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Abstract: Experiment on quantum well intermixing ( QWI) of InGaAsP QWs by impurity free vacancy diffusion ( [FVD)

using Si0» encapsulation is reported. A maximum band gap wavelength blueshift as large as 200nm is realized. Further-

more, an FP laser blueshifted 2Inm by QW1 is fabricated with characteristics comparable with the as grown one.
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1 Introduction

In order to fabricate monolithic photonic inte
grated circuits based on IIF V component semicon-
ductor such as InP and GaAs, sections with different
band gap wavelengths need to be realized on the same
epitaxy wafer. For example, four characteristic band
gap wavelengths are typically required on the same
wafer for the application at the C-band fiber optic
communication window: 1.55Hm for gain section,
1. 50Bm for exciton absorption section, 1.45m for
tunable phase section, and below 1.40um for passive
waveguide section.

To fulfill such requirement, buttjoint method''
can be used, but it must involve a serial of etching and
regrowth process. Besides the cumbersome, the inter

face of different sections needs careful treatment to
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insure a high optical coupling efficiency. Selective area
growth (SAG) (2] can also be used, but there is a tran-
sition area of gradual changed band gap wavelength
between different sections, which typically extends
several tens of microns.

Quantum well intermixing (QWI) has been pro-
posed to overcome these difficulties. QW1 involves a
post-growth anneal process which induces interdiffu-
sion of group Il (e. g. Ga, In) and group V(e.g. As,
P) composition species between wells and barriers. As
a result of interdiffusion, the sharp potential interface
between well and barrier is smoothed, the well com-
position ( thus the band gap), the effective width of
well and the height of the potential barrier height will
also be changed. These will cause transition energies
betw een confined states to be increased and band gap
wavelength to be blue shifted. In QWI, a high cou

pling efficiency of nearly 100% can be realized, and
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there is a sharp transition area of about 2~ 3Htm be —
tween sections of different band gap wavelength!?!.
There are several ways to realize QW1I, for exam- W
ple, ion implantation induced disordering ([][))M,
photo- absorption induced disordering (PAID)ISI, and rinP InCaAsP MQW InGafsP P InGaAs
impurity free vacancy diffusion (IFVD) induced dis Fig. 1 Bandgap structure of the MQW structure

ordering!® . In this work, IFVD using SiO; encapsula-
tion to generate diffusible vacancy during annealing

has been investigated.

2 Experiment on QWI

It has been reported that if SiO; is deposited on
Ga contained semiconductor layer (e. g. InGaAs), Ga
atoms will diffuse into SiO; at an elevated tempera
ture, leaving group III vacancies in the InGaAs lay-
er!”l. The vacancies then diffuse from the InGaAs lay-
er to the substrate during annealing, resulting in in-
terdiffusion of composition species between quantum
well and barrier.
The quantum well structure used in our study
InGaAsP MQWs
MOCVD on ( 100) oriented n- InP substrate and con-

sisted, from bottom to top, of a 1Em - InP layer (Si

was grown by low pressure

doped: 1 x 10"¥em™ %), an undoped InGaAsP confine
ment layer (lattice matched, A,= 1. 1Hm), an active
region made of five 6nm InGaAsP wells ( strain=
0.9%, A= 1.598m) and four 10nm InGaAsP barrr
ers (strain= — 0.4%, A,= 1. 188m), an undoped In-
}‘g =

I. 1Htm), a 0. 4km undoped InP layer, and a 0. 2Hm

GaAsP confinement layer ( lattice matched,

undoped InGaAs layer( lattice matched) . The undoped
InP was thick enough to prevent Si diffusion from
Si07 into quantum wells during rapid annealing pro-
cess. The whole structure is shown in Fig. 1. The as
grown MQWs have a PL

1. 5380m with a £2nm nonuniformity at room tem-

peak wavelength of

P erature.

for intermixing

First 150nm SiO; was deposited on the surface of
the above structure by plasma enhanced chemical va-
por deposition (PECV D). The deposition was done at
300C, with RF power of 50W, reactor pressure of
33.3Pa, and gas mass flow of SiH4( 10scem), N2O
(80scem) . Then the whole wafer was cleaved to small
pieces of about 3mm x 3mm, and each of the small
pieces was annealed in a rapid thermal annealing un-
der N; gas flow. At last, PL measurement was carried
out at room temperature to determine the band gap
blue shift. By varying the annealing temperature from
750 C to 800C and the annealing time from 20s to
120s, we had a detailed investigation on the intermix-
ing behavior for the multrquantumwells structure
mentioned above. The measurement results are shown
as Figs. 2 and 3.

From Fig. 2 we can see that even after annealing
of 40s at 775 C (a wavelength blue shift of 75nm),

there is no significant reduction of PL intensity com-
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Fig. 2 PL spectra of pieces annealed at 775 C for dif-

ferent time

grown, annealed for 20, 40, 80 and 120s

PL peak wavelength from right to left: as

pared with the asgrown one, and the full width at
half maximum (FWHM) of PL spectra (50nm) is al-
most the same. We can conclude that the optical prop-
erty is well maintained after a modest quantum well

intermixing process. The reduction of PL intensity
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and widening of PL FWHM for a further intermixing
process ( e. g. annealing longer than 80s at 775 C) can
be explained due to the potential profile between wells
and barriers smoothed enough so that quantum con-

finement is weaken. The maximum wavelength blue

shift of 200nm has been realized in our experiment of

annealing at 800C for 120s. The wavelength blue
shift is large enough for fabricating photonic integrat-
ed circuits such as electroabsorption modulated laser

(EML) and tunable DBR laser.
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Fig. 3 PL peak wavelength blue shift dependence on

different annealing temperature and time

3 Blue shifted FP laser fabricated by
QWI

To further affirm that a modest QWI process
does not deteriorate optical property of an as grown
quantum well, a blue shifted FP laser was fabricated

and compared with the as grown one.

50 (a}
3 23]
L] L
0 i i i ‘- LA 1 L 1
151 152

Alpm

The quantum well structure was the same as the
one used for QWI experiment. After Si0; was de
posited using PECVD, the wafer was annealed at
750 C for 20s, resulting a PL band gap blue shift of
2Inm. Then the SiO; layer, the upper undoped In-
GaAs and InP layer were removed using buffered HF,
H,S04+ H202+ H20 and HCI+ H20 respectively,
and a pInP cladding layer, a p-InGaAs contact layer
were grown by LP-MOCVD. Stripes with the width
of 2im were patterned and etched along the [ 011]
direction to form the reverse mesa ridge. After elec
trode fabrication, 300Hm long FP lasers were cleaved
and tested. In order to have a comparison, FP lasers
using the as-grown quantum well structure were also
fabricated. Figure 4 plots the output power versus
driving current of the FP lasers using asgrown and
blue shifted quantum well respectively. And Figure 5

is their stimulated optical spectra.

{/mA

Fig. 4  P-I curves of FP laser fabricated by the as

grown and the intermixed ( blue shift of 2Inm) MQWs
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Fig. 5 Stimulated optical spectra of the intermixed laser (a) and the as grown one ( b)
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ciencies of the two are almost the same, which con-

The FP laser using the as grown quantum well fabricated and will be reported elsew here. Reliability

has a threshold current of 27mA, and the one using test of the blue shifted laser will be carried out.
blue shift quantum well has a threshold current of

30mA. The slight higher threshold can be explained References
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