26 5
2005 5

CHINESEJOURNAL OF SEMICONDUCTORS

Vol.26 No.5
May ,2005

Widdy Tunable Sampled- Gating DBR Laser

Kan Qiang, Zhao Lingjuan, ZhangJing, Zhou Fan, Wang Baojun, Wang L ufeng, and Wang Wei

(Institute of Semiconductors, Chinese Academy of Sciences, Beijing 100083, China)

Abstract : The 3-section SGDBR tunable laser is fabricated usng an ion implantation quantum-well intermixing

process. The over 30nm discontinuous tuning range is achieved with the SMRS greater than 30dB.
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1 Introduction

Tunable lasers will be key components in
future wavelength-divison-multiplexing (WDM)
transmisson and photonic switching system. The
classcal tunable laser is the distributed bragg re-
flector (DBR) laser'™ . In this structure an integrat-
ed Bragg reflector performs the wavelength tuning
selection. By current injection in the Bragg section
the laser wavelength can be tuned. The tuning
range of these lasersis normally in the order of 5

10nm'*? | limited by the refractive index change
caused by current injection @QA/A =T'A w/ n) ,where
I accountsfor the overlap of the optical mode with
the region of index change ,nis the refractive i ndex
in the Bragg section.A / nis usually no more than
0. 01. To achieve wider tuning range,severa tuna
ble laser structures were introduced™® such as su-
per-structure-grating (SSG) DBR laser'” | grating-
assisted codirectional coupler ( GACC) laser™ |
grating coupler sampled reflector (GCSR) laser!® |
sampled-grating DBR (SGDBR) laser!”. All of
these structures can achieve tuning range of 40
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60nm. The fabrication of GCSR laser is difficult ,0
it is hard to integrate with other components. The
SSGDBR laser
etching grating technology. Sampled-grating DBR
(SGDBR) lasers are one of the most promising

needs expensve electronbeam

tunable lasersfor WDM applications since they can
provide both wide tuning range and high mode sup-
presson ratio!”’. Moreover , the fabrication proce-
dure is alsn relatively smple compared to other
structures.

2 Tuning mechanism of SGDBR

The sampled-grating is a conventional grating
with grating elements removed in a periodic fash-
ion. Figure 1 shows a schematic structure of sam-
pled-grating. Ls is sampled period and Ly is the
grating burst for each sampled period. Due to the
sampling of the grating ,the reflectivity of a SGre
flector exhibits several peaks,regularly spaced a
round the main peak corresponding to the Bragg
wavelength ,as shown in Fig. 2. We call the reflec
tivity of the SG reflector comb-like spectrum. The
peaks spacing of the comb-like spectrum is defined
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peak reflectivity is determined by theformula: R =
tanh® KL c) K denotes the coupling coefficient of
grating ,Lcisthe total length of gratinginone mir-
ror. And the envelope of the reflective widens as
the Lg/ Ls is reduced. The reflectivity spectrum of
the sampled-grating can be computed using trans

by the following relation: p = . The main

fer-matrix method™® .

Fg.1 Schematic structure of sampled grating
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Fig.2 Reflectivity of SGDBR reflector

Figure 3 shows a schematic structure of our 3-
section SGDBR. The gain section is sandwiched by
two SGDBR mirrors. The two SGDBR reflections
are desgned with dightly mismatch of peaks spac-
ing,so that only one pair of reflective peak can be
aligned. And lasing occurs at the pair of reflective
peaks that are aligned. When a small index changes
in one mirror ,the adjacent reflective peaks will
come into alignment. So the small index change
causes alarge mount lasng wavelength tuning. The
tuning between the reflective peaks can be obtained
by inducing identical index changesin the two mir-
rors.

The laser has three sections: a 40Q) mrlong
gain section and two sampled-grating mirrors,the
back mirror contains ten 5 m sampling periods
and the front mirror has sx 5% m sampling peri-

Rear SG-DBR

Front SG-DBR Gain
Fig.3 Schematic structure of 3-section SGDBR

ods for both sampled periods Lc = 1 m. The peaks
spacing in the front-SGis 6. 804nm and 6 565nm
for the rear-SG if
1550nm.

the Bragg wavelength is

3 FRabrication process

The fabrication involves two stepsof MOV PE
growth and an ion implantation induced di sordering
(1ID) quantum well intermixing (QWI) process
which blueshift the quantum well band edge to cre-
ate nonabsorbing sections for the sampled-grating
mirror®*

The epitaxial base structure was grown on
(100) oriented n-1P substrate usng low pressure
MOCVD. The active region is strained multi-quan-
tum well structure,which is sandwiched by step
separate confinement heterostructure (SCH) of
1 2Q and 1 1Q waveguide. Above the upper 1 1Q
waveguide are a 120nm |IP mask layer and a 300nm
implant buffer layer.

The gain region was masked with 31 m of re-
sst ,and the ion implant was carried out usng P*
at an energy of 100keV with a dose of 5 x 10™
cm ?. The implant buffer layer was desgned to
completely capture the ion implant ,creating vacan-
ciesfar from the active region. The vacancies were
then diffused through the quantum well region
during a 680 rapid thermal anneal (RTA) ,s0 the
guantum well interfaces were smoothed causng an
increase of quantized energy level in the well ,due
to a reduction of the As concentration in the well.
A blue shift of 90nm was measured by room tenr
perature photoluminescence. The implant buffer
layer was then removed by wet etching leaving a
planar surface.

The 120nm InP layer was used as sampling
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mask . After the holographic exposure ,the sampled
grating mirrors were defined by reactive ion etch-
ing (RIE) and chemica etching,80nm. Then the
InP mask layer was etched away. Figure 4 is the
SEM picture of the sampled-grating.

Fg.4 SEM picture of sampled-grating

Then the ridge waveguide structure and elec
trode were performed after the p-type InP and the
InGaA s contact layer regrowthing.

4 Results

Figure 5isthe P-1 relationship of the SGDBR
laser. The threshold current is 37mA and the out-
put optical power is about 9. 5mW at 200mA driv-
ing current. The twisting of the curve dues to the
mode hopping when the injecting current increa-
ses.
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Fig.5 P curveof the SGDBR laser

Figure 6 shows the tuning range obtained by
current injection in the back SGreflector. The tun-
ing range is above 30nm. The sde mode suppres
son ratio maintains over 30dB. Figure 7 shows the
superimposed spectrum of tuning range.

The wavelength tuning is discontinuous snce
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Fg.6 Wavelength tuning with rear SGreflector cur-
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Fg.7 Supperimposed spectra of 3-section SGDBR la-
ser

the Bragg section is not optimized well. The injec
tion causing index change is too small so that the
comb-like spectrum shifting can not cover the
peaks spacing. Furthermore ,the phase sectionisin-
dispensable for the quas-continuous tuning of any
DBR laser because the lasng occurs only when the
cavity mode coincides with the reflectivity peaks.

5 Conclusion

We apply implant-enhanced intermixing to
fabricate the 3-section SGDBR laser. The over
30nm discontinuous tuning range is achieved and
the corresponding SMRSis greater than 30dB.
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