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ties, one aspect being the reduction of minority car- rier recombination
centers. The key step of this meth- TECHNICAL FIELD
od is the removal of native oxides from the semicon- ductor surface. Once
[err] and [err] have been The invention concerns a method of passivating
5   dissolved by the highly alkaline sulfide solution, the etched mirror
facets of semiconductor laser diodes  sulfur neutralizes the surface
electronic states that for enhancing device reliability. This is
accomplished  otherwise form efficient recombination centers for by
reducing minority carrier recombination atthe mir-  minority carriers.
rorinterfaces and thus the developmentof heatwhich    The effects and
results so farachieved with such otherwise causes degradation particularly
at high  10  sulfide treatments have been investigated and dis- optical
output power.                              cussed in a number of
publications, a few of which are listed below: BACKGROUND OF THE INVENTION
- "Structure and Stability of Passivating Arsenic Sulfide Phases at GaAs
Surfaces" by C.J. With the ever-growing Importance of III-V com-  15
Sandroff et al. (J. Vac. Sci. Technol. B7 (4), pound semiconductor laser
diodes in applications        July/August 1989, pp.841-843). Described are
such as optical communications, printers and optical    the results of an
investigation on the use of disk memory systems, there is a high demand for
de-     aqueous sulfides on GaAs surfaces. Examined vices with high
reliability providing for long lifetime  were the structure and degradation
mecha- coupled with high power capabilities. Usually the   20  nism of the
passivating phases formed during maximum optical output power is limited by
the cata-    treatment with the aqueous sulfide. Degrade- strophic optical
damage (COD) or output power sat-        tion was found to take place in
the presence of uration due to local heating at the laser mirrors. It is
oxygen and light, producing a surface com- thus importantthat the COD level
be raised byoptim-     posed primarily of [err]. It is shown that long
izing the mirror passivation to reduce heat develop-  25  lasting
passivation could be achieved if either ment near the mirror interface.
light or oxygen is excluded. Hitherto, most laser diodes used have cleaved
- Study of Novel Chemical Surface Passivation mirrors resulting in
excellent performance and yield-   Techniques on GaAs pn Junction Solar
Cells" ing high reliability and long lifetimes at high optical  by M.G.
Mauket al. (Appl. Phys. Lett. 54 (3), 16 power provided a proper
passivation coating is ap-  30  January 1989, pp.213-215). This is a report
on plied to the mirror facets.                             an investigation
of GaAs surface passivation More recently, however, much attention has
methods wherein passivation is achieved by been directed to etched mirror
devices, mainly be-      chemical treatments using aqueous solutions cause
of the inherent advantages of this technology     of Na2S, KOH, [err] and
[err]. Solar cell allowing full wafer processing and testing and a high
35  structures are used to evaluate the effective- level of integration. A
typical device and a method for  ness of these passivation techniques. its
fabrication is disclosed in the published European  - "Effects of
Passivating Ionic Films on the Pho- patent application 0363547 "Method for
Etching Mir-    toluminescence Properties of GaAs" by B.J. ror Facets of
III-V Semiconductor Structures". How-     Skromme et al. (Appl. Phys. Lett
51 (24), 14 ever, for etched mirrors it is more difficult to achieve   40
December 1987, pp.2022-2024). Described the required reliability and
lifetimes atthe necessary   are studies of passivating effects of spin-
output power. There is a definite need for improved     coated [err] on
GaAs surfaces. Photolu- devices.
minescence methods are employed to charac- It has long been recognized that
III-V compound     terize non-radiative surface recombination. Af-
surfaces, GaAs having been most widely studied, are  45  ter passivation,
the photoluminescence was generally ofa poor electronic qualitywhereby the
use   found to be Increased, the surface field and of these materials in
optoelectronic applications has   surface recombination-related notch
features been limited. Considerable efforts have been made
eliminated. aiming at an understanding of the mechanism caus-     - "Raman
Scattering Measurements of De- ing the problems leading to mirror heating
and perfor-  50  creased Barrier Heights in GaAs following Sur- mance
degradation. Today it is generally believed      face Chemical Passivation"
by L.A. Farrow et that the problems be mainly caused by native oxides
al. (App. Phys. Lett. 51 (23), 7 December 1987, at the mirror interface,
these oxides accounting for    pp.1931 ff). the large numberof
non-radiative recombination cen-     Raman scattering is used to provide a
quanti- ters which, in turn, cause heating atthe mirrorfacets.  55  tative,
contactless way of measuring the re- Recently, a passivation method
involving a so-      duced barrier height associated with de- dium sulfide
nonahydride [err] treatment has      creased density of GaAs surface states
ob- been found to favorably impact GaAs surface proper-     tained by
treating GaAs surfaces with thin 2    
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sulfide  nonahydride     less heat developing at the mirrors and thus In a
large [err].                                 increase in device lifetime
and power capabilities Applicant is not aware of any publication disclos-
while maintaining the optical mirror quality. ing or suggesting the
application of such pre-passiva-   5 tion treatment in the fabrication of
etched mirrors to  DESCRIPTION OF THE DRAWING improve laser reliability.
This is surprising in view of the earlier work on the results of such
sulfide treat-  The Invention Is described in detail below with ments with
respect to achievable electronic property  reference to a diagram which
serves to demonstrate modifications of GaAs surfaces, and because the   10
the Improvement in laser performance that Is achiev- need for Improved
mirrorfacets has long been recog-  able when applying the inventive method.
Fig. 1, rep- nized.                                             resenting
the diagram, shows, forvarious lasertypes, As will be hereinafter
described, the use of such  the degradation rate of the laser drive
current, need- pre-passivation treatment In combination with a pre-  ed to
maintain a constant output power, as a function ceding wet-etch "cleaning"
process and the subse-  15  of the output power. quent deposition of a
final passivation coating per- manently preventing any chemical reaction at
the   DETAILED DESCRIPTION mirror facet, provides for etched mirror laser
devices of extremely high and unexpected lifetimes at optical  Before
describing an embodiment of the inven- powers not hitherto achieved for any
extended period   20  tion in greater detail, the problems generally occur-
of time.                                           ring in etched mirror
laser diode fabrication will be briefly outlined with reference to devices
produced in SUMMARY OF THE INVENTION                           GaAs
technology. Mirror etching is usually done by reactive ion It Is a main
object of the invention to provide a   25  etching (RIE), by reactive ion
beam assisted etching method for the fabrication of etched mirror laser di-
(RIBAE), or by chemically assisted ion beam etching odes resulting in
devices of greatly improved reliabil-  (CAIBE). A suitable process has been
described in ity and long lifetimes at high optical output powers.
published European Patent Application 0 363 547. Anotherobject is to
provide a method of passivat-  With etched mirrors so obtained, there are a
Ing etched mirror interfaces that serves to remove  30  numberof problems
affecting the performance of the the detrimental oxides and to reduce
non-radiative  fabricated devices, particularly with respect to the
minority carrier recombination at the mirror interfac-  long-term
reliability. These problems are caused by es, and provides a chemically
stable passivation pre-  and dependent on mirror surface conditions which
venting the diffusion of species capable of reacting  may be affected by
with the mirror surface over the lifetime of the devic-  35  - crystal
damage caused by ion bombardment; es.
- oxide films resulting from an ashing step used The invention as claimed
in claim 1 is Intended to  to remove the photoresist mask; meet these
objectives and to remedy the deficincies  - residues from the etching
process, e.g., chlor- of known laser mirror passivation techniques. The in-
ides; and/or ventive method provides the desired improvement in  40  -
surface roughness due to non-ideal etch mask that the etched mirror facet
is first subjected to a wet-  edges. etch process to substantially remove
any native oxide  In addition, there exists a general problem inher- as
well as any surface layer which may have been   ent when producing GaAs
devices since oxygen-ex- mechanically damaged during the preceding mirror
posed GaAs and AlGaAs surfaces show a large in- etch process. Then, a
passivation pre-treatment Is  45  crease in the non-radiative recombination
rate at sur- applied whereby any residual surface oxide is re-  face
recombination centers. This severely limits the moved and, most important,
a sub-monolayer is      device performance. formed which permanently
reduces the non-radiative    In using the inventive passivation method, the
recombination of minority carriers at the mirror facet.  above problems are
eliminated or substantially re- Finally, the pre-treated mirror surface Is
coated with  50  duced. The method comprises three successive proc- a
passivation layer to avoid any environmental ef-  esses that will now be
described. fects on the mirror.                                  In the
embodiment chosen for the description of The main advantages offered by the
invention   the inventive method, starting point is an almost com- are that
the major long-term reliability problems of  pleted layered GaAs/AlGaAs
laser structure, e.g., a etched mirror lasers are eliminated orat least
largely  55   graded index separate confinement heterostructure reduced:
residues, damaged crystals and oxide films  (GRINSCH) device with etched
mirrorfacets defining are removed from the mirrorfacets causing, with the
the length of the lasercavity. It could be produced us- proposed
passivation applied, a permanent reduction  ing the method described in the
above mentioned Eu- of recombination centers. This results in substantially
ropean Patent Application 0 363 547 followed by an 3    



5                   EP0474952B1                    6 ashing step used to
remove the photoresist etch    sults, [err] being a possible alternative.
The passiva- mask.                                              tion
coating can also be in the form of layers applied In a first process step,
the mirror facets are sub-  to modify the interface reflectivity. jected to
a wet chemical treatment for "cleaning" the   5  The diagram of Fig. 1
shows the life test data for mirror surfaces and to remove any surface
layer of  three kinds of etched mirror lasers. The data for pas- the
semiconductor crystal which may have been     sivated, cleaved mirror
lasers are included for com- mechanically damaged by the ion-bombardment
dur-   parison. ing the mirror etch process. The etchant is chosen so  The
data show how the degradation rate of the as to minimize the etch rate
difference of the   10  drive current, needed to maintain a constant output
GaAs/AlGaAs layers as a function of Al concentra-  power, varies with
output power, low degradation tion, and also to produce a relatively slow,
well-  rates obviously being indicative of a long device life controlled
etch rate so that about 20 nm to 30 nm of  at the respective output power.
The requirements are material can be reproducible removed. Suitable for
for a rate of change in drive current of the order this purpose is an
etchant of [err] / [err] / [err] in  15  [err] to [err] per hour, at high
(above 40 mW) output the proportion 1: 8: 1000 used at room temperature
powers, for several thousand hours. Data are shown for about 20 seconds. A
possible alternative would be  for three different etched mirror
treatments. a Br/[err] etchant. The sample is then rinsed in Dl-  Lasers
with dry etched mirrors which have sim- water and dried with nitrogen.
ply been coated with sputtered [err] (area marked The next step is a
passivation pre-treatment ap-  20   "[err] only") degrade rapidly at powers
as low as 20 plied to remove residual surface oxides which might  mW and
would not be acceptable for most applica- remain after the wet-etch step,
and to thereby reduce  tions. Lasers which have received the Na2S treat-
the number of minority carrier recombination centers  ment after dry
etching but before coating ("[err] + at the mirror Interface.
[err]") are already much better. They have lower This is done by spinning
onto the sample a solu-  25  degradation ratesatup toabout 40mW. Lasers
which tion of 1M [err] in water (e.g. [err]). This sol-  have received
both, the wet-etch and then the Na2S ution dries to form a crust. The wafer
may then be  treatment after dry mirror etching but before coating baked at
typically 100 to [err] for about 10 to 20  are the best of all ("Wet etch +
[err] + [err]"). The minutes. The crust is then removed with a waterrinse
data on these lasers are almost comparable to for one minute, blown dry
with N2 and quickly trans-  30  cleaved mirror lasers ("Cleaved + [err]").
They have ferred to a vacuum system where permanent passi-  low degradation
rates at 40 mW and lifetimes of sev- vation coating is applied to the
mirrors using vacuum  eral hundred hours at 60 to 70 mW. deposition method.
Experiments have shown that at output powers The effect of the treatment
with the aqueous   ofabout 5mWand belowthe qualityofthe mirror pas- Na2S
solution is supposed to be that surface oxides  35  sivation can be quite
poor without significantly im- are removed and replaced with a
sub-monolayer cov-  pacting the degradation rate. However, at powers of
erage of sulfides. The sulfide bonds are considered  about 30 mW and above,
the mirrors degrade very to be less efficient non-radiative recombination
cen-  rapidly unless they are correctly passivated. ters than oxide bonds
would be. This reduced non-ra-  The data shown for etched mirror lasers
pro- diative recombination then leads to improved mirror  40  duced in
accordance with the inventive passivation reliability since the heating at
the mirror facets is re-  method represent a very considerable improvement
duced.                                            in etched mirror
technology. It was totally unexpected For this pre-treatment, aqueous
solutions other  that applying the wet-etch process prior to the [err] than
Na2S can be used, e.g., a solution of [err].  treatment and then coating
the mirror interface with The benefits derived from terminating the mirror
45  a conventional passivation layer, would result in such surfaces with
the sub-monolayer is temporary unless  benefits. Presently, only these
improvements allow a permanent passivating layer is applied. Without  the
desired broader use of etched mirror lasers in im- such passivation,
protection will be degrading within  portant application fields that are
currently "re- several hours, depending on environmental condi-   served"
for the traditional cleaved mirror devices. tions.
50 To obtain a permanently stable interface, a pas- sivation coating is
subsequently applied using any  Claims conventional vacuum deposition
method. For long- term protection, this coating should consist of a ma-  1.
A method of passivating etched mirror facets of terial that does not
contain oxygen thatcouldform na-  55  semiconductor laser diodes
forenhancing device tive oxides with the semiconductor material or not re-
reliability, comprising the steps of: act Itself with the mirror interface,
and that prevents  - wet-etching the surfaces of said etched the diffusion
of species capable of reacting with the      mirror facets to substantially
remove any mirror surface. [err] was found to provide good re-
native oxide as well as any surface layer 4    
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pro- diative recombination then leads to improved mirror  40  duced in
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Itwas totally unexpected For this pre-treatment, aqueous solutions other
that applying the wet-etch process prior to the Na2S than Na2S can be used,
e.g., a solution of (NH4)2S.  treatment and then coating the mirror
interface with The benefits derived from terminating the mirror  45   a
conventional passivation layer, would result In such surfaces with the
sub-monolayer is temporary unless  benefits. Presently, only these
improvements allow a permanent passivating layer is applied. Without  the
desired broaderuse of etched mirror lasers in im- such passivation,
protection will be degrading within  portant application fields that are
currently "re- several hours, depending on environmental condi-   served"
for the traditional cleaved mirror devices. tions.
50 To obtain a permanently stable interface, a pas- sivation coating is
subsequently applied using any  Claims conventional vacuum deposition
method. For long- term protection, this coating should consist of a ma-  1.
A method of passivating etched mirror facets of terial thatdoes not contain
oxygen thatcould form na-  55  semiconductor laser diodes for enhancing
device tive oxides with the semiconductor material or not re-  reliability,
comprising the steps of: act itself with the mirror interface, and that
prevents  - wet-etching the surfaces of said etched the diffusion of
species capable of reacting with the      mirror facets to substantially
remove any mirror surface. [err] was found to provide good re-
native oxide as well as any surface layer 4    



7                  EP 0 474 952 B1                 8 which may have been
mechanically dam-             Splegeiflichen, urn Im wesentlichen so- aged
during the preceding mirror etch proc-       wohl jegliches nat(irliche
Oxid ale auch jeg- ess,                                             liche
Oberflachenschicht zu entfernen, die - applying a passivation pre-treatment
to re-   s   wahrend des vorhergehenden Atzprozes- move any residual
surface oxide and to            ses des Spiegels moglicherweise mecha- form
a sub-monolayer of a material that re-       nisch beschadigt wurde, mains
chemically stable during device life-     - Anwenden elner
Passivierungs-Vorbe- time and which substantially reduces the
handlung, urn jegliches iibriggebliebenes number of non-radiative minority
carrier re-  10  Oberflachenoxid zu entfernen und tine combination centers
at the mirror facet,          Submonoschicht aus einem Material zu bil- and
den, das wahrend der Lebensdauer des - coating the pre-treated mirror facet
with a       Bauelements chemisch stabil blelbt und die passivation layer
consisting of a material        Anzahl an nichtstrahlenden Minoritatala-
not reacting itselfwith the mirrorfacet Inter-  15
dungstrager-Rekombinatlonazentren  an face, and preventing the diffusion of
spe-        derSpiegelflachewesentlich reduziert und cies capable of
reacting with the mirrorfac-    - Beschichten der vorbehandelten Spiegel-
et interface.                                     fliche mit einer
Passivierungsschicht, die aus einem Material bestbht, das nichtselbst 2.
Amethod as claimed in claim 1, wherein the etch-  20   mit der
Spiegelflachengrenzflache reagiert ant used in said wet-etching step
exhibits a mini-    und das die Diffusion von Bestandtellen mal etch-rate
difference for the semiconductor        verhindert, die dazu in der Lage
sind, mit materials exposed at the mirror facets.                der
Spiegelflachengrenzflache zu reagie- ran. 3. Amethod as claimed in claim 2,
wherein the etch-  25 ant consists of [err] / [err] / [err] In the propor-
2. Verfahren nach Anspruch 1, wobei das in demn tions 1: 8:1000.
NalBtz-Schritt verwendete AzmitteI eine mini- maleAtzratendifferenzfurdie
an den Spiegeifli- 4. A method as claimed in claim 1, wherein an aqu-
chen freiliegenden Halbleitermaterialien auf- eous Na2S solution is used In
said pre-treatment  30  weist. step. 3. Verfahren nach Anspruch 2, wobei
das Atzmittel 5. A method as claimed in claim 1, wherein an aqu-   aus
H2SO4 / H202 I H20 in den Anteilen 1: 8: eous [err] solution is used in
said pre-treat-  1000 besteht. ment step.                                35
4. Verfahren nach Anspruch 1, wobei in dem Vorbe- 6. A method as claimed in
claim 4, wherein said pre-  handlungsschritt eine wasserige Na2S-Losung
treatment consists of                             verwendet wird. -
spinning said Na2S solution onto the wet- etched mirror facets,
40  5. Verfahren nach Anspruch 1, wobei in dem Vorbe- - drying the solution
to form a crust          handlungsschritt tine wAsserige (NH4)2S-L8- -
baking the laserstructure at 100 to [err],   sung verwendet wird. -
removing of the crust, and - drying the pre-treated mirror facets.     6.
Verfahren nach Anspruch 4, wobei die Vorbe- 45      handlung aus foigenden
Schritten besteht: 7. Amethodasclaimed in claim 1, wherelnthecoat-
- Aufachleudern der Na2S-L8sung auf die ed passivation layer consists of
[err].                nalLgeatzten Splegelflachen, - Trocknen der l8sung,
um tine Kruste zu 8.  Amethodasclaimedinclaim1, whereinthecoat-
bilden, ed passivation layer consists of [err].   50         - Trocknen der
Laserstruktur bel 100 C bit 250 C, - Entfernen der Kruste und
PatentansprOche                                         - Trocknen der
vorbehandelten SpiegelfIa- chen. 1. Verfahren zum Passivieren geAtzter
Splegelfla-  55 chen von Halblelterlaserdioden zur Steigerung  7. Verfahren
nach Anspruch 1, wobei die aufge- derZuverlassigkeltdes Bauelements, das
die fol-   brachte Passivierungsschicht aus A1203 besteht. genden Schritte
umfaft: - Na~itzen der Oberflachen der geatzten     a. Verfahren nach
Anspruch 1, wobei die aufge- 5    
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L   M   S brachtb Passivbrungsschicht aus Si3N4 besteht.        - la
culsson de la structure laser a une tem- p6rature comprise entre 100 Ot
2500C, - Is retrait de la croOte, et RevendlcatIons
5         - le sichage des facettes du miroir pre-traite. 1. Procdi de
passivation des facettes d'un miroir  7. Procede solon la revendlcation 1,
dans lequel la attaqu6 chimiquement de diodes lasersemicon-       couche de
passivation appliques consists en ductrices pour ameliorer le fiabiliti du
dispositif,  Al2O. comprenant les otapes suivantes:           10 - attaque
par reactif liquide des surfaces   S. Procode solon la revendicatton 1,
dans lequel la desdites facettes du miroir attaque chimi-    couche de
passIvation appliquee consists en quement pour ret irer sensibloment tout
oxy-   Si6N4. de A I'otat natif ainsl que touts couche de surface qui pout
avoir 6t6 mhcaniquement  15 ondommag6e au cours du processus pri- c6dont
d'attaque chimique du miroir, - application d'un pre-traitement de passiva-
tion pour retirer tout oxydo riesduel de sur- face et pour former une
sous-monocouche   20 d'un materiau qui rests chimiquement sta- ble au cours
de la duree de vie du dispositif ot qui redult sensiblement le nombre de
centres de recombinaison des porteurs mi- noritaires non radiants A
lafacetto du miroir,  25 ot - revetoment de la facoett du miroir pr6-trai-
tie avec une couche de passivation consis- tant en un materiau ne
reagissant pas lul- meme avoc l'interface do la facette du mi-  30 roir, ot
empochant la diffusion d'especes capables de riagir avec l'lnterfacoe de la
fa- cette du miroir. 2. Procede solon la revendication 1, dans loquel le
35 reactif d'attaque utilise dans ladito etape d'atta- que par reactif
liquide presente uno diffirence de taux d'attaque minimale pourles
materiauxsemi- conducteurs oxposes sur les facettes du miroir. 40 3.
Procede selon la revendication 2, dans loquel le Kj      rbactif d'attaque
consists en H2S04 I  1-120 I H2 dans les proportions do 1: 8: 1000. 4.
Procode solon la revendicatlon 1, dans lequel  45 uno solution aqueuse de
Na2S est utilisee dans ladit etape de pre-traltement. 5. Procidd salon la
revendication 1 dans lequel une solution aqueuse de (NH4)2S est utilisee
60 dans ladits otape de pre-traitbment. 6. Procede selon la revendication
4, dans lequol le pre-traitoment consists en -
larotationdeladitesoutiondeNa2Ssurles  55 facettes du miroir attaqu6 par un
r6actif li- quids, - l sichago de la solution pour former une crofit, 6    


