIAte Asving R firglofRrasseAgPoRigR iR seatréal part of
' j Lon in a central part of

ag?ﬁu%%e%@%ét?ggésgfﬁﬁgl B[rtrgetkél plate; a flexible

pri n dtexiblec printedi drcuibavhichi hgs parieg nsattems, aahdratfrst
Qsi ti oned on the first recessed portion,

a8 Postigied OTo ks Tl TeReESAA RATCIARY [AINdds fans: at both
eﬁnﬁgﬁﬂe EBHE dtI‘?e f rQ;?%éCééif P ?g&hﬂi&?& ﬁ? gfﬁraog side

ate; |ng

surfaxtesdefssadl mmnakpmtexl ng elenent and a
l'i ght @CGI ving eI ement, and is placed on the first

r ec&sSGNtHRINItng/ repeividig ttmétfwhsq dpehudase;a dightaemitting
elcientIadt s, MBS Bicffaboand ds, blitsl G dheq first

recedseld pbrticn AR Htl@eufi%@apémrrréed circuit which is
in contact with the side surfaces, the top portion

hav@ faaesbaving alﬁermmrmnandea hoppeition, dieaside portions
pl at.e

i Siritye o el sRfy Shrfies, OF e mﬁa'sﬁ@%ﬁaﬁ Tlexible
priReéd | GRc@0 dwhiéh S8C M Laiakt Withf ie>s fdéﬂ%fh aL f théttop
nt cbvers

recessed portion; and an optical elene
portien dwaving apsecaid ape:z‘tuﬂéhemlerhemgiohﬂat:ed basarprotrtiding
iml, wherein rotru ing portion

po Cé:rg b?&agqﬂrgpta&pggge sgmmﬁ ecesse portion is covered

- with the top portion and the second aperture faces toward the first

recessed portion; and
an optical element which covers the second aperture.

2. The semiconductor laser unit according to Claim 1,

' wherein the protruding portion of said metal plate, surrounding

the first recessed portion, has a second recessed portion having a

depth greater than the thickness of the top portion of said frame, and
the top portion of said frame is placed on the second recessed

portion.

3. The semiconductor laser unit according to Claims 1 or 2,
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the first recessed portion, has a second recessed

portion having a depth greater than the thickness of
the top portion of said frame, and the top portion of
said frane is placed on the second recessed portion.
3. The sem conductor |aser unit according to Cains 1

or 2, -23 wherein said opti cal elenent has a pattern
f
| ascnEeiPeEbaiet Sihent rBite sictddf T GHAgEALE tident

lighterei n sai d netal pI ate is made of metal including
copper. 5. An optical pickup device conprising a
sem conductor |aser unit, wherein said sem conductor

o] 2B ORI o8 T Ln A o Al s 1 e

3surface of said netal plate; a flexible printed
CIrCUIt whi ch has wiring patterns and a first
apeMiRrein said inaeled phate; isemeidesef mtétmjugmg toppemnd
Is bent at both ends and in contact with the first
recessed portion and a pair of side surfaces of said

5.net @Aln phHLS! pﬁkhpg:!évaééncbh[ﬂgé:hgcﬁ'sléhﬁ‘i@ohﬂhttdﬂ'a@@r unit,
i ncl udes a |ICE t-emtting ‘elenent and
| i gMthareiresai geIEII@_OMuqtoad@BersumtaerJdm the first

navPr e B s, BrURG A sk feaseds PN, Foafeetal Bart of
anpﬂbﬁéﬂmﬁaf:é)@f%“ﬁlrﬁgt&kygféthe side surfaces of said

metal plate, said flexi ‘printed circuit which is
i n adiexible \Mnmtetdhelrsurtevxd;mh dnEess witimg papterpsr tareh a first

apRR hesiBORE: of B #‘r%a?%cd%%?ﬁa?tﬁ‘é’ega& isabephat both
endis 'arid 18 C@Htae: Q\HF]E ItAR # &&Cf‘ét%%ggd Hibr a palr, of side

t op. pOI‘tI on and the secon aperture Taces OV\BI‘

suifaces of sai siseidl pdate;on; and an optical el ement whi ch

cover s t he second aperture.  -24
a light-emitting/receiving unit which includes a light-emitting

- element and a light-receiving element, and is placed on the first
- recessed portion through the first aperture;

a frame having side portions and a top portion, the side portions
fixing firmly, on the side surfaces of said metal plate, said flexible
printed circuit which is in contact with the side surfaces, the top
portion having a second aperture and being placed on a protruding
portion of said metal plate so that the first recessed pottion is covered
~ with the top portion and the second aperture faces toward the first

- recessed portion; and
- an optical element which covers the second aperture.
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