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Data are presented demonstrating the formation of native oxides from high A1 composi- 
tion Ino.5(Al~Gal-x)o.sP (x ~ 0.9) by simple annealing in a "wet" ambient. The oxidation 
occurs by reaction of the high A1 composition crystal with H20 vapor (in a N~. carrier 
gas) at elevated temperatures (->500 ~ C) and results in stable transparent oxides. Sec- 
ondary ion mass spectrometry (SIMS) as well as scanning and transmission electron 
microscopy (SEM and TEM) are employed to evaluate the oxide properties, composition, 
and oxide-semiconductor interface. The properties of native oxides of the Ino.5(AlxGa~_~)o.sP 
system are compared to those of the AI~Gal_=As system. Possible reaction mechanisms 
and oxidation kinetics are considered. The Ino.5(AlxGa~-~)o.sP native oxide is shown to 
be of sufficient quality to be employed in the fabrication of stripe-geometry 
Ino.5(Al~Gal-=)o.sP visible-spectrum laser diodes. 
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INTRODUCTION 

The modern electronics revolution has been pri- 
marily a result of the advancement of Si integrated 
circuit (IC) technology. While the discovery of the 
point contact transistor by Bardeen and Brattain 1 
was probably the most significant development 
leading to this technology, much of the Si IC de- 
velopment relies critically on the ability to form high- 
quality, dense, stable, and insulating native oxides 
on Si. The discovery that such an oxide (SiO2) could 
be formed on Si by H20 vapor oxidation 2 continues 
to be of major significance. Attempts to form sim- 
ilar high-quality native oxides on III-V semicon- 
ductor compounds have met with limited success. 3 
In general, these oxides have poor electrical and/or 
mechanical properties, and are porous, making them 
unable to mask impurity diffusion. This inability to 
form high-quality native oxides on the III-V 
compounds has impeded the development of III-V 
IC and optoelectronic technology. 

Recently, in attempts to study the degradation of 
high-gap AlxGal_~As, 4'5 stable device-quality in- 
sulating A1GaAs native oxides have been realized. 6 
These oxides are formed in a manner similar to the 
classical method of oxidizing Si, 2 by reaction of high- 
gap AI~Ga~_~As with H20 vapor (in a N2 carrier gas) 
at elevated temperatures (->400 ~ C). 6 The high- 
quality of the native oxides is attributed to the 
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formation of stable A10(OH) and A1203 compounds, 
in marked contrast to AI(OH)3 and related 
compounds that are believed to be formed in room- 
temperature destructive atmospheric hydrolysis. 7 
Thus, the key to the formation of the high-quality 
III-V oxides is the presence of A1 in the semicon- 
ductor. Hence, any III-V with sufficient A1 
composition, i.e. Ino.~(Al~Ga,_x)o.sP, s may be emplo- 
yed to form these high-quality oxides. The 
AlxGal_~As native oxides are dense, and have been 
shown to mask Zn (acceptor) diffusion (and impu- 
rity induced layer disordering (IILD)) from the vapor 
(600 ~ C), 9 and Si (donor) solid-source diffusion and 
IILD (800 ~ C). 1~ The excellent insulating character- 
istics of the native oxide make it useful for the fab- 
rication of high-performance gain-guided Al~Gal_=As 
lasers. 11'12 Furthermore, the native oxide is capable 
of reducing leakage currents from parasitic p-n  shunt 
junctions, resulting in an improved form of IILD 
buried heterostructure laser. 13 The Al=Gal_xAs na- 
tive oxides also exhibit a low refractive index (n 
1.60) and can be made thick (microns), making them 
useful in forming essentially planar index-guided 
lasers, ~4'15 and planar optical waveguides with large 
bend angles. TM In addition, the low-index oxides can 
be employed to form internal reflectors for Fabry- 
Perot cavities. 17 

In view of the above, the native oxide has already 
proven to be an extremely useful fabrication tech- 
nology for the realization of optoelectronic devices. 
In order to fully realize the potential of the Al-bear- 
ing III-V native oxides, a detailed understanding 
of the oxide material properties and oxidation pro- 
cesses is required. In this paper, we present data on 
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the properties of oxides formed from high A1 
composition Ino.5(Al~Gal_~)o.sP (x ~> 0.9) and 
AlxGa~_~As (x ~> 0.5). Transmission and scanning 
electron microscopy (TEM and SEM) and secondary 
ion mass spectroscopy (SIMS) are utilized to in- 
vestigate and compare the properties of 
Ino.5(Al~Gal-x)o.sP and Al~Gal_~As native oxides. 
Possible reaction mechanisms, oxidation chemistry 
and growth kinetics are discussed. In addition, ap- 
plications of the In(A1Ga)P native oxide to the fab- 
rication of stripe-geometry Ino.5(AlxGal_x)o.sP visi- 
ble-spectrnm laser diodes are presented. 

EXPERIMENTAL PROCEDURE 

The crystals employed in this work are grown on 
(100) GaAs substrates by metalorganic chemical 
vapor deposition (MOCVD). TM The primary source 
materials consist of trimethylgallium, trimethylal- 
uminum, trimethylindium, phosphine, and arsine. 
Bulk layers of AlxGal_xAs (x -> 0.5) and 
Ino.~(AlxGal-x)o.sP (x -> 0.9) have been investigated 
for material characterization studies. In addition, a 
double heterostructure (DH) laser designed for ~ - 
665 nm emission is also employed. The crystal is 
grown on an n-type GaAs substrate with a -0.8/~m 
Ino.5(Alo.sGao.1)o.sP n-type lower confining layer, a 
-0.1 /~m undoped Ino.sGao.sP active region, a -0.8 
fern Ino.5(Alo.~Gao.1)o.sP p-type upper confining layer, 
and a -200A Ino.sGao.sP p-type contact layer. 

"Wet" oxidations are conducted in an open-tube 
furnace (400-650 ~ C) supplied with H20 vapor. The 
H20 vapor is supplied via an N2 carrier gas passed 
through a H20 bubbler maintained at -95  ~ C. The 
total Ne flow rate is 1.4 scfh. This experimental ar- 
rangement results in saturation of the N2 with H20 
vapor. It is not essential to heat the lines between 
the bubbler and furnace to avoid condensation. 
Generally, this process results in the formation of 
high quality native oxides from both AlxGal_xAs and 
Ino.5(A1,Ga~_,)o.~P. We note that attempts to form 
native oxides from high A1 composition AlxGa~_,As 
with O2 gas results in lower quality oxides, with a 
decreased amount of oxygen present in the films 
compared to those formed with H20 vapor. 19 

Various methods are employed to characterize the 
native oxide and underlying semiconductor crystal. 
Secondary ion mass spectrometry (SIMS) measure- 
ments are performed with a Cameca IMS 3F ion mi- 
croprobe with primary beam of Cs+ ions and posi- 
tive secondary ion detection. All SIMS ion counts 
are normalized to give the proper stoichiometric ra- 
tio in the semiconductor crystal. Samples are pre- 
pared for transmission electron microscopy (TEM) 
by cleaving the wafers into small rectangles (2 • 2 
ram), mounting pairs face-to-face with epoxy, saw- 
ing the sandwiched pair into ~0.25 mm bars, and 
Ar + ion milling the samples to the required thick- 
ness. TEM images are generated on a Phillips EM 
420 microscope. Oxide depth measurements are 
performed by cleaving, staining, and imaging oxide- 
semiconductor cross sections in a scanning elec- 
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Fig. 1 - -  Optical micrographs of oxide films formed from (a) GaAs 
and (b) Alo~sGao,As via H20 vapor oxidation at  550 ~ C for 15 min. 
The oxide formed from the GaAs is not mechanically stable and 
can easily be removed by applying pressure with a small  wooden 
stylus (upper right,  in (a)). In contrast,  (b) the AIGaAs oxide is 
mechanically very stable and cannot  be removed even with con- 
siderable force. 

tron microscope (SEM). Stains consisting of 
HC1: H202 : H20 (1:4:40) and Br-methanol (0.1%) are 
employed to delineate the oxide. 

RESULTS AND DISCUSSION 

The oxides formed by ~wet" oxidation from the A1- 
bearing III-V's exhibit markedly different proper- 
ties than those formed from III-V compounds that 
do not contain A1. Figure 1 shows optical micro- 
graphs of the surface of oxides formed simulta- 
neously from (a) GaAs and (b) Alo.6Gao.4As at 550 ~ C 
for 15 min. The GaAs oxide (-0.2 pm) is not me- 
chanically stable and can be easily removed from 
the underlying GaAs by applying pressure with a 
small wooden stylus (upper right corner of Fig. l(a)). 
However, the oxide formed from Alo.6Gao.4As (-0.3 
~m thick) is mechanically very stable and cannot 
be removed even with considerable force. Oxides - 2  
pm thick have been formed from high-gap 
AlxGal_xAs which exhibit excellent mechanical, in- 
sulating, and diffusion masking properties (data not 
shown). 

The high quality of the Al-bearing oxides is at- 
tributed to the properties of Al within the oxide. The 
oxidation potential (defined as the potential for the 
removal of three electrons from the Column HI metal, 
III--* III 3§ + 3e-) of A1 (+ 1.66) is much higher than 
that of Ga (+0.53) or In (+0.34). ~~ Thus, Al-bearing 
compounds oxidize more readily as a result of the 
high affinity of A1 for oxygen (or OH, H20) mole- 
cules. The direct consequence of this property is a 
reduced amount of unoxidized metal (A1) in the ox- 
ide (compared to oxides formed from Ga or In), re- 
sulting in a film with improved insulating and me- 
chanical properties. 

The high affinity of A1 for oxygen results in the 
A1 composition (mole fraction) of A1GaAs being a 
key rate determining factor in the growth of A1- 
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Fig. 2 - -  Oxide thickness vs inverse temperature ( l /T)  for the 
H20 vapor oxidation (lh) of (a) AlosGao.2As, (b) Alo.sGao.~As, and 
(c) Ino.sAlo.~P. The higher AI content of the (a) Alo.sGao2As re- 
sults in an increased oxidation rate compared to lower Al-con- 
tent  (b) Alo.sGao.sAs. However, for samples containing the same 
Al mole fraction, (b) Alo.5Gao.sAs oxidizes more rapidly than (c) 
Ino.sGao.sP. 

Oxide 

Fig. 3 - -  Transmission electron microscope images of native oxides 
formed via H20 vapor oxidation at 450 ~ C from (a) Alo.sGao.sAs 
(2h) and (b) AlosGao.2As (15 min). The structure of both oxides 
is the same, essentially amorphous, with a moderately smooth 
interface at the oxide-semiconductor boundary. The crystalline 
granules observed inside the oxide are most likely the result of 
electron beam irradiation and are not inherently present in the 
oxide. 

GaAs native oxide films by water vapor oxidation. 
This trend is shown in the Fig. 2 plot of oxide thick- 
ness vs inverse temperature (l/T) for lh "wet" oxi- 
dations of (a) Alo.sGao.2As and (b) Alo ~Gao ~As. Both 
samples are doped p-type mid-1017 cm -a to elimi- 
nate any do~ing level influence on the oxidation 
growth rate21 For all temperatures investigated, the 
higher Al-composition A1GaAs oxidizes ~Taster" than 
A1GaAs of lower Al-composition. In addition, the 
slope of the oxide thickness vs (l/T) curve in Fig. 
2 is steeper for (b) Alo.sGao.sAs than (a) Alo.sGao.2As, 
which implies a higher activation energy for the 
oxidation of lower Al-composition A1GaAs in Fig. 
2(b). The results are a consequence of the reduced 
amount of A1 present to absorb (or chemisorb) the 
oxygen-containing molecules in order to initiate the 
oxidation process. 

The presence of A1 is the key to forming high 
quality oxides from the III-V compounds by "wet" 
oxidation. Thus, other III-V semiconductors con- 
raining a sufficient amount of A1 are also candi- 
dates for conversion to high quality native oxides. 
Specifically, the Inos(Al=Gal_~)osP system may be 
employed to form device-quality oxides, s In Fig. 2, 
the results for oxide thickness vs (l/T) are also pre- 
sented for the "wet" oxidation of (c) Ino.~Alo.sP (p- 
type mid-10 ~7 cm-3). These data indicate that 
Ino.~A10.~P oxidizes at a much slower rate compared 
to Alo.sGao.sAs (both compounds containing the same 
mole fraction of Al and same doping level). Also, 
higher temperatures (~>500 ~ C) are required to form 
oxides from Ino.sAlo.sP compared to Alo.sGao.sAs, 
which oxidizes at substantially lower temperatures 
(~>450 ~ C). These higher oxidation temperatures re- 
sult in a decreased selectivity between the oxida- 
tion rates for Ino.5(AlxGal_,)o.sP and HI-V compounds 
which do not contain A1. Thus, Ino.sGao.sP or GaAs 
do not serve as appropriate masks for the oxidation 
of Ino.5(Al~Ga~_~)o.sP. For water vapor oxidations 

performed at 500~ (4h),TEM measurements in- 
dicate the formation of--200/k of oxide on exposed 
Ino.sGao.sP surfaces (data not shown). This behavior 
is unlike that of the oxidation of AlxGal_xAs which 
under the appropriate conditions may be masked by 
thin GaAs capping layers. 12'13 

The slope of the oxide depth vs (l/T) curve of Fig. 
2 implies a much lower activation energy for the (c) 
Ino.sAlo.~P compared to (b) Alo.sGao.sAs. The reduced 
activation energy may be a consequence of the pres- 
ence of "soft" In-P crystal bonds that are more eas- 
ily broken compared to those of Ga-As or A1-As. The 
dissociation of these bonds may be a limiting step 
in the oxidation process 3 resulting in a lower acti- 
vation energy for Ino.sAlo.sP (compared to 
Alo.sGao.sAs). 

Figure 3 shows TEM images of oxides formed by 
water vapor oxidation (450 ~ C) of (a) Alo.sGao.sAs (2h) 
and (b) Alo.sGao.~As (15 min). In both cases the na- 
tive oxide is essentially amorphous with a moder- 
ately smooth interface at the oxide-semiconductor 
boundary. No discernible differences are present in 
the structure of the two oxides. However, these im- 
ages indicate the presence of small crystalline 
granules within the native oxide. We note that the 
structural changes shown in Fig. 3 develop in an 
otherwise uniform oxide film only after prolonged 
electron beam irradiation. Thus, these crystalline 
granules are most likely a result of radiation dam- 
age and are not inherently present in the oxide. 
Similar results have been observed for A1203, where 
amorphous material recrystallizes after irradiation 
by a focused electron beam. 22 

The smoothness of the boundary at the A1GaAs 
native oxide-semiconductor interface may be 
improved by employing Ino.sGao.sP-Ino.5(AlxGal-x)o.~P 
"stop-layers". These phosphorus compounds oxidize 
at a much slower rate, and thus effectively serve to 
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Fig. 4 - -  Transmission electron microscope image of an  (a) as- 
grown A1GaAs-InGaP-In(A1Ga)P heterostructure in which the 
InGaP-In(A1Ga)P layers are employed to te rminate  (stop) the 
oxidation of the upper A1GaAs layer. After oxidation (550 ~ C, 55 
min) the image in (b) indicates tha t  the InGaP layer is ~con- 
sumed", with  the oxide te rmina t ing  within the In(A1Ga)P layer. 
The oxide-semiconductor boundary exhibits a much smoother in- 
terface t han  t ha t  of the oxidation of bulk A1GaAs (Fig. 3). 

~stop" the oxidation process under the proper con- 
ditions. A structure employing such stop-layers is 
shown in the TEM image of Fig. 4(a). The layers of 
interest consist o f - 0 . 3  ~m Ino.5(Alo.gGao.~)o.sP, and 
-160/~ Ino.sGao.~P capped with a - 0 . 5  ~m 
Alo.4Gao.6As oxidation layer. Such structures can be 
advantageously employed to form planar index- 
guided visible-spectrum laser diodes via the water  
vapor oxidation process. 23 The effect of the stop-lay- 
ers is shown in Fig. 4(b) where the surface of the 
crystal (Alo.4Gao.6As layer) has been exposed to H20 
vapor at 550~ for 55 min. The oxidation process 
results in the conversion of the entire ~0.5 ~m 
Alo 4Gao ~As layer to native oxide. In addition, the 
-160/~ Ino.sGao.sP layer is consumed in the process. 
At 550 ~ C, the entire Alo_4Gao.6As layer is consumed 
after ~37 min. The much slower oxidation rates of 
the Ino.5(Al~Gal_x)o.~P compounds serve to ~stop" the 
oxidation process at  this point. No further oxidation 
of the underlying Ino.5(Al~ Gal_x)o.~P layer is observed 
for all longer oxidation times investigated (-<90 rain). 
We note that  the A1GaAs-oxide semiconductor in- 
terface is significantly smoother when oxidation 
'~stop-layers" are employed (Fig. 4(b)) compared to 
the oxidation of bulk AIGaAs layers (Fig. 3). 

The water  vapor oxidation of bulk high A1- 
composition Ino.5(AlxGal_x)o.sP also results in a rel- 
atively smooth oxide-semiconductor interface 
(compared to the oxidation of bulk A1GaAs, Fig. 3). 
This is shown in the TEM images of Fig. 5 for the 
"wet" oxidation of Ino.5(AlxGa~_x)o.sP at (a) 500~ 
(4h), (b) 550 ~ C (lh), and (c) 650 ~ C (12 rain). Under  
all conditions investigated the oxide film is essen- 
tially amorphous. However, small crystalline is- 
lands are also observed in these films (Fig. 5). Sim- 
ilar to the crystalline granules observed in the 
A1GaAs oxide (Fig. 3), these crystalline islands are 
most likely an artifact of the electron beam irra- 
diation of the sample and are n o t  an intrinsic prop- 
erty of the oxide. Also, such islands may result  from 

the Ar+ ion milling process as has been previously 
observed in InP. 24 

The concentration of the crystalline islands does 
reflect, however, the distribution of In within the 
oxide. Thus, for Ino.5(AlxGal_x)o.sP oxidized at (a) 
500~ (4h) an accumulation of islands (In) occurs 
at the oxide-semiconductor interface, whereas at (b) 
550 ~ C (lh) the islands (In) appear to be relatively 
uniformly distributed within the oxide. At (c) 650 ~ C 
(12 min), a depletion of islands (In) exists at the in- 
terface. The correlation of island concentration with 
In distribution is confirmed by the SIMS In profiles 
of these samples shown in Fig. 6. In agreement with 
the TEM images, the SIMS profiles show an In ac- 
cumulation at (a) 550 ~ C (4h) and an In depletion 
at (c) 650 ~ C (12 min) occurring at the oxide-semi- 
conductor interface ( -0 .1  ~m in depth from the sur- 
face). The SIMS In profile at (b) 550 ~ C roughly shows 
an even distribution of In within the oxide film. SIMS 
signals for the other elements (A1, Ga, O, H) show 
no differences for films formed at different temper- 
atures (data not shown). Thus, the oxidation tem- 
perature significantly affects the In distribution 
within the oxide. 

These results, of course, have implications for the 
formation of thick oxide films from Ino.5(Alx Gal-x)o,sP. 
At temperatures  ~>575 ~ C, H20 vapor oxidation re- 
sults in poor quality non-uniform films for oxides 
thicker than -3000A.  These films typically have a 
silver appearance which is at tr ibuted to the migra- 
tion of In toward the surface. However, for H20 vapor 
oxidation at 550 ~ C, we have successfully fabricated 
thick films ( -0 .7  ~m). These films appear to be of 
high-quality, with a smooth oxide-semiconductor 
interface. Similar to A1GaAs oxide, depth (Xj) VS time 
(t) measurements  for Ino.5(AlxGal-x)O 5P oxidized at 
550~ indicate that  the oxidation growth rate 
conforms to a parabolic law ( x j  2 ~ t ,  data not shown) 
indicating the formation of a protective, nonporous 
film. 2~ This behavior is unlike that  for films formed 
according to a linear oxidation growth rate ( x j  ~ t ) .  
Such films are generally regarded as porous since 
the growth rate does not decrease with oxide thick- 
ness, indicating that  the oxidizing species pass 
unimpeded through the film. 

Secondary ion mass spectrometry data for films 
formed by ~wet" oxidation from Alo.sGao.sAs at 450 ~ C 
for 2h are shown in Fig. 7. These data indicate a 
chemically sharp interface (within the resolution of 
the SIMS sputtering) between the oxide and the 
Alo.sGao.~As. As expected, a significant amount of O 
and H is present in the oxide. The same results are 
observed for oxides formed from higher composition 
AlxGal_xAs, i . e .  x ~ 0.8 (data not shown). We note 
that  the exact chemical composition of these films 
cannot presently be determined from these data due 
to matrix effects and the lack of standards. In ad- 
dition, SIMS data are shown in Fig. 8 for an oxide 
formed from Ino~5(A10.gGao.~)o.sP at 500~ for 4h. 
Similar to the oxides formed from AlxGa~_xAs (Fig, 
7), the In(A1Ga)P oxide exhibits a chemically sharp 
interface and the presence of a substantial  amount 
of O and H in the oxide. However, these data (Fig. 
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Fig. 5 -- Transmission electron microscope images of oxides formed from Inos(Alo.gGao.~)o.sP via "wet" oxidation at  (a) 500 ~ C (4h), (b) 
550 ~ C (lh), and (c) 650 ~ C (12 min). The oxide s tructure is essentially amorphous with a significantly smoother oxide-semiconductor 
interface compared to oxides formed from bulk A1GaAs (Fig. 3). The crystall ine islands shown in these images are a resul t  of radiat ion 
damage from the TEM and are not an  intrinsic property of the oxide. However, these islands reflect the In distr ibution within the 
film, indicating an  In accumulation at  the  oxide-semiconductor interface a t  (a) 550 ~ C, and an In depletion from the  interface at  (c) 
650 ~ C. At  (b) 550 ~ C, the islands (In) are roughly evenly distributed throughout  the oxide. 
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Fig. 6 - -  SIMS In profiles of the In(A1Ga)P oxide films of Fig. 5 
formed by H20 vapor oxidation at  (a) 500 ~ C (4h), (b) 550 ~ C (lh), 
and (c) 650 ~ C (12 min). The In profiles agree with the observed 
distr ibution of crystall ine islands in the TEM images of Fig. 5. 
These data  indicate an accumulation at  (a) 500 ~ C, and a deple- 
t ion at  (c) 650 ~ C of In from the  oxide-semiconductor interface 
( - 0 . 1 / z m  in depth). The SIMS profile for (b) 550 ~ C shows a rel- 
atively uniform In distr ibution throughout  the  oxide. 

8) indicate a significantly lower concentration of H 
(compared to that of O) in the In(A1Ga)P oxide. These 
results are in contrast to those obtained from the 
A1GaAs oxide (Fig. 7) which indicate the presence 
of more H than O in the oxide. This phenomenon 
may be a consequence of either variation in the oxi- 
dation chemistry resulting from the presence of In/  
P, or the higher temperature required for the oxi- 
dation of Ino.~(Alo.9Gao.1)o.sP (500 ~ C) compared to 
Alo.sGao.~As (450 ~ C). Such a higher temperature may 

107l H ! H20 Vapor (~g5~ + N 2 Oxidation 
. . . . .  45ooc (2h)_ 

los W .  k V  - . . . . . . .  H 
8 

c]) 

~_ 10 3 -- [ 

Ox de~ --.~ AI0.5Ga0.5As 

I 
10. 0 I I I I I 0.2 0.4 0.6 

Depth (t~m) 

Fig. 7 - -  SIMS profiles for the water  vapor oxidation (450 ~ C, 
2h) of Alo ~Gao.sAs. The oxide contains a significant amount  of O 
and H and exhibits  a chemically sharp interface with the  un- 
derlying AlosGao.sAs (within the  SIMS sput ter ing resolution). 

cause a different oxide compound and/or phase to 
be formed (e.g. more A1203 than A10(OH)). 

The presence of some (<~ 50% mole fraction) Ga 
in the native oxide films of Figs. 7 and 8 does not 
compromise the structural integrity of the film. The 
reaction products for the high-temperature H20 
vapor oxidation of AlAs are thought to be A10(OH) 
and/or A1203. 7 The oxides of Ga, GaO(OH) and 
Ga203, and A1, A10(OH) and A1203, are structural 
isomorphs, and thus form an extended series of solid 
solutions, AlxGal_xO(OH) and (AlxGal-x)203, over 
virtually their entire composition range. 2~-2v How- 
ever, the In oxide compounds exhibit a much more 
limited range of solid solubility with the oxides of 
A1 and GaY '2s This property combined with the high 
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Fig. 8 - -  SIMS profiles for the 500 ~ C (4h) H20 vapor oxidation 
of II~,s(Alo.gGao.l)o.sP. These profiles are similar to those of A1GaAs 
oxides (Fig. 7), with the exception of a significantly lower level 
of H (compared to that  of O) in the In(A1Ga)P oxide. 

diffusivity of In may account for the temperature 
dependence of the In distribution in the oxide film 
(Figs. 5 and 6). The Column V elements may also 
oxidize, forming As203 or P2Os (which is thermo- 
dynamically more stable than P203). 3 Both of these 
compounds possess a very high vapor pressure and 
thus tend to evaporate from the oxide. 3 Addition- 
ally, the P or As may react with H to form AsH3(g) 
and PH3(g). These mechanisms indicate that a re- 
duced amount of the Column V element should be 
present in the oxide. 

Despite the mixed composition of the oxide films, 
both the AIGaAs oxide 11 and the In(A1Ga)P oxide s 
exhibit excellent insulating characteristics. Also, 
ellipsometer measurements (A = 632.8 nm), indi- 
cate that the A1GaAs oxide possesses a refractive 
index of n - 1.6.19 Ellipsometer measurements in- 
dicate that the In(A1Ga)P oxides also exhibit a re- 
fractive index of n - 1.6, which is relatively inde- 
pendent of the oxidation temperature (500-650 ~ C). 
The low index of these native oxides may be ad- 
vantageously employed for optical confinement in 
the higher index (n - 3) semiconductor material. 

The In(A1Ga)P native oxide is of sufficient qual- 
ity, exhibiting very good insulating characteristics, 
to be employed for current confinement in the fab- 
rication of Ino.5(AlxGal_~)o.sP gain-guided laser 
diodes. Devices are fabricated by patterning 10-/~m- 
wide Si3N4 stripes on the crystal surface which are 
then employed as masking layers to chemically etch 
the contact layer, thus exposing the high A1 
composition Ino.s(AlxGal_~)o.~P upper confining layer 
outside of the stripe region. The crystals are then 
immediately placed in an open tube furnace (500- 
550 ~ C) supplied with H20 vapor in a n  N2 carrier 
gas for 1-4h. This process transforms the surface of 
the exposed Ino.5(Al~Gal-=)o.sP confining layer to a 
-1000A current-blocking native oxide. The S i 3 N  4 
masking stripes are then selectively removed, and 
the sample is lapped and polished to ~125 ~m, met- 
allized with Au-Zn-Au for p-type contacts and Ge- 
Ni-Au for n-type contacts, cleaved, diced, and 
mounted on In-coated copper heat sinks. 
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Fig. 9 - -  Continuous (cw) room-temperature (23 ~ C) performance 
characteristics of 10-ftm-wide gain-guided native-oxide-defined 
Ino~(AI.Ga,-x)o.sP double heterostructure laser diode. The laser 
has a threshold of 98 mA (2.6 kA/cm 2) and operates in multiple 
longitudinal modes at A - 665 nm (inset). The laser exhibits a 
maximum power output of 2.75 roW/facet (uncoated) with a total 
external differential quantum efficiency of 27%. 

The continuous (cw) room-temperature (23 ~ C) light 
vs current (L-I) characteristics of a 10-ftm-wide de- 
vice fabricated from the DH visible-spectrum laser 
crystal are shown in Fig. 9. The laser threshold is 
98 mA (2.6 kA/cm 2) with a total external differ- 
ential quantum efficiency (~) of 27%. The maximum 
power output is limited to 2.75 mW/facet (un- 
coated). The device exhibits a fairly high charac- 
teristic temperature (To) for this material system of 
125 ~ C under pulsed operation and 100 ~ C under cw 
operation. The laser operates in multiple longitu- 
dinal modes at A - 665 nm (inset). We note that 
the operating characteristics of these devices de- 
fined by the native oxide are comparable to (are at 
least as good as) those defined by deposited dielec- 
trics (Si3N4 o r  SiO2). Laser diode performance in this 
material system is typically limited by thermal con- 
siderations as a result of the high electrical and 
thermal resistivity of the Ino.5(AlxGal-x)o 5P confin- 
ing layers. The native oxide devices may ultimately 
yield improved thermal performance as a result of 
the superior adherence of the native oxide film and 
the excellent thermal properties of A1203. 

CONCLUSIONS 

Data have been presented describing the material 
properties of native oxides formed via H20 vapor 
oxidation from high A1 composition AIGaAs and 
In(A1Ga)P. The A1 content of the samples is shown 
to critically affect the oxidation rate. However, the 
presence of In and/or P significantly slows the oxi- 
dation process. Accordingly, In(A1Ga)P layers can 
be employed as "stop-layers" for the oxidation of 
A1GaAs. Both the A1GaAs oxides and In(A1Ga)P 
oxides are amorphous in structure. However, the In 
distribution within the native oxide is highly de- 
pendent on the oxidation temperature. Under the 
proper conditions, the In distribution can be made 
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uniform, allowing the formation of thick oxide films. 
Furthermore, the In(A1Ga)P native oxide possesses 
excellent insulating characteristics (and a low re- 
fractive index) and thus can be advantageously em- 
ployed in the fabrication of Ino 5(Al~Gal_x)o.~P laser 
diodes. 
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