Electrical and optical characteristics of AIAsSb/GaAsSb distributed Bragg
reflectors for surface emitting lasers
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We demonstrate an undoped 2@air AIAsSb/GaAsSb distributed Bragg refleci@®BR) grown

lattice matched to an InP substrate by molecular beam epitaxy. Reflectivity measurements indicate
a stop band centered at 1.Z8n with a maximum reflectivity exceeding 99%. We also measure
current—voltage characteristics in a similar 1periodp-type DBR and find that a current density

of 1 kAlcn? produces a 2.5 V drop. Hole mobilities and doping concentrations in AlAsSb and
GaAsSb are also reported. €95 American Institute of Physics.

Vertical-cavity surface-emitting laser®/CSEL9 have advantage of this material system is a ladge~0.5, which
been demonstrated at a variety of wavelengths shorter thanehables fabrication of DBRs with relatively few mirror pairs
um.?They have found many useful applications from shortand allows higher ultimate reflectivities in the presence of
haul optical links to printing. Demonstration of similar de- free carrier absorption. Lattice matching to InP also facili-
vices at wavelengths longer thanuin has been more prob- tates compatibility with the more mature InGaAs/InGaAsP
lematic. This is because refractive index differen@®s) are  materials for the active region. Shifting the absorption edge
relatively small between materials in the InGaAsP systempf the high refractive index layer toward shorter wavelengths
which is most commonly used in this wavelength range, andby using Al 1Ga, )ASo 5155t 415 rather than GaAs;;Shy e
the distributed Bragg reflectaiDBR) optical performance will enable growth of DBRs with stop bands centered at 1.55
depends om\n between the mirror layers. One approach toum. We have demonstrated this approach through the use of
this problem has been wafer bonding of GaAs/AlGaAsdigital alloys? but the homogeneous alloy approach may
DBRs to InP/InGaAsP active regions. In this manner, pulsedbenefit the electronic transport properties of doped DBRs.
1.3 (Ref. 3 and 1.55um (Ref. 4 VCSELs have been dem- However, the homogeneous approach requires two Al cells,
onstrated. Progress has also been made using thermally cagince Al composition cannot be changed rapidly enough us-
ductive dielectric mirrors. An alternative all-epitaxial ap- ing a single Al cell without long interrupts. GaAsSb/AIAsSb
proach consists of using DBRs composed of antimonidéBRs are suitable for operation near 128, a wavelength
compounds, which can be lattice matched to InP and have ignportant for environmental monitoring applications, be-
high refractive index contrast. cause of overlap with the first overtone of the C—H stréfch.

Recently, several groups have demonstrated highly re- The AIAsSb/GaAsSb epitaxial growth is performed by
flective DBRs incorporating various antimonide compoundssolid source MBE. Both group V elements are used in the
including: AIPSb/GaPSb on IfPGaAsSb/AIAsSb on InP,  tetramer form. An effusion cell controls arsenic overpressure
and AlGaAsSb/AIAsSb on InP® All these structures were and antimony flux is produced from a low temperature effu-
undoped, however, whereas an electrically injected VCSElLjon cell. The growth rate for each of the alloys is primarily
usually employs at least one doped semiconductor mirroigetermined by the Al or Ga arrival rate; both Ga and Al
The issues of doping in these materials have not been exwxes are adjusted prior to alloy growth using reflection high
plored in the context of DBR optical properties and electricalenergy electron diffraction oscillations during binary growth
transport. As with VCSELSs emitting at shorter wavelengths.qof GaAs or AlAs on a separate GaAs substrate. Alloy com-
the properties of doped DBRs can have a fundamental effe¢osition is measured using x-ray diffraction and regulated
on the VCSEL performance, due to free carrier loss and thegith beam equivalent pressure measurements of thdlSh
mal dissipation in the mirror. These are particularly critical \yhile maintaining a fixed overpressure of Aflux. The
for the p-type mirror, because of lower hole mobility and A|aAsSh/GaAsSb DBR structures are grown with constant
larger effective masses. fluxes of As, and Sh on Fe-dopedsemi-insulatingInP sub-

In this letter, we report the highest demonstrated reflecsirates heated to 520 °C. The undoped DBR consists of 20
tivity for an undoped GaAsSb/AIAsSb DBIER>99%), a5 pairs of GaAgsShy 4dAIAS,5eShy 44 layers, 1200 and 1453
well as ap-type GaAsSb/AlAsSb DBR and its optical and A thick, respectively, terminating on the substrate side with
electrical Chara(?teristics. Both mirrors were grown by mMo- additional 1200 A thick intrinsic Gafs;Shy 4 layer. The
lecular beam epitaxyMBE) lattice matched to InP with cen- jnset in Fig. 1 illustrates the layer sequence of this structure,
ter wavelengths at 1.78 and 1.7Z4n, respectively. The main \ynich has a the total thickness of Budn.

A cross-sectional transmission electron micrograph
3Electronic mail: oblum@sandia.gov (TEM) of the DBR sample is shown in Fig. 2. The dark and
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reflectivity modeling and optical constants used are de-

10 r T T o T o ] ; ) ;
experiment ’ R scribed elsewhertIn order to obtain the best fit, we used
Y theory | 1474 A for AIAsSD layers and 1234 A for GaAsSb layers,
GaAsSb 1200 A except for the GaAsSb layer closest to the surface, which
} x 20 .
> 06| |AlAsSb 1453 A ] was 1184 A. These values are very close to the nominal
2 GaAsSb_1200 & thicknesses of 1453 and 1200 A, respectively. In addition,
T 04 InP the theoretical curve for the 2pperiod DBR yields a stop
[

- ! band centered at 1784 nm with a maximum reflectivity of
02l iV ~99.95% and a full width of 215 nm, while the measured
E result indicates a 212 nm wide stop band, centered at 1782
nm and a maximum reflectivity 0$99%. Clearly, a very
good fit is obtained, in terms of agreement with the stop band
full width, position and peak value, as well as the positions
) o ) . of the sidebands. The excellent agreement between experi-
FIG. 1. Experimental reflectivity measuremeésitown with a solid lingand . . .
theoretical prediction of reflectivitygshown with a dashed lindor the un- mental and theoretical values of the stop band full width is
doped GaAsSb/AIAsSb DBR. Shown in the inset is the schematic represer@n indication of the accuracy of the refractive index model
tation of the DBR layer structure. The mirror consists of %Q)airs of for the two DBR layers, since its value is determined by the
GaAsJ_518b)_4dAIAso_5?Sl},_44 layers, with approximate thicknesses of 1200 refractive index constant.
and 1453 A, respectively. . .
The p-type DBR was grown using the same conditions
as the undoped DBR described previously. The structure
light alternating areas correspond to the GaAsSb and AlAsSbonsists of 16 pairs of GaAg s;Sky 4JAlIAS 58Sk 44 layers,
regions respectively. Sharp interfaces between the two matevhich are 1200 and 1453 A thick, respectively.pype,
rials can be observed. The TEM images show the DBR layZn-doped InP substrate was used so that the current—voltage
ers to be very homogeneous, flat and defect-free. X-ray difeharacteristics could be measured. From x-ray diffraction we
fraction data taken on the DBR sample indicate that latticeletermined that the lattice mismatch to the InP substrate is
match to the InP substrate id\a/a|<0.1%. Growth of |Aa/a|<0.2%. Thep-type mirror layers were doped with
nearly defect-free material can be credited with an improveBe, Hall measurements ongdm layers of Be-doped GaAsSbh
ment in lattice match relative to our previous effdtts. and 1um layers of Be-doped AlAsSb determined the actual
The reflectivity spectrum of the DBR is shown in Fig. 1. hole densities and mobilities to be ®a80® cm™3 and
The solid line indicates the experimental reflectivity, while =35 cnf/V's for GaAsSb, and 4X410® cm 3 and
the dashed line curve represents the theoretically predicteg=6.6 cnf/V's for AIAsSb at 300 K. The mobility for
reflectivity using adjusted thickness parameters. Details osaAsSb agrees quite well with that reported in the
literature!* whereas the value for AlAsSb is believed to be
the first reported. The 18 periodp-type DBR was found to
have a stop band centered at 1/ with a maximum re-
flectivity of 98.8% and a full width of 210 nm. The theoreti-
cally predicted values were 1.7&m, 98% and 199 nm for
the stop band center, maximum reflectivity and full width,
respectively. The measured values of maximum reflectivity
and full width are slightly larger than those predicted theo-
retically due to an overestimation of the band edge absorp-
tion of GaAsSb layers used in the model. Free carrier absorp-
tion does not appear to have a significant effect, but its true
impact can only be evaluated from measurements of laser
loss, rather than from reflectivity of the DBR alone. Our
simulations indicate that for this mirror stack, if we assume a
free carrier absorption of 50 cm (a conservative estimate
several times larger than that routinely used for GaAs/
AlGaAs DBRS9 the decrease in the maximum reflectivity
over a mirror with no absorption would be less than 0.2%.
R The p-type DBRs were patterned into 3@m diameter
e mesas and dry etched by reactive ion etcHiRtE) through
the entire DBR. Contacts of Ti/Pd/Au and Au/Be were
!@Mmm evaporated on mesa tops and sample bat;kside, respgctively,
and annealed at 350 °C for 30 s. The details of the resistance
. . . . measurement are described elsewHh&rehe contact resis-
FIG. 2. Cross-sectional transmission electron microscopy image of the 4
DBR. Fourteen mirror pairs of the DBR are visitiliark areas correspond to tance was measured to bel X 10 Q cn?. The current—
GaAsSb and light areas to AlAsSh voltage (I-V) characteristics of th@-type stack, including
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0.010 In conclusion, we present the highest reflectivity un-
doped AlAsSb/GaAsSb mirror stack demonstrated to date.
We also report for the first time the optical and electrical

0.005 - characteristics of p-type AIAsSb/GaAsSb DBR. Our model
successfully predicts the optical characteristics of the DBR.
0.000 These results indicate that the AlGaAsSb material system

can be useful for surface normal optoelectronic devices op-

erating in the 1.55—1.7am wavelength range because it can

0.005 provide highly reflecting, conductive DBRs lattice matched

to InP/InGaAs active regions.
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FIG. 3. Current—voltage characteristic of fhype AIAsSb/GaAsSbh 10 1/2
period DBR.
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