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Abstract　A novel w avelength tunab le sem iconducto r laser based on D FB (D istribu ted Feed2
back) structu re w ith tw o non2un ifo rm sections and co2cavity is repo rted in th is paper. T he laser

structu re w as grow n by th ree2step M OCVD and subsequen tly p rocessed in to the PBH 2LD (P la2
nar Buried H etero structu re2L aser D iode) devices. T he device w as tuned in tw o w ays. A discon2
t inuous w avelength tun ing range of 1111nm and a con tinuousw avelength tun ing range of 216nm

w as ach ieved in differen t tun ing w ays. O n ly one con tro l cu rren t w as used to have the w ave2
length tuned in bo th w ays.

EEACC: 4320J , 4250

1　 In troduction

W avelength tunab le laser d iodes are p rom ising ligh t sou rces fo r w avelength2division2
m u lt ip lex ing (W DM ) netw o rk s, coheren t comm un ica t ion s and op t ica l m easu rem en t app li2
ca t ion s. M uch at ten t ion has been paid to it due to its w avelength tunab ility, w h ich m ake

the system app lica t ion s m o re flex ib le. R ecen t ly, a series of com p lica ted devices w ith la rge

tun ing range have been p ropo sed, such as: the DBR (D istribu ted B ragg R eflecto r) laser

w ith quasi2con t inuou s w avelength tun ing range of 17nm [ 1 ] , the SG2DBR (Sam p led2Grat ing2
DBR ) laser w ith quasi2con t inuou s w avelength tun ing range of 45nm [ 2 ] and the GCSR

(Grat ing assisted Codirect iona l coup ler w ith rear Sam p led gra t ing R eflecto r) laser w ith

quasi2con t inuou s w avelength tun ing range of 40nm [ 3 ]
et a l. How ever, these k inds of devices



u sually con ta in com p ica ted gra t ings and w avegu ide,w h ich m akes their fab rica t ion diff icu lt.

A t the sam e tim e, severa l electrodes are necessary to have the w avelength tuned, w h ich is

inconven ien t to u se.

Com pared w ith these k inds of w avelength tunab le lasers, D FB lasers have rela t ively

sm all tun ing ranges, bu t revea l essen t ia l advan tages such as less com p lica ted techno log ica l

p rocessing, low er p rice, narrow er linew id th, and h igher ou tpu t pow er. T herefo re, it is

ra ther desirab le to en large the tun ing range of D FB lasers. T he conven t iona l tw o2sect ion

D FB laser has a w avelength tun ing range of 214nm w hen the tw o sect ion s are non2un ifo rm

in jected [ 4 ]. Severa l m ethods have been p ropo sed to en large the w avelength tun ing range of

D FB lasers. A D FB laser opera ted in the gain2lever m ode has been repo rted to be tuned

over 611nm at the w avelength of 1530nm [ 5 ].

In th is paper a novel co2cavity tw o2sect ion non2un ifo rm D FB lasers w as p ropo sed and

fab rica ted. O n ly one con tro l cu rren t w as u sed to have the w avelength tuned. T he fab rica2
t ion of th is st ructu re w as the sam e as tha t of conven t iona l PBH (P lanar Bu ried H et2
ero structu re) D FB lasers excep t tha t 1) tw o2t im e expo su res m u st be u sed to m ake the

gra t ings and 2) iso la t ion groove m u st be m ade to have the tw o sect ion s electrica lly iso la t2
ed. O n ly one con tro l cu rren t needs changing to have the w avelength tuned. T h is k ind of de2
vice no t on ly has the advan tage of easy fab rica t ion and sim p le u sage bu t a lso show s an en2
la rged w avelength tun ing range.

2　D ev ice D esign

T he designed act ive layer and w avegu ide of the p ropo sed non2un ifo rm tw o2sect ion

D FB LD are show n in F ig11. T he fron t sect ion is 2Λm w ide, 200Λm long, w ithou t any gra t2

F IG11　Schem atic diagram of designed active layer

and w avegu ide

ing in it, and the ligh t ou tpu t from its

A n ti2R eflect ion (A R ) coat ing facet,

w h ile the back sect in is 3Λm w ide,

300Λm long, w ith gra t ing in it. T he

com ponen t and th ickness of the act ive

layer in bo th sect ion s are un ifo rm.

T he key po in ts of the structu re

are as fo llow ed: 1) T he non2un ifo rm i2
ty of the tw o sect ion s shou ld suppo rt

an en larged gain2lever effect, w h ich

conducts a la rge w avelength tun ing

range [ 6, 7 ]. 2) T he fron t sect ion can be

regarded as a m ode expander, w h ich m ay decrease the far f ield d ivergence, as a resu lt, a

h igher coup ling efficiency can be ach ieved [ 8 ].
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3　D ev ice structure and rea l iza tion

T he PBH structu re of the non2un ifo rm tw o2sect ion co2cavity D FB laser is show n in

F ig12. T he structu re w as grow n by th ree2step M OCVD ep itaxy grow th s and sub sequen t ly

p rocessed in to the PBH 2LD device [ 9, 10 ].

F IG. 2　Schem atic diagram of non2un ifo rm

tw o2sect ion co2cavity D FB laser

T he act ive layer con sists of six un2
doped 8nm w ide InGaA sP quan tum

w ells (Κg～ 1154Λm , 018% com p ressive

stra in ) and 1215nm w ide InGaA sP bar2
riers ( Κg～ 112Λm , - 0135% ten sile

st ra in ) , em bedded in tw o la t t ice2
m atched InGaA sP w avegu ides. T he up2
per w avegu ide con sists of tw o la t t ice2
m atched InGaA sP layers (Κg～ 112Λm ,

111Λm ) , 145nm to ta lly in th ickness. T he

low er w avegu ide con sists of tw o la t t ice2
m atched InGaA sP layers (Κg～ 112Λm ,

111Λm ) , 150nm th ick in to ta l.

In th is st ructu re, the gra t ing w as fab rica ted on ly in the upper w avegu ide in the“back

sect ion”by tw o2t im e expo su res. T he gra t ing has a period of 240nm and a dep th of 50nm.

A n iso la t ion groove w as m ade in the p 2side con tact to iso la te the tw o sect ion s electrica lly.

T he iso la t ion groove is 50Λm w ide and around 014Λm deep , w h ich p rovides an iso la t ion re2
sistance of abou t 3008 betw een the tw o sect ion s. T he“fron t sect ion”is 200Λm long and

the“back sect ion”300Λm. T he facet of the“fron t sect ion”w as A R coated and acts as the

ou tpu t facet. T he facet of the“back sect ion”is H igh2R eflect ion (HR ) coated.

4　Character ist ics

In th is paper, the cu rren t app lied to the fron t sect ion w as ca lled I f and to the back sec2
t ion ca lled I b.

F ig13 and F ig14 are the w avelength as a funct ion of cu rren t.

In F ig13, I b kep t a t 80mA and I f w as changed to have the w avelength tuned. W hen I f

w as changed from 30mA to 100mA , the change of w avelength w as con t inuou s. W hen I f w as

changed over 100mA , the w avelength change w as discon t inuou s. T he hopp ing m odes have

narrow gap s, w ith the w idest one no m o re than 1nm. W hen I f w as changed from 30mA to

270mA , the w avelength w as tuned from 115047Λm to 115518Λm , w ith a d iscrete w ave2
leng th tun ing range of 1111nm.

In F ig14, I f kep t con stan t w h ile I b w as changed in o rder to have the w avelength tuned.

W hen I f kep t a t 50mA and I b w as changed from 30mA to 230mA , the change of w avelength

w as con t inuou s, w ith a tun ing range of 216nm. W hen I f kep t a t 90mA and I b w as changed
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F IG13　W avelength versus I f, w hen I b

w as b iased at a certa in cu rren t of 80mA

F IG14　W avelength versus I b , w hen I f

w as b iased at certa in cu rren ts of 50mA and 90mA

from 40mA to 200mA , the change of w avelength w as con t inuou s too , w ith a tun ing range

of 2104nm.

T he Side M ode Supp ression R at io (SM SR ) of a ll the m odes in F ig13 and F ig14 w ere

h igher than 32dB.

T he lasing m ode of the tw o2sect ion co2cavity sem iconducto r laser w as fundam en ta lly

determ ined by the gra t ing of the back sect ion. In the D FB lasers, the longitud ina l m ode is

determ ined by the gra t ing, though it is on ly part ia lly fab rica ted in the cavity. T he device

no t on ly show s h igh SM SR bu t a lso keep s sing le m ode lasing over a la rge cu rren t range

( fo r exam p le, w hen I f kep t 50mA and I b w as changed from 30mA to 230mA ) , w h ich is in

good agreem en t w ith th is exp lana t ion.

5　D iscussion

Fo r bo th D FB and DBR sem iconducto r lasers, the lasing w avelength is determ ined by

the period of the gra t ing.

m Κ= 2+neff (1)

W here m , an in teger, is the d iffract ion o rder. Fo r the first2o rder gra t ings, m equals to 1

and fo r the second2o rder gra t ings, m equals to 2. Κis the free2spaced B ragg w avelength.

neff is the effect ive index o r refract ion and + is the period of the gra t ings. + is determ ined

once the device is fab rica ted. A ctua lly, w avelength can be changed on ly th rough the change

the effect ive index.

T here are severa l w ays to have the effect ive index neff changed. T he m o st w idely u sed

one is to change the in ject ion cu rren t. W hen the in ject ion cu rren t is changed, the carrier

den sity in the act ive layer and the w avegu ide w ill be changed alongside. T he varia t ion of

the carrier den sity w ill change the effect ive index neff, w h ich can be exp ressed as:

∃neff = -
ahΚ0

4Πa# (N - N t) (2)

　　H ere N t is the tran sparen t carrier den sity, ahΚ0a# can be regarded as a con stan t fo r a
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certa in w avelength. A s can be seen from (2) , the effect ive index neff decreases w ith the in2
crease of the carrier den sity N . F rom (1) , the decrease of the effect ive index neff w ill cau se

a b lue sh if t of the lasing w avelength.

Fo rDBR lasers, the w avelength w ill have a b lue sh if t w hen the carrier den sity increas2
es. T h is agrees w ell w ith experim en t [ 1 ]. Fo r D FB lasers, there is an act ive layer under o r

above the gra t ings. W hen the in ject ion cu rren t increases, the ga in of the act ive layer in2
creases, w h ich cau ses an increase in the ou tpu t pow er. M o re carriers are changed in to pho2
ton s w hen the ou tpu t pow er increaes. T hen the carrier den sity is clam ped at the th resho ld

carrier den sity. In th is w ay, the change of the carrier den sity, then the change of effect ive

index and w avelength are no t as rem arkab le in D FB lasers as tho se in DBR lasers, even un2
der the sam e varia t ion of in ject ion cu rren t. T hat m ean s tunab le DBR lasers have larger

w avelength tun ing range than tha t of tunab le D FB lasers[ 1, 5 ].

M u lt i2sect ion D FB lasers are a lw ays u sed to ach ieve w avelength tunab ility. In m u lt i2
sect ion D FB lasers, the m echan ism of the w avelength tun ing is ra ther com p lex.

A s can be seen from F ig13 and 4, the lasing w avelength has a red sh if t w ith the in2
crease of in ject ion cu rren t. T he sam e k ind of w avelength red sh if t in m u lt i2sect ion D FB

lasers has been ob served in o ther experim en ts[ 11, 12 ]. It can be exp la ined as fo llow ed:

511　Ga in - lever Effect

Gain level effect can take effect in m u lt i2sect ion D FB laser under app rop ria te condi2
t ion s. W hen m u lt i2sect ion D FB lasers opera te in the gain2lever m ode, a sm all change of car2
rier den sity in one sect ion can cau se a large change of carrier den sity in o ther sect ion s,

w h ich is p roh ib ited by the gain clam p in the conven t iona l one2sect ion D FB lasers. Gain2
lever effect can be u sed to en large the w avelength tun ing range [ 11, 13 ]. T he deta iled exp la2
nat iion is as fo llow s.

T he gain in the w ho le cavity equals the lo ss w hen the laser lases. Fo r the tw o2sect ion

co2cavity sem iconducto r lasers, the th resho ld gain is p rovided by the tw o sect ion s, w h ich

can be exp ressed as:

g th =
g 1L 1 + g 2L 2

L 1 + L 2
(3)

　　W here g th is the th resho ld gain, g 1 and g 2 are ga in s of the tw o sect ion s, respect ively.

L 1, L 2 are the respect ive effect ive leng th s of the tw o sect ion s[ 13 ]. W e can assum e sect ion 1

to be the con tro l sect ion, and sect ion 2 the gain sect ion. W hen the in ject ion cu rren t of sec2
t ion 1 increases, ga in w ill increase acco rd ing ly, so tha t the pho ton den sity in th is sect ion

w ill increase, so w ill the ou tpu t pow er. A t the sam e tim e, sect ion 2, w h ich is b iased a t

a certa in cu rren t, m ay has a decreased carrier den sity due to the increase of the pho ton den2
sity in the co2cavity of the device. T he decrease of carrier den sity in sect ion 2 cau ses a de2
crease of ga in in th is sect ion. A new equ ilib rium w as ach ieved w hen (3) is sa t isf ied again.

W hen sect ion 1 is b iased in such a situa t ion in w h ich gain changes linera ly w ith the change

of carrier den sity, and sect ion 2 is b iased in ano ther situa t ion in w h ich gain is sa tu ra ted and
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changes lit t le w ith the change of carrier den sity, a sm all change of carrier den sity in sect ion

1 m ay cau se an oppo site la rge change of carrier den sity in sect ion 2, un t il reach ing an p ro2
po rt iona l and oppo site ga in change sa t isfying (3). W hen the in ject ion cu rren t of the con tro l

sect ion increases, the carrier den sity in the gain sect ion m igh t decrease grea t ly, w h ich w ill

cau se an increase in the effect ive index, and then a red sh if t of lasing w avelength w ill take

p lace. Genera lly speak ing, the ga in sect ion is longer than the con tro l sect ion in o rder to get

a la rger ga in lever effect. In ou r experim en t, the back sect ion can be regarded as the gain

sect ion and the fron t sect ion as the con tro l sect ion. W hen the in ject ion cu rren t of the back

sect ion kep t con stan t w h ile tha t of the fron t sect ion changing, a la rge w avelength tun ing

range w as ach ieved, w h ich is in good agreem en t w ith th is theo ry.

512　Effect of tem pera ture

T he lasing w avelength of D FB lasers w ill increase w ith the increase of the tem pera2
tu re. In ou r experim en ts, the cu rren t app lied to the device w as qu ite la rge. So a tem pera tu re

increase due to the cu rren t in ject ion w as non2avo idab le.

To est im ate the therm al effect on the w avelength tun ing, w e m easu red the lasing

w avelength w hen the cu rren ts of bo th the fron t sect ion and the back sect ion w ere changed

sim u ltaneou sly to 200mA in bo th the pu lse opera t ion and the CW opera t ion. T he w ave2
leng th d ifference w as on ly 0166nm betw een the pu lse opera t ion and the CW opera t ion in

th is device. Com pared w ith the 216nm con t inuou s w avelength tun ing range and the 1111nm

discrete w avelength tun ing range, w e can say tha t the therm al effect on the w avelength

tun ing w as neglig ib le.

A s can be seen from F ig. 4, the w avelength changed alm o st linearly w ith the change

of the cu rren t. W hen the cu rren t increased, the w avelength changed a lit t le qu icker. T he

increase of tem pera tu re m ay accoun t fo r th is.

In one w o rd, the red sh if t of the w avelength can be exp la ined by gain2lever effect w ith

the increase of tem pera tu re p laying an un im po rtan t ro le.

6　Summary

A novel non2un ifo rm tw o2sect ion co2cavity w avelength tunab le laser based on D FB

structu re w as p ropo sed and fab rica ted. It is easy to fab rica te the device becau se of its sim 2
p le structu re. T he fab rica t ion of th is st ructu re w as com pat ib le w ith convert iona l D FB

lasers. T he devices w ere tuned in tw o differen t w ays. A con t inuou s w avelength tun ing

range of 216nm and a discrete w avelength tun ing range of 1111nm w ere ach ieved in d iffer2
en t w ays. O n ly one con tro l cu rren t w as u sed in bo th the tw o tun ing w ays.
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