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A Novel Two-Section Co-Cavity W avelength
Tunable Sem iconductor L aser

Zhao Yanrui( ), WangW ei( ), Wang Xiaojie( ),
Zhu Hongliang ( ), Zhou Fan( ), M aChaohual( )

(N ational Research Center for Optoelectronic Technology, Institute of Semiconductors,
The Chinese A cademy of Sciences, Beijing 100083)

Abstract A novel wavelength tunable samiconductor laser based on DFB (Distributed Feed-
back) structurew ith two non-uniform sections and co-cavity is reported in thispaper. The laser
structurew as grow n by three-stepM OCV D and subsequently processed into the PBHLD (Plar
nar Buried Heterostructurel aser D iode) devices T he devicew as tuned in twoways A disoon-
tinuousw avelength tuning range of 11. I1nm and a continuousw avelength tuning range of 2. 6nm
w as achieved in different tuningways Only one control current was used to have thewave-
length tuned in bothw ays

EEACC: 43203, 4250

1 Introduction

W avelength tunable laser diodes are promising light sources for w avelength-division-
multiplexing WDM ) networks, coherent communications and optical measuranent appli-
cations M uch attention has been paid to it due to itsw avelength tunability, which make
the systan gpplicationsmore flexible Recently, a seriesof complicated devicesw ith large
tuning range have been proposed, such as theDBR (Distributed Bragg Reflector) laser
w ith quasi-continuousw avelength tuning range of 17nm"", the SG-DBR (Sampled-Grating-
DBR) laser with quasi-continuous w avelength tuning range of 45mm'* and the GCSR
(Grating assisted Codirectional coupler with rear Sampled grating Reflector) laser w ith
quasi-continuousw avelength tuning range of 40nm ' et al. How ever, these kindsof devices
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usually contain compicated gratings and w aveguide,w hich m akes their fabrication difficult
At the same time, several electrodes are necessary to have thew avelength tuned, w hich is
inconvenient to use

Compared w ith these kinds of w avelength tunable lasers, DFB lasers have relatively
snall tuning ranges, but reveal essential advantages such as less complicated technological
processing, lower price, narrow er linev idth, and higher output power. Therefore, it is
rather desirable to enlarge the tuning range of DFB lasers T he conventional two-section
DFB laser has aw avelength tuning range of 2. 4nm w hen the two sections are non-uniform
injected'*. Several methods have been proposed to enlarge thew avelength tuning range of
DFB lasers A DFB laser operated in the gain-lever mode has been reported to be tuned
over 6. 1nm at thew avelength of 1530nm'°!.

In thispaper a novel co-cavity two-section non-uniform DFB lasersw as p roposed and
fabricated Only one control currentw as used to have thew avelength tuned T he fabrica-
tion of this structure was the sane as that of conventional PBH (Planar Buried Het-
erostructure) DFB lasers except that 1) two-time exposures must be used to make the
gratings and 2) isolation groovemust bemade to have the two sections electrically isolat-
ed Only one control current needs changing to have thew avelength tuned Thiskind of de-
vice not only has the advantage of easy fabrication and smple usage but alo show s an en-
larged w avelength tuning range

2 DeviceDesign

The designed active layer and w aveguide of the proposed non-uniform two-section
DFB LD are shown in Fig.- 1 Thefront section is 2um w ide, 200um long, w ithout any grat-
ing in it, and the light output from its
Anti-Reflection (AR) ooating facet,

w hile the back sectin is 3um wide, Back Section
300um long, with grating in it The

component and thickness of the active

layer in both sections are unifom. Front Section .

Upper Waveguide
(with gratings)

Active Layer

Lower Waveguide

The key points of the structure Upper Waveguide

are asfollowed: 1) The non-uniform i- (without gratings)

. Output Facet
ty of the wo sections should support
an enlarged gain-lever effect, which
conducts a large wavelength tuning FIG.1 Schematic diagran of designed active layer

16,7] and w aveguide

range 2) The front section can be
regarded as amode expander, which may decrease the far field divergence, asa result, a

higher coupling efficiency can be achieved'®.
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3 Device structure and realization

The PBH structure of the non-uniform two-section co-cavity DFB laser is shown in
Fig-2 The structurew as grown by three-step M OCV D epitaxy grow ths and subsequently
processed into the PBH-LD device'™ *.

The active layer consistsof six un-

p-Contact
—;/ doped 8im wide InGaA sP quantum

o wells (A 1.54um, 0.8% compressive

Isolation / p-InP strain) and 12.5nm w ide INGaA sP bar-
Groove K
AN

-

n-Contact riers (A&  1.2um, - 0.35% tensile
n-InP Buffer strain ), embedded in two lattice-
matched InGaA sPw aveguides The up-
per waveguide consists of two lattice-
matched InGaA sP layers (A 1.2pm,
1. 1um), 145nm totally in thickness The
FIG 2 Schematic diagram of non-unifom low er w aveguide consistsof wo lattice-
two-section co-cavity DFB laser matched InGaA P layers (A 1.2tm,
1.1pm), 150nm thick in total
In this structure, the gratingw as fabricated only in the upper w aveguide in the" back
section” by two-time exposures T he grating has aperiod of 240nm and a depth of 50nm.
A n iolation groovew asmade in the p-side contact to islate the two sections electrically.
The inlation groove is 50um w ide and around 0. 4um deep, w hich provides an isolation re-
sistance of about 300Q betw een the two sections The" front section” is 200um long and
the’ back section” 300um. T he facet of the" front section” wasA R coated and acts as the
output facet T he facet of the” back section” isH igh-Reflection (HR) ocoated

MQW Active layer

4 Character istics

In thispaper, the current epplied to the front sectionw as called I+ and to the back sec-
tion called Io

Fig- 3 and Fig. 4 are thew avelength as a function of current

In Fig- 3, I» kept at 80mA and I+w as changed to have thew avelength tuned W hen I+
w as changed from 30nA to 100mA , the change of w avelengthw as continuous W hen I+w as
changed over 100mA , thew avelength changew as discontinuous T he hopping modes have
narrow gaps, with thew idest one no more than 1nm. W hen I+w as changed from 30mA to
270mA, thewavelength was tuned from 1.5047um to 1.5518um, with a discretew ave-
length tuning range of 11. 1nm.

In Fig- 4, I+kept constantw hile Ibw as changed in order to have thew avelength tuned
W hen |+ kept at 50mA and Isw as changed from 30nA to 230mA , the change of w avelength
w as continuous, w ith a tuning range of 2. 6nm. W hen I+ kept at 90mA and I»w as changed
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FIG.3 W avelength versusIt, when Io FIG.4 W avelength versus I, when Ir
w as biased at a certain current of 8GmA w as biased at certain currentsof 5dnA and 90mA

from 40mA to 200mA , the change of w avelength w as continuous too, w ith a tuning range
of 2.04mm.

The SideM ode Suppression Ratio (9 SR) of all themodes in Fig. 3 and Fig. 4w ere
higher than 32dB.

The lasing mode of the two-section co-cavity samiconductor laser w as fundam entally
detemm ined by the grating of the back section In theDFB lasers, the longitudinal mode is
detemm ined by the grating, though it isonly partially fabricated in the cavity. The device
not only show s high M SR but also keeps single mode lasing over a large current range
(for example, when 1+ kept 50nA and I»w as changed from 30mA to 230mA ), w hich isin
good agreement w ith this explanation

5 D iscussion

For both DFB and DBR samiconductor lasers, the lasingw avelength is detem ined by

the period of the grating
MmA= 2Anes (1)

W herem, an integer, is the diffraction order. For the first-order gratings, m equalsto 1
and for the second-order gratings, m equalsto 2 A is the free-gaced B ragg w avelength
neit is the effective index or refraction and A is the period of the gratings A is detem ined
once the device isfabricated A ctually,w avelength can be changed only through the change
the effective index

There are several w ays to have the effective index ne« changed Themostw idely used
one is to change the injection current W hen the injection current is changed, the carrier
density in the active layer and thew aveguidew ill be changed alongside T he variation of
the carrier density w ill change the effective index net, which can be expressed as

anAoa
41T

HereN ¢ is the trangarent carrier density, andal’ can be regarded as a constant for a

Anei = - TN - N (2
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certainw avelength A scan be seen from (2), the effective index ner decreasesw ith the in-
crease of the carrier densityN. From (1), the decrease of the effective index nerw ill cause
a blue shift of the lasingw avelength

ForDBR lasers, thew avelengthw ill have a blue shiftw hen the carrier density increas
es Thisagreeswellw ith experim ent’™. ForDFB lasers, there isan active layer under or
above the gratings W hen the injection current increases, the gain of the active layer in-
creases, w hich causes an increase in the output pow er. M ore carriers are changed into pho-
tonsw hen the output pow er increaes T hen the carrier density is clanped at the threshold
carrier density. In thisway, the changeof the carrier density, then the change of effective
index andw avelength are not as renarkable inD FB lasers as those inDBR lasers, even un-
der the same variation of injection current That means tunable DBR lasers have larger
w avelength tuning range than that of tunableDFB lasers™®.

M ulti-section DFB lasers are alw ays used to achievew avelength tunability. In multi-
section DFB lasers, themechanisn of thew avelength tuning is rather complex

A s can be seen from Fig- 3 and 4, the lasing w avelength has a red shift with the in-
crease of injection current The same kind of wavelength red shift in multi-section D FB
lasers has been observed in other experiments ™. It can be explained as follow ed:
5.1 Gain-lever Effect

Gain level effect can take effect in multi-section DFB laser under appropriate condi-
tions W henmulti-section D FB lasersoperate in the gain-lever mode, a small change of car-
rier density in one section can cause a large change of carrier density in other sections,
w hich isprohibited by the gain clanp in the conventional one-section DFB lasers Gain-
lever effect can be used to enlarge thew avelength tuning range™**.  The detailed expla-
natiion is as follow s

The gain in thew hole cavity equals the lossw hen the laser lases For the two-section
co-cavity samiconductor lasers, the threshold gain isprovided by the two sections, w hich
can be expressed as

_ gla+ gdo
g = Li+ L2 (3)

W here g is the threshold gain, g: and gz are gainsof the two sections, regpectively.
L1, L 2are the repective effective lengthsof the wo sections*®. W e can assume section 1
to be the control section, and section 2 the gain section W hen the injection current of sec-
tion 1 increases, gainw ill increase accordingly, < that the photon density in this section
will increase, o will theoutput power At the sane time, section 2, which is biased at
a certain current,may has a decreased carrier density due to the increase of the photon den-
sity in the co-cavity of the device T he decrease of carrier density in section 2 causes a de-
crease of gain in this section A new equilibrium w as achievedw hen (3) is satisfied again
W hen section 1 isbiased in such a situation inw hich gain changes lineraly w ith the change
of carrier density, and section 2 isbiased in another situation inw hich gain is saturated and
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changes littlew ith the change of carrier density, a snall change of carrier density in section
1may cause an opposite large change of carrier density in section 2, until reaching an pro-
portional and opposite gain change satisfying (3). W hen the injection current of the control
section increases, the carrier density in the gain section might decrease greatly, w hich w il
cause an increase in the effective index, and then a red shift of lasingw avelength w ill take
place Generally peaking, the gain section is longer than the control section in order to get
a larger gain lever effect Inour experment, the back section can be regarded as the gain
section and the front section as the control section W hen the injection current of the back
section kept constant w hile that of the front section changing, a largew avelength tuning
rangew as achieved, w hich is in good agreamentw ith this theory.
5.2 Effect of teamperature

T he lasing w avelength of DFB lasersw ill increasew ith the increase of the tempera-
ture Inour experments, the current applied to the devicew as quite large So a temperature
increase due to the current injection w as non-avoidable

To estimate the themal effect on the wavelength tuning, we measured the lasing
w avelength w hen the currentsof both the front section and the back section w ere changed
simultaneously to 200mA in both the pulse operation and the CNV operation Thewave
length differencew as only 0. 66nm betw een the pulse operation and the CW operation in
thisdevice Comparedw ith the 2. 6nm continuousw avelength tuning range and the 11. 1nm
discretew avelength tuning range, we can say that the themal effect on thew avelength
tuning w as negligible

A scan be seen from Fig 4, thewavelength changed aimost linearly w ith the change
of the current W hen the current increased, thew avelength changed a little quicker The
increase of temperaturemay account for this

In oneword, the red shift of thew avelength can be explained by gain-lever effectw ith
the increase of tamperature playing an unimportant role

6 Summary

A novel non-uniform two-section co-cavity wavelength tunable laser based on DFB
structurew asproposed and fabricated It iseasy to fabricate the device because of its sm-
ple structure The fabrication of this structure was compatible with convertional D FB
lasers The deviceswere tuned in two differentways A continuousw avelength tuning
range of 2. 6rm and a discretew avelength tuning range of 11. 1nm w ere achieved in differ-
entways Only one control currentwas used in both the two tuningw ays
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