LASER DI ODE The present invention relates to a |aser diode. There is known .
|n~Fhe art a |aser diode which has a doubl e heterogeneous cong} {grBl@Cu F '
as is.shown in Fig.l of the acconpanying draw ngs. This |aser diode (3]
conprises, 5 as shown in Fig.l,-a GaAs active layer 2, which is disposed L/
for laser oscilklati'on in a sem conductoriubstrate 1, and an el ectrode 3
whi.clriis di sposed on the substrate surface and to-which-an Au wire 4 is
bogdéd.” It is customary that the aforementioned active layer 2 10. is
forrmed in a band shapé& at a depth of about 2 pmand is enclosed in-the
centre of the substrate 1 by a GaAl AASER iDXbDEwyer 5 on the substrate
surface, as is shown in Fig.l. Here™Tm order to facilitate the wire
bondi ng process, according to the.prior art, the bonding of the Au wire 4
is 15 effected at the central portion of the substrate surface, as is
shown in Fig.l. However, since a portion of the active layer 2 is

posi tioned just below the bonding area, there arises the problemthat
mechani cal danage is caused by the bonding stress in the GaAs active | ayer

2 or-in [err] As o R4 f f lgON) j ust
bel ow t he bondi ng?@?%as%gggf&t (ﬁte i rﬁqgeﬁaéclseéi n sét%%e%. E?E?SF ggtgglreio'orat es
the life tine of the |aser diode: As one nethod for preventing the
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25 in which the | aser ode 1's secured to a subnount 7 such_.,that th
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ccordi n t @S shown in Fig.l, a GaAs active layer 2, ich“is dispose
for laser oscillation in a semiconductor substrate 1, and an
electrode 3 which is disposed on the substrate surface and
to which an Au wire 4 is bonded.
It is éustomary that the aforementjoned active layer 2
.10 is formed in a band shape at a depth of about 2 ym and is
enclosed in the centré'of the substrate 1 by a GaAlAs buried
'iayer 5 on the substrate surféce. as is shown in Fig.l.
Here, in order to facilitate the wire bondiné process,
accdrdiﬁg to the prior art, the bondiné of .the Au wire 4 is
15 effected at the central portion of the substrate surface, as
is shown in Fig.l. However, since a portioﬁ-of the active
layer 2 is positioned just below the bonding area, there
arises the'problem that mechanical damage is caused by the
bonding stress in the GaAs active layer 2 or in Gal;xAles_
20 1layers 6 (wherein x stands for a mole fraction) just below
the bonding area or at the interface in between. This .
deteriorates the life time 6f the laser diode. _
As one method for preventing the aforementioned
mechanical damage, there has been proposed a construction,
25 in_ﬁhich the laser diode is secured to a submount 7 such
that the surface closer to the GaAs active layer 2 faces
downward, as shown in Fig.2, and in which the Au wire 4 is
bonded to the back of the substrate remote (at a distance
of about 98 uym) from the GaAs active layer 2. According to



Lh\ met hod thus proposed, however, although the deterioration in the life
te of the |laser diode is sllghtly reduced by inproving the thermal
stance to sone extent, the Au wire 4 is still bonded to the active 5
¢r 2 so that deterioration in the life tine resul ting from nmechani cal
damage applied to the active |ayer 2 cannot be avoi ded. Accord1ng to the.
présent invention there is provided a | aser diode having an active Iayer
for laser oscillation 10 forned‘Tnza portion of a sem conductor substrate
and a bonding wi re bonded to an electrode forned on the substrate, the

posi ti-on whi bond| e Js bonded | aterally renoved fromthe
active | qﬁhﬂ# %étﬂ?PYF Véhe R#EB %@éx re bonding
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descri be of exa e, wmt erence to the acconpanyi ng "drawi ngs,
in whi chfrpnggte% nage apphiedi basthRoACEE vex dmyiess Dicannatser

di ode aceg@r diveqded. the prior art and have al ready been 25 discussed; Fig.3A "
is a sectional V|em/shomnn%glhe construction of the | aser diode accordlng
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bonding wire bonded to an electrode formed on the substrate,
the position at which the bonding wire is bonded is laterally
removed from the active layer, with the lateral w1dth of
the wire at rhe wire bonding 9051t10n being greater than
15 the lateral width of 'the active layer.
The active layer may be positioﬁed away from the centre
_of the substrate and the wire bonding position is located |
to one side of the active layer, preferably at the central
portion of the .substrate or in the vicinity thereof.

20 Embodiments of the present invention will now be described, by
way of example, with reference to the accompanying drawings,
in which: |

Figs. 1 and 2 are sectional views showing examples of a
- laser diode according to the prlor art and have already been
25 . dlscussed~

Flg 3A is a sectional view showing the construction.of
the laser diode according to a first embodlment of the
present 1nvent10n,

Fig.3B is a top plan view showing the same laser
30 diode; i | _ o
Fig.4A is a sectional view showing how the laser diode
is sealed up; | o ' -"_ |
Flg 4B is a top plan view of the same. )
Fig.5 is a sectional view showing the construction of
35 - the laser diode according to a second embodiment of the
present invention; '



35 the laser diode according to a second enbodi nent of the present

I nvention; = . . 3 Figs. 6Ato 6C are views
showi ng portions of a wafer at different steps in the process of
fabricating a | aser di ode accordfng to the present invention; Fig . 7 is a
characteristic diagramillustrating the 5 change in the photo output power
offtggﬁ{aser diode during a life test;3and Fig. 8 is a sectional view
showing anot her enbodi nent of the present invention. Fig.3A is a schematic
sectional view show ng-a first 10 enbodi ment of |aser diode according to

the present inventirgiys) NeaAtShed herai veeR8NdhBUiAGS por@idns 5 W fwalfer

el ectrode 20 is sglfted fronltherfoiiélon of an c%%ve.lgéer 13 di sposed at
the substrat 8tcBhEferepssistens 1n Fhe Process @t cFRRILGRELRFs214288Tang 12
I ndi cate an gibg@ecaededings s tthd priesenthoinvemtbonporti on of the chip,
an n-type GaAl As bytied lLayer, apnd a np-tyvpe A ur i | Lo '
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having a wi dth o] m nd arranged for laser oscillation, a p-type
GaAl As Iayerglhgg%tfgsgéségﬁaoptrcql gui de layer, an n-type GaAl As | ayer
15, .an n-type GaAl Riglafeisi@ sertianalliviexcshowing anothgreembodigensd

and 20 indicgges¢ ebgggsghgpghq@%ﬁggy;cﬁ a conplex filmof Au group netal
an insulating filmand the 25 surtace el ectrode nmade of a conplex film of
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havi ng a invention, in which the wire bonding position to a surface
_electrode 20 is shifted from the position of an active layer -
13 disposed at the substrate central position. In Fig.3a,
- reference numerals 10,11 and 12 indicate an n-type GaAs
15 substrate forming a main portion of the chip, an n-type
GaAlAs buried layer, and a p-type GaAlAs buried layer,'
respectively. A central region, which is separated from
other regions by the buried layers 1l and 12, has formed
therein: the GaAs active layer 13 having a width 2 to 3 ym
20 and arranged for laser oscillation, a p-type éaAlAs layer 14
acting as an optical guide layer, an n-type GaAlAs layer 15,
an n-type GaAlAs layer 16 and a Zn diffused layer 17.
Numerals 18,19 and 20 indicate a back electrode made of a
complex film of Au group metal, an insulating film and the
25 surface electrode made of a complex f£ilm of Au group metal.
Moreover, the laser diode chip 21 having the construction thus far
described is secured to a submount 23 by means of solder 22 with the back
~ electrode 18 facing downward. On the other hand, an Au wire 26 having a
diameter of 25 ym is thermo-compression bohded_to the
30 sﬁrface electrode 20 while avoiding the active layer 13
running in a band shape through the central portion of the
chip. Since the bonding portion has a width W,y of about 90
ym whereas the chip 21 and the active layer 13 have widths

W, and W, of 400 ym and 2 to 3 um, respectively, the bonding



peter of 25 [err] is therno-conpression bonded to the 30 surface

rode 20 while avoiding the active layer 13 running in a band shape
gh-the central portion of the chip. Since the bonding portion has a
WB of about 90 pm whereas the chip 21 and the active | ayer
wdths [err] and W2 of 400 pmand 2 to 3 pm respectively, the*bonding
Z4- process can be sufficiently ef f 8&fed whil e bei ng kept away fromthe
active layer 13 at the chip central- portion. Fig. 3B |s a top plan view
showi ng the construction thus far described. 5 Now, when the

13 have
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bondi ng position is shifted.-fromthe chip centre, it is necessary to use a

rel ati vepyohesd candee suéfiasentPyspiferted abitliee bedingekept fastay
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| aser di»He whithemighwardsdileedfi ehe chip 21 becomes inclined by
applying pressure irregularly during the bondlng operatlon.
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Thus, it is possible to provide a laser dlode which is

highly precise and efficient.

15 - Figs.4A and 4B are respectively a -schematic sectional
view and a top plan view'showing the sealed state of a laser

diode device. 1In these Figures: reference numeral 21

indicates the laser diode chip:; numeral 23 the submount
supporting the laser chip; nuﬁeral 26 ;hé Au wire;. numeral
20 25 a cylindrical frame made of an insulator; numeral 27 a
lead acting'as an anode; numeral 29 a monitor fiber; numeral
24 a conductive case actlng as a cathode; and numeral 28 a
glass window coated with a reflectlon preventing film.
order to bias the laser diode in the forward direction,
25 moreover, a negative voltage is impressed through the .
submount 23 and the solder 22 upon the back electrode 18 of
chip 21 while using the conductive case 24 as the_cathodez

On the other hand, the conductive anode terminal (i.e.

lead) 27 is fixed to the case 24 through the insulator 25
30 while being electrically insulated from the case 24, and a

‘positive voltage is impressed upon the surface electrode 20

of the chip 21 from that anode 27 through the wire 26.

Since the bonded position of the Au wire 26 is kept
away from the active layer 13, i.e. since there is no active
35 layer 13 just below the ball of the wire 26, the stress

28 a

t he



25 .noreover, a negative voltage is inpressed through the subnmount 23 and -

t he sol der 22 upon the back el ectrode 18 of chip 21 while using the Y
conducti ve case 24 as the cathode. On the other hand, the conductive anode

termnal (i.e. the lead) 27 is fixed to the case 24 through t he insul at or
25 3@ while bei'ng electrically insulatedgromthe case 24, and a posi tive:
volit agé is inpressed upon the surface electrode 20 of the chip 21 from t hat
an@%ﬁ*Z? through the wire 26. Since the bonded position of the Au wire 26

[ ept away fromthe active layer 13, i.e. since there is no active 35

is
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during 5. the bondin rocess so that the ‘deterioration in tlne
can be mar keél’lr?"reé&&‘}e IO Pedngr meshaad cally stamaged m@tsr@swerdurslmed
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t he t'her mal S|stanc frq i nadequate as a result of the chip
21 becoming At F&8 BY Fﬁhkﬁﬁggléﬁggceﬁ ‘the pressure application, which is
caused by the fact Mpirebvelre Isdindieng mamdbumenxshandIsmﬂﬂaﬁinﬁ uskal eantral

portion of !BReCUbRagt JMEXh. 35585330, 300d HRAL Bl |A3eh d0de dqvi ce 15

according to the present i nvent
Figs.5 to 6CPrPﬁlﬁhP§ andoghee thermad §6§u§¢a@F&t€nom becomdag r om

description bﬁaauqaatte bs hheesale 8% tha! c@fipt Ba fb'erc%‘m% <1 cfi%teds%?'m in

i gs.4A and 4 is a.schematic sectional view show | aser
Fig Ee ga?ance in the pressure application, whlch 1s caused

by the fact that the bonding position is not located at the
central portion of the chip 21. '
Next, a second embodiment of laser diode device
15 according to the present invention will be described with
'reférence to Figs.5 to 6C. In this embddiment, the sealed
state is omittéd from desériptibh because it is the same as
that of the first embodiment shown in Flgs 4A and 4B.
Flg 5 is a schematic sectional view showing the laser
20 diode and corresponds to Fig.3 show1ng the first embodiment.
In Fig.5, the same parts as those of Fig.3 are indicatéd by
the same reference numerals, and their explanations are
omltted ' ' | '
This second embodlment is characterlsed by the facts
25 that the active layer 13 is dlsposed at a position spaced
from the cent:al portion of the chip 21 and that the bonding
position of thé Au wire 26 is kept away from the afore-
mentioned active layer 13, e.g. at the central portion of
the chip 21. According to this embodiment, the stress
30 during the wire bonding operation is applied to the central
portibn of the chip 21. As a result, since the active layer
13 is at a'position spaced from the central portion, the
aforementioned mechanical damage caused by the afore-
mentioned stress does not take place so that the deieriora-
35 tionrin the life time of theﬁlasér diode can.be remérkably



20 diode and corresponds to Fig.3 showing the first enbodinment. In Fig.5,
) jame parts as those of Fig.3 are indicated by the sane reference
fal s, and their explanations are omtted. This second enbodi nent is &
cRargcterised by the facts 25 that the active layer 13 is disposed at a
pos+fion spaced fromthe central portion of the chip 21 and tHhat the
~Bondi ng position of the Au wire 26-6s kept away fromthe afore-'nentlonéd
dctive layer 13, e.g. at the central portion of the chip 21. According f??
this enmbodi ment, the stress 30 during the wire bonding operation is
applied to the central portion of the chip 21. As a result, since the

active Laygked3 | %cébr@:.ﬂ%s el Q'Ple'sl%fi"‘e%‘énftr @Iﬂbtcﬂﬁnféfﬂ raélrﬂﬁ tdgan, the
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enbodi nmen si.nce di_ng p05|t|on | Iocated 5he centre, the chip
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as Bndiumis Useddestefdysoltder chlp 5ize has a ndidtdntrl [9f 4Q¢hamhi p size

has a :’I:%dEHLXchQEs4gQ [3@'1)er a‘hla' %kﬂaﬁh‘?:f éﬁeOQdoe”d al?'&m of 100

[err] ereas the active | ayer has a w "~ of about 2 [err]at the
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romthe central portion.of t ich t u Wi.re is to be
bonded. SERBeIEAHE BEs S Ma oo R0 Rosm Yehd Ahsh Aok 1 S S TR ne
| ase0 dabdetat0or dinnfrboe the seatmd leploadiimentof the chip, to which
the Au wire 26 is to be bonded.

Figs. 6A to 6C show a portion of the process of -
fabricating the laser diode according to the second
embodiment. - |

15 First of all, Withodt'chaﬁging the process of
fabricating the laser diode of the buried heterogeneous
construction according to the first embodiment of the
present invention, for exémple, as shown in Fig.5: (1) the
four epitaxial layers 16,15,13 and 14 are consecutively

20 formed on the n-type Gahs substrate (or the wafer); (2) the
regions to be formed with the buried layers 1l and 12 are
selectively removed by a chemical etching treatment; (3) the
buried layers 1l and 12 are formed by epitaxial growth; (4)
a Zn ampoule is diffused; and (5) the surface and back _

25 electrodes are then formed, thus completing the laser diode.
The hatched portions 31 appearing in Fig.6A indicate the
positions of the active layers 13. In this state, a wafer
33 is adhered to a soft sheet 32 and is cleaved from the
wafer side to form cleaved'facets 34 which intersect the .

30 running direction of the active layers at a right angie.
Fig.6A shows the state at which -the wafer formed with the
aforementioned laser diodes is cleaved.

Next, scribing operations are conducted along lines
parallel to the active layers 31, as indicated by single-

35 dotted lines 35 in Fig.6B. At this time, it will be seen



15

First of all, wthout changlng the process of fabricating the
| aser di ode of the burled het er ogeneous. ‘construction according to the fir
enbodi ment of the present invention, for exanple, as shown in Fig.5: (1)
the four epitaxial |ayers 16, 15,13 and 14 are consecutively 20 formed on

€9

the n-type GaAs substrate (or the wafer)<7<2) the regions to be fornmed with

the‘pUTied | ayers 11 and 12 are selectively renoved by a chem cal

et chi ng

'treatnent (3) the buried layers 11 and 12 are forned by epitaxial grow h;
(4) a Zn anpoule is dlffused and (5) the surface and back 25 el ectrodes
are then for % RSN s8] a5er 1 a Hie Cél%qxso%ia! rﬁ:o%rﬁ
appearing in cate the positions o e actlve ayers 13. this
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direction of .the %ctlve ayers at a right angle. Fig.6A shows the state at

ﬁ%@ ﬁ@th the aforenenti oned | aser diodes is cl eaved.
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After that2 the chips 33 are peeled fromthe sheet 32 and

separ af ed erRWBﬁ@t&HStﬁQF 1288t fdodroPd®BRtSed cl eaved facets of the
chips 3318re subj eq‘h&d ,{ @casdiivat iten tWe! BrEs@Atoninvendideg Myt dssputtering

process,
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25

30

35

thuso%gqg& Eggp&g%lhgs%ked&%%%rehln%%t%hlp as shown in Fig.5

merely by shifting the positions of the scribing operations
without any change in the processes of fabricating the laser
diode of the prior art. ' _

According to the embodiment described above, the
deterioration in the life time of the laser diodé can be
remarkably reduced.

Fig.7 illustrates the life test results of the laser
diode device according to the present embodiment. If the
screening tests (e.g.. tests of continuous operation at a
high temperature for 20 hours) of the respective lasef diode
devices are conducted after the bonding processes, 2 or 3%
of Ehe devices of the prior art have their photo output
powers.abruptly deteriorated by mechanical damage, as-
iﬁdicated by a curve B in Fig.7. On the contrary, most of
the laser diode devices according to the present invention
exhibit the photo output powers, as indicated by a curve A
in Fig.7, and few of them are abruptly deteriorated. This
is because it is possible by shifting the position of the

active layver and the wire bonding position to prevent the

active layer or the line from being mechanicaily damaged by
the bonding stress. |
Moreover, since the bonding position is located at the

chip centre during the bonding operation, the force is



10 Thus; abcording to the present invention, it is possible to
pg%zjde the | aser diode chip as showmn in Fig.5 nerely by shifting the

p i ons. of the scribing operations w thout any change in the processes ofs
fab¥icating the | aser diode of the prior art. 15 According to the
~/enbodi ment descri bed above, the detegiLoration in the life tine of the IQ§¢r

~di ode can be renarkably reduced. Fig.7 illustrates the life test results,.gf
the | aser "di ode device according to the present enbodinent. If the 20 ~*
screening tests (e.g. tests of continuous operation at a high tenperature

f 20 h f th ct I e _devi ces . are nduct ed .after the
bgadlng %ﬁ%@%@%é%? %nggéggagévﬁﬂegg Vc@gg F°P%érBFFéP"a§? %g gﬁ@'r phot o
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according to the present Inventfon exhibit t ot 0 out put powers, as
|ndlcaleﬁﬁiﬁﬁ%ﬁ%ﬁﬁv%n¢\FheFP@SYtlﬂhﬂleﬁﬁﬁﬂsﬂﬁéﬁlaFécaSPHﬁ?ﬂ Ydet eri or at ed.

- Thissis bprase éffeéscPosahbbe Hytabhbai Bgehherposit hgn ch bha 26 aative
layer and the re bond|%§%§03|t op, to revent tF actiye layer or-the line
from bei Hf MFAnTLat s ﬁﬁdl%yt?ﬁep BRERAgeEPPELRE Ny eover, since the
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and jhe posd N be PELSL SN 1$§Ebdfﬂ§a£h¥ reliaBimikar ebBthé can be
attained even if In, Au, Sn and so_on
other hand, ‘the time period for the bonding operation can be
shortened to improve the ease of manufacture. -
The present invention should not be limited to the
embodiments thus far described but can be modified-in
15 wvarious manners. _ .
Fig.8 shows a modification of the laser diode of the
buried heterogeneous cbnstruction, in whicq_the second
embodiment is modified such that the laser diode chip is
secured upside down to the submount. In this modification,
20 too, the position of the active layer 13 is shifted from the
central portlon of the chip 21 within such a range as is
allowed by the characteristics, and the Au wire 26 is bonded
~to the central portion of the chip 21. Thus, this modifica-
tion can also enjoy the same effects as those of the fore-
25 going second embodiment.



afe used as the solder in the present enbodlnent t here s

ari ses neither nmechani cal danage nor chip |ncI|ruﬂLI durlng t- :
bandi ng operation can be enlarged. As a result I f the
10 wire can be ensured, inproving the reliability. Onahe 0 d,

time period for the bondi ng operation can be shortened to |nprove the ease
of .- ufacture The present invention 8hould not be limited to the
enhgdlnents t hus far descri bed but can be nodified in 15 vari ous nmanners.
Fig.8 shows a Egdlflcatlon of the |l aser diode of the buried heterogeneous
construction, h the second enbodi nent is nodified such-that the

| aser diode chip is secured upS|de down to the subnmount. In this -
nodi fi cation, L0 too, t? n of the active layer 13 is shifted from
the central pdttion 4@ 1% Eh ﬁpgi DYHRE eBcRCkivendever ifom lasgm by t he
characteri sti cxscidihatien AAommed PO a spdbpuiled b hh%emwadﬁaudﬂuﬁ'éﬂbéﬁréﬁé*

chip 21. Thus,,d4i lﬂﬂﬂi n,al so_en e sa effects as those,
of the fore- fg;gdalsng secoig" ’%%Wiﬁ? t8% Je@ﬁF%s"d rg%rmeﬁ? 1% M&i ode
havi ng an acti Sﬁﬂﬂﬁeic#h¢egnsltmmnIéatwhmchothedbbnda Miren ig¥ a
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active |layer.. 2. A | aser diode as set ort In claiml erein sald
active | ayer |s positi-oned away fromthe centre of said
2. A laser diode as set forth in claim 1, wherein said

active layer is positioned away from the centre of said
10 substrate, and wherein said wire bonding position is located
to one side of the active layer.

3. A laser diode as set forth in claim 2, wherein said
wire bonding position is located at the central position of
"said substrate or in the vicinity thereof.

15 4. A laser diode as set forth in claim 1, wherein said
wire bonding position is removed from the centre of the
substrate and the substrate is secured to a submount by PbSn
solder. '

S. A laser diode as set forth in any one of the preceding
20 claims, wherein said wire bonding process'is effected by a

thermo-compression bonding method.

6. A laser diode as set forth in any one of the preceding

claims wherein said electrode. to which the wire is bonded is

formed over a top surface of the substrate, on an.ihsulating
25 film. ' '

7} A laser diode as set forth in ény one of claims 1 to S5
wherein said electrode to which the wire is bonded is on the



10 suws{rate, and wherein said wire bondi ng pdHER 1 ' d to one side s'

of tfh tive layer. 3. A |l aser diode as Sﬂmﬂmm""’”'mam 2, wherein - *
bondi ng position is |ocated at the centéalt pesii of said

¢ or in the vicinity-thereof. 15 4. . A laser diqde as set forth

in claiml, wherein said wire bonding position is renoved from“the centre J :

6f “the substrate and the substratq4s secured to a submount by PbSn sol der“.

5 A | aser diode as set forth i'n any one of the preceding 20 clains, '
wherein said wire bonding process is effected by a therno-conpression
bondi ng net hod. 6. ‘A | aser diode as set forth in any one of the

precedi ng clains wherein said electrode-to which the wire is bonded is
formed oRACk s¥pfacerafethe SNPSERNRK®ate, on an insulating 25 film 7.

A |l aser diode as set forth in any one of clains 1 to 5 wherein said

el ectrode,to which the wire_ s bonded.is on the -10- back surface of the
substrateB-g. A %F?%Eeﬁilﬂf“'&dé“&?&ﬁﬁq Y PARABRNRSER N described with
ref erencedéscrilped withdréferenegto Fimyl 63 fxid F g. o8 Pigkhesacconpanyi ng

drawings.-ang 6, or Fig. 8 of the accompanying drawings.




