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MOCVD Grown AlAs/GaAs Bragg Reflectors for Photodetector Application

S. Sakai, A. Shima, '*S.T.Wang and M.Umeno

Department of Engineering Science, Nagoya rnstitute of Technology

Gokiso-cho, Showa-ku, Nagoya 466, Japan

Optical filters of the form (alAs/CaAs)n were fabricated on GaAs p-n junction
photodiodes and their optical characteristics were investigated. 100 % reflectivity
was obtained at some specific wavelength which was accurately d.etermined by thethicknesses of the layers. Selective suppression of speetral photoresponsl of thediodes corresponding to the reflection spectra was obtained. RlcaAs p-n Sunctionphotodiode was growr on the above photodiode to fabricate the wavelength dividing
photodiode. rmprovement in dividing characteristics was obtained by the effects of thefilter. The usefulness of (A1As/GaAs) filters for GaAs photodiode is shourn in thispaDer.

5f. Introduction
The easiness to grow multi-layers and excellent

controllability of M0CVD (Meta1 Organic CVD)

method are very suitable to fabricate the devices
including multi-thin layers such as super lattices
and Bragg reflectors(BR). BR is di_fferent, from

super lattice in the sense that BR makes use of
the difference in refractive indices of the two

materials. The combination of two materials with
different refractive indices has interesting
application of optical filters.

This paper describes the fabrication of optical
f ilters com-s-,osed of AlAs and GaAs by MOCVD method

and their application to optical detectors. By

forming the opti-cal filter on the p-n junction
photodetectors, the spectral response can be

controlled. Some photodiodes with optical filter
are fabricated. As this filter has crystallinity,
another optical or electri-ca1 devices can be

fabricated on this optical filters. The wavelength

dividing photodiode with optical filter which is
first proposed in our previous 0"0".1) j-s demon-

strated as an example of this kind of application.

52. MOCVD Growth of AlAs and GaAs

Vertical square type reactor was used to grow

thin multi-layers of AlAs and GaAs. Thin (0.1 mm)

carbon substrate holder was heated by infrared
1amp. To avoid the exposure of substrate holder to

c-9-3

the air, the substrate was loaded on the holder in
Hr gas ambient. Special attentions were paid to Ehe

tubing to obtain rapid transition between AlAs and
2)

GaAs-' .

Trimethylgallium, trimethylaluminium and 100 Z

AsH, were used as source gases. Substrates were

(100) oriented n-type (n=2E18 cm-3) GaAs. Toral
H, gas flow rate was 3 l/min, and the growth tem-

perature was 600 oC. A11 growth were performed at
atmospheric pressure. Group III mole fraction
(IfI/H) for the growlh of thin layers was fixed
at 7.1E-5, and the mole raLio of group V to III
was 50. The growth was interrupted for 10 sec

before the subsequenL layers to ensure the abrupt
interfaces.

It is well known that the growth rate in MOCVD

method is proportional to the group III atom mloe
?\

fraction-/ . But, duri-ng these experiments, it is
found that the growEh rate depends on the growth

time when the growth time is shorter than 2 min.,
as shornrn in Fig.l where the averaged grovrn layer
thickness of AlAs and GaAs is plotted against the
growEh time. The broken line shows the constant
growth rate of 46.5 nm/min which is determined

by fTI/Hr. The proportionality of the growth rate
to ITT/HZ is only valid for the thick layer growth.

The interface abruptness was checked by

Auger in-depth profiling to be below 5 nm.
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93. Photodiodes wiLh Optical Filters

The most simple type of filrer composed with

AlAs and GaAs is of the f orm air/ (ttL)n/CaAs, where

H and L mean GaAs and AlAs layers with the thick-

ness equal to the quarter wavel-ength, respectively,

and n is the layer number of the filter. When the

Bragg condition is satisfied in the layers, the

incidenl light is perfecLly reflected and no 1-ight

can transmit these layers at specific light wave-

length ).0 which is determined by the layer Lhick-

nesses in Lhe filterl).
Alternative AlAs/GaAs were grown after growing

non-doped n-GaAs (n=1E16 c*-3, 2 U*), Zn-doped p-

GaAs (p=5n18 cm-3, I ut) p-n junction photodiode

layers on n-GaAs substrate. The SEM crosssection

of this type of photodiode is shown in Fig.2' The

reflectivity spectra of these wafers are shown in

Fig.3 for three samples with the same GaAs layer

thickness and differenL AlAs layer thickness. When

the optical Lhicknesses of the two layers coincide

(# 161), the reflectivity reaches L00 %, the

spectral half width becomes narrower and the small

higher order peaks aPpear.

The reflectivity spectra for several samples

with different layer thickness are shornm in Fig'4'

The peak wavelength tro can be chosen by the layer

thicknesses. ).0 is shorm as a funclion of Lhe

grov/th time for one period of AlAs and GaAs in

Fig.5. tro almost linearly increases with increasing

the growth time at a rate 3.43 nm/sec.

Figure 6 shows ).0 as a function of the layer

thickness of one period, d1H2. The solid line is

the calculated value using the following approxi-

maLe expression of refractive index N of A1*G.1-*
4)As'

N=0.48E *2.5-0.63x.
p

where E is the photon energy in eV. There is a

very good 
"gt.ement 

between measured and calculated

values. The departure from the calculated line

indicates the difference in the optical thj-cknesses

of AlAs and GaAs. One example of such departure is

plotted in Fig.6 by a triangle ( A ) for a sample

/1160 shown in Fig.3.
The photodiodes shor^rn schematicall-y in Fig'7

are fabricated from the grown wafers. A-B etchant

and HrOr*NIl, at pH=8.5 are used to selectively

remove AlAs and GaAs, respectively' H2SO4+H202+

HrO is used to etch the GaAs p-n juncti-on mesas'
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Fig.1 Grown layer Lhi-ckness vs. growth time.
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Fig.3 Reflectivity spectra of the filters.

The SEM photograph of the completed device is

shor^m i.n Fig.8.
The example of the spectral response of the

photodiode is shor,rn in Fig.9 together with the

reflectivity. The maxima (rninirna) in reflectivity

correspond to minima (maxima) in the response.

Thus, the response is selectively suppressed at

specific wavelength. By combining several this type
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of filters with differenr tr0, rhe photodiode
sensitive in narrow specLral region can be fabri-
cated.

54 Inlavelength Dividing photodiode

The another interesting application of the
filter described above is the wavelength dividing
photodiode shornrn in Fig.101). This device is
designed to divide rhe incidenr light wavelength
by making use of the band gap difference of GaAs

and A1 .,Gr oA"5). But, as the incident photon.I .Y
energy comes near to the band gap energy of AlGaAs,
the wavelength division becomes insufficient, By

i.nserting (HL)t type filter between AlGaAs and GaAs

photodiodes as shornrn in Fig.10, the shorter wave-

length f.ight that should be absorbed in AlGaAs but
is not absorbed is selectively reflected back to
AlGaAs, thus, preventing the imperfect wavelength
d ivid ing.

A1 .,Ga ,.,As p-n junction was formed on the photo-.I .Y
diode with f ilter described in previous sect j_on.

),0 of the filter is selected to be 750 nm. The

spectral response of the di_ode is shown in Fig.ll.
Sensitivities of GaAs and AlGaAs diodes ar 750 nm

are suppressed and enhanced, respectively by the
effect of the filter sandwiLched in the two photo-
diodes. The sensitivity of AlGaAs diode is lower
than that of GaAs. Reason is as fo1lows. The growth
is once stopped after growing GaAs p-n junction and

(atAs/Cal,s)n to check the reflectivity, then AlGaAs

diode is fabricated. The surface might be somewhat

deteriorated during the reflectivity measurement.

The characteristies of AlGaAs diode will be much
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Fig.4 Reflectivity spectra for various samples

with different layer thicknesses.
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Fig.7 Schematic cross section of the photodiode
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$5 Conclusion

Optical filters of the form (AlAs/GaAs)n tere

fabricated on GaAs p-n junction photodiodes by MO-

CVD, and were investi-gated in detail. It was found

that the growEh rate depended on the growth time when

the growth time was shorter than 2 min. The 100 %

reflecEivity was obtained at a specific wavelength

which was accurately determined by Lhe layer thick-

ness in the filter. i,lavelength dividing photodiode

including this type of optical filter was fabri-

cated, and the improvement i-n wavelength division

was obtained.

Other type of filter characteristics can be

obtained by the proper desi-gning of the thin f j-Irn
6\

filterso/. some of these are now under fabrication.

The auLhors wish to thank Y'Agata for MOCVD

growth and S.Yamamoto for calculation of filter

character ist ic s.

References

1) S.Sakai and M.Umeno; Jpn'J'Appl'Phys" 22 (1983)

L338.

2) S.Sakai and lut.Umenol Oyo Buturi' 52 (1983) 975

(in JaPanese).

3) Y.Takahashi, T.Soga, S'Sakai, M'Umeno and S'

Ilattori; Jpn.J.Appl'Phys', 22 (1983) 1357 '

4) II.C.Casey and M.B.Panish; Hetev'ostvactt'rce

Lasers, Part A, (Academic Press, 1978) p'44'

5) S.Sakai, H.Nobuhara, S'Inoue and M'Umeno;

fnst. Phys. Conf. Ser' No'63 (The Inst' Phys"

1982) P. 563.

6) H.M.Liddel; Computet'-ai'ded technique for the

design of multi' Layer fiLters, (Adam llilger '
1981).

*-?__

o5
JN
10"

WAVELENGTH ( pm )

Fig.9 Spectral response and refl-ectivity of the
photodiode.
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Fig.11 Spectral response of the wavelength dividing

photodiode.
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